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Introduction: We examined the extent to which the post-disaster deterioration of social support and social capital 

mediates the associations between disaster-related experiences and depressive symptoms among survivors to test 

the social support deterioration model. 

Methods: We used unique natural experiment data ( n = 3567) stemming from the 2011 Great East Japan Earth- 

quake. The follow-up survey was conducted 2.5 years after the disaster. We examined associations between 

changes in depressive symptoms, disaster-related experiences (loss of loved ones, changes in household income, 

loss of job, drop in subjective economic status, and home loss), and post-disaster deterioration of four different 

types of social support (i.e., kin emotional, kin instrumental, non-kin emotional, and non-kin instrumental sup- 

port), as well as two dimensions of individual-level social capital (i.e., informal socializing and social cohesion). 

We then performed causal mediation analysis. 

Results: We found that there was deterioration of social support and social capital among individuals with disaster- 

related experiences. We also found associations between deterioration of social support/capital and worsening of 

depressive symptoms for specific categories of disaster experiences (i.e., drop in subjective economic status, loss 

of job, and home loss). However, causal mediation analysis showed little evidence of mediation by post-disaster 

deterioration of social support/capital. There was some evidence to suggest exposure-mediator interaction such 

that the association between social support/capital deterioration and depressive symptoms was weaker among 

those with disaster experiences. 

Discussion: The social support deterioration model was not empirically supported among older-adult disaster 

survivors of the 2011 Great East Japan Earthquake, after accounting for exposure-mediator interactions. 
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. Introduction 

A common misconception about disasters is that stricken communi-

ies are too shocked and helpless to help themselves ( Noji, 2000 ). In

ontrast to that view, communities have been repeatedly observed to

obilize in the wake of large scale disasters, as witnessed by the ar-

ada of volunteers equipped with boats, canoes, and even jet-skis, who

onverged on Houston to rescue flood victims after Hurricane Harvey

 Andone, 2017 ). Indeed, help from family and community members is

ften the only form of assistance that disaster victims can rely upon

efore official emergency response begins to be mobilized. 

Numerous studies have emphasized the capacity for local forms of so-

ial support – i.e. assistance from kin, friends, and neighbors – to buffer
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he traumatic effects of disaster ( Aldrich, 2012 ; Tierney, 2019 ). Accord-

ng to this view, the greater the availability of social support, the more

esilient are victims to the mental and physical health consequences of

isaster-related damage. 

Nevertheless, some disasters are so extensive in scale that after the

nitial rush to help victims, the level of need exceeds the community’s ca-

acity to respond, resulting in the depletion of supportive resources over

he longer term. That is, following a “honeymoon ” phase of spontaneous

ssistance, the community’s resources for providing social support be-

ome eventually exhausted ( Kaniasty and Norris, 1993 ). The reasons for

his include that the individuals providing support to others may them-

elves be affected by the disaster and thus unable to fulfill their obli-

ations. Moreover, local therapeutic communities may be disrupted by
ctober 2020 
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idespread destruction of housing and residential relocation, followed

y a decline in the level of routine daily activities (such as visiting with

eighbors) as well as decreased social participation ( “putting social life

n hold ”) ( Kaniasty and Norris, 2004 ). 

The social support deterioration model developed by Kaniasty and Nor-

is (2009) posits that the depletion of supportive resources contributes

o the adversity experienced by disaster survivors ( Kaniasty and Nor-

is, 2009 ). That is, the deterioration of social support (following an ini-

ial period of mobilization) is hypothesized to act as an independent

isk factor for health outcomes such as mental illness, over and above

ny direct effects of traumatic experiences. The model stands in stark

ontrast with the stress buffering model which treats the availability of

ocial support as a protective factor for disaster-affected individuals. 

However, empirically testing the support deterioration model has

roved to be methodologically challenging because it requires the infor-

ation about the availability of social support pre-dating the disaster.

sking survivors to retrospectively report their pre-disaster levels of so-

ial support is apt to be biased and unreliable. In a small study of older

dults ( n = 222) who were interviewed three months before and 2- and

-years after a severe flood in Kaniasty and Norris (1993) found empiri-

al support for the social support deterioration model ( Kaniasty and Nor-

is, 1993 ). Using depressive symptoms (assessed by Center for Epidemi-

logic Studies Depression Scale) as the outcome, the study found that

he decline in social support from non-kin members (friends and neigh-

ors) accounted for the impact of personal loss (physical harm, financial

oss, property damage) on depression 3 to 6 months postflood. More-

ver, this mediation by non-kin support was complete, leaving personal

oss with no direct effect on depression. By contrast, no mediating effect

as found for social support from kin members (family and relatives),

hich the researchers ascribed to the observation that the closer the re-

ationship between the recipient and the potential donor, the stronger

he recipient’s expectations that help should be offered when needed

 Kaniasty and Norris, 1993 ). The social support deterioration model has

een subsequently corroborated in a study of victims from Hurricanes

ugo and Andrew, and broadened to other situations such as exposure to

ar combat, child abuse, and crime victimization, in which declines in

ocial support were found to mediate the link between trauma exposure

nd subsequent mental illness ( Norris and Kaniasty, 1996 ; Taft et al.,

999 ; Vranceanu et al., 2007 ; Yap and Devilly, 2004 ). 

In the present study, we provide an empirical test of the social sup-

ort deterioration model based on a unique natural experiment stem-

ing from the 2011 Great East Japan Earthquake in which rich baseline

ata was obtained before the disaster, enabling us to take account of pre-

isaster differences between groups of survivors as well as post-disaster

hanges in social support. 

. Methods 

.1. Study population 

The Iwanuma Study is part of a nationwide cohort study in Japan,

alled the Japan Gerontological Evaluation Study (JAGES), which was

stablished in 2010 to examine prospectively the social determinants

f healthy aging among older community-dwelling residents (112,123

articipants in 31 municipalities; baseline response rate = 66.3%)

 Kondo, 2016 ; Kondo et al., 2018 ). Iwanuma city was one of the field

ites of the JAGES located in Miyagi Prefecture (population 44,187 in

010), located approximately 80 km (128 miles) from the epicenter of

he 2011 Great East Japan Earthquake ( Iwanuma City , 2020). The base-

ine survey of the Iwanuma Study was conducted in August 2010 (i.e.,

even months before the disaster), when a census was undertaken of all

esidents aged 65 years or older in Iwanuma city using the official res-

dential register ( n = 8576). A total of 5058 residents responded to the

aseline survey (response rate = 59.0%). 

The Great East Japan Earthquake (Richter scale: 9.0) occurred on

arch 11th, 2011. The subsequent tsunami caused devastating damage
o coastal areas of northeastern Japan. In Iwanuma city, 189 residents

ost their lives, 5542 houses were damaged, and 48% of the land area

as inundated ( Fig. 1 ) ( Miyagi Prefecture, 2016 ). The follow-up survey

argeting the survivors from the baseline survey was conducted approx-

mately 2.5 years after the disaster (2013). Of the eligible survivors who

ere healthy enough to participate and still lived in Iwanuma at the time

f follow-up, 3594 responded to our mailed follow-up survey, yielding

 follow-up rate of 82.1%. Our analytic sample was 3567 subjects after

xcluding invalid responses ( Fig. 2 ). 

.2. Measurements 

.2.1. Outcome 

Depressive symptoms were measured using the Japanese short-

ersion of Geriatric Depression Scale (GDS) with 15 items, as follows:

1) Are you basically satisfied with your life? ( reverse coded ) (2) Have

ou dropped many of your activities and interests? (3) Do you feel that

our life is empty? (4) Do you often get bored? (5) Are you in good

pirits most of the time? ( reverse coded ) (6) Are you afraid that some-

hing bad is going to happen to you? (7) Do you feel happy most of the

ime? ( reverse coded ) (8) Do you often feel helpless? (9) Do you prefer

o stay at home, rather than going out and doing new things? (10) Do

ou feel you have more problems with memory than most? (11) Do you

hink it is wonderful to be alive now? ( reverse coded ) (12) Do you feel

retty worthless the way you are now? (13) Do you feel full of energy?

 reverse coded ) (14) Do you feel that your situation is hopeless? (15) Do

ou think that most people are better off than you are? Responses are

inary (yes/no), and the overall summed score ranges from 0 to 15, with

igher scores indicating more severe depressive symptoms ( Sheikh and

esavage, 1986 ). The Japanese version of the GDS has been shown to

ave good validity and reliability as a screening instrument for major

epressive disorder (sensitivity = 0.98, specificity = 0.86, Cronbach’s

lpha = 0.83) ( Sugishita et al., 2017 ). We used the changes in the score

rom 2010 to 2013 as a primary continuous outcome. 

.2.2. Exposures 

We used five items to assess disaster experiences including housing

amage, loss of job, loss of relatives/friends, drop in subjective eco-

omic status, and changes in household income. Housing damage (re-

orted in the 2013 follow-up survey) was externally assessed by prop-

rty inspectors and classified into five levels: (a) no damage, (b) partial,

c) minor, (d) major, and (e) complete destruction. We created a binary

ariable representing home loss (1 = complete destruction and 0 = no

amage/less severe damage). Loss of job was assessed by the question:

Did your work status change because of the disaster? ” (1 = “lost job ”

nd 0 = otherwise). We binarized the variables for drop in subjective

conomic status (1 = “worse ” or “a little worse ” and 0 = “unchanged ”,

a little better ”, or “better ”), as well as loss of friends/relatives (1 = yes,

 = no). Household income was equivalized to account for the differ-

nces in household size. 

.2.3. Mediators 

Our mediators of interest were post-disaster deterioration in social

upport and social capital. Respondents were asked to report whether

hey received emotional and instrumental support from kin relation-

hips (spouse, children living together, children living separately, and

elatives) and non- kin relationships (neighbors, friends, and others).

he items asked: “Do you have anyone who you can talk to when you

ave concerns or complaints? ” for emotional support and “Do you have

nyone who can take care of you when you are sick for a few days? ”

or instrumental support. We created four categories of social support

ased on its type and source (i.e., emotional support by kin, emotional

upport by non-kin, instrumental support by kin, and instrumental sup-

ort by non-kin). We counted the number of available sources for each

ype of support, and created a binary variable representing pre/post dis-
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Fig. 1. Map of Iwanuma City, Miyagi Prefec- 

ture, Japan. 

Baseline Survey Enrollment
(n = 8,576)

Respondents to the Baseline Survey
(n = 4,957; Response Rate = 57.8%)

Disaster Survivors
(n = 4,857)

No Response (n = 3,518)
Invalid Response (n = 101)

Died before the disaster (n = 66)
Killed by the disaster (n = 34)

Respondents to the 2nd Wave Survey
(n = 3,567)

Died before the 2ndWave Survey (n = 334)
Loss-to-follow-up (n = 143)
- Moved out of the city
- Address unknown

- Too sick to participate

1st Wave
August 2010

Great East Japan Earthquake and Tsunami
March 11, 2011

2nd Wave
November 2013

Eligible for the 2nd Wave Survey
(n = 4,380)

No Response (n = 786)
Invalid Response (n = 27)

Fig. 2. Flow of analytical sample selection. 
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ster deterioration of social support (1 = decreased number of sources

fter the disaster, 0 = otherwise). 

Social capital was assessed by two components; social cohesion and

nformal socializing/social participation. Social cohesion was assessed

y residents’ perceptions of trust in the community ( “Do you think that

eople living in your community can be trusted in general? ”), levels of

utual help ( “Do you think people living in your community try to help

thers in most situations? ”), and community attachment ( “How attached

re you to the community in which you live? ”). Each item was measured

n a 5-point Likert scale ranging from 1 (not at all) to 5 (very much).
he informal socializing/social participation aspect of social capital was

easured by the frequency of meeting with friends ( “How often do you

ee your friends? ” Range: 1, rarely; 6, almost every day), the number of

riends whom the respondent met during the past month ( “How many

riends/acquaintances have you seen over the past month ” Range: 1,

one; 5, 10 or more), and the frequency of participating in sports and

obby clubs per week ( “How often do you attend activities for sports

lub? ” Range: 1, none; 6, almost every day; and “How often do you at-

end activities for hobby club? Range: 1, none; 6, almost every day).

esponses to each item were standardized (mean = 0, standard devia-
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Fig. 3. Causal diagram showing relationships between the key variables. 

In this study, we first examined (i) the associations between disaster experiences and post-disaster deterioration of social support/social capital (i.e., the exposure- 

mediator associations represented by the arrow A), (ii) the associations between disaster experiences and changes in depressive symptoms (i.e., the exposure-outcome 

associations represented by the sum of the path A →B and the arrow C), (iii) the associations between the post-disaster deterioration of social support/social capital 

and changes in depressive symptoms (i.e., mediator-outcome associations represented by the arrow B). The subsequent formal causal mediation analysis decomposed 

the total effect of the disaster-related experiences on changes in depressive symptoms into natural indirect effect (the path A →B) and the direct effect (the arrow C). 
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ion = 1) and the means of the standardized responses were used as the

cores for social cohesion and informal socializing/social participation.

e created a binary variable representing pre/post disaster deteriora-

ion of social capital (1 = decreased score after the disaster, 0 = other-

ise). 

.2.4. Covariates 

We adjusted for a vector of baseline sociodemographic characteris-

ics as potential confounders, including age (continuous), gender (male

s. female), marital status (non-married (single, widowed or divorced

s. married), years of schooling (9 years or less vs. more than 9 years),

nd equivalized household income (continuous). Household income was

quivalized by dividing annual income by the square root of the house-

old size. 

.3. Statistical analysis 

First, we examined; (i) the associations between all of the five disas-

er experiences and post-disaster deterioration of social support/social

apital (i.e., the exposure-mediator associations), (ii) the associations

etween the five disaster experiences and changes in depressive symp-

oms (i.e., the exposure-outcome associations), (iii) the associations be-

ween the post-disaster deterioration of social support/social capital and

hanges in depressive symptoms (i.e., mediator-outcome associations)

see Fig. 3 for the causal diagram showing how these analyses are re-

ated with one another). We used logistic regression for Analysis (i) and

inear regression for Analysis (ii) and (iii). Analyses (i) and (ii) were

djusted for potential confounders, while (iii) was further adjusted for

isaster-related experiences as well because these exposures are con-

ounders for the mediator-outcome associations. 

Second, we performed causal mediation analysis based on a counter-

actual framework using the R package “mediation ” ( Imai et al., 2010 ;

ingley et al., 2014 ). In order to calculate the proportion of the total

ffect of the exposure on the outcome mediated through the mediator,

he total effect was decomposed into natural direct effect (NDE) and

atural indirect effect (NIE) ( VanderWeele, 2015 ). Briefly, the NDE is

efined as the effect of an exposure had a mediator been set to the value

hat would have been observed in the absence of the exposure, and the

IE is computed by subtracting the NDE from the total effect, represent-

ng the magnitude of the effect of the exposure through the mediator.

ee Supplementary Text for more detailed description of the method. We

xamined only the combinations of (a) exposure variables that were as-

ociated with the outcomes and (b) mediators that were associated with

he exposure variables. This choice was made because performing for-

al causal mediation analysis is not meaningful when exposures do not

ave total effects on outcomes and when mediators do not have impacts

n outcomes (i.e., lack of potential mediation). 

A key strength of the causal mediation analysis is that it al-

ows for exposure-mediator interaction, which conventional approaches

or mediation (e.g., Baron and Kenny’s product method) cannot deal
ith ( VanderWeele, 2015 ; Baron and Kenny, 1986 ). As a sensitivity

nalysis, we assessed the exposure-mediator interaction by examining

hether the associations between post-disaster deterioration of social

upport/capital and changes in depressive symptoms vary by level of

isaster damages. We further performed causal mediation analysis with-

ut modeling the exposure-mediator interaction to assess the potential

mpacts of ignoring the interaction. 

Standard errors were computed via bootstrapping with 1000 resam-

ling ( Efron and Tibshirani, 1986 ). We imputed missing data by chained

quations and combined the results from the 20 imputed datasets using

he R package “MICE ” ( Buuren and Groothuis-Oudshoorn, 2011 ). 

. Results 

.1. Descriptive analyses 

As shown in Table A.1 , the mean baseline age of the study sam-

le was 73.6 years, 43.5% were male. Among them, 4.5% experienced

ome loss, 26.2% experienced loss of relatives, 15.4% experienced loss

f friends, experienced 104,000 Japanese yen (1060 USD as of October

, 2013) loss of annual income on average, 5.5% lost their jobs, and 23%

nswered that their economic status deteriorated after the earthquake.

able 1 summarizes the descriptive findings for the sample. Overall,

here was a slight increase in depressive symptoms and emotional sup-

ort received from kin, while other forms of social support and social

apital were unchanged. However, this overall trend masks a very dis-

inct pattern among survivors who experienced disaster-related damage.

or example, when we examined the changes by home loss status ( Table

.2 ), kin emotional support increased only among people who escaped

ome loss. On the other hand, among those who suffered home loss, kin

nstrumental support, non-kin emotional support, and social cohesion

ll deteriorated, while non-kin instrumental support increased. 

.2. Disaster experiences and deterioration of social support/social capital 

Fig. 4 (see Table A.3 for the point estimates and confidence in-

ervals) illustrates the associations between disaster experiences and

ost-disaster deterioration of social support/social capital. Home loss

as associated with higher odds of deterioration of kin emotional sup-

ort (OR = 1.51; 95% CI: 1.02 to 2.25) and kin instrumental support

OR = 1.77; 95% CI: 1.19 to 2.65), while drop in subjective economic

tatus was associated with deteriorated kin instrumental support only

OR = 1.29; 95% CI: 1.03 to 1.63). However, we did not find compa-

ably strong evidence of associations with deteriorated kin support for

ther disaster-related experiences. 

Turning to non-kin support, loss of relatives (OR = 1.24; 95% CI:

.02 to 1.52), drop in subjective economic status (OR = 1.35; 95% CI:

.10 to 1.66), job loss (OR = 1.45; 95% CI: 1.00 to 2.09), and home

oss (OR = 1.75; 95% CI: 1.18 to 2.60) were associated with increased

dds of emotional support deterioration. We did not find evidence that
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Table 1 

Changes in depressive symptoms and social support/social capital before and after the disaster 

onset among the analytical sample ( n = 3567). 

2010 2013 

GDS Score a 

Mean (SD) 3.66 (3.44) 3.78 (3.38) 

Missing 493 (13.8%) 468 (13.1%) 

Depression (GDS > = 5) b 

Not Depressed 2090 (58.6%) 2072 (58.1%) 

Depressed 984 (27.6%) 1027 (28.8%) 

Missing 493 (13.8%) 468 (13.1%) 

Number of Sources for Kin Emotional Social Support 

Mean (SD) 1.09 (0.76) 1.29 (0.84) 

Missing 142 (4.0%) 0 (0%) 

Number of Sources for Kin Instrumental Social Support 

Mean (SD) 1.31 (0.67) 1.28 (0.73) 

Missing 98 (2.7%) 98 (2.7%) 

Number of Sources for Non-kin Emotional Social Support 

Mean (SD) 0.55 (0.67) 0.57 (0.70) 

Missing 142 (4.0%) 142 (4.0%) 

Number of Sources for Non-kin Instrumental Social Support 

Mean (SD) 0.11 (0.37) 0.12 (0.37) 

Missing 98 (2.7%) 98 (2.7%) 

Informal Socializing and Social Participation 

Mean (SD) 0.12 (0.99) 0.00 (1.00) 

Missing 717 (20.1%) 220 (6.2%) 

Social Cohesion 

Mean (SD) 0.05 (0.95) 0.00 (1.00) 

Missing 181 (5.1%) 100 (2.8%) 

a GDS: Geriatric Depression Scale. 
b GDS was dichotomized using the commonly used cut-off of 5 points or above, indicating clinical 

depression. 

Fig. 4. Associations of disaster experiences with A) Deterioration of social support and B) Social capital. 

Logistic regression models were adjusted for potential confounders including baseline age, gender, marital status, education, and household income. 
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Fig. 5. Associations with changes in depressive symptoms for A) Disaster experiences and B) Deterioration of social support and social capital. 

A) Linear regression models were adjusted for potential confounders including baseline age, gender, marital status, education, and household income. 

B) Linear regression models were adjusted for potential confounders including baseline age, gender, marital status, education, household income, and disaster 

experiences. 

Table 2 

Causal effect decomposition of total effect of disaster-induced experiences on changes in depressive symptoms mediated through post-disaster deterio- 

ration of social support and social capital a , b , c . 

Exposure Mediator Total effect Natural indirect effect Natural direct effect PM 

d 

Coef. (95% CI) Coef. (95% CI) Coef. (95% CI) % 

Home Loss Kin Emotional Support 1.11 (0.66 to 1.58) − 0.04 ( − 0.16 to 0.03) 1.15 (0.70 to 1.56) − 3.60 

Kin Instrumental Support 1.07 (0.58 to 1.50) − 0.06 ( − 0.21 to 0.04) 1.12 (0.61 to 1.64) − 5.61 

Non-kin Emotional Support 1.02 (0.57 to 1.56) − 0.02 ( − 0.15 to 0.09) 1.04 (0.57 to 1.63) − 1.96 

Social Cohesion 1.02 (0.56 to 1.51) 0.03 ( − 0.10 to 0.21) 0.99 (0.55 to 1.46) 2.94 

Loss of Job Kin Instrumental Support 0.66 (0.35 to 1.12) 0.01 ( − 0.03 to 0.06) 0.65 (0.32 to 1.11) 1.52 

Non-kin Emotional Support 0.65 (0.26 to 1.15) 0.04 ( − 0.02 to 0.11) 0.61 (0.24 to 1.09) 6.15 

Social Cohesion 0.69 (0.23 to 1.07) 0.003 ( − 0.06 to 0.05) 0.69 (0.24 to 1.04) 0.43 

Subjective Economic Status Kin Instrumental Support 0.24 ( − 0.03 to 0.49) 0.01 ( − 0.02 to 0.04) 0.24 ( − 0.04 to 0.49) 4.17 

Non-kin Emotional Support 0.25 ( − 0.01 to 0.44) 0.03 (0.01 to 0.08) 0.21 ( − 0.05 to 0.40) 12.00 

Informal Socializing 0.25 (0.03 to 0.48) 0.02 (0.00 to 0.05) 0.24 (0.01 to 0.45) 8.00 

Social Cohesion 0.25 (0.07 to 0.45) 0.02 (0.00 to 0.05) 0.23 (0.05 to 0.44) 8.00 

a Depressive symptoms were measured by Geriatric Depression Scale (the scale score ranges 0–15 where higher score indicates more depressive 

symptoms) and changes in the score between 2010 and 2013 were analyzed as a primary outcome. 
b Models were adjusted for potential confounders including baseline age, gender, marital status, education, and household income. 
c Counterfactual-based causal mediation analysis modeling the exposure-mediator interaction was used for effect decomposition. 
d Proportion mediated (PM) was computed by dividing a natural indirect effect by a total effect. 
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o  
he disaster experiences were associated with deterioration of non-kin

nstrumental support. 

Turning to social capital, drop in subjective economic status was as-

ociated with deteriorated informal socializing (OR = 1.21; 95% CI: 0.98

o 1.48), while drop in subjective economic status (OR = 1.21; 95% CI:

.02 to 1.44) and home loss (OR = 2.08; 95% CI: 1.42 to 3.04) were

ssociated with deteriorated social cohesion. 

Changes in Depressive Symptoms and Disaster Experiences and Deterio-

ation of Social Support /Social Capital 

Fig. 5 (see Table A.4 for the point estimates and confidence inter-

als) summarizes exposure-outcome associations and mediator-outcome

ssociations. For the exposure-outcome associations, there was greater

ncrease in depressive symptoms after the disaster among those who ex-

erienced drop in subjective economic status (estimate = 0.44; 95% CI:

.14 to 0.75), loss of job (estimate = 0.74; 95% CI: 0.29 to 1.18), and

ome loss (estimate = 1.46; 95% CI: 0.85 to 2.07). For the mediator-
utcome associations, deterioration of kin social support and social cap-

tal measures were significantly associated with greater increases in de-

ressive symptoms. 

.3. Causal effect decomposition of total effect of disaster-induced 

xperiences 

Table 2 shows the result from causal effect decomposition of to-

al effect of the disaster-induced experiences on changes in depressive

ymptoms mediated through post-disaster deterioration of social sup-

ort/social capital. We examined only the combinations of the expo-

ures and mediators for which potential mediation was indicated by the

revious analyses, and we modeled exposure-mediator interaction in the

ausal mediation analysis. For the total effect of loss of job and home

oss on changes in depressive symptoms, there was no clear evidence

f indirect effect mediated through post-disaster deterioration of social
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Fig. 6. Associations between deterioration of social support/social capital and changes in depressive symptoms by presence of disaster damage. 

Models were adjusted for potential confounders including baseline age, gender, marital status, education, household income, and other disaster experiences. 
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upport/social capital. For the total effect of subjective economic sta-

us, there was some evidence of mediation by post-disaster deteriora-

ion of social support/social capital although its magnitude was small

4–12%). 

As shown in Fig. 6 , the associations between social support/capital

eterioration and greater increase in depressive symptoms was more

vident among people without disaster damages compared to those with

he damages, suggesting the presence of exposure-mediator interaction.

he result of causal mediation analysis ignoring the exposure-mediator

nteraction is shown in Table A.5. The magnitude of the indirect effects

ncreased and there appeared to be some evidence of small but signif-

cant indirect effects for home loss and loss of job after ignoring the

nteraction. 

We also performed sensitivity analyses using different cut-offs for the

ousing damage variable to examine whether the extent of mediation

y social support/capital deterioration changes. Specifically, we created

he following two variables; (a) complete destruction/major damage vs

ess severe/no damage and (b) major damage vs less severe/no dam-

ge (we excluded those who reported complete destruction). The results

id not materially affect our conclusion regarding mediation of housing

amage by social support/capital deterioration (Data available from au-

hors on request). 

. Discussion 

.1. Deterioration of social support within 3 years after the disaster 

We found evidence that specific categories of disaster-related dam-

ge, particularly home loss, were associated with deterioration of so-

ial support/social capital after the disaster. Surprisingly, for the over-

ll Iwanuma sample, emotional support went up between 2010 and 2013.

owever, there was a qualitative difference in the pattern of changes in

ocial support according to the presence of disaster damages. Notably,

eople who lost their homes reported decreased kin and non-kin emo-

ional support, but increased non-kin instrumental support, while peo-

le who did not suffer home loss reported an increase in kin emotional

upport. 
There are plausible explanations for the divergent patterns we ob-

erved. For example, people whose homes were destroyed ended up

oving into temporary housing or relocating to rental housing in a dif-

erent neighborhood. We have previously reported that survivors who

ere moved to temporary trailer homes experienced a decrease in so-

ial cohesion, particularly if they were resettled randomly, i.e., moved

nto the trailer homes without regard for preserving social relation-

hips between neighboring houses that existed prior to the disaster

 Hikichi et al., 2017 ). These residential moves may have disrupted pat-

erns of emotional support exchange in people’s lives. At the same time,

hose who suffered complete home loss were also more likely to be re-

eiving instrumental support 2.5 years after the disaster, in the form of

ublic assistance. However, we also find some evidence of exhaustion

f instrumental support received from kin members, in line with the

redictions of the social support deterioration model. 

.2. Increase in depressive symptoms 3 years after the disaster 

As demonstrated in the previous study using Iwanuma data

 Tsuboya et al., 2016 ), home loss, job loss and reduction of subjec-

ive economic status were each associated with greater increases in de-

ressive symptoms after the disaster. However, we did not find strong

vidence for an association between loss of relatives/friends and de-

ressive symptoms in this study, which is contrary to previous findings

 Thoresen et al., 2019 ). One possible interpretation is that after an ini-

ial period of grief, people have recovered from the loss of loved ones at

he three year mark, while continuing struggles/worries about the eco-

omic damage wrought by the disaster loom larger in the daily lives of

urvivors. Moreover, the age of the study participants in the Iwanuma

tudy (mean: 73.6 years) meant that the death of relatives/friends might

ave been a more normative experience for them, and hence did not

ave as lasting an impact on their depressive symptoms. We also found

hat post-disaster deterioration of social support/social capital was gen-

rally associated with greater increases in depressive symptoms after the

isaster. The link between post-disaster changes in social capital and

epressive symptoms was also reported in the aftermath of the 2016

umamoto earthquake in Japan ( Sato et al., 2020 ). 
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.3. Does social support deterioration mediate the association between 

isaster experiences and depressive symptoms? 

A central claim of the social support deterioration model is that a

ecline in social support (following a “honeymoon ” phase immediately

fter the disaster) actively contributes to the decline in mental health

mong disaster survivors. Our findings provide some support for deteri-

ration in kin-based emotional/instrumental support as well as non-kin

motional support among people who suffered home loss and job loss.

owever, our causal mediation analysis suggested little mediation of

he association between disaster damage and depressive symptoms by

ocial support/social capital deterioration. 

A possible explanation for this finding is the presence of an exposure-

ediator interaction; contrary to the support deterioration model, social

upport deterioration appeared to be more detrimental among people

ho escaped disaster damage. One possible reason for this is that people

ho suffered severe disaster damage had more extreme psychological

istress – to an extent that social support/capital had less of an impact

n mitigating their symptoms compared to the general population. 

When the exposure-mediator interaction was removed from the

odel, we saw small but significant mediation for the total effect of loss

f job and home loss, suggesting that ignoring the exposure-mediator

nteraction in mediation analysis would result in biased estimates of

he indirect effect; specifically, the indirect effect would be overesti-

ated when the mediator had less impacts on the outcome when the

xposure is present. Previous studies of the social support deterioration

odel may have over-estimated the extent of mediation as a result of

gnoring potential exposure-mediator interactions ( Kaniasty and Nor-

is, 1993 ; Norris and Kaniasty, 1996 ; Taft et al., 1999 ; Vranceanu et al.,

007 ; Yap and Devilly, 2004 ). 

The results overall suggest that social support deterioration after the

isasters had detrimental effects on depressive symptoms of survivors,

ut there appeared to be other pathways linking disaster-related expe-

iences and depressive symptoms. Notably, our finding that there was

ittle evidence of mediation by post-disaster social support deterioration

oes not take away from the potential significance of social support and

ocial capital in the recovery process that have previously been reported

 Tsuboya et al., 2016 ; Sasaki et al., 2020 ). It also leaves open the possi-

ility that deterioration in social support could mediate the association

f disaster damage with other health outcomes, such as cognitive decline

 Hikichi et al., 2016 ). The policy implication of the exposure-mediator

nteraction is that offering social support alone may not suffice to help

isaster survivors experiencing extreme distress to maintain their men-

al health. 

.4. Limitations 

There are several limitations in this study. First, selective attrition

ue to non-participation in the follow-up survey may have resulted in

election bias. When the disaster experiences increase the likelihood

f censoring (e.g., non-participation due to post-traumatic stress dis-

rder) and censoring and changes in depressive symptoms share com-

on causes such as pre-existing health problems, the selection bias

ould lead to underestimation of the effect of an exposure. Second,

ausal mediation analysis requires a set of fairly strong assumptions of

o unmeasured confounders for: 1) exposure-outcome relationship, 2)

ediator-outcome relationship, and 3) exposure-mediator relationship.

lthough we leveraged the natural experiment data to account for a

ich set of baseline characteristics, the assumptions cannot be guaran-

eed. Third, our measure of instrumental social support was based on

 single item about the availability of care if the respondent became

ick. Unfortunately, we lacked a more comprehensive set of items such

s cash loans and helping with other chores. Fourth, this study assessed

epressive symptoms approximately 2.5 years after the disaster onset

nd did support the social support deterioration model. However, post-

isaster deterioration of social support and social capital may mediate
he adverse effects of disaster experiences on depressive symptoms with

 longer follow-up. Fifth, although the relationships between disaster

xperiences, social support/social capital deterioration, and depressive

ymptoms might vary across geographic areas, we focused on assessing

verage effects due to lack of space. Future studies on this spatial hetero-

eneity are warranted. Lastly, as we used the relatively unique sample of

lder adult survivors living in Iwanuma after the Japanese earthquake

nd tsunami, the findings may not be generalizable to other popula-

ions with different cultural backgrounds. For instance, if it turns out

hat Japanese society is characterized by higher levels of social norms

f mutual assistance compared to western settings, we might expect the

xtent of post-disaster deterioration of social support/capital (i.e., the

xposure-mediator relationship) – and, consequently, the total effect of

isaster-related damage – may be smaller in our sample. However, it

s difficult to predict the impact on the magnitude of the indirect effect

elative to the total effect (i.e., proportion mediated) which could either

ncrease or decrease. 

. Conclusion 

We found little evidence that post-disaster deterioration of social

upport and social capital mediated the effects of traumatic experiences

rom the 2011 Great East Japan Earthquake on depressive symptoms 2.5

ear after the onset among older survivors in Iwanuma. Lack of empir-

cal support for the social support deterioration model may be, at least

artly, attributable to the presence of exposure-mediator interactions. 
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