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ARTICLE INFO ABSTRACT

Keywords: Rationale: Few studies have examined whether changes in participation in civic associations can mitigate
Depressive symptoms depressive symptoms among older disaster survivors.

Aging

Objectives: We examined prospectively the association between changes in participation in civic associations and
changes in depressive symptoms among older survivors of the 2011 Great Eastern Japan Earthquake.

Sports group Methods: We analyzed questionnaire-based survey data on pre- and post-disaster participation in civic associa-
Hobby groups tions and depressive symptoms compiled for 3567 respondents aged 65 years and above. Changes in these
Great east Japan Earthquake symptoms were assessed using a 15-item Geriatric Depression Scale (GDS) as a continuous variable for 2010 and
Natural disasters 2013. We investigated four types of civic associations: sports, hobby, voluntary groups, and senior citizens’ clubs.
Changes in participation were calculated by subtracting the participation frequency measured in 2010 from that
measured in 2013. Applying 95% confidence intervals, we used linear regression models with imputation to
estimate the age- and sex-adjusted and multivariate-adjusted standardized coefficients.

Results: The survivors’ GDS scores increased by 0.13 points on average between the pre-disaster and post-disaster
periods. Average changes in the participation frequencies of respondents in each group were respectively +0.36
days/year, —5.63 days/year, +0.51 days/year, and —1.45 days/year. Increased frequencies of participation in
the sports and hobby groups were inversely associated with changes in GDS scores (B = —0.003, Cohen’s f2 =
0.10, P = 0.01 and B = —0.002, Cohen’sf2 = 0.08, P = 0.04, respectively). The associations did not differ
depending on the experience of housing damage caused by the disaster. In addition, we did not observe a sig-
nificant association between changes in participation frequencies for voluntary groups or senior citizens’ clubs
and changes in GDS scores after multivariable adjustment.

Conclusions: Depressive symptoms of older adults post-disaster may be mitigated through increased frequency of
participation in sports and hobby groups; yet, civic participation did not mitigate the adverse impact of disaster
experiences on mental health.

Civic associations
Social participation

1. Introduction well as globally (https://www.ipcc.ch/; http://www.bousai.go.jp/da-
ta/data.html). The Great Eastern Japan Earthquake (2011 Disaster) and

In recent decades, the frequencies of natural disasters, such as associated tsunami that battered Japan’s northeastern coastline on
earthquakes, tsunamis, and hurricanes, have been increasing in Japan as March 11, 2011, resulted in approximately 18,500 fatalities or missing
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persons (Ishigaki et al., 2013; Yabe et al., 2018) and the displacement of
over 300,000 persons due to widespread property loss (www.recon-
struction.go.jp/topics/main-cat2/sub-cat2-1/2016_hinansha_suii.pdf).

There is a growing body of literature on mental health disorders that
commonly follow disastrous events. These studies have shown that
trauma, residential relocation, and job loss/income loss induced by di-
sasters are linked to depression, post-traumatic stress disorder (PTSD),
or other manifestations of deteriorating mental status among survivors
(Galea et al., 2005; Lowe et al., 2019; Farooqui et al., 2017; Wilson--
Genderson et al., 2018; Yabe et al., 2014; Harada et al., 2015; Horikoshi
et al., 2016). Previous studies have also found that the duration of the
effects of disasters on survivors’ mental health can extend for several
years following these events (Fukusawa et al., 2017; Zhang et al., 2015;
Archibald et al., 1962; Qu et al., 2012).

In previous studies, social participation has been treated as a kind of
modifiable factor or behavior that promotes mental wellbeing. A recent
cross-sectional study on 12,132 Japanese community-dwelling elderly
aged 65-70 years found that voluntary participation in sports groups
and hobby clubs was associated with significantly better mental health
levels (Tomioka et al., 2017). The findings of other studies have also
suggested that social participation may play a protective role against
stress or depressive symptoms among older adults (Lampinen et al.,
2000; Douglas et al., 2017; Willie-Tyndale et al., 2016).

Besides the above-mentioned studies focused on the general popu-
lation, a few other studies conducted under non-disaster conditions have
also demonstrated the benefits of social participation for the mental
health of post-disaster survivors (Wickrama et al., 2011; Rung et al.,
2017; Watanabe et al., 2004). Yet, evidence relating to survivors’ mental
health status prior to disaster events is very sparse (Yamamura et al.,
2015; Tsuji et al., 2017). Most researchers have documented the mental
health status of survivors using the self-recall method that clearly entails
bias. We recently reported that encouraging participation in groups that
involved physical activity (e.g. walking) was beneficial for the mental
health of older survivors affected by the earthquake and tsunami (Tsuji
et al,, 2017). Nonetheless, this study was focused on encouraging
physically active forms of social participation and did not consider a
broader set of activities involving participation in civic associations such
as hobbies, informal socializing, or voluntary work. Another previous
study showed pre-disaster social support is protective for post-disaster
depression (Sasaki et al., 2019). Yet, that study was focused on
informal socializing support only, and the evidence for participation in
civic associations was not examined.

In light of the above research gaps, we investigated associations
between diverse types of participation in civic associations and
depressive symptoms among older survivors, taking advantage of the
availability of pre-disaster data. This study hypothesizes that partici-
pation in different types of civic associations protects older adults
against depressive symptoms following a disaster. This protective role
may differ by the damaging effect of the disaster.

2. Methods
2.1. Study design and participants

For this study, we used data from the Iwanuma study, which is part of
an ongoing nationwide prospective cohort study known as the Japan
Gerontological Evaluation Study (JAGES) (Kondo, 2016; Kondo et al.,
2018). The baseline survey for this study, conducted in August 2010,
comprised a self-administered questionnaire that was mailed to re-
spondents aged 65 years and above who were residents of Iwanuma.
Seven months after the baseline of the cohort was established, a Richter
scale 9.0 earthquake struck the northeastern coastline of Japan. Given
the proximity of Iwanuma City from the earthquake’s epicenter (80 km),
the tsunami killed 187 persons outright and destroyed 5428 houses. A
follow-up mail survey was conducted in October 2013 (about 2.5 years
after the disaster), in which eligible survivors were asked about their
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personal experiences of the disaster, including damage or loss of their
homes or family members. Trained investigators also visited the survi-
vors and gathered information about their socioeconomic conditions.

As shown in Fig. 1, at the baseline, 5058 residents agreed to partic-
ipate in the study (participation rate: 59.0%). Of these residents, 4957
were valid respondents. In total, 4380 respondents were eligible to
participate in the follow-up survey. After excluding 832 respondents
because of non-responses or invalid consent forms, 3567 panel samples
remained and were included in the present analysis.

The survey protocol applied in the present study was approved by the
ethics review committees of the Harvard T.H. Chan School of Public
Health, Tohoku University, Nihon Fukushi Univ qgersity, and Chiba
University. All of the individuals who answered this self-administered
questionnaire provided their informed consent to participate in the
study.

2.2. Measurements

2.2.1. Outcome: changes in depressive symptoms

We assessed depressive symptoms using the 15-item Geriatric
Depression Scale (GDS) as a continuous variable in 2010 and 2013
(Wata et al., 2003; Burke et al., 1991). With a cutoff point of five on the
scale, the 15-item scale has a sensitivity of 92% and a specificity of 81%
to detect major depression as ascertained by a structured clinical
interview (Lyness et al., 1997). A validity and reliability study has also
shown the Japanese Version of the Geriatric Depression Scale 15
(GDS-15-J) was a clinically applicable screening instrument for
depression (Sugishita et al., 2017). A higher GDS score reflected more
severe depressive symptoms. A change in depressive symptoms,
considered as this study’s outcome, was defined as the difference be-
tween the scores in 2013 and 2010.

2.2.2. Exposures: changes in participation in civic associations

Both surveys conducted in 2010 and 2013 included the following
items: “How often do you participate in sports/hobby/voluntary
groups/the senior citizens’ club?” Respondents chose one of the
following responses: “4 days/week or more,” “2-3 days/week,” “once a
week,” “1-3 time(s) per month,” “a few times per year,” and “never.”
The responses were converted into the following continuous variables:
260, 130, 52, 24, 6, and 0 day(s) per year. Therefore, changes in each
group’s participation were calculated by subtracting the frequency
measured in 2010 from that measured in 2013.

2.2.3. Covariates

Drawing on a previous study (Tsuji et al., 2017), we considered
variables previously reported to be correlated with the participation of
older adult survivors in sports groups as potential confounders.

2.2.3.1. Demographic characteristics. The following categories were
used to assess changes in respondents’ drinking and smoking habits:
“current drinker/smoker,” “ex-drinker/smoker,” and “never been a
drinker/smoker.” We calculated changes in instrumental activities of
daily living (IADL) by subtracting the score obtained for the Tokyo
Metropolitan Institute of Gerontology Index of Competence (TMIG-IC)
in 2010 from that obtained in 2013.

2.2.3.2. Socioeconomic variables. The socioeconomic variables included
in the study were educational status and changes in housing condition,
employment status, and equivalized household incomes. Respondents
self-reported their educational status at the baseline by selecting one of
the following options: “< 6 years,” “6-9 years,” “10-12 years,” “> 13
years,” “other,” and “undergraduate and graduate education.”

Changes in employment were recorded using one of the following
options: “lost job temporally, but resumed again after the disaster,” “lost
job permanently,” “was not employed prior to the disaster,”
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Baseline survey-August 2010

l ” No response (n=3,518)

l—> Invalid ID, age or sex (n=110)

Lost to follow-up (n=577)
Death during the disaster (n=34)

~— " Death by other causes (n1=400); Moved away (n=92);
Address unknown (n=17); Unable to participation due
to poor health (n=23)

Follow-up survey — October, 2013

No response (n=786)

Invalid consent (n=27)

el

Fig. 1. Flow of participants into study.

“continuously employed without interruption,” and “found new
employment after the disaster”. Income changes were calculated by
subtracting self-reported equivalent household income in 2010 from
that in 2013.

2.2.3.3. Assessment of disaster-related experiences. Damage to housing

caused by the disaster was decided based on objectively established
criteria for compensation of victims. The properties were surveyed by at
least two technical officers and classified the damage into five options: 1
= “no damage,” 2 = “partial damage,” 3 = “minor damage,” 4 = “major
damage,” and 5 = “destroyed.” (Hikichi et al., 2016). Loss of family
members/relatives and friends caused by the disaster was indicated by
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“yes” or “no” responses. Table 1
Baseline characteristics of participants (n = 2596).
2.3. Statistical analyses Decreased or  Increased P
non-change in GDS
We excluded 971 subjects from the 3567 panel samples because of in GDS score  score
missing GDS data (n = 821) or ADL impairment at the baseline (n = Frequency of Decreased or non- 1345 926 0.039
150). Chi-squared tests were performed to compare the prevalence of participation change (59.2%) (40.8%)
changes in GDS scores for different demographic, socioeconomic, and glsports Increased 212 (65.2%) (131380/)

. .. . 1. . .. roup .8%
post-dlsast’etj characterlstl'c? of 1{1d1v1dua1§ in the remaining 2596 sam- Frequency of Decreased or non- 1334 032 0.003
ples. To mitigate any attrition bias emerging from the participants, we participation change (58.9%) (41.1%)
conducted a comparative analysis of participant characteristics, in Hobby Increased 223 (67.6%) 107
excluding those whose data were incomplete and who did not report Group (32.4%)

ADL impairment at the baseline (n = 1431) and those whose data were Freque?n.c y O.f Decreased or non- 1404 953 0.181
. . . | participation change (59.6%) (40.4%)
missing or had ADL impairments at the baseline (n = 2136) (see in Volunteer Increased 153 (64.0%) 86 (36.0%)
Table A1 in the online Appendix). Group
Prior to conducting the main analyses, we conducted multiple im- Frequency of Decreased or non- 1455 978 0.484
putations, applying the missing-at-random (MAR) assumption to handle participation change (59.8%) (40.2%)
A . . in Senior Increased 102 (62.6%) 61 (37.4%)
missing values for all of the covariates in the 2010/2013 surveys. We citizens’ club
created a total of 20 imputed datasets and combined the estimated pa- Sex Men 732 (58.5) 519 (41.5)  0.142
rameters using Rubin’s combination method (Rubin, 2004) (see Women 825 (61.3) 520 (38.7)
Table 1). Age (years) <75 868 (63.5%) 499 <0.001
. . . 0,
In the main analysis, we applied a linear regression model to examine s 689 (56.1%) (534%‘5 %)
. 0.
the association between changes in respondents’ frequency of partici- (43.9%)
pation in sports/hobby/voluntary groups/the senior citizens’ club and Educational <6 years 11 (44.0%) 14 (56.0%)  0.012
changes in depressive symptoms. Changes in the participation of in- attainment 6-9 years 469 (56.7%) 358
dividuals in each group as well as changes in GDS scores were entered as (43.3%)
. . . 10-12 years 723 (61.4%) 455
continuous variables. Table 2 shows the age- and sex-adjusted results (38.6%)
and the multivariate-adjusted results expressed as coefficients. We also >13 years 339 (63.3%) 197
computed a regression model with an interaction term between the (36.8%)
damaging effects (damage to homes) and changes in participation in _ Others 4 (36.4%) 7 (63.6)
sports/hobby/voluntary groups/the senior citizens’ club. Table 3 pre- Impaired ADL No 2:1020/) ?;:7% <0.001
. . =270, ./
sents the results. We also conducted a sub-analysis (see Table 7 in the Impaired 54 (37.2%) o1 (62.8%)
online Appendix) to examine the associations between changes in sports Drinking habits Current drinker 557 (61.3%) 351 0.678
or hobby group participation and changes in depressive symptoms (38.7%)
stratified by housing damage (with or without housing damage). Ex-Drinker 75 (51.4%) 71 (48.6%)
e . .. . . Never-drinker 918 (60.0%) 611
Additionally, we conducted a multiple logistic regression analysis to (40.0%)
identify the associations between change in frequency in participation in Smoking status Current smoker 145 (63.9%) 82 (36.1%)  0.839
sports/hobby/voluntary groups/the senior citizens’ club and incidence Ex-smoker 228 (54.8%) 188
of depressive symptoms (GDS score<5 in 2010 but>5 in 2013). Odds (45.2%)
ratios (OR) and 95% ClIs for increased GDS appear in Table A8 in the Never-smoker (1;;;/) (7:9650/)
. . . () o 0
online Appendlx. Damage to house No damage, 658 (63.1%) 385 <0.001
Statistical significance of all the above analyses was defined as a 2- (36.9%)
sided P-value < 0.05 and the marginal significance as P-value < 0.10. Partial damage 688 (61.1%) 439
All the analyses were performed using the SAS software suite, version Minor d o1 (48.2%) ;Zgig?;o/)
. 1mnor damage .20, I,
9.4 (SAS Institute Inc., Cary, NC, USA). Major damage 56 (60.9%) 36 (39.1%)
Destroyed 36 (36.0%) 64 (64.0%)
3. Results Loss of family No 1143 749 0.458
members or Yes (60.4%) (39.6%)
The mean change in survivors’ GDS scores between the pre-disaster relatives 414 (58.8%) (231020/)
. . . 0.
and post-disaster periods was +0.13 (SD = 2.88). Between 2010 and Loss of friends No 1310 882 0.604
2013, average changes in the frequency of social participation of in- (59.8%) (40.2%)
dividuals in the sports, hobby, and voluntary groups and the senior Yes 247 (61.1%) 157
citizens’ clubs were +0.36 (SD = 47.95) days/year, —5.63 (SD = 50.45) Chanse of v o dh e giff%) 002
o - B ange of living o change .
days/year, 0..51 (SD = 32.16) days/year, and —1.45 (SD = 23.44) days/ arrangement (60.8%) (39.2%)
year, respectively. due to Deliver to 16 (32.7%) 33 (67.4%)
Table 1 shows the characteristics of participants without missing earthquake temporary housing
GDS data in either 2010 or 2013 (2596) or those with ADL impairments with community
. P i 0 0,
at the baseline. Of these participants, 1557 (60.0%) showed decreased or ]t);nh"z:at: housin 4 (57.1%) 3 (42.9%)
unchangeq GDS. scorfes while 1039 (40.0%) showed increased GDS by OI;her ‘}A,,ays &
scores during this period. Rental 11 (44.0%) 14 (56.0%)
The participants whose GDS scores decreased or did not change were accommodation
more likely to be those whose participation in the sports or hobby groups New bought 22(52.4%) 20 (47.6%)
(65.2% and 67.6%, respectively) increased during the three-year period Others 9 (64.3%) 5 (35.7%)
=7 -070, TESP y g year period. Change of job Lost job 20 (50.0%) 20 (50.0%)  0.070
They were also more likely to be under 75 years of age, with impaired temporally, but

ADL or decreased IADL scores during this period.
Compared with the participants whose GDS scores increased, those

(continued on next page)
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Table 1 (continued)

Decreased or Increased P
non-change in GDS
in GDS score score

resumed again after

the disaster

Lost job 48 (46.2%) 56 (53.9%)

permanently Was not 952
employed (59.4%)
prior to the
disaster

651 (40.7%)
Continuously 351
employed (65.7%)
without
interruption

183 (34.3%)

Found new 13 (52.0%) 12 (48.0%)
employment
after the
disaster
Change of Worse 80 (49.7%) 81 (50.3%)  <0.001
economic A little worse 237 (55.4%) 191
status due to (44.6%)
earthquake No change 1218 743
(62.1%) (37.9%)
Better 4 (50%) 4 (50%)
Mean IADL score Pre-disaster 12.34 (0.04) 12.11 <0.001
(SD) (0.05)
Post-disaster 12.06 (0.07) 11.34 <0.001
(0.08)
Change in mean —0.261 —0.760 <0.001
IADL Score (0.06) (0.06)
(SD)
Mean equivalent Pre-disaster 256.36 239.86 0.022
income (SD) (4.78) (5.38)
(million JPY) Post-disaster 244.12 225.76 0.007
(4.52) (5.09)
Change in mean —7.52 (4.15) —14.41 0.273

equivalent (4.72)
income (SD)
(million JPY)

GDS: Geriatric Depression Scale.
ADL: activities of daily living.
IADL: instrumental activities of daily living.

with decreased or unchanged GDS scores were more likely to have
educational backgrounds spanning 10-12 years (61.4% vs. 38.6%) or
higher (63.3% vs. 36.8%). They were also less likely to experience
decreased incomes during this period. In addition, the participants with
decreased or unchanged GDS scores were more likely to have experi-
enced no damage to their homes (63.1%) or less than 50% damage to
their homes (61.1%). Consequently, they not only had higher IADL
scores both pre-disaster and post-disaster, but also had less decline in
mean IADL scores during the three years (P < 0.01).

Table Al in the online Appendix presents the results of the
comparative analysis. We observed significant differences in the mean
GDS scores and the frequencies of social group participation between

Table 2
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both groups. Yet, changes in these variables did not differ significantly
between the two groups. Participants with missing data or ADL im-
pairments at the baseline were more likely to be older and female and
report higher educational qualifications, decreased income levels, and
lower IADL scores.

Table 2 shows the association between changes in the frequency of
diverse types of group participation and changes in depressive symp-
toms. These results were obtained using multiple imputed datasets
within linear regression models. Increases in the frequency of partici-
pation in the sports and hobby groups (B = —0.003, P < 0.01 and B =
—0.003, P = 0.01, respectively) were associated with significantly de-
creases in depressive symptoms. The results remained statistically sig-
nificant after adjusting for all covariates (B = —0.003, P = 0.01 and B =
= 0.002, P = 0.04, respectively). Cohen’s 2 of B was 0.10 and 0.08,
respectively, which indicated modest effect sizes. We observed that in-
creases in the frequency of participation of the voluntary group and
senior citizens’ clubs were associated with significantly decreased levels
of depressive symptoms in the age- and sex-adjusted models. Yet, this
relationship was attenuated to statistical non-significance in the
multivariate-adjusted model. In addition, we conducted a sub-analysis
of 1431 participants, excluding those whose data were incomplete.
The results are similar to those obtained for the main analysis (Table A9
in the online Appendix).

In the model incorporating the interaction terms, the change in
sports or hobby group participation * housing damage is not significant.
This finding indicates no significant difference in change in GDS ac-
cording to change in participation between individuals affected by a
disaster and those who were not (Table 3). In other words, participation
is similarly protective irrespective of disaster trauma.

Table A8 in the online Appendix reports the odds ratios (OR) and
95% ClIs for newly identified depressive symptoms ranging from mild to
severe (GDS score < 5 in 2010 but > 5 in 2013) per unit change in the
frequency of participation in civic associations obtained from multiple
logistic regression analyses. We observed trends similar to those in the
multiple linear regression models. The risk of exhibiting depressive
symptoms significantly decreased in those who recorded increased fre-
quency in sports group participation (OR = 0.66; 95% CI: 0.46-0.95; p
< 0.01) compared with participants who reported decreased or un-
changed frequency. This relationship did not change in the
multivariable-adjusted model (OR = 0.80; 95% CI: 0.65-0.99; p = 0.04).
Changes in other forms of civic associations were also inversely associ-
ated with the risk of exhibiting depressive symptoms, but these associ-
ations were not significant.

4. Discussion

We found that the increased frequency of participation in sports and
hobby groups had a protective effect against worsening depressive
symptoms among older adults in a post-disaster context. The preventive
effects may not differ depending on the experience of housing damage
caused by the disaster.

In the present study, survivors’ GDS scores increased on average by

The results of multiple linear regression performed to assess associations between changes in frequency of participation in civic associations and changes in depressive

symptoms (Ns = 3340-3341).

Model 17 Model 2°

B t Pr > |t| B Effect Size (Cohen’s f%) t Pr > |t|
Change in frequency of sports group participation —0.003 —2.82 <0.01 —0.003 0.10 —2.52 0.01
Change in frequency of hobby group participation —0.003 —2.56 0.01 —0.002 0.08 —2.06 0.04
Change in frequency of volunteer group participation —0.002 —4.53 <0.01 —0.001 0.08 —0.65 0.51
Change in frequency of senior citizens’ club participation —0.004 -8.18 <0.01 —0.003 0.08 —0.98 0.33

@ Adjusted for age and sex.

b Further Adjusted for educational attainment, impaired ADL, change in drinking habits, change in smoking status, change in job status, dwelling house damage,

death of family members, change in equivalent income, change in IADL score.
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Table 3
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Results of multiple linear regressions performed to assess associations between changes in frequency of participation in sports/hobby group and changes in depressive

symptoms (Ns = 3340-3341).

B t Pr > |t] B t Pr > |t|

Change in frequency of sports group participation —0.006 -2.11 0.04 Change in frequency of hobby group participation —-0.004 -1.94 0.05
Age (year) 0.002 0.25 0.80 Age (year) 0.004 0.43 0.67
Sex (1 men, 2 women) -0.12 -0.94 0.35 Sex (1 men, 2 women) -0.13 -1.04 0.30
Educational attainment 0.12 1.79 0.07 Educational attainment 0.12 1.79 0.07
Impaired ADL (0 no, 1 impaired) 0.64 2.30 0.02 Impaired ADL (0 no, 1 impaired) 0.65 2.35 0.02
Changes in drinking habits Changes in drinking habits

Drink-non —0.50 -1.46 0.14 Drink-non —0.53 -1.57 0.12

Non-non 0.24 1.08 0.28 Non-non 0.25 1.12 0.26

Non-drink —0.04 -0.27  0.79 Non-drink —-0.03 -0.23  0.82
Changes in smoking habits Changes in smoking habits

Smoke-non 0.99 3.01 <0.01 Smoke-non 0.96 2.90 <0.01

Non-non 1.75 213 0.03 Non-non 1.75 2.12 0.03

Non-smoke 0.19 1.01 0.31 Non-smoke 0.17 0.93 0.35
Changes in job status Changes in job status

Work-new work 0.51 1.82 0.07 Work-new work 0.53 1.90 0.06

Non-non 0.17 1.41 0.16 Non-non 0.16 1.35 0.18

Work-non 0.52 0.88 0.38 Work-non 0.53 0.90 0.37
Dwelling house damage Dwelling house damage

(1 no damage; 5 complete destruction) 0.20 3.66 <0.01 (1 no damage; 5 complete destruction) 0.20 3.64 <0.01
Death of family members Death of family members

(0 no; 1 yes) —0.05 —0.53 0.60 (0 no; 1 yes) -0.06 -0.59 0.56
Change in equivalent income —0.001 -1.41 0.16 Change in equivalent income —0.001 -1.38 0.17
Change in IDAL score —0.29 -7.76  <0.01 Change in IDAL score —0.29 -7.69 <0.01
Interaction Interaction
Change in frequency of sports group participation * 0.002 1.24 0.21 Change in frequency of hobby group participation * 0.001 1.11 0.27

house damage

house damage

GDS: Geriatric Depression Scale; ADL: activities of daily living; IADL: instrumental activities of daily living.

0.126 points between the pre-disaster and post-disaster periods. In the
2010 survey, there were 1026 participants (30.7%) in total who could be
considered to have mild to severe depressive symptoms. In our post-
disaster survey, the prevalence of depressive symptoms among all of
the participants was 32.1%. Being consistent with previous studies
(Wada et al., 2003; Wada et al., 2004; Sasaki et al., 2015), the preva-
lence of depression comparing pre and post-disaster surveys was rela-
tively stable. Yet, during this 2.5-year follow-up period, mild to severe
depressive symptoms (GDS >5) were newly identified in 15.3% of those
without depressive symptoms at the baseline survey. A previous study
has reported the same incidence among the older survivors in Iwanuma
Study (Tsuji et al., 2017). The same depressive symptoms were assessed
in a concurrent study covering 37,193 adults dispersed across Japan,
most of whom were not directly affected by the 2011 disaster. The
incidence of the onset of mild to severe depressive symptoms reported in
this study was 11.8% (Tani et al., 2015). It suggests that the disaster may
have imposed a considerable psychological burden following the
tsunami among old adults living in disaster areas.

The present study is also the first to demonstrate the protective role
of participation in a hobby group against worsening scores for depres-
sive symptoms among older adults in a post-disaster context. Several
previous studies have shown that engagement in hobbies plays a bene-
ficial role in subjective life quality and other indicators of mental health
status, such as depressive symptoms and the frequency of laughter
exhibited by older adults Japanese adults (Onishi et al., 2006; Hirosaki
et al., 2009). A recent cohort study conducted in 8780 English adults
aged 50+ years found that engagement in hobby activities was associ-
ated with lower odds of developing depression or an improvement in
depressive symptoms amongst both men and women (Fancourt et al.,
2020). Another recent study in 5094 Japanese older adults whose mean
age was 75.9 years also reported that promoting community activities,
including hobby groups may protect against depressive mood in this
population (Okura et al., 2017). According to the findings of a previous
study conducted in Japan, hobby-related activities in which the partic-
ipants engaged not only comprised fancywork, pottery making, tech-
nical art, painting, and group singing but they also included traditional
Japanese arts and rituals, such as tea ceremonies, flower arrangements,

and calligraphy (Tomioka et al., 2017). Participation in hobby groups
may be beneficial for individuals’ mental health in the following ways.
First, frequent participation in hobby-related activities may help to
relieve psychological distress and provide recreation (Bannai A, Tam-
akoshi A, 2014). Second, similar to other types of groups, hobby groups
may provide social connections and opportunities to interact with others
that could contribute to exchanges of instrumental and emotional sup-
port among members. In a post-disaster context, social support is espe-
cially important for coping with memories of the disaster and facilitating
the recovery of survivors who underwent traumatic experiences.

Many studies have demonstrated that physical activities or exercises
contribute to reducing depressive symptoms in older people (Cata-
lan-Matamoros et al., 2016; Park et al., 2014). Physical activities may
alleviate depressive symptoms through their thermogenic effects, the
release of endorphins, the enhancement of aminergic synaptic trans-
missions within the central nervous system (Ransdord et al., 1982), and
by stimulating the growth of new nerve cells (van Praag et al., 1999).
Furthermore, although both group and individual exercise programs
have been shown to be effective in lowering the symptoms of depression
(Stanton et al., 2014), some other studies suggest that compared with
exercising alone, exercising with others in a socially engaged manner
may augment health benefits by providing social connections, social
support, peer bonding, and improved self-esteem (Eime et al., 2013;
Emie et al., 2010). A recent cross-sectional study conducted among 21,
684 older adults Japanese adults reported that the subjective health
status of individuals who exercised with others was better than that of
individuals who exercised alone (Kanamori et al., 2016). Another recent
panel study conducted as part of the Iwanuma project similarly found
that participation in group exercise programs or regular walking may
have a protective effect against the worsening of depressive symptoms
among 2011 disaster survivors (Tsuji et al., 2017). The findings of this
study support those of earlier studies. The combination of physical ac-
tivity and civic association participation may relieve stress or depressive
feelings among older adults 2011 disaster survivors.

This study also suggests that the inverse relationship between sports
or hobby group participation and depressive symptoms may not differ
according to the experience of housing damage caused by the disaster.



W. Zhang et al.

This result is inconsistent with a previous study, which found that the
protective role of walking or exercise tends to be attenuated among
those who reported more housing damage (Tsuji et al., 2017). Yet, the
reasons for this finding are unclear. It is possible that survivors with
greater housing damage walked out of compulsion and not voluntarily
(Tsuji et al., 2017). Nevertheless, both the previous and present studies
suggest the need to increase the frequency of sports group participation
among older survivors following a disaster.

In this study, we could not find psychological benefits from voluntary
group participation among older people. There are several reasons why
participation in voluntary groups would yield mental health benefits,
especially for older adults. Volunteering improves access to social net-
works and psychological resources that may help lift depression (Musick
et al., 2003). Moreover, volunteering induces positive feelings among
participants, invoking a feeling of being useful and helping others
(Morrow-Howell et al., 2010). Several previous studies on this topic
have suggested that participation in voluntary groups is associated with
improved psychological well-being among older adults (Tomioka et al.,
2017; Musick et al., 2003, 2004, Morrow-Howell et al., 2010, Iwasaki
etal., 2017). Our findings were inconsistent with those of some previous
studies. Two points are noteworthy here. First, individuals participating
in voluntary groups care more about those who need help and/or sup-
port from volunteers than about themselves. Consequently, volunteering
may induce feelings of self-sacrifice (Morrow-Howell et al., 2010). A
previous study also demonstrated the positive effect of a moderate level
of volunteering on older adults (<40 h/year), but not of frequent
participation (>40 h/year) (Musick et al., 2004). Yet, this information
on the duration of volunteering was not available at the time of our
study. Therefore, a comparison of “moderate participation,” as defined
in the two studies is difficult. Additionally, the types of volunteering
activities have not been identified. Because the present study was con-
ducted prior to and after the 2011 disaster, we assumed that most of the
volunteering activities were related to disaster recovery. Consequently,
volunteering may induce a heavier psychological burden and pressure
by reinforcing memories of the disaster.

Very few studies have focused on the effect of senior citizens’ clubs,
and their results have been inconsistent. A previous study discussed the
potential difference in the relationship between bonding versus bridging
social capital and health outcomes. Bonding social capital refers to
connections forged among people who share similar social-demographic
characteristics such as age or ethnicity. Bridging social capital is derived
from connections between people from diverse backgrounds. The above
study reported that whereas bridging social capital is inversely associ-
ated with poor self-rated health for both sexes, bonding social capital is
not associated with better health for either sex (Iwase et al., 2012).
Similarly, we did not find benefits from bonding social capital (partici-
pation in senior citizens’ clubs) for mental health status. By contrast,
another study conducted among older Japanese adults suggested that
bonding social capital, for example, through clubs for older adults, is
associated with better self-reported health in men but not in women
(Kishimoto et al., 2013). It is difficult to explain the inconsistent effects
of senior citizens’ clubs. As a type of social connection or social capital,
senior citizens’ clubs appear to help older adults by alleviating mental
stress to some extent. Yet, unlike other open social or hobby groups,
senior citizens’ clubs are more likely to include a limited sample of
participants (65 years and above) within a limited area (neighborhood).
As previously mentioned, stronger bonding within disadvantaged com-
munities may be detrimental to the health of residents (Kawachi, 2006).
Participation in senior citizens’ clubs is not necessarily associated with
protection against depressive symptoms.

4.1. Strengths and limitations
A major strength of this study lies in its methodological design. The

problem of recall bias, which is common in post-disaster studies, was
effectively minimized using available pre-disaster information about the
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participation of distinct types of social groups and the scoring of
depressive symptoms as well as other health conditions. Yet, the study
had several limitations. First, as also noted in a previous study (Tsuji
et al., 2017), the assessment of the frequency of social participation was
entirely based on self-reporting, which may have led to information bias.
Depressed individuals may be more likely to under-report the frequency
of their social participation. Second, because the present study only
included the participants who provided invalid answers in both the 2010
and 2013 surveys, selection bias may have occurred. Third, because a
standardized questionnaire was not available, assessments of partici-
pation in each social group were solely based on frequency. Therefore,
future studies should include assessments of the intensity, participation
time, and precise types of activities of the groups. Fourth, the effect sizes
(as indicated by Cohen’s f2 statistics) were modest. In contrast, our effect
sizes were constrained by the relatively short period of follow-up. More
sustained social participation over longer follow-up periods may result
in larger cumulative benefits for mental health. Finally, we cannot dis-
count the possibility that individuals’ deteriorating mental status could
result in the decreased frequency of their participation in sports/hobby
groups. Alternatively, they could be more likely to increase the fre-
quency of their participation in sports/hobby groups, as their GDS scores
showed an improvement (Tsuji et al., 2017). Still, the results of our
sub-analyses suggest that higher frequencies of participation in
pre-disaster social groups were significantly associated with lower
post-disaster depressive symptoms (online Appendix Table A9). There-
fore, we concluded that an increase in the frequency of participation in
sports/hobby groups was predictive of decreases in depressive symp-
toms among older adult survivors.

5. Conclusions

The current study found that the increase in the frequency of
participation in civic associations after a disastrous event could be
independently protective against worsening depressive symptoms in
older survivors. Yet, participating civic associations may not mitigate
the adverse impact of disaster experience on mental health. Findings
suggest that early improvements in the provision of opportunities for
engaging in group exercises and hobby-related activities among survi-
vors would be an effective strategy for preventing depression following
natural disasters.

Acknowledgements

This work was supported by a grant from the National Institutes of
Health (RO1AG042463), as well as the Grants-in-Aid Scientific Research
2011-2016 (KAKENHI 23243070), 2011-2014 (KAKENHI 22390400)
and 2012-2015 (KAKENHI 24390469) from the Japan Society for the
Promotion of Science; Health Labor Sciences Research from the Japa-
nese Ministry of Health, Labor, and Welfare.

We appreciate the support and cooperation of the Iwanuma mayor’s
office and the staff of the Department of Health and Welfare of the
Iwanuma city government.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.socscimed.2021.113827.

Credit author statement

Wen Zhang Designed and conducted the study, did the analysis and
wrote the paper. Ichiro Kawachi and Katsunori Kondo contributed to the
conception of the study. Jun Aida, Taishi Tsuji, Meiko Yokoyama and
Kazushige Ide helped perform the analysis with constructive discussions.


https://doi.org/10.1016/j.socscimed.2021.113827
https://doi.org/10.1016/j.socscimed.2021.113827

W. Zhang et al.
References

Archibald, H.C., Long, D.M., Miller, C., Tuddenham, R.D., 1962. Gross stress reaction in
combat-a 15 year follow-up. Am. J. Psychiatr. 119, 317-322.

Bannai, A., Tamakoshi, A., 2014 Jan. The association between long working hours and
health: a systematic review of epidemiological evidence. Scand. J. Work. Environ.
Health 40 (1), 5-18.

http://www.bousai.go.jp/data/data.html.

Burke, W.J., Roccaforte, W.H., Wengel, S.P., 1991. The short form of the Geriatric
Depression Scale: a comparison with the 30-item form. J. Geriatr. Psychiatr. Neurol.
4 (3), 173-178.

Catalan-Matamoros, D., Gomez-Conesa, A., Stubbs, B., Vancampfort, D., 2016. Exercise
improves depressive symptoms in older adults: an umbrella review of systematic
reviews and meta-analyses. Psychiatr. Res. 244, 202-209.

Douglas, H., Georgiou, A., Westbrook, J., 2017. Social participation as an indicator of
successful aging: an overview of concepts and their associations with health. Aust.
Health Rev. 41 (4), 455-462.

Eime, R.M., Harvey, J.T., Brown, W.J., Payne, W.R., 2010. Does sports club participation
contribute to health-related quality of life? Med. Sci. Sports Exerc. 42 (5),
1022-1028.

Eime, R.M., Young, J.A., Harvey, J.T., Charity, M.J., Payne, W.R., 2013. A systematic
review of the psychological and social benefits of participation in sport for adults:
informing development of a conceptual model of health through sport. Int. J. Behav.
Nutr. Phys. Activ. 10, 135. https://doi.org/10.1186/1479-5868-10-135.

Fancourt, D., Opher, S., de Oliveira, C., 2020. Fixed-effects analyses of time-varying
associations between hobbies and depression in a longitudinal cohort study: support
for social prescribing? Psychother. Psychosom. 89 (2), 111-113.

Farooqui, M., Quadri, S.A., Suriya, S.S., Khan, M.A., Ovais, M., Sohalil, Z., Shoaib, S.,
Tohid, H., Hassan, M., 2017. Posttraumatic stress disorder: a serious post-earthquake
complication. Trends Psychiatry Psychother 39 (2), 135-143.

Fukasawa, M., Kawakami, N., Umeda, M., Miyamoto, K., Akiyama, T., Horikoshi, N.,
2017. Environmental radiation level, radiation anxiety, and psychological distress of
non-evacuee residents in Fukushima five years after the Great East Japan
Earthquake: multilevel analyses. SSM Popul Health 3, 740-748.

Galea, S., Nandi, A., Vlahov, D., 2005. The epidemiology of post-traumatic stress disorder
after disasters. Epidemiol. Rev. 27, 78-91.

Harada, N., Shigemura, J., Tanichi, M., Kawaida, K., Takahashi, S., Yasukata, F., 2015.
Mental health and psychological impacts from the 2011 Great East Japan
Earthquake Disaster: a systematic literature review. Disaster Mil Med 1, 17.

Hikichi, H., Aida, J., Kondo, K., Tsuboya, T., Matsuyama, Y., Subramanian, S.V.,
Kawachi, 1., 2016. Increased risk of dementia in the aftermath of the 2011 Great East
Japan earthquake and tsunami. Proc. Natl. Acad. Sci. U.S.A. 113 (45), E6911-E6918.

Hirosaki, M., Ishimoto, Y., Kasahara, Y., Kimura, Y., Konno, A., Sakamoto, R.,
Nakatsuka, M., Ishine, M., Wada, T., Okumiya, K., Fujisawa, M., Otsuka, K.,
Matsubayashi, K., 2009. Community-dwelling older adults Japanese people with
hobbies are healthier than those lacking hobbies. J. Am. Geriatr. Soc. 57 (6),
1132-1133.

Horikoshi, N., Iwasa, H., Kawakami, N., Suzuki, Y., Yasumura, S., 2016. Residence-
related factors and psychological distress among evacuees after the Fukushima
Daiichi nuclear power plant accident: a cross-sectional study. BMC Psychiatr. 16 (1),
420.

https://www.ipcc.ch/.

Ishigaki, A., Higashi, H., Sakamoto, T., Shibahara, S., 2013. The Great East-Japan
earthquake and devastating tsunami. Tohoku J. Exp. Med. 229 (4), 287-299.

Iwasaki, K., Sawada, Y., Aldrich, D.P., 2017. Social capital as a shield against anxiety
among displaced residents from Fukushima. International Society for the Prevention
and Mitigation of Natural Hazards Nat. Hazards: J. Int. Soc. Preven. Mitig. Nat.
Hazards, Springer 89 (1), 405-421. October.

Iwase, T., Suzuki, E., Fujiwara, T., Takao, S., Doi, H., Kawachi, I., 2012. Do bonding and
bridging social capital have differential effects on self-rated health? A community
based study in Japan. J. Epidemiol. Community Health 66 (6), 557-562.

Kanamori, S., Takamiya, T., Inoue, S., Kai, Y., Kawachi, 1., Kondo, K., 2016. Exercising
alone versus with others and associations with subjective health status in older
Japanese: the JAGES Cohort Study. Sci. Rep. 6, 39151. https://doi.org/10.1038/
srep39151.

Kawachi, I., 2006. Commentary: social capital and health: making the connections one
step at a time. Int. J. Epidemiol. 35 (4), 989-993.

Kishimoto, Y., Suzuki, E., Iwase, T., Doi, H., Takao, S., 2013. Group involvement and self-
rated health among the Japanese older adults: an examination of bonding and
bridging social capital. BMC Publ. Health 13, 1189. https://doi.org/10.1186/1471-
2458-13-1189.

Kondo, K., 2016. Progress in aging epidemiology in Japan: the JAGES project.

J. Epidemiol. 26 (7), 331-336.

Kondo, K., Rosenberg, M., World Health Organization, 2018. Advancing Universal
Health Coverage through Knowledge Translation for Healthy Ageing: Lessons Learnt
from the Japan Gerontological Evaluation Study. World Health Organization.

Lampinen, P., Heikkinen, R.L., Ruoppila, I., 2000. Changes in intensity of physical
exercise as predictors of depressive symptoms among older adults: an eight-year
follow-up. Prev. Med. 30 (5), 371-380.

Lowe, S.R., Bonumwezi, J.L., Valdespino-Hayden, Z., Galea, S., 2019. Posttraumatic
stress and depression in the aftermath of environmental disasters: a review of
quantitative studies published in 2018. Curr. Environ, Health Rep. 6, 344-360.

Lyness, J.M., Noel, T.K., Cox, C., King, D.A., Conwell, Y., Caine, E.D., 1997. Screening for
depression in elderly primary care patients. A comparison of the center for
epidemiologic studies-depression scale and the geriatric depression scale. Arch.
Intern. Med. 157 (4), 449-454.

Social Science & Medicine 276 (2021) 113827

Morrow-Howell, N., 2010. Volunteering in later life: research frontiers. J. Gerontol. B
Psychol. Sci. Soc. Sci. 65 (4), 461-469.

Musick, M.A., Wilson, J., 2003. Volunteering and depression: the role of psychological
and social resources in different age groups. Soc. Sci. Med. 56 (2), 259-269.

Musick, M.A., House, J.S., Williams, D.R., 2004. Attendance at religious services and
mortality in a national sample. J. Health Soc. Behav. 45 (2), 198-213.

Okura, M., Ogita, M., Yamamoto, M., Nakai, T., Numata, T., Arai, H., 2017. The
relationship of community activities with cognitive impairment and depressive
mood independent of mobility disorder in Japanese older adults. Arch. Gerontol.
Geriatr. 70, 54-61.

Onishi, J., Masuda, Y., Suzuki, Y., Gotoh, T., Kawamura, T., Iguchi, A., 2006. The
pleasurable recreational activities among community-dwelling older adults. Arch.
Gerontol. Geriatr. 43 (2), 147-155.

Park, S.H., Han, K.S., Kang, C.B., 2014. Effects of exercise programs on depressive
symptoms, quality of life, and self-esteem in older people: a systematic review of
randomized controlled trials. Appl. Nurs. Res. 27 (4), 219-226.

Qu, Z., Wang, X., Tian, D., Zhao, Y., Zhang, Q., He, H., Zhang, X., Xu, F., Guo, S., 2012.
Posttraumatic stress disorder and depression among new mothers at 8 months later
of the 2008 Sichuan earthquake in China. Arch Womens Ment Health 15 (1), 49-55.

Ransford, C.P., 1982. A role for amines in the antidepressant effect of exercise: a review.
Med. Sci. Sports Exerc. 14 (1), 1-10.

http://www.reconstruction.go.jp/topics/main-cat2/sub-cat2-1,/2016_hinansha_suii.pdf.

Rubin, D.B., 2004. Multiple Imputation for Nonresponse in Surveys. Wiley-Interscience,
Hoboken, NJ.

Rung, A.L., Gaston, S., Robinson, W.T., Trapido, E.J., Peters, E.S., 2017. Untangling the
disaster-depression knot: the role of social ties after Deepwater Horizon. Soc. Sci.
Med. 177, 19-26.

Sasaki, Y., Miyaguni, Y., Tani, Y., et al., 2015. Possibility of social supports as indicators
for the community diagnosis of a community preventive approach for depression
among older people: Japanese Gerontological Evaluation Study (JAGES) 2013. Jpn.
J. Geriatr. Pyschiatry 26 (9), 1019-1027.

Sasaki, Y., Aida, J., Tsuji, T., Koyama, S., Tsuboya, T., Saito, T., Kondo, K., Kawachi, L.,
2019. Pre-disaster social support is protective for onset of post-disaster depression:
prospective study from the Great East Japan Earthquake & Tsunami. Sci. Rep. 19;9
(1), 19427.

Stanton, R., Reaburn, P., 2014. Exercise and the treatment of depression: a review of the
exercise program variables. J. Sci. Med. Sport 17 (2), 177-182.

Sugishita, K., Sugishita, M., Hemmi, I., Asada, T., Tanigawa, T., 2017. A validity and
reliability study of the Japanese version of the geriatric depression scale 15 (GDS-15-
J). Clin. Gerontol. 40 (4), 233-240.

Tani, Y., Sasaki, Y., Haseda, M., Kondo, K., Kondo, N., 2015. Eating alone and depression
in older men and women by cohabitation status: the JAGES longitudinal survey. Age
Ageing 44 (6), 1019-1026.

Tomioka, K., Kurumatani, N., Hosoi, H., 2017. Positive and negative influences of social
participation on physical and mental health among community-dwelling older adults
aged 65-70 years: a cross-sectional study in Japan. BMC Geriatr. 17 (1), 111. https://
doi.org/10.1186,/512877-017-0502-8.

Tsuji, T., Sasaki, Y., Matsuyama, Y., Sato, Y., Aida, J., Kondo, K., Kawachi, L., 2017.
Reducing depressive symptoms after the Great East Japan Earthquake in older
survivors through group exercise participation and regular walking: a prospective
observational study. BMJ Open 7 (3), €013706. https://doi.org/10.1136/bmjopen-
2016-013706.

van Praag, H., Christie, B.R., Sejnowski, T.J., Gage, F.H., 1999. Running enhances
neurogenesis, learning, and long-term potentiation in mice. Proc. Natl. Acad. Sci. U.
S.A. 96 (23), 13427-13431.

Wada, T., Ishine, M., Kita, T., Fujisawa, M., Matsubayashi, K., 2003. Depression
screening of older adults community-dwelling Japanese. J. Am. Geriatr. Soc. 51 (9),
1328-1329.

Wada, T., Ishine, M., Sakagami, T., Okumiya, K., Fujisawa, M., Murakami, S., Otsuka, K.,
Yano, S., Kita, T., Matsubayashi, K., 2004. Depression in Japanese community-
dwelling elderly—prevalence and association with ADL and QOL. Arch. Gerontol.
Geriatr. 39 (1), 15-23.

Watanabe, C., Okumura, J., Chiu, T.Y., Wakai, S., 2004. Social support and depressive
symptoms among displaced older adults following the 1999 Taiwan earthquake.

J. Trauma Stress 17 (1), 63-67.

Wickrama, K.A., Wickrama, T., 2011. Perceived community participation in tsunami
recovery efforts and the mental health of tsunami-affected mothers: findings from a
study in rural Sri Lanka. Int. J. Soc. Psychiatr. 57 (5), 518-527.

Willie-Tyndale, D., Holder-Nevins, D., Mitchell-Fearon, K., James, K., Laws, H.,
Waldron, N.K., Eldemire-Shearer, D., 2016. Participation in social activities and the
association with socio-demographic and health-related factors among community-
dwelling older adults in Jamaica. J. Cross Cult. Gerontol. 31 (4), 427-447.

Wilson-Genderson, M., Heid, A.R., Pruchno, R., 2018. Long-term effects of disaster on
depressive symptoms: type of exposure matters. Soc. Sci. Med. 217, 84-91.

Yabe, H., Suzuki, Y., Mashiko, H., Nakayama, Y., Hisata, M., Niwa, S., 2014. Mental
health group of the fukushima health management survey. Psychological distress
after the Great East Japan earthquake and fukushima daiichi nuclear power plant
accident: results of a mental health and lifestyle survey through the fukushima
health management survey in FY2011 and FY2012. Fukushima J. Med. Sci. 60 (1),
57-67.

Yabe, Y., Hagiwara, Y., Sekiguchi, T., Sugawara, Y., Tsuchiya, M., Koide, M., 2018.
Higher incidence of sleep disturbance among survivors with musculoskeletal pain


http://refhub.elsevier.com/S0277-9536(21)00159-3/sref1
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref1
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref2
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref2
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref2
http://www.bousai.go.jp/data/data.html
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref4
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref4
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref4
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref5
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref5
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref5
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref6
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref6
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref6
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref7
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref7
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref7
https://doi.org/10.1186/1479-5868-10-135
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref9
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref9
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref9
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref10
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref10
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref10
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref11
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref11
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref11
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref11
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref12
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref12
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref13
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref13
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref13
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref14
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref14
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref14
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref15
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref15
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref15
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref15
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref15
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref16
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref16
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref16
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref16
https://www.ipcc.ch/
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref18
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref18
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref19
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref19
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref19
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref19
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref20
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref20
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref20
https://doi.org/10.1038/srep39151
https://doi.org/10.1038/srep39151
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref22
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref22
https://doi.org/10.1186/1471-2458-13-1189
https://doi.org/10.1186/1471-2458-13-1189
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref24
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref24
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref25
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref25
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref25
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref26
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref26
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref26
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref27
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref27
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref27
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref28
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref28
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref28
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref28
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref29
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref29
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref30
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref30
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref31
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref31
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref32
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref32
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref32
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref32
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref33
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref33
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref33
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref34
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref34
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref34
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref35
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref35
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref35
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref36
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref36
http://www.reconstruction.go.jp/topics/main-cat2/sub-cat2-1/2016_hinansha_suii.pdf
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref38
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref38
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref39
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref39
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref39
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref40
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref40
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref40
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref40
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref41
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref41
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref41
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref41
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref42
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref42
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref43
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref43
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref43
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref44
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref44
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref44
https://doi.org/10.1186/s12877-017-0502-8
https://doi.org/10.1186/s12877-017-0502-8
https://doi.org/10.1136/bmjopen-2016-013706
https://doi.org/10.1136/bmjopen-2016-013706
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref47
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref47
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref47
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref48
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref48
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref48
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref49
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref49
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref49
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref49
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref50
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref50
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref50
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref51
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref51
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref51
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref52
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref52
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref52
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref52
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref53
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref53
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref54
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref55
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref55

W. Zhang et al.

after the Great East Japan earthquake: a prospective study. Tohoku J. Exp. Med. 244
(1), 25-32.

Yamamura, E., Tsutsui, Y., Yamane, C., Yamane, S., Powdthavee, N., 2015. Trust and
happiness: comparative study before and after the Great East Japan earthquake. Soc.
Indicat. Res. 123 (3), 919-935.

Social Science & Medicine 276 (2021) 113827

Zhang, L.P., Zhao, Q., Luo, Z.C,, Lei, Y.X., Wang, Y., Wang, P.X., 2015. Prevalence and
risk factors of posttraumatic stress disorder among survivors five years after the
"Wenchuan" earthquake in China. Health Qual. Life Outcome 13, 75. https://doi.
0rg/10.1186/512955-015-0247-z.


http://refhub.elsevier.com/S0277-9536(21)00159-3/sref55
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref55
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref56
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref56
http://refhub.elsevier.com/S0277-9536(21)00159-3/sref56
https://doi.org/10.1186/s12955-015-0247-z
https://doi.org/10.1186/s12955-015-0247-z

	Increased frequency of participation in civic associations and reduced depressive symptoms: Prospective study of older Japa ...
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Measurements
	2.2.1 Outcome: changes in depressive symptoms
	2.2.2 Exposures: changes in participation in civic associations
	2.2.3 Covariates
	2.2.3.1 Demographic characteristics
	2.2.3.2 Socioeconomic variables
	2.2.3.3 Assessment of disaster-related experiences


	2.3 Statistical analyses

	3 Results
	4 Discussion
	4.1 Strengths and limitations

	5 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	Credit author statement
	References


