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Abstract

Background: Social isolation and mental health issues have become a severe problem in disaster areas in the Great
East Japan Earthquake. This study examined whether the combination of the house damage and social isolation or
the combination of the death of family members and social isolation is associated with depressive symptoms
among survivors using the baseline study data of the Tohoku Medical Megabank Project Community-Based Cohort
Study (TMM CommCohort Study).

Methods: We used cross-sectional data from a baseline survey of 48,958 participants (18,423 males, 30,535 females;
aged 60.1 ± 11.2 years) to examine the association between social isolation measured by the Lubben social network
scale 6 (LSNS-6) and depressive symptoms measured by the Center for Epidemiological Studies-Depressive Scale
(CES-D). The presence of social isolation and depressive symptoms was defined by an LSNS-6 score of < 12 and a
CES-D score of ≥16, respectively. We performed a logistic regression analysis to determine the multivariable-
adjusted odds ratio (95% confidence interval) [AOR (95% CI)] for depressive symptoms according to sex in the
social isolation in comparison to without social isolation, and the associations of the combination of the house
damage or the death of family members and social isolation and depressive symptoms.
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Results: Social isolation was significantly associated with depressive symptoms (males: OR = 1.87; 95% CI = 1.72–
2.04, females: OR = 2.13; 95% CI = 2.00–2.26). Both males and females respondents with severe house damage and
social isolation had a greater risk of depressive symptoms in comparison to those with an undamaged house and
without social isolation (males: OR = 3.40; 95% CI = 2.73–4.24, females: OR = 2.92; 95% CI = 2.46–3.46). The risk of
depressive symptoms was also higher in both males and females respondents with the death of family members
and social isolation in comparison to those without the death of family members and without social isolation
(males: OR = 2.18; 95% CI = 1.90–2.50, females: OR = 2.60; 95% CI = 2.35–2.88).

Conclusion: The findings suggested that a combination of social isolation and severe house damage and the
death of family members caused by a large-scale natural disaster was associated with a higher risk of depressive
symptoms although the interaction was not statistically significant.

Keywords: Tohoku medical megabank project, Cross-sectional study, Great East Japan earthquake, House damage,
Death of family members, Social isolation, Depressive symptoms

Introduction
The Great East Japan Earthquake (GEJE) erupted in the
northeastern region of Japan at 14:46 JST on Friday,
March 11, 2011. This 9.0-magnitude earthquake was
followed by enormous tsunamis and caused significant
damage, primarily on the northeastern Pacific coast of
Japan in locations such as Iwate, Miyagi, and Fukushima.
At 1 month after the earthquake, more than 10,000
people had died, and more than 10,000 people were
missing [1, 2]. At 10 years after the earthquake, as of
March 11, 2021, 2525 people were still missing [3].
Many survivors lost family and friends to the earthquake
and tsunamis and also were living in shelters after their
houses were damaged, putting them at risk of social
isolation.
Social isolation is an objective and quantifiable out-

come of reduced social network size [4, 5] {Cacioppo,
2003 #2;Steptoe, 2013 #3}. Social networks represent the
structural aspects of social relationships and objective
characteristics such as size, frequency, and density [4].
In social networks, the quality of friendships and family
relationships is known to be important [6]. In addition,
postdisaster social isolation precipitates the immediate
and delayed impact of disaster stress [7]. Furthermore,
severely traumatized survivors experience social isolation
[8]. Epidemiological reports on the Japanese population
have shown that the percentage of social isolation in-
creased after the GEJE [9, 10]. Studies have also shown
that socially isolated individuals are at an increased risk
for the development of cardiovascular diseases [11, 12],
infectious diseases [13, 14], cognitive decline [15, 16],
and depressive symptoms [17, 18].
Depressive symptoms are common and serious in ill-

ness and negatively impact emotions, thinking, and be-
havior. These symptoms can lead to many emotional
and physical problems and decrease the ability to func-
tion at work and home [19]. Depressive symptoms affect
an estimated 1 in 15 adults (6.7%) in any given year, and

1 in 6 adults (16.6%) will experience depression at some
time in life [20]. Depression is also approximately twice
as likely to occur in females than in males [20, 21]. Stud-
ies have shown that depressive symptoms increased after
the earthquake [9, 22, 23]. It has also been reported that
house damage and the death of family members were as-
sociated with depressive symptoms after the earthquake
[24–26]. However, few reports have evaluated the associ-
ation of social isolation and depressive symptoms due to
the severity of house damage and the death of family
members.
Therefore, this study aimed to investigate whether so-

cial isolation is associated with depressive symptoms and
whether the combination of house damage and social
isolation or the combination of the death of family
members and social isolation is associated with depres-
sive symptoms among community residents living in
areas affected by the GEJE.

Methods
Study population
This study is a part of the Tohoku Medical Megabank
Project Community-Based Cohort Study (TMM Comm-
Cohort Study). Our research team has conducted the
TMM CommCohort Study since 2013 to investigate the
health of residents affected by conditions after the GEJE
[27, 28]. The TMM CommCohort Study investigates
various mental health and lifestyle habits, including
those caused by damage due to the earthquake, in resi-
dents of the Iwate and Miyagi prefectures. In the TMM
CommCohort Study, we recruited participants through
two approaches. The type 1 survey data were collected
at specific health check-up sites. The type 2 survey data
were obtained at community support centers or satellite
sites [28]. We used the type 1 survey data to conduct
our analysis.
The data on study participants are shown in Fig. 1. A

total of 97,419 participants underwent health checkups,
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and 67,355 participants gave written informed consent
for participation in the study according to Declaration of
Helsinki (1991) guidelines (consent rate, 70.0%). Among
these, we excluded 3258 participants who did not return
the questionnaire, 884 participants who withdrew con-
sent as of March 31, 2018 [28], and 13,126 participants
with missing data on items analyzed in this study. Ultim-
ately, the dataset included 48,958 participants (18,423
males and 30,535 females, aged 60.1 ± 11.2 years). The
Ethics Committee of Tohoku Medical Megabank
Organization (ToMMo) (first approval, 2012–4-617;
most recent approval, 2018–4-087) and Iwate Medical
University (HGH25–2) approved all study procedures.

Measurements
Depressive symptoms
Depressive symptoms were assessed using the Center for
Epidemiological Studies–Depressive Scale (CES-D) [29].
This scale consists of 20 items including 16 negative
items that indicate the presence of symptoms (7 psycho-
logical symptoms items, 7 physical symptoms items, and
2 interpersonal relations items) and 4 positive items that
indicate the absence of symptoms. The study also used a
4-point Likert scale. The reliability and validity of the
Japanese version of the CES-D have been confirmed
[30]. It shows high sensitivity (100%) and specificity
(69.4%) and a positive predictive value (30.6%) in ran-
dom samples of community residents [31]. We deter-
mined the presence of depressive symptoms by a CES-D
score of ≥16 [29, 30].

Social isolation
Social isolation was assessed using the Lubben Social
Network Scale-6 (LSNS-6) [4, 32]. The LSNS-6 consists
of 6 items on social connections (3 questions about fam-
ily ties and 3 questions about friendship ties). Each item
is rated on a 6-point Likert scale. The LSNS-6 ranges
from 0 to 30. The reliability and validity of the Japanese
version of the LSNS-6 have been confirmed [33]. Social
isolation is defined by a score of < 12 [32, 33].

The severity of house damage and death of family
members due to the GEJE
We used 6 options to assess house damage caused by
the GEJE: (1) totally damaged (including all outflows);
(2) seriously damaged; (3) half-damaged; (4) partially
damaged; (5) no damage; and (6) nonresidence. We fur-
ther classified these options as totally damaged, half-
damaged (seriously damaged, half-damaged, and partially
damaged), or undamaged (no damage or nonresidence).
It is very likely that those with house damage were evac-
uated to temporary housing, which may have excluded
them from their community. Even if some communities
moved to temporary accommodating areas altogether,
maintaining social contact could be reduced.
Participants responded yes or no to inquiries about the

death of family members due to the GEJE.

Covariates
The following demographic characteristics were in-
cluded in the analysis as covariates: age (continuous);
survey year (2013, 2014, or 2015); and inland or coastal

Fig. 1 Flow diagram of the participants
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area, with inland area indicating that the participant’s
municipality was not shown on a map as bordering a sea
and coastal area indicating that the participant’s munici-
pality was shown on a map as bordering a sea. The fol-
lowing factors were also included as covariates in the
analysis because studies have suggested that these factors
are associated with depression and social isolation [5,
34–37]: education level (junior high school, high school,
college, university, or higher); marital status (unmarried
or married); number of household members (living alone
or ≥ 2); work status (unemployed or employed); smoking
habits (nonsmoker or current smoker); drinking habits
(nondrinker or current drinker); past or current major
illness (hypertension, diabetes mellitus, hyperlipidemia,
cancer, coronary artery disease, or stroke); body mass
index (< 18.5, 18.5 to < 25, or ≥ 25 kg/m2); and insomnia.
Insomnia was determined by a score of ≥6 on the
Athens Insomnia Scale [38, 39].

Statistical analysis
We analyzed the data from both sexes separately be-
cause it has been reported that females experience more
depressive symptoms than males [20, 21]. Continuous
variables were summarized as the mean and standard
deviation, and categorical variables were summarized as
percentages. A chi-squared test (for linear trend) for cat-
egorical variables and student’s t-test for continuous var-
iables were used to evaluate differences in
characteristics. We also compared sociodemographics
between participants and nonparticipants, the propor-
tion of depressive symptoms by survey year and area be-
tween the Iwate and Miyagi prefectures, and the
proportion of depressive symptoms by month and
season.
We used a multivariable logistic regression analysis to

analyze the association between depressive symptoms
and social isolation. We also applied stratified analyses.
We calculated the OR and 95% CI for depressive symp-
toms according to social isolation by survey year and age
group (< 65 or ≥ 65 years of age). The model used for
these analyses was the same as the models calculated
earlier. In addition, to investigate the impact of the com-
bination of damage due to the GEJE and social isolation
on depressive symptoms, we divided the participants
into six groups according to the combination of the se-
verity of house damage and social isolation and deter-
mined the ORs and 95% CIs for depressive symptoms in
five groups compared with the group without house
damage or social isolation. Similarly, participants were
classified into four groups based on the combination of
death of family members caused by the earthquake and
social isolation and determined the ORs and 95% CIs for
depressive symptoms in three groups compared with the
group without the death of family members or social

isolation. Interaction terms were also considered in the
stratified analysis.
Moreover, because the percentage of missing data

among those who returned the questionnaire (n = 63,
213) was 22.6% (n = 14,255), we used Markov chain
Monte Carlo methods based on a linear regression
model and corrected for predictive mean matching to
impute item-level missing data. The results across five
imputed datasets were combined by averaging.
All statistical analyses were conducted using SPSS ver-

sion 25.0 for Windows (IBM, Tokyo, Japan). P values of
< 0.05 indicated statistical significance.

Results
In the overall study population, the prevalence of social
isolation was 28.8% in males and 23.9% in females, and
the prevalence of depressive symptoms was 19.8% in
males and 28.7% in females. The characteristics of the
participants according to the presence or absence of so-
cial isolation are shown in Table 1. In both sexes, the
proportion of depressive symptoms was significantly
higher in participants who had social isolation than in
those without social isolation; 30.0% vs. 15.7%, respect-
ively, in males and 43.6% vs. 24.0% in females. The pro-
portions of participants whose houses were totally
damaged and with the death of one or more family
member due to the GEJE were likely to be higher among
participants who had social isolation than among those
without social isolation in both sexes. In comparison to
participants without social isolation, in both sexes, par-
ticipants with social isolation were also younger, more
likely to live in a coastal area, be unmarried, live alone,
be a current smoker, have a low BMI, and have insom-
nia. Furthermore, only females were likely to difference
in proportions of unemployed status.
The comparison of sociodemographics between partic-

ipants and nonparticipants is shown in Supplemental
Table 1. There were no significant differences between
participants and nonparticipants except for past or
present hypertension.
The proportion of depressive symptoms by survey year

and area between the Iwate and Miyagi prefectures is
shown in Supplemental Table 2. The differences in the
proportions were observed by survey year and area. The
combination of survey year and area was used as a
dummy variable to be adjusted in subsequent analyses.
The proportion of depressive symptoms by month and

season is shown in Supplemental Table 3a and b. The
highest percentage of depressive symptoms was 26.3% in
May and December, and the lowest percentage was
20.5% in January. However, there was no significant dif-
ference in the proportion of depressive symptoms by
season (P = 0.740).
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The adjusted ORs (AOR [95% CIs]) for depressive
symptoms according to house damage, death of family
members, and social isolation are shown in Table 2.
House damage was significantly associated with depres-
sive symptoms in both sexes after adjusting for all covar-
iates (1.69 [1.46–1.94] in males and 1.24 [1.16–1.32] in

females). The death of family members and social isola-
tion were significantly associated with depressive symp-
toms in both sexes after adjusting for all covariates
(death of family members, 1.16 [1.06–1.27] in males and
1.24 [1.16–1.32] in females; social isolation, 1.87 [1.72–
2.04] in males and 2.13 [2.00–2.26] in females).

Table 1 Characteristics of the participants according to the presence or absence of social isolation by sex (n = 48,958)

Males (n = 18,423) Females (n = 30,535)

Nonsocial
Isolation
(n = 13,114)

Social
Isolation
(n = 5309)

P Value Nonsocial
Isolation
(n = 23,240)

Social
Isolation
(n = 7295)

P Value

Age (continuous) 62.7 (10.3) 60.7 (10.4) < 0.001* 59.4 (11.4) 57.1 (11.2) < 0.001*

Survey year (%) 2013 23.7 21.5 0.007 24.1 22.2 0.003

2014 41.4 42.5 41.4 42.6

2015 34.9 36.0 34.5 35.3

Area (%) Inland 48.4 46.6 0.031 45.3 44.1 0.072

Coast 51.6 53.4 54.7 55.9

Depressive symptoms (%) 15.7 30.0 < 0.001 24.0 43.6 < 0.001

Severity of house damage (%) Undamaged 43.9 47.5 < 0.001** 45.0 50.3 < 0.001**

Half-damaged 46.5 42.7 45.0 39.4

Totally damaged 9.6 9.8 10.0 10.4

Death of family members due to
the GEJE (%)

One or more 38.1 42.7 < 0.001 36.2 42.0 < 0.001

Education level (%) Junior high school 22.4 22.0 0.039 17.2 18.0 0.141

High school 50.8 49.3 48.7 49.1

College, university,
and higher

26.0 28.0 33.4 32.3

Other 0.8 0.7 0.7 0.6

Marital status (%) Unmarried 14.5 28.8 < 0.001 19.9 25.5 < 0.001

Number of household members
(%)

living alone 5.3 11.4 < 0.001 7.3 8.4 0.002

Working status (%) Unemployed 59.5 54.2 < 0.001 43.9 46.9 < 0.001

Smoking habits (%) Smoker 26.5 25.4 0.137 5.8 8.1 < 0.001

Drinking habits (%) Drinker 76.5 70.0 < 0.001 35.6 34.3 0.034

Past or current major illness (%) Hypertension 33.8 33.4 0.62 22.9 19.8 < 0.001

Diabetes mellitus 8.0 7.9 0.769 3.3 3.6 0.201

Hyperlipidemia 9.7 10.9 0.011 13.7 12.5 0.009

Cancer 8.6 7.5 0.009 6.8 6.9 0.951

Coronary artery
disease

4.8 5.2 0.201 1.6 1.2 0.023

Stroke 3.7 3.8 0.708 1.7 1.6 0.449

BMI (%) < 18.5 kg/m2 2.0 2.7 < 0.001 7.6 10.1 < 0.001

18.5 to < 25.0 kg/m2 62.1 64.0 67.2 66.3

≥25.0 kg/m2 35.8 33.3 25.2 23.6

Insomnia (%) 13.7 24.6 < 0.001 22.5 34.9 < 0.001

Depressive symptoms, CES-D ≥ 16; social isolation, LSNS-6 < 12; insomnia, AIS ≥ 6
CES-D Center for Epidemiologic Studies Depression Scale, LSNS-6 Lubben Social Network Scale-6, AIS Athene Insomnia Scale, GEJE Great East Japan Earthquake,
BMI body mass index
P value: tested by chi-square test; * tested by student t-test; ** tested by chi-square test for linear trend
Statistical significance, P < 0.05
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The AORs (95% CI) for depressive symptoms accord-
ing to social isolation, stratified by survey year, are
shown in Supplemental Table 4. There was no inter-
action between survey year and social isolation in either
males or females. The AORs (95% CI) of depressive
symptoms according to social isolation, stratified by age
group, are shown in Supplemental Table 5. There was
an interaction between age group and social isolation in

males (P = 0.005). Conversely, there was no interaction
between age group and social isolation in females.
The AORs (95% CIs) for depressive symptoms accord-

ing to the severity of house damage and social isolation
are shown in Table 3. In both males and females, the
risk of depressive symptoms increased depending on the
severity of house damage or social isolation compared
with the group with no house damage or social isolation.

Table 2 Adjusted ORs (95% CI) of depressive symptoms according to house damage, death of family members due to the GEJE,
and social isolation by sex

Male (n = 18,423) Female (n = 30,535)

No. of Cases with
Depressive Symptoms / No.
of subjects

OR 95% CI P Value No. of cases with
Depressive Symptoms / No.
of Subjects

OR 95% CI P Value

House damage

Undamaged 1487 / 8286 1.00 reference 3697 / 14,128 1.00 reference

Half-damaged 1636 / 8363 1.20 1.10–1.32 < 0.001 3880 / 13,320 1.18 1.11–1.25 < 0.001

Totally damaged 523 / 1774 1.69 1.46–1.94 < 0.001 1174 / 3087 1.48 1.34–1.63 < 0.001

Death of family
members due to the
GEJE

1557 / 7188 1.16 1.06–1.27 0.002 5074 / 18,964 1.24 1.16–1.32 < 0.001

Social isolation 1592 / 5309 1.87 1.72–2.04 < 0.001 3177 / 7295 2.13 2.00–2.26 < 0.001

OR odds ratio, 95% CI 95% confidence interval
Depressive symptoms, CES-D ≥ 16; social isolation, LSNS-6 < 12
Adjusted for age; survey year; area; education level; marital status; number of household members; working status; smoking habits; drinking habits; past or current
major illness; BMI; AIS; and survey year*area
Statistical significance, P < 0.05

Table 3 Adjusted ORs (95% CI) of depressive symptoms according to the severity of house damage and social isolation

Severity of
house damage
× Social
isolation

Males (n = 18,423) Females (n = 30,535)

No. of Cases with
Depressive
Symptoms / No.
of Subjects

OR 95% CI P Value P for
Interaction

No. of Cases with
Depressive
Symptoms / No.
of Subjects

OR 95% CI P Value P for
Interaction

Undamaged ×
Nonsocial
isolation

853 / 5833 1.00 reference 0.402 2343 / 10,680 1.00 reference 0.451

Half-damaged
× Nonsocial
isolation

974 / 6191 1.18 1.06–1.32 0.004 2658 / 10,658 1.17 1.08–1.25 < 0.001

Totally
damaged
×Nonsocial
isolation

301 / 1284 1.58 1.33–1.87 < 0.001 796 / 2370 1.51 1.35–1.69 < 0.001

Undamaged ×
Social isolation

723 / 2612 1.79 1.57–2.03 < 0.001 1562 / 3812 2.10 1.92–2.30 < 0.001

Half-damaged
× Social
isolation

746 / 2357 2.23 1.95–2.54 < 0.001 1398 / 2985 2.57 2.33–2.83 < 0.001

Totally
damaged ×
Social isolation

241 / 523 3.40 2.73–4.24 < 0.001 417 / 782 2.92 2.46–3.46 < 0.001

OR odds ratio, 95% CI 95% confidence interval
Depressive symptoms, CES-D ≥ 16; social isolation, LSNS-6 < 12
Adjusted for age; survey year; area; education level; marital status; number of household members; working status; smoking habits; drinking habits; past or current
major illness; BMI; AIS; death of family members due to the GEJE; and survey year*area
Statistical significance, P < 0.05
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The OR was highest for those with total house damage
and social isolation (OR [95% CI], 3.40 [2.73–4.24] in
males and 2.92 [2.46–3.46] in females). There was no
interaction between the severity of house damage and
social isolation in either males or females (P = 0.402 in
males and P = 0.451 in females). The AORs (95% CI) for
depressive symptoms according to the presence or ab-
sence of death of family members caused by the GEJE
and social isolation are shown in Table 4. Both males
and females showed an increased risk of depressive
symptoms according to the presence of death of family
members or social isolation due to the GEJE. The OR
was highest for the death of family members due to the
GEJE and social isolation (OR [95% CI], 2.18 [1.90–2.50]
in males and 2.60 [2.35–2.88] in females). There was no
significant interaction between the death of family mem-
bers due to the GEJE and social isolation in either males
or females (P = 0.886 in males and P = 0.612 in females).
The AORs (95% CI) for depressive symptoms accord-

ing to the severity of house damage and social isolation
based on the multiply imputed datasets are shown in
Supplemental Table 6. House damage was significantly
associated with depressive symptoms in both sexes after
adjusting for all covariates (1.61 [1.53–1.70] in males
and 1.43 [1.12–1.49] in females). The death of family
members and social isolation was significantly associated
with depressive symptoms in both sexes after adjusting
for all covariates (death of family members, 1.15 [1.11–

1.19] in males and 1.24 [1.21–1.27] in females; social iso-
lation, 1.90 [1.84–1.96] in males and 2.14 [2.09–2.20] in
females).
The AORs (95% CI) for depressive symptoms accord-

ing to social isolation, stratified by survey year, are
shown in Supplemental Table 7. There was no inter-
action between survey year and social isolation in either
males or females. The AORs (95% CI) of depressive
symptoms according to social isolation, stratified by age
group, are shown in Supplemental Table 8. There was
an interaction between age group and social isolation in
males (P = 0.005). Conversely, there was no interaction
between age group and social isolation in females.
The AORs (95% CI) for depressive symptoms accord-

ing to the severity of house damage and social isolation
based on the multiply imputed datasets are shown in
Supplemental Table 9. In both males and females, the
risk of depressive symptoms increased depending on the
severity of house damage or social isolation compared
with the group with no house damage or social isolation.
The OR was highest for those with total house damage
and social isolation (OR [95% CI] 3.20 [2.94–3.48] in
males and 2.87 [2.68–3.07] in females). There was no
interaction between the severity of house damage and
social isolation in either males or females (P = 0.442 in
males and P = 0.407in females). The AORs (95% CI) for
depressive symptoms according to the presence or ab-
sence of the death of family members due to the GEJE

Table 4 Adjusted ORs (95% CI) of depressive symptoms according to the death of family members due to the GEJE and social
isolation

Death of family
members due to
the GEJE╳Social
isolation

Males (n = 18,423) Females (n = 30,535)

No. of Cases
with Depressive
Symptoms / No.
of Subjects

OR 95% CI P Value P for
Interaction

No. of Cases
with Depressive
Symptoms / No.
of Subjects

OR 95% CI P Value P for
interaction

No death of family
members due to
the GEJE
╳nonsocial
isolation

1088 / 7691 1.00 reference 0.886 3060 / 14,088 1.00 reference 0.612

Death of family
members due to
the GEJE
╳nonsocial
isolation

966 / 5423 1.16 1.03–1.29 0.01 2514 / 9152 1.25 1.16–1.34 < 0.001

No death of family
members due to
the GEJE ╳social
isolation

1001 / 3544 1.86 1.67–2.08 < 0.001 2014 / 4876 2.15 1.99–2.32 < 0.001

Death of family
members due to
the GEJE ╳social
isolation

591 / 1765 2.18 1.90–2.50 < 0.001 1163 / 2419 2.60 2.35–2.88 < 0.001

OR odds ratio, 95% CI 95% confidence interval
Depressive symptoms, CES-D ≥ 16; social isolation, LSNS-6 < 12
Adjusted for age; survey year; area; education level; marital status; number of household members; working status; smoking habits; drinking habits; past or current
major illness; BMI; AIS; severity of house damage; and survey year*area
Statistical significance, P < 0.05
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and social isolation based on the multiply imputed data-
sets are shown in Supplemental Table 10. Both males
and females showed an increased risk of depressive
symptoms according to the death of family members or
social isolation due to the earthquake. The OR was high-
est for the death of family members due to the GEJE
and social isolation (OR [95% CI] 2.20 [2.09–2.32] in
males and 2.67 [2.56–2.78] in females). There was no
significant interaction between the death of family mem-
bers due to the GEJE and social isolation in either males
or females (P = 0.853 in males and P = 0.543 in females).
A comparison of the results of the multiple imputation
with those of the complete case showed no significant
difference.

Discussion
We showed that socially isolated individuals had ap-
proximately twice the risk of experiencing depressive
symptoms compared with those who were not socially
isolated at 3 to 5 years after the GEJE in both males and
females. In addition, the combination of house damage
and social isolation due to the GEJE and the combin-
ation of family death and social isolation due to the
GEJE were significantly associated with depressive symp-
toms in males and females.
Our data show that the prevalence of social isolation

at 3 to 5 years after the GEJE was 28.8% in males and
23.9% in females. The LSNS-6 was commonly used to
assess social isolation after the GEJE. Yokoyama et al. re-
ported that 41.6% of residents living in the heavily af-
fected Iwate prefecture experienced social isolation at 6
months to 1 year after the earthquake [9]. In a survey of
victims in the coastal areas of the Miyagi prefecture,
Sone et al. also reported that 24.9 and 26.0% of survivors
were socially isolated at 1 and 3 years, respectively, after
the earthquake [10]. Although the assessment timing
varied in previous studies, the prevalence of social isola-
tion after the earthquake was approximately 30%.
In our study, the prevalence of depressive symptoms

as assessed by the CES-D was 19.8% in males and 28.7%
in females at 3 to 5 years after the GEJE. Because CES-D
depressive symptoms in Japan are estimated to occur in
one in 15 adults (6.7%) in a single year and that one in
six adults (16.6%) will experience depression at some
point in life [20], the prevalence of depressive symptoms
in this study is high. Yokoyama et al. used the Kessler 6
to assess mental health at 6 months to 1 year after the
earthquake and reported that the proportion of individ-
uals with poor mental health or depressive symptoms
was 42.6% [9]. Matsubara et al. used the Patient Health
Questionnaire-2 to assess depressive symptoms at 2 to 4
months after the earthquake and reported that the
prevalence was 8.1% [23]. Tsuboya et al. assessed depres-
sive symptoms before and after the earthquake using the

Geriatric Depression Scale and reported a significant in-
crease of 1.22 points in depressive symptom scores 3
years after the earthquake compared with before the
earthquake [25]. However, there are no known reports
of depressive symptoms after the earthquake using spe-
cific measurement tools such as the CES-D that compre-
hensively assess the main depressive symptoms,
including psychological symptoms, physical symptoms,
interpersonal relationships, and positive mood. Inciden-
tally, the CES-D was used to examine depressive symp-
toms in the 1993 Midwest Floods [40] and the 2008
torrential rains in the mideastern region of the Korean
peninsula [41]. The prevalence of depressive symptoms
in these studies was 9.5 and 45.4%, respectively [40, 41].
Although our results show an intermediate prevalence
compared with these studies, we think that the data are
important for the accumulation of knowledge.
Regarding the association between social isolation and

depressive symptoms, a previous study showed that pre-
disaster social support can prevent the onset of postdisa-
ster depression [42]. In this study, Sasaki et al. found
that more social support before the disaster reduced the
risk of developing depressive symptoms after the disas-
ter. Conversely, our study shows that postdisaster social
isolation is associated with depressive symptoms and
that a combination of social isolation and severe house
damage and the death of family members caused by a
large-scale natural disaster may be associated with a
higher risk of depressive symptoms. The points noted
above show the differences between the two studies.
Studies have reported that social isolation and depres-

sive symptoms after a disaster were linked to house
damage and the death of family members [6, 24–26, 43,
44]. Property damage caused by a natural disaster and
changes to the living environment, such as temporary
housing after a disaster, severed social connections and
contributed to social isolation, which affected the mental
health of survivors [43]. A national, longitudinal survey
conducted after the 1999 Chi-Chi earthquake reported
that people whose houses were damaged during the dis-
aster were at risk of experiencing depressive symptoms
and that socially isolated individuals experienced more
depressive symptoms [44]. Social isolation can also be
caused by the death of family members [6]. Other stud-
ies have reported an association between depressive
symptoms and severe house damage [24–26] and the
death of family members [26]. Some whose houses were
severely damaged or who lost family members in the
Great East Japan Earthquake had to cut social ties devel-
oped in the neighborhoods where they lived and make
new ties. However, individuals in this situation may have
become increasingly isolated due to a sense of entrap-
ment, difficulty in interacting with others, or a decrease
in their attempts to connect with others due to the
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earthquake. Continued social isolation may make it in-
creasingly difficult to communicate with others, and an
increase in unresolved anxiety and worry in daily life
may lead to mental instability and depressive symptoms.
Our results are important in reporting depressive symp-
toms in people with social isolation caused by house
damage or the death of family members after a large-
scale disaster.
Although various organizations have provided exten-

sive mental health and psychosocial support after cata-
strophic events such as the Great East Japan Earthquake,
the lack of strategies for such support has been sug-
gested to be a major problem [45]. People who cannot
make housing plans after a catastrophic event are at high
risk of psychological distress in the year after the disas-
ter, suggesting the need for their psychological support
[46]. However, it is difficult for local governments to
intervene in the community. This study may provide evi-
dence to suggest that psychological and social support
needs to be provided as early as possible for people who
have experienced house damage or the death of family
members to help avoid the development of mental
health problems. Local governments need to provide
strategic psychological support for people who have ex-
perienced house damage or the death of family members
in collaboration with relevant organizations, medical
professionals, and the community.
This study had several limitations. First, as a cross-

sectional study, it was unable to show causal rela-
tionships among depressive symptoms. Second, the
lack of predisaster data made it impossible to deter-
mine whether the participants had social isolation
before the GEJE. Third, the independent effects of
social isolation, the death of family members, and
house damage cannot be determined in this study
design because these effects were consequences of
the earthquake. Fourth, participants analyzed in this
study had participated in the TMM CommCohort
Study. This target population may have had greater
health awareness and a better health status com-
pared with the general population in the target area,
and thus, the prevalence of social isolation and odds
ratios for depressive symptoms may have been
underestimated. Fifth, the damage caused by the
earthquake was self-reported, and the responses may
have been inaccurate. It is difficult to determine the
actual damage caused by the earthquake to the par-
ticipants at this stage. Finally, because the study area
was limited, the generalization of results must be
considered carefully. However, this study is signifi-
cant because few known studies have reported an as-
sociation between social isolation and depressive
symptoms after an earthquake using a population-
based cohort study design and a large sample.

Conclusion
Survivors of the Great East Japan Earthquake with social
isolation were more likely to have significant depressive
symptoms compared with those without social isolation.
We also found that the risk of depressive symptoms
among socially isolated people was increased by the se-
verity of house damage and the death of family members
due to the earthquake. The impact of disasters on the
mental health of people who are susceptible to social
isolation warrants attention. People who are prone to so-
cial isolation, especially those who have experienced se-
vere house damage or the death of family members, may
require both medium- and long-term care and psycho-
social support.
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