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Abstract
Aims. Previous studies have reported inconsistent findings regarding the association between
post-traumatic stress (PTS) and post-traumatic growth (PTG). Three major issues could
account for this inconsistency: (1) the lack of information about mental health problems
before the disaster, (2) the concept of PTG is still under scrutiny for potentially being an
illusionary perception of personal growth and (3) the overlooking of PTS comorbidities as
time-dependent confounding factors. To address these issues, we explored the associations of
PTS and PTG with trauma-related diseases and examined the association between PTS and
PTG using marginal structural models to address time-dependent confounding, considering
pre-disaster covariates, among older survivors of the 2011 Japan Earthquake and Tsunami.
Methods. Sevenmonths before the disaster, the baseline survey was implemented to ask older
adults about their health in a city located 80 km west of the epicentre. After the disaster, we
implemented follow-up surveys approximately every 3 years to collect information about PTS
and comorbidities (depressive symptoms, smoking and drinking).We asked respondents about
their PTG in the 2022 survey (n = 1,489 in the five-wave panel data).
Results. PTG was protectively associated with functional disability (coefficient −0.47, 95%
confidence interval (CI) −0.82, −0.12,P< 0.01) and cognitive decline assessed by trained inves-
tigators (coefficient −0.07, 95% CI −0.11, −0.03, P < 0.01) and physicians (coefficient −0.06,
95% CI −0.11, −0.02, P< 0.01), while PTS was not significantly associated with them. Severely
affected PTS (binary variable) was associated with higher PTG scores, even after adjusting for
depressive symptoms, smoking and drinking as time-dependent confounders (coefficient 0.35,
95% CI 0.24, 0.46, P < 0.01). We also found that an ordinal variable of the PTS score had an
inverse U-shaped association with PTG.
Conclusion. PTG and PTS were differentially associated with functional and cognitive dis-
abilities. Thus, PTG might not simply be a cognitive bias among survivors with severe PTS.
The results also indicated that the number of symptoms in PTS had an inverse U-shaped asso-
ciation with PTG. Our findings provided robust support for the theory of PTG, suggesting that
moderate levels of psychological struggles (i.e., PTS) are essential for achieving PTG, whereas
intense PTS may hinder the attainment of PTG. From a clinical perspective, interventions
that encourage social support could be beneficial in achieving PTG by facilitating deliberate
rumination.

Introduction

Older people are vulnerable to the impacts of natural disasters. Disaster-related traumatic expe-
riences persistently affect the physical, mental and cognitive health as well as the well-being of
older survivors (Shiba et al., 2022).

Nevertheless, despite the vulnerability of older victims of traumatic events, a subset of them
may attain personal growth through struggling with adversities (Greenblatt-Kimron, 2021;
Kadri et al., 2022). Post-traumatic growth (PTG) is a positive psychological change that com-
prises five major dimensions: improved relationships with others, increased personal strength,
identification of new possibilities, positive spiritual changes and increased appreciation of life

https://doi.org/10.1017/S2045796024000362 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000362
mailto:hikichi@med.kitasato-u.ac.jp
http://creativecommons.org/licenses/by/4.0
https://orcid.org/0000-0002-7791-464X
https://doi.org/10.1017/S2045796024000362


2 Hikichi et al.

(Tedeschi and Calhoun, 2004). A meta-analysis demonstrated that
adult survivors of earthquakes tend to exhibit moderate levels of
PTG (Amiri et al., 2021).

Experiencing traumatic events exhibits complicated relation-
ships with psychological resilience, as it is associated not only
with PTG but also with post-traumatic stress (PTS). Most research
has demonstrated a positive association (linear or inverted U-
shaped) between them (Shakespeare-Finch and Lurie-Beck, 2014),
while some findings have also suggested an inverted linear or
non-significant relationship (Kadri et al., 2022).

Previous studies have highlighted three issues. First, the absence
of pre-disaster information is a limitation in most studies, given
that both PTS and PTG can be influenced by the presence of psy-
chopathology preceding exposure to disaster (Long et al., 2021).
Second, the concept of PTG continues to be debated. Some
research has suggested that PTG might be a form of cognitive
bias among survivors – for instance, social desirability bias, pos-
itive attrition bias or the illusory perception of personal growth as
a compensatory response to trauma (Gower et al., 2022). Third,
ignoring time-dependent confounding can result in biased esti-
mates of associations (Robins et al., 2000). For example, as shown
in Figure S1, PTS at time 1 is significantly associatedwith increased
risks of comorbidities including depression and substance use at
time 2 (Flory and Yehuda, 2015; Sareen, 2014) which in turn could
be linked to severe PTS at the same survey wave (Long et al.,
2021; Koenen et al., 2005; Stewart, 1996), and a certain level of
PTG at time 4 in a subsequent wave (Stump and Smith, 2008).
This scenario of time-dependent confounding cannot be ade-
quately addressed by conventional methods such as sample restric-
tion, stratification or covariance adjustment (Mansournia et al.,
2017).

To address these issues, we documented the 11.5-year post-
disaster follow-up of a cohort of community-dwelling older adults
who survived the 2011 Great East Japan Earthquake and Tsunami.
By coincidence, we had collected pre-disaster information on the
health and lifestyle of the respondents 7 months prior to the disas-
ter. This natural experimental design provides us with the oppor-
tunity to pursue two objectives: (1) exploring the associations
between PTG and PTS with trauma-related diseases, taking into
account pre-disaster information and (2) examining the relation-
ship between PTS and PTG using marginal structural models to
address time-dependent confounding.

Methods

Study participants

The Japan Gerontological Evaluation Study (JAGES) was estab-
lished in 2010, sampling residents aged 65 or older nationwide.
One of the field sites of the JAGES cohort is based in the Iwanuma
City (total population of 44,187 in 2010).Wemailed questionnaires
to all older residents in August 2010 (n = 8,576), using the city’s
residential register. The survey covered personal characteristics,
lifestyle and health, with a 59.0% response rate (n = 5,058), which
is comparable to other surveys of community-dwelling residents
(Santos-Eggimann et al., 2009).

The 11 March 2011 earthquake and tsunami severely affected
Iwanuma City, located 80 km west of the epicenter. The disas-
ter caused 180 deaths, damaged 5,542 homes and flooded 48% of
Iwanuma’s land (Figure S2).

We conducted follow-up surveys of survivors four times in
2013, 2016, 2019 and 2022, gathering information on health status,

lifestyle and housing types after the disaster. We inquired about
PTG only in the 2022 survey.

The detailed flow chart of the analytic sample is presented
in Fig. 1. The respondents with physical and cognitive disabilities
at the baseline (n= 28) were excluded from this study because they
are particulary vulnerable in the aftermath of disasters (Aldrich
and Benson, 2008), which may affect both PTS and PTG as con-
founders. Finally, the analytic sample was 1,489 respondents.

The survey protocol was reviewed and approved by the Ethics
Committees on Research of Human Subjects at the Harvard T.H.
Chan School of Public Health, Tohoku University, Nihon Fukushi
University and Chiba University. Informed consent was obtained
at the time of survey collection.

Explanatory variables

PTS was assessed using the Screening Questionnaire for Disaster-
Related Mental Health (SQDRMH) (Fujii et al., 2007), originally
developed and psychometrically validated in the aftermath of
the 1995 Hanshin–Awaji earthquake in Japan. The instrument
was specifically developed for screening disaster-related mental
disorders of older survivors and has been psychometrically val-
idated against the Japanese-language version of the Clinician-
Administered PTSD Scale (CAPS) (Blake et al., 1995).

In the surveys, we asked respondents: ‘People who have expe-
rienced the 2011 Japan Earthquake and Tsunami often report
that their lives have changed dramatically, and they are constantly
under various kinds of stress. Have you experienced any of the
symptoms listed below in the past month?’, and then asked their
symptoms using the following nine questions: ‘Do you have trouble
falling asleep or sleeping through the night?’, ‘Do you have night-
mares about the event?’, ‘Do you feel irritable?’, ‘Do you feel that
you are hypersensitive to small noises or tremors?’, ‘Do you avoid
places, people and topics related to the event?’, ‘Do you think about
the event when you do not want to?’, ‘Do you have trouble enjoy-
ing things you used to enjoy?’, ‘Do you get upset when something
reminds you of the event?’ and ‘Do you notice that you are mak-
ing an effort to try not to think about the event or are trying to
forget it?’.

The nine items exhibited a reasonable internal consistency
(Cronbach’s α = 0.74). Following previous studies suggesting a
non-linear association between PTS and PTG, we categorized PTS
as binary: 1 for severely affected (6 to 9 points) and 0 formoderately
or slightly affected (0 to 5 points) (Fujii et al., 2007). Additionally,
we used ordinal variables and, in a sensitivity analysis, a continuous
variable for PTS.

Outcome variable

Our primary outcomes were obtained from objective assessments
of functional, cognitive and physical disabilities, in addition to
PTG.

1. Functional disability. The level of functional disability was
obtained from the Japanese Long-Term Care Insurance (LTCI)
database. Since 2001, the Japanese government has imple-
mented a national insurance scheme for older individuals
requiring long-term care (e.g., home helpers). Applicants are
classified into one of seven care levels through a standardized
multistep assessment of functional and cognitive disabilities
conducted by trained investigators and physicians. These levels
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Respondents (n = 5,058)
(Response rate: 59.0%)

Enrollments in the baseline
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Non-response (n = 3,518)

Invalid ID, sex, & age (n = 101)
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  Death from other causes (n = 400)
  Moved out (n = 92)
  Address unknown (n = 17)
  Too sick to participate (n = 34)

 Valid Respondents
(n = 4,957)

Baseline
questionnaire survey

in August, 2010

Earthquake &
Tsunami

on March11, 2011

Follow-up interview
survey

in October, 2013

Lost to follow-up (n = 244)
  Death from all causes (n = 243)
  Moved out (n = 1)Eligible for the third follow-up

survey (n = 3,323)

Respondents (n = 2,810)
(Participation rate: 84.6%)

Non-response (n = 513)
Follow-up third

questionnaire survey
in November, 2016

Valid respondents
(n = 2,781)

Invalid ID (n = 29)

Lost to follow-up (n = 208)
  Death from all causes (n = 201)
  Moved out (n = 7)Eligible for the third follow-up

survey (n = 2,573)

Respondents (n = 2,047)
(Participation rate: 79.7%)

Non-response (n = 526)
Follow-up fourth

questionnaire survey
in November, 2019

Valid respondents
(n = 2,033)

Invalid ID (n = 14)

Lost to follow-up (n = 196)
  Death from all causes (n = 186)
  Moved out (n = 10)Eligible for the third follow-up

survey (n = 1,837)

Respondents (n = 1,531)
(Participation rate: 83.3%)

Non-response (n = 306)
Follow-up fifth

questionnaire survey
in November, 2022

Valid respondents
(n = 1,517)

Invalid ID (n = 14)

Analytic samples
(n = 1,489)

Baseline physical and/or cognitive
disabilities (n = 28)

Figure 1. Participant flow in this study.

correspond to the severity of their disabilities and the esti-
mated hours of home care needed each week (e.g., bathing,
dressing, cleaning the house and preparing meals) (Tamiya
et al., 2011).

2. Cognitive disability. Trained investigators assess applicants’
cognitive function (e.g., short-term memory, orientation
and communication) and mental and behavioural disorders

(e.g., delusions of persecution and confabulation) using a
standardized protocol implemented during in-home assess-
ment. Following this assessment, applicants are classified into
one of seven levels, ranging from 1 (experiencing some cogni-
tive deficits but otherwise almost completely independent) to 7
(requiring constant treatment in a specialized medical facility),
based on the severity of their cognitive disability. Additionally,
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a panel of physicians independently assess the level of cognitive
disability of applicants to determine their care requirements
(Olivares-Tirado and Tamiya, 2014).

3. Physical disability. Under the LTCI scheme, trained investiga-
tors assess applicants’ activities of daily living and instrumental
activities of daily living, and classify applicants into one of eight
levels (1: Suffers from some level of disability but is able to func-
tion independently for the most part and can manage outings
alone using public transportation, to level 8: Spends the whole
day in bed and requires assistance in toileting, preparing meals,
changing clothes and even turning over in bed).

4. PTG. PTGwasmeasured using the Short Form of the Expanded
Version of the Posttraumatic Growth Inventory (PTGI-X-SF-J)
(Oshiro et al., 2023).This scale assessed five dimensions of PTG:
improved relationship with others, increased personal strength,
identification of new possibilities, positive spiritual changes and
increased appreciation of life.

We instructed participants ‘Please tell us to what extent your
daily life has changed as a result of experiencing the 2011 Japan
Earthquake and Tsunami’ and asked them the following questions.
Improved relationship with others was measured using the follow-
ing two items: ‘I have a greater sense of closeness with others’ and
‘I more clearly see that I can count on people in times of trouble.’
Increased personal strength was measured using the following two
questions: ‘I know better how to handle difficulties’ and ‘I discov-
ered that I’m stronger than I thought I was.’ The following two
items were used to assess the identification of new possibilities:
‘New opportunities are available which wouldn’t have been other-
wise’ and ‘I established a new path for my life.’ Positive spiritual
changes were measured using the following two questions: ‘I feel
more connected with all of existence’ and ‘I have a greater sense of
harmony with the world.’ We used the following two questions to
measure the increased appreciation of life: ‘I have a greater appreci-
ation for the value of my own life’ and ‘I can better appreciate each
day.’ Responses were ordered along a six-point Likert scale (1: not
at all, 6: very strong).

As shown in Figure S3, we implemented a confirmatory fac-
tor analysis to check the construct validity of PTG measured by 10
items and found a reasonable five-factor solution with acceptable
goodness-of-fit indices (comparative fit index 0.981, root-mean-
square error of approximation 0.079 and standardized-root-mean-
square residual 0.025). We calculated the arithmetical mean of
the responses to the 10 items to create a total PTG score, which
indicated good internal consistency (Cronbach’s α = 0.94).

Covariates

Based on previous studies (Hikichi et al., 2021, 2016), we chose
several baseline demographic variables as potential confounding
variables for the association of PTS and PTG: age, sex, equivalized
household income, educational attainment, divorce or bereave-
ment and employment status.

For equivalized household income, we divided the household’s
gross income by the square root of the number of household
members (OECD, 2013).

Based on previous findings about risk factors for PTG, we also
adjusted for the number of adverse life events (Fraus et al., 2023) at
the baseline. Participantswere askedwhether they had experienced
any of the following events within the past year: resignation, living
alone, financial difficulty, loss of a spouse, loss of relatives or friends

and serious illnesses. We then totalled the number of adverse life
events reported.

We also chose depressive symptoms, and smoking and drinking
habits in each survey as comorbidities of PTS. Depressive symp-
toms were measured by the Geriatric Depression Scale-15 (GDS-
15; Sugishita et al., 2017).The baseline GDS-15 items showed good
internal consistency, with a Cronbach’s α of 0.79. We created a
binary variable, dichotomized at a clinically validated cutoff point,
to demonstrate that a higher level of depressive symptoms is corre-
lated with PTG. This variable distinguished between lower risk (4
points and under) and higher risk (5 points and over) (Weintraub
et al., 2006). In a sensitivity analysis, we utilized a continuous
variable of the GDS-15 score.

We also considered post-disaster housing. Immediately after the
disaster, survivors who lost their homes had options, including
moving into disaster-relief housing, renting apartments or pur-
chasing new housing. When the disaster-relief housing closed in
April 2016 and Iwanuma City opened permanent housing, sur-
vivors had another opportunity to choose from government hous-
ing, market rentals or home purchases. The variable indicates four
housing categories: 1 = no relocation, 2 = government-provided
housing, 3 = apartments in the open rental market and 4 = newly
purchased housing.

Statistical analysis

First, we employed linear regression models to examine the cross-
sectional association of PTG and PTS with functional, cogni-
tive and physical disabilities considering baseline (pre-disaster)
covariates.

Second, we examined the association between PTS and PTG
using three models: (1) adjusting for only baseline covariates,
(2) including time-series variables and (3) considering time-
dependent confounding and inverse probability weighting (i.e.,
marginal structural models). In this analysis, we utilized two types
of datasets: a five-wave panel (Fig. 1) and imbalanced data consist-
ing of baseline respondents who participated in at least one of the
follow-up surveys. Specifically, the imbalanced data included a sig-
nificant number of attrition cases, which were adjusted for in the
analysis.

We estimated the stabilized inverse probability of receiving the
treatment (i.e., a higher risk of PTS) SW(t) and the probability of
participating in surveys up to time t SW(c) to create a pseudo-
population to balance the distribution of potential confounders
across exposure levels and remained cases (Godin et al., 2012).
SW(t) and SW(c) are defined as

SW (t) =
t

∏
k=0

f {A (k) | ̄A (k − 1) , V , ̄C (k) = 0}
f {A (k) |Ā (k − 1) , ̄L (k) , ̄C (k) = 0 }

and

SW (c) =
t

∏
k=0

Pr {C (k) = 0| ̄C (k − 1) = 0, ̄A (k − 1) , V}
Pr {C (k) = 0| ̄C (k − 1) = 0, ̄A (k − 1) , ̄L (k − 1)}

where A (k) denotes the exposure at year k, ̄A (k − 1) represents
the exposure history prior year k,V is baseline covariates, ̄L (k − 1)
represents the covariates history including V , C (k) is the incident
attrition at year k and ̄C (k − 1) is participating history until year
k − 1.

We estimated only SW (t) for the five-panel data because of no
attrition cases, while we calculated both SW (t) and SW (c) for the
imbalanced data to adjust selection bias due to dropped cases.
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Throughout these analyses, we utilized binary and ordinal vari-
ables for PTS as previous studies have suggested non-linear asso-
ciations between PTS and PTG (Kadri et al., 2022). Specifically,
the ordinal variable of PTS was likely a suitable choice to
understand their unique association, especially since respondents
with severe PTS exhibited higher proportions of comorbidities,
such as severe depressive symptoms and current smoking (Table
S1). In a sensitivity analysis, we used a continuous variable
for PTS.

We implemented multiple imputation for missing values using
the Markov chain Monte Carlo method that assumes missingness
at random. Twenty datasets were created, and each result of anal-
yses was combined using the Stata command ‘mi estimate’. All
analyses were performed using STATA version 17.0 (STATA Corp
LP, College Station, TX, USA).

Results

Table 1 presents descriptive statistics for the outcomes, explana-
tory variables and potential covariates. Of the 1,489 respondents,
8.5%were identified as having severely affected PTS in 2013, which
rose to 9.3% by 2022, although it was not statistically significant
(Cochran–Armitage Trend Test (CA): χ2 = 2.121, P = 0.15).
Moreover, 23.0% of the respondents showed severe depression
in 2010, which increased to 27.0% by 2022 (CA: χ2 = 17.924,
P < 0.01). The average PTG score was 3.18 in 2022. On the other
hand, the baseline proportions of smokers and drinkers (10.1%
and 40.6%, respectively) greatly reduced by 2022 (4.2% and 30.4%,
respectively) (CA:χ2 = 57.215,P< 0.01, for smoking;χ2 = 30.423,
P < 0.01, for drinking).

As shown in Table S1, respondents who had severe PTS exhib-
ited higher proportions of severe depressive symptoms than those
withmilder PTS across the four follow-up surveys (48.4% vs. 20.5%
in 2013, 35.6% vs. 16.9% in 2016, 50.4% vs. 21.1% in 2019 and
51.1% vs. 24.7% in 2022). They also showed slightly higher rates
of smoking in the latter two surveys (5.4% vs. 5.0% in 2019 and
5.0% vs. 4.4% in 2022).

Table 2 presents the result of linear regression models. PTG was
protectively associatedwith functional disability (coefficient −0.47,
95% confidence interval (CI) −0.82, −0.12, P< 0.01) and cognitive
decline assessed by trained investigators (coefficient −0.07, 95% CI
−0.11, −0.03, P < 0.01) and physicians (coefficient −0.06, 95% CI
−0.11, −0.02, P < 0.01), but not significantly associated with phys-
ical disability (coefficient −0.02, 95% CI −0.17, 0.13, P = 0.76). On
the other hand, PTS was not significantly associated with those
outcomes (coefficient −0.01, 95% CI −0.19, 0.18, P = 0.92; coef-
ficient −0.01, 95% CI −0.03, 0.02, P = 0.67; coefficient −0.01, 95%
CI −0.03, 0.01, P = 0.30; and coefficient −0.02, 95% CI −0.09, 0.05,
P = 0.54, respectively).

Table 3 shows the results of linear regression models (mod-
els 1 and 2) and marginal structural models considering time-
dependent confounding (model 3). Severely affected PTS was
associated with higher PTG scores in all models, including those
considering baseline covariates (coefficient 0.38, 95%CI 0.28, 0.48,
P < 0.01 in model 1), time-series covariates (coefficient 0.33, 95%
CI 0.23, 0.43, P < 0.01 in model 2) and time-dependent con-
founders using inverse probability weighting (coefficient 0.35, 95%
CI 0.24, 0.46, P < 0.01 in model 3).

We also utilized imbalanced data consisting of baseline respon-
dents who participated in at least one of the follow-up sur-
veys (Table 4).We considered attrition during the follow-up period

as well as time-dependent confounding, using inverse probabil-
ity weighting. The results also showed that severely affected PTS
was related to higher scores of PTG in all models which considered
baseline covariates (coefficient 0.17, 95% CI 0.12, 0.22, P < 0.01
in model 1), time-series covariates (coefficient 0.12, 95% CI 0.06,
0.17, P< 0.01 in model 2) and time-dependent confounders using
inverse probability weighting (coefficient 0.16, 95% CI 0.09, 0.24,
P < 0.01 in model 3).

In the further analysis, we utilized the total PTS scores as an
ordinal scale. The results presented that PTS scores had an inverse
U-shaped association with PTG in both datasets (Fig. 2).

In the sensitivity analysis, we also utilized a continuous variable
for the PTS score. In both data sets, the continuous PTS score was
associated with PTG when adjusting for baseline covariates and
time-series confounders, while the results from themarginal struc-
tural models did not exhibit a significant association with PTG
(Tables S2 and S3).

Discussion

This study had two aims: (1) to explore the associations of
PTS and PTG with trauma-related diseases that were objectively
assessed and (2) to examine the association between PTS and
PTG using marginal structural models to address time-dependent
confounding.

First, some research has suggested that PTG might be a form
of cognitive bias among survivors – for instance, social desir-
ability bias, positive attrition bias or the illusory perception of
personal growth as a compensatory response to trauma (Gower
et al., 2022). As shown in Tables 3 and 4, a high risk of depres-
sive symptoms was not significantly associated with PTG, while
severely affected PTS was linked to higher scores of PTG. This
result implies that post-disaster psychopathology exhibits incon-
sistent associations with PTG, indicating that PTG should not be
seen as a justification for the struggles associated with depressive
symptoms. Furthermore, we added evidence suggesting that PTG
may not merely be an illusory perception of personal growth. As
depicted in the updated Table 2, PTG was found to be protec-
tively associated with functional disability and cognitive decline,
as assessed by trained investigators and physicians, whereas PTS
showed no significant associations with these outcomes. This dif-
ferential association between PTS and PTG with objective assess-
ment outcomes implies that PTG is more than just a cognitive
bias. Further research is needed to explore the unique relationship
between PTG and health outcomes.

Second, severely affected PTS was associated with higher scores
of PTG, even after adjusting for depressive symptoms and sub-
stance use (i.e., smoking and drinking) as comorbidities of PTS.
The time-series variables of drinking and smoking habits were
associated with lower levels of PTG. However, the time-series vari-
able of depressive symptoms was not associated with PTG, while
pre-disaster depressive symptoms were linked to higher scores of
PTG. These variables may have mutually influenced each other
over time and subsequently led to the achievement of PTG. For
instance, respondents with pre-disaster depressive symptoms (t0)
may have implemented ineffective stress coping strategies, such as
substance use as avoidance coping, in the aftermath of the disas-
ter (Orzechowska et al., 2022, 2013), resulting in an increased risk
of severe PTS with comorbidities (t1). Nicotine dependence could
aggravate PTS conditions in the same survey wave (t1) by produc-
ing dysregulation of the hypothalamus–pituitary–adrenal system
(Koenen et al., 2005). Excessive drinking would also reinforce
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Table 1. Characteristics of the analytic samples in the five-wave panel (n = 1,489)

n (%)/mean (SD)

2010 2013 2016 2019 2022

Explanatory variables

Posttraumatic stress, n (%)

Severely affecteda 126 (8.5) 104 (7.0) 129 (8.7) 139 (9.3)

Missing, n (%) 58 (3.9) 162 (10.9) 81 (5.4) 112 (7.5)

Outcome

Posttraumatic growth, mean (SD) 3.18 (1.11)

Missing, n (%) 288 (19.3)

Time-dependent covariates

Depressive symptoms, n (%)

Severeb 342 (23.0) 341 (22.9) 273 (18.3) 357 (24.0) 402 (27.0)

Missing, n (%) 146 (9.8) 160 (10.8) 324 (21.8) 164 (11.0) 285 (19.1)

Current smoking, n (%)

Yes 150 (10.1) 121 (8.1) 86 (5.8) 75 (5.0) 63 (4.2)

Missing, n (%) 80 (5.4) 10 (0.7) 77 (5.2) 22 (1.5) 21 (1.4)

Current drinking, n (%)

Yes 605 (40.6) 547 (36.7) 524 (35.2) 496 (33.3) 453 (30.4)

Missing, n (%) 22 (1.5) 5 (0.3) 94 (6.3) 36 (2.4) 60 (4.0)

Baseline characteristics

Age, mean (SD) 71.0 (4.66)

Sex, n (%) 842 (56.6)

Educational attainment (1: < 6 years to 4: ≥13 years), mean (SD) 2.95 (0.72)

Missing, n (%) 43 (2.9)

Equivalized household income (10,000 JPY), mean (SD) 241.12 (137.34)

Missing, n (%) 179 (12.0)

Divorce/bereavement, n (%) 294 (19.7)

Missing, n (%) 29 (2.0)

Working, n (%) 313 (21.0)

Missing, n (%) 127 (8.5)

The number of adverse life events, mean (SD) 0.66 (0.79)

Missing, n (%) 67 (4.5)

Disaster-related experiences

Housing status after the disasterc

No relocation, n (%) 1,389 (93.3) 1,344 (90.3)

Government-provided housing, n (%) 29 (2.0) 14 (0.9)

Apartment in the open-rental market, n (%) 12 (0.8) 13 (0.9)

Newly purchased housing, n (%) 21 (1.4) 50 (3.4)

Missing, n (%) 38 (2.6) 68 (4.6)

Abbreviation: JPY, Japanese yen
aSeverely affected PTS was defined as a score of ≥6 points of Screening Questionnaire for Disaster-Related Mental Health.
bSevere depressive symptoms were defined as a score of ≥5 points of Geriatric Depression Scale-15.
cWe assumed that the housing status in 2016 and 2019 was the same as the status in 2022 because victims relocated to a permanent housing complex from the disaster relief housing
community in April 2016.
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Table 2. Associations of PTG and PTS with physical and cognitive impairments in the year 2022

Outcomes in 2022

Functional dependence
Cognitive decline assessed
by trained investigators

Cognitive decline
assessed by physicians Physical disabilities

Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P

Explanatory variables in 2022

Model1: PTG −0.47 (−0.82, −0.12) <0.01 −0.07 (−0.11, −0.03) <0.01 −0.06 (−0.11, −0.02) <0.01 −0.02 (−0.17, 0.13) 0.76

Model 2: PTS −0.01 (−0.19, 0.18) 0.92 −0.01 (−0.03, 0.02) 0.67 −0.01 (−0.03, 0.01) 0.30 −0.02 (−0.09, 0.05) 0.54

Abbreviations: CI, confidence interval; PTS, post-traumatic stress; PTG, post-traumatic growth
Note: Both models adjusted for housing status in 2013 and baseline covariates (2010): sex, age, educational attainment, working status, equivalized household income, divorced/bereave-
ment, depressive symptoms (≥5 points of Geriatric Depression Scale-15), smoking and drinking alcohol.

Table 3. Association between PTS and PTG using five-wave panel data

Model 1: adjusted for
baseline covariates

Model 2: adjusted for
time-series covariates

Model 3: using IPW
(marginal structural model)

Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P

Severely affected PTS (≥6 points of SQD
score)

0.38 (0.28, 0.48) <0.01 0.33 (0.23, 0.43) <0.01 0.35 (0.24, 0.46) <0.01

Baseline characteristics

Age −0.01 (−0.01, 0.01) 0.33 −0.01 (−0.01, 0.01) 0.09 0.01 (−0.01, 0.01) <0.01

Sex 0.01 (−0.06, 0.07) 0.83 −0.07 (−0.13, −0.02) 0.01 −0.08 (−0.12, −0.04) <0.01

Education 0.01 (−0.03, 0.04) 0.66 0.01 (−0.02, 0.05) 0.40 0.02 (−0.01, 0.03) 0.11

Equivalized household income −0.01 (−0.01, 0.01) 0.42 −0.01 (−0.01, 0.01) 0.70 −0.01 (−0.01, 0.01) 0.67

Divorce/bereavement 0.01 (−0.06, 0.07) 0.85 0.01 (−0.06, 0.07) 0.92 0.01 (−0.03, 0.04) 0.72

Working 0.03 (−0.03, 0.09) 0.39 0.03 (−0.02, 0.09) 0.25 0.03 (−0.01, 0.07) 0.06

The number of adverse life events 0.01 (−0.02, 0.04) 0.41 0.01 (−0.02, 0.04) 0.48 0.01 (−0.01, 0.03) 0.33

Severe depressive symptoms (≥5 points
of GDS-15)

−0.07 (−0.13, −0.01) 0.03

Current smoking −0.02 (−0.10, 0.06) 0.66

Current drinking −0.01 (−0.06, 0.06) 0.98

Time-dependent covariates

Severe depressive symptoms (≥5 points
of GDS-15)

0.04 (−0.03, 0.10) 0.30 0.06 (−0.01, 0.12) 0.07

Current smoking −0.17 (−0.26, −0.07) <0.01 −0.17 (−0.23, −0.11) <0.01

Current drinking −0.13 (−0.19, −0.07) <0.01 −0.14 (−0.18, −0.09) <0.01

Housing status after the disaster (ref. no
relocation)

Government-provided housing 0.02 (−0.17, 0.21) 0.84 0.01 (−0.13, 0.13) 0.97

Apartment in the open-rental market 0.07 (−0.20, 0.33) 0.62 0.06 (−0.14, 0.25) 0.56

Newly purchased housing 0.34 (0.19, 0.50) <0.01 0.38 (0.26, 0.49) <0.01

Cons. 1.59 (1.15, 2.03) <0.01 1.86 (1.43, 2.29) <0.01 1.86 (1.60, 2.11) <0.01

Abbreviations: Cons, constant; CI, confidence interval; PTS, post-traumatic stress; PTG, post-traumatic growth; IPW, inverse probability weighting

symptoms of PTS (t1), because it enhances the activity of an inhi-
bition neurotransmitter (e.g., gamma-aminobutyric acid) in the
brain region linked to anxiety production (Stewart, 1996). PTS
could worsen the substance use condition in the subsequent wave
(t2), which may affect the level of PTG in a further wave (t4) due to
avoidance coping being linked to the lack of cognitive processing
needed to reconstruct their identity andworld assumptions (Stump
and Smith, 2008).

Furthermore, after controlling for time-dependent confound-
ing, an ordinal variable of the PTS score appeared to exhibit an
inverse U-shaped association with PTG. This result aligns with
the non-significant linear relationship between PTS and PTG
when using the PTS score as a continuous variable. Our find-
ings provided robust support for the theory of PTG, suggest-
ing that moderate levels of psychological struggles (i.e., PTS) are
essential for achieving PTG, whereas intense PTS may hinder

https://doi.org/10.1017/S2045796024000362 Published online by Cambridge University Press

https://doi.org/10.1017/S2045796024000362


8 Hikichi et al.

Table 4. Association between PTS and PTG using the imbalanced data

Model 1: adjusted for
baseline covariates

Model 2: adjusted for
time-series covariates

Model 3: using IPW
(marginal structural model)

Coefficient (95% CI) P Coefficient (95% CI) P Coefficient (95% CI) P

Severely affected PTS (≥6 points of SQD
score)

0.17 (0.12, 0.22) <0.01 0.12 (0.06, 0.17) <0.01 0.16 (0.09, 0.24) <0.01

Baseline characteristics

Age −0.01 (−0.01, −0.01) <0.01 −0.01 (−0.01, −0.01) <0.01 −0.01 (−0.01, −0.01) <0.01

Sex −0.01 (−0.04, 0.04) 0.97 −0.01 (−0.04, 0.02) 0.68 0.02 (−0.01, 0.05) 0.19

Education 0.02 (0.01, 0.04) 0.02 0.02 (0.01, 0.04) 0.03 0.02 (0.01, 0.03) 0.02

Equivalized household income 0.01 (−0.01, 0.01) 0.17 0.01 (−0.01, 0.01) 0.10 0.01 (−0.01, 0.01) 0.06

Divorce/bereavement −0.01 (−0.04, 0.03) 0.74 −0.01 (−0.04, 0.03) 0.75 −0.01 (−0.03, 0.02) 0.88

Working 0.02 (−0.01, 0.06) 0.18 0.03 (−0.01, 0.06) 0.09 0.03 (0.01, 0.06) 0.03

The number of adverse life events 0.01 (−0.01, 0.02) 0.37 0.01 (−0.01, 0.02) 0.59 −0.01 (−0.01, 0.02) 0.68

Severe depressive symptoms (≥5 points
of GDS−15)

−0.07 (−0.11, −0.04) <0.01

Current smoking 0.02 (−0.01, 0.06) 0.17

Current drinking 0.01 (−0.02, 0.04) 0.52

Time-dependent covariates

Severe depressive symptoms (≥5 points
of GDS-15)

−0.02 (−0.05, 0.02) 0.35 −0.01 (−0.04, 0.02) 0.49

Current smoking −0.23 (−0.26, −0.19) <0.01 −0.23 (−0.25, −0.21) <0.01

Current drinking −0.08 (−0.11, −0.05) <0.01 −0.07 (−0.09, −0.04) <0.01

Housing status after the disaster (ref. no
relocation)

Government-provided housing −0.19 (−0.24, −0.13) <0.01 −0.18 (−0.22, −0.13) <0.01

Apartment in the open-rental market −0.02 (−0.16, 0.12) 0.80 −0.03 (−0.18, 0.13) 0.72

Newly purchased housing 0.35 (0.25, 0.45) <0.01 0.29 (0.17, 0.41) <0.01

Cons. 2.02 (1.81, 2.22) <0.01 2.10 (1.90, 2.30) <0.01 1.94 (1.78, 2.10) <0.01

Abbreviations: Cons, constant; CI, confidence interval; PTS, post-traumatic stress; PTG, post-traumatic growth; IPW, inverse probability weighting

the attainment of PTG. A plausible mechanism may explain the
inverse U-shaped association. Victims with PTS suffer intrusive
thoughts about traumatic experiences that evoke negative emo-
tions. Respondents exhibiting severe PTS might not have found
benefits and meaning in their disaster experiences due to persis-
tent uncontrollable thoughts. Moreover, their comorbidities also
have aggravated the recovery progress from severe PTS. On the
other hand, deliberate ruminationmay enhance the understanding
of themeaning of traumatic events and the reconstruction of world
assumptions, leading to PTG (Wang et al., 2020). Recent research
has indicated that social support is positively associated with delib-
erate rumination and inversely associated with intrusive thoughts
among patients with oesophageal cancer (Li et al., 2022).Therefore,
interventions encouraging social support might be beneficial in
attaining PTG by facilitating deliberate rumination.

We also demonstrated that purchasing new housing after the
disaster was associated with higher scores of PTG in both the five-
wave panel and imbalanced datasets. We previously showed that
participants who moved into new private housing by the 2016 sur-
vey were less likely to have severely affected depressive symptoms
(Hikichi et al., 2021). Their higher socioeconomic status, enabling

them to afford new housing, might have contributed to heightened
PTG.

A major strength of the present study is the availability of pre-
disaster information. Baseline depressive symptoms are also asso-
ciated with severely affected PTS (see Table S4) and lower scores of
PTG (see Tables 3 and 4). Therefore, pre-disaster depressive symp-
toms could be an important confounder in the association between
PTS and PTG, whichmay have led to the null association observed
in previous studies.

This study has some limitations. First, survivor bias might have
occurred because participants who suffered from severe PTSmight
have dropped out by the 2022 survey. However, we found similar
results even when we used the imbalanced data including dropped
cases. Second, the one-time assessment of PTG could lead to an
underestimation of the associations between PTS, its comorbidi-
ties, and PTG. According to a systematic review finding, victims
of natural disasters can achieve PTG within a few years after the
event (Amiri et al., 2021). However, we did not measure PTG until
the 2022 survey. Therefore, the association between PTS and PTG
might have been underestimated compared to a hypothetical sce-
nario where PTG had been measured since the 2013 survey. Third,
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Figure 2. Association between ordinal variables of the PTS score and PTG: results of marginal structural models in both data.

we were unable to use pre-disaster information on PTS, although
we adjusted for baseline adverse life events in the analyses. Fourth,
a lack of clinical assessment of PTS and depressive symptoms could
lead to misclassification of these mental diseases, even though we
used clinically validated scales. Fifth, we did notmeasure the quan-
tity of smoking and alcohol consumption, which could lead to an
oversight of individual differences in these behaviours. Sixth, we
might not have ruled out the possibility of an illusionary perception
of personal growth as a compensatory response to traumatic expe-
riences. Finally, the lack of post-disaster adverse life events could
be a residual confounding factor, resulting in biased estimations.

In conclusion, we demonstrated that PTG and PTS were differ-
entially associated with functional and cognitive disabilities. Thus,
PTG might not simply be a cognitive bias among survivors with
severe PTS. Severely affected PTSwas associatedwith higher scores
of PTG, even after adjusting for time-dependent confounders.
The results also indicated that the number of PTS symptoms had
an inverse U-shaped association with PTG. Interventions that
encourage social support could be beneficial in achieving PTG by
facilitating deliberate rumination.
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