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Abstract

Aims. We explored the factors promoting long-term mental health among adolescent survi-
vors of the 2008 Wenchuan earthquake in China. We examined the associations of their long-
term mental health with disaster-related storytelling and school-based psychoeducation, and
of school-based psychoeducation with disaster-related storytelling.
Methods. A secondary school-based cross-sectional survey was conducted 6 years after the
disaster. Participants with traumatic experiences such as injury, loss, witnessing someone’s
death/injury and home destruction (N = 1028, mean age 15, standard deviation 1.38, male
51%) were eligible. Mental health/disaster education (MHE/DE) was defined as taking one
or more lessons in MHE and/or DE at school since the earthquake. Experiences of storytelling
about the disaster involved expressing distressing memories and feelings regarding the earth-
quake since the disaster happened, according to four groups: never expressed distressing
memories and feelings, expressed them through writing/drawing, expressed them through
talking to lay supporters and expressed them through talking to health professionals.
Analysis of covariance was used to compare mean scores on five selected subscales of the
Symptom Checklist-90 (SCL-90), the Athens Insomnia Scale (AIS) and the Psychotic-Like
Experiences (PLEs) scale among the four storytelling groups. Linear regression analysis was
used to identify the relationships between MHE/DE and current mental health as measured
by the SCL-90, AIS and PLEs. The relationship between education and storytelling was probed
by χ2 test.
Results. The talked-to-lay-supporters group showed better mental health on the SCL-90 ( p⩽
0.001), AIS ( p < 0.001) and PLEs ( p = 0.004), while the consulted-health-professionals group
showed worse mental health on the three dimensions of the SCL-90: depression ( p = 0.05),
anxiety ( p = 0.02) and fear ( p = 0.04), and on PLEs ( p = 0.02) compared with the never-
expressed group. MHE and DE were inversely associated with SCL-90, AIS and PLE scores.
Participants who received these forms of education talked about their disaster experiences
to lay supporters more than those who did not.
Conclusions.MHE and DE at school may promote adolescents’ mental health after a disaster.
Experience of storytelling about the disaster to lay supporters may be helpful for long-term
psychological recovery, and may be a potential mediating factor for school-based education
and better mental health. Because of the cross-sectional nature of this study, causality cannot
be inferred; therefore, further prospective intervention studies are needed to elucidate the
effect of these factors on adolescent survivors’ mental health.

Introduction

On 12 May 2008, an earthquake with a Richter-scale magnitude of 8.0 struck the area around
Wenchuan county, in the northwestern part of Sichuan province, China. It left 69 227 people
dead, 374 643 injured and 17 923 missing. The earthquake was one of China’s most devastating
natural disasters ever (Guo et al., 2017). Natural disasters negatively impact the mental health
of adolescents, who may manifest psychological distress reactions such as fear, anxiety, depres-
sion and posttraumatic stress disorder (PTSD) symptoms in the aftermath. In general, these
symptoms improve over time (Wang et al., 2013); however, severely traumatised adolescents
may experience long-term psychological distress (Agustini et al., 2011; Jia et al., 2013;
Tanaka et al., 2016). Such psychological distress could be manifested as physical symptoms,
such as somatisation (Tanaka et al., 2016), insomnia (Geng et al., 2013) and even psychotic
experiences (Ayub et al., 2014; Keraite et al., 2016).
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Social support has been associated with better post-disaster
mental health condition in the long run (Pfefferbaum et al.,
2015; Liang et al., 2019; Thoresen et al., 2019), and may enhance
individual feeling of safety and promote social sharing of emotions
and cognitions related to traumatic events, which helps survivors
relieve post-disaster psychopathologies (Zhen et al., 2018). By talk-
ing to lay supporters, such as family members, friends and teachers,
survivors may clarify their psychological states and come to terms
with traumatic events, helping them reappraise the meaning of the
disaster (Pennebaker et al., 2001), and reducing negative psycho-
logical consequences (Greenberg and Stone, 1992).

There are several disaster-related interventions of different
scope or intensity for children and adolescents, such as psycho-
logical first aid and cognitive behaviour therapy (Brymer et al.,
2006; Gillies et al., 2013; Lopes et al., 2014). Previous studies
have found that school-based, teacher-mediated programmes
reduced disaster-related distress and traumatic reactions in chil-
dren (Wolmer et al., 2005; Berger and Gelkopf, 2009). These pro-
grammes provided eight to 12 90–120 min classroom sessions,
which included psycho-educational presentations, practical cop-
ing skills training and so on. Previous studies on trauma-specific
individual psychotherapies for children exposed to terrorism, hur-
ricane, conflict and tsunami have used ‘trauma narratives’, which
children were guided to create from their trauma experience
(CATS Consortium, 2010; Jaycox et al., 2010). The National
Institute of Mental Health (2015) has also reported that allowing
adolescents to talk/write/draw about their feelings and traumatic
experiences helps them cope with disasters.

This study asked three questions: (1) What disaster-related
storytelling variables (storytelling to health professionals, lay sup-
porters, writing/drawing or none) were associated with long-term
mental health among adolescent survivors? (2) Was their partici-
pation in mental health education or disaster education after the
earthquake associated with their long-term mental health? and (3)
Was participation in mental health education or disaster educa-
tion associated with the promotion of disaster-related storytelling
to lay supporters?

Methods

Study design and participants

This study conducted a secondary analysis of empirical data from
the ‘Project for Capacity Development on Mental Health Services
for Reconstruction Support of Sichuan Earthquake’. Following
two field visits and interviews with stakeholders in the affected
areas around Wenchuan in November 2008 and February 2009,
the project was implemented by the Japan International
Cooperation Agency and the All-China Women’s Federation
from June 2009 to May 2014. This mental health and psychosocial
support project was multicomponent and interdisciplinary in
nature. It encompassed three main activities: disaster mental health
training of trainer (TOT) for local professionals, counselling ser-
vices in communities and a public awareness-raising campaign.
The project invited local professionals such as teachers, medical
doctors, psychologists and community workers to teach the TOT
course, which covered disaster mental health interventions such
as stress management, psychological first aid and cognitive behav-
iour therapy; mental health education (MHE) and disaster educa-
tion (DE) were highlighted as key-related activities for education
professionals. Local educational professionals learned how to con-
duct MHE and DE sessions in the TOT course, and held them at

their own schools as well as providing training to teachers who had
not attended the TOT course. The details of this project are
described elsewhere (Tanaka, 2015; Tanaka et al., 2016).

The cross-sectional survey was conducted in April 2014, 6
years after the earthquake, at seven secondary schools: four in
severely affected areas, including Anxian and Mianzhu counties,
and three in mildly affected or unaffected areas, including
Chengdu city and Anyue county. We selected these seven schools
to include affected and non-affected, urban and rural, and junior
high and high schools. Of the seven schools, two were located in
the priority area for our project, where local professionals had a
right of precedence to participate in the TOT course. Thus, tea-
chers at those two schools participated in our MHE and DE
TOT (project-related schools). However, this did not necessarily
limit participation from the other five schools (project-not-related
schools). With assistance from teachers, we recruited 4067 stu-
dents, among whom 2939 students agreed to complete a self-
administered paper-and-pencil questionnaire survey (response
rate = 72.3%). The analysis included 1028 participants who had
had a traumatic experience during the earthquake, such as injury,
being bereaved of close persons (parents, grandparents, friends or
teachers), witnessing injury or death, or home destruction.

School-based interventions

The objectives of the MHE sessions were to help students under-
stand psychological stress and trauma, practice coping skills and
express their earthquake experiences. The typical mental health
lesson took 60–90 min. A teacher gave a brief lecture on psycho-
logical stress and trauma, and the students checked their current
mental state by a simple self-administered questionnaire and dis-
cussed in a group how to overcome the stress. After the teacher
demonstrated relaxation techniques, such as progressive muscle
relaxation, breathing exercises and Japanese psychological
rehabilitation methods (Kim and Kumar, 2004), the students
practiced these skills in the classroom. When they became confi-
dent they could cope with their stress reactions, the teacher intro-
duced a personal story about PTSD recovery following a natural
disaster. Afterward, students were encouraged to express their
earthquake experiences in various ways: discussing, writing, draw-
ing, singing, etc. In the end, the students checked their mental
state again and, if necessary, did relaxation exercises.

DE was another key activity, aimed at building the capacity of
students to protect themselves when disaster happens, promot-
ing their sense of safety. The typical DE lesson was a single com-
plete disaster drill at school. A teacher gave a brief lecture on
natural disasters such as earthquake, flood and landslide. The
students discussed in groups potential hazards due to the disas-
ter and how to evacuate safely when disaster happens, then
engaged in evacuation exercises and reviewed the outcomes
together.

Ethical considerations

The study objective was explained to all participants, and written
informed consent was obtained. The secondary data analysis
study was approved by the Ethics Review Committee of Hyogo
Institute for Traumatic Stress, and permission for secondary
use of the data was granted by the Japan International
Cooperation Agency.
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Measures

Participants’ current mental health was assessed with three instru-
ments: the Symptom Checklist-90 (SCL-90), the Athens Insomnia
Scale (AIS) and the Psychotic-like Experiences (PLEs) scale. The
SCL-90 is a 90-item self-report symptom inventory that covers
nine dimensions of psychological distress: somatisation, obses-
sive–compulsive, depression, anxiety, phobic anxiety, interper-
sonal sensitivity, hostility, paranoid ideation and psychoticism.
Each item is rated on a Likert scale from 0 (not at all) to 4 (severe)
based on the participant’s psychological distress in the last week.
Each dimensional score is an average of related items, ranging
from 0 to 4. The Chinese version of the SCL-90 has high reliabil-
ity and validity (Chen and Li, 2003; Liu and Zhang, 2004).
Although no clinical cut-off points have been established for
the Chinese population, a subscale score >2 might indicate psy-
chological problems (Wei et al., 2018). In this study, we only
used the five dimensions of the scale most often reported by
affected people: somatisation, obsessive–compulsive, depression,
anxiety and phobia (North, 2007).

The AIS is an eight-item self-report questionnaire that assesses
the severity of insomnia over the previous month based on the
ICD-10 diagnostic criteria: difficulty with sleep induction, awaken-
ing during the night, early morning awakening, total sleep time,
overall quality of sleep, sense of well-being, overall functioning
and sleepiness during the day. Item scores range from 0 (no prob-
lem at all) to 3 (very serious problem), for a total from 0 to 24; a
total score of 6 or more indicates insomnia. The Chinese version
of the AIS has high reliability and validity (Chung et al., 2011).

PLEs were assessed using four items adopted from the schizo-
phrenia section of the Diagnostic Interview Schedule for Children
and used in previous epidemiological studies (Poulton et al., 2000;
Nishida et al., 2010; Colins et al., 2013). The items were as follows:
I. ‘Some people believe that their thoughts can be read; have other
people ever read your thoughts?’ II. ‘Have you ever had messages
sent especially to you through the television or radio?’ III. ‘Have
you ever thought that people are following you or spying on
you?’ IV. ‘Have you ever heard voices that other people cannot
hear?’ The response choices were: 0 (no), 1 ( yes, likely) and 2
( yes, definitely); therefore, total PLEs scores ranged from 0 to 8,
with a score of one classified as a weak symptom group and a
score of two or more classified as a strong symptom group
(Poulton et al., 2000). No clinical cut-off point has been estab-
lished for the Chinese population. The Cronbach’s α for this sam-
ple was 0.684.

Exposure variables included MHE and DE, assessed by the fol-
lowing items: ‘In the last five years, have you taken a mental health
educational course?’ and ‘In the last five years, have you taken an
educational course on disasters?’ Since our project started in June
2009, we only asked about MHE and DE in the last 5 years. The
response choices for both items were dichotomous ( yes/no).
Earthquake storytelling experiences were assessed by the following
item: ‘To date, have you ever expressed your distressing memories
and feelings regarding the earthquake?’ Multiple responses were
allowed; they included (1) never expressed; (2) expressed by writ-
ing or drawing by oneself; (3) talked with family members, friends
or teachers; and (4) talked with one or more health professionals
(medical doctors and psychologists). We then re-categorised this
item into four groups based on priority, because we believed this
order reflected the intensity of their storytelling: (4) consulted
health professionals, (3) talked to lay supporters, (2) writing/
drawing and (1) never expressed. For example, if ‘4’ was ‘yes’, it

was categorised as the consulted-health-professionals group,
regardless of any other choices. Separate from the four storytelling
groups described above, we also created independent dichotom-
ous variables: Writing/Drawing (d-W/D), Talked to Lay
Supporters (d-TLS) and Consulted Health Professionals (d-CHP).

Demographic variables included age, sex, ethnicity, grade, hav-
ing a sibling, history of parents’ divorce, current life stress, num-
ber of lay supporters and socioeconomic status (SES) as measured
by the Family Affluence Scale (FAS). The FAS was used to exam-
ine socioeconomic inequalities in the Health Behavior in
School-aged Children study (Currie et al., 2008), and has reliabil-
ity and validity as an SES measure for adolescents in China (Liu
et al., 2012). The scale comprises four items, respectively, asses-
sing having a car, one’s own room, a computer at home and fam-
ily travel. A composite FAS score was calculated by summing the
responses of these four items, resulting in family affluence ranges:
low (0–3), medium (4–5) and high (6–7). Earthquake-related
traumatic experiences were assessed with the following dichotom-
ous ( yes/no) items: (1) injury; loss of (2) father and/or mother, (3)
grandfather and/or grandmother, (4) friends and (5) teachers; (6)
witnessed someone’s injury and/or death; and (7) home was
destroyed or severely damaged. The number of earthquake-related
traumatic experiences was the sum of the yes responses and ran-
ged from 1 to 7. Other traumatic experiences in the participant’s
lifetime were assessed by the following dichotomous ( yes/no)
items: natural disaster apart from the Wenchuan earthquake,
fire/explosion, motor vehicle accident, other serious accident,
physical assault, sexual assault, other unwanted sexual experience
and childhood physical abuse. The number of other traumatic
experiences was the sum of the yes responses and ranged from
0 to 8.

Statistical analyses

T-tests were used to compare the SCL-90, AIS and PLEs scores of
the study population with those of others without earthquake-
related traumatic experiences.

Missing values for the outcome variables (SCL-90, AIS and
PLEs) ranged from 0.6 to 6.9%. Missing values for the exposure
variables (MHE, DE and earthquake storytelling experiences)
and some covariates ranged from 0.2 to 11%. To minimise poten-
tial bias resulting from missing values, we used multiple imputa-
tions by chained equations (Royston, 2004). All outcome
variables, exposure variables and covariates with missing values
(ethnicity, having a sibling, history of parents’ divorce, current
life stress, number of lay supporters, FAS and number of other
traumatic experiences) were included in the imputation model.
Twenty datasets were developed, following the requirement that
the number of imputations should at least equal the highest per-
centage of missing values across all variables (White et al., 2011).

After multiple imputations, analysis of covariance (ANCOVA)
was used to compare somatisation, obsessive–compulsive, depres-
sion, anxiety, phobic anxiety, AIS and PLEs across the four story-
telling groups, while adjusting for grade, sex, ethnicity, having a
sibling, parents’ divorce, current life stress, FAS, number of lay
supporters, number of earthquake-related traumatic experiences
and number of other traumatic experiences.

Linear regression analysis was used to examine the independ-
ent associations of d-W/D, d-TLS and d-CHP with mental health
conditions, adjusting for sex, grade, ethnicity, having a sibling,
parents’ divorce, current life stress, FAS, number of lay supporters,
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number of earthquake-related traumatic experiences and number
of other traumatic experiences.

Linear regression analysis was also used to examine associa-
tions between the exposure variables, MHE and DE, and current
mental health as measured by the SCL-90, AIS and PLEs.
Demographic variables (grade, sex, ethnicity, having a sibling,
parents’ divorce, current life stress, FAS, number of lay supporters,
number of earthquake-related traumatic experiences and number
of other traumatic experiences) were included as covariates. Beta
(β) coefficients measured the average change in mean SCL-90,
AIS and PLEs scores for each change from no to yes for MHE
and DE. In addition, an interaction term (project-related schools
by MHE/DE) was introduced into the linear regression models
described above to check whether there were significant group dif-
ferences in the MHE/DE effect on students’ mental health
between project-related and project-not-related schools.

Additionally, associations between MHE and DE and earth-
quake storytelling experiences, specifically d-TLS, were explored
using χ2 tests. Two-sided p-values <0.05 were regarded as statis-
tically significant. All computations were performed using
STATA version 15 (Stata Corp, Union Station, Texas, USA).

Results

Participant characteristics are presented in Table 1. Participants’
age ranged from 12 to 19 years. Compared to those who did
not experience earthquake-related trauma (participants in the ori-
ginal study, excluded from the following analysis), participants in
this study showed worse mental health as measured by the
SCL-90, AIS and PLEs (Table 2).

Storytelling about the earthquake and mental health

In the ANCOVA model (Table 3), students who talked to lay sup-
porters showed better mental health on the SCL-90 ( p⩽ 0.001),
AIS ( p < 0.001) and PLEs ( p = 0.004) than the never-expressed
group. Students who consulted health professionals showed
worse mental health on three dimensions of the SCL-90 – depres-
sion ( p = 0.05), anxiety ( p = 0.02) and phobic anxiety ( p = 0.04) –
and on the PLEs ( p = 0.02), compared to the never-expressed
group. There were no significant differences in mental health
between the writing/drawing group and the never-expressed
group.

In the multiple linear regression model (Table 4), talking to lay
supporters was associated with better mental health as measured by

Table 1. Participants’ characteristics (N = 1028)

Mean S.D.a Missing n %

Age 15 1.38 0 0

Number of traumatic experiences

During the earthquake 1.6 1.0 0 0

Others in one’s lifetime 1.2 1.3 43 4.2

Number of lay supporters 3.5 4.7 110 11

n % Missing n %

Sex 0 0

Male 522 51

Female 506 49

Grade 0 0

7 85 8

8 356 35

9 36 4

10 454 44

11 90 9

12 7 1

Ethnicity 2 0.2

Han 997 97

Minorities 29 3

Current area of residence

Severely affected 912 89

Mildly or not affected 116 11

Have a sibling 255 25 7 0.7

Parents divorced 135 13 10 0.9

Current life stress 762 76 26 2.5

Family affluence scale 12 1.2

Low 668 66

Medium 267 26

High 81 8

Traumatic experiences during
the earthquake

0 0

Injury 92 9

Loss

Father and/or mother 11 1

Grandfather and/or
grandmother

67 7

Friends 177 17

Teachers 78 8

Witnessing injury and/or
death

431 42

Own house destroyed or
severely damaged

818 80

Other traumatic experiences in one’s lifetime

Natural disasters other than
Wenchuan earthquake

390 39 17 1.7

(Continued )

Table 1. (Continued.)

Mean S.D.a Missing n %

Fire/explosion 98 10 21 2.0

Motor vehicle accident 253 25 20 2.0

Other serious accident 166 16 17 1.7

Physical assault 100 10 16 1.6

Sexual assault 30 3 17 1.7

Other unwanted sexual
experience

123 12 19 1.9

Childhood physical abuse 77 8 23 2.2

aStandard deviation.
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the SCL-90 ( p⩽ 0.001), AIS ( p = 0.001) and PLEs ( p = 0.0029),
compared to not talking with lay supporters. Consulting with
health professionals was associated with worse mental health on
the SCL-90 ( p⩽ 0.002, except obsessive–compulsive), AIS ( p =
0.029) and PLEs ( p = 0.002), compared to not consulting with
health professionals. These results were consistent with those
under the ANCOVA model.

Education and mental health

In the multiple linear regression model (Table 5), MHE and DE
were significantly, inversely associated with SCL-90, AIS and
PLEs scores after adjusting for covariates: grade, sex, ethnicity,
having a sibling, parents’ divorce, current psychological stress,
FAS, number of lay supporters, number of earthquake-related
traumatic experiences and number of other traumatic experiences.
Additional interaction analyses showed that there were no signifi-
cant group differences in terms of the effects of MHE on mental
health conditions ( p’s of interaction terms: somatisation 0.60,
obsessive–compulsive 0.47, depression 0.65, anxiety 0.68, phobic
anxiety 0.88, AIS 0.99, PLEs 0.38) and DE on mental health con-
ditions ( p’s of interaction terms: somatisation 0.32, obsessive–
compulsive 0.98, depression 0.72, anxiety 0.75, phobic anxiety
0.91, AIS 0.29, PLEs 0.40).

More participants who received MHE or DE talked with lay
supporters about their disaster experiences compared to those
who did not receive MHE or DE (Table 6).

Discussion

To our knowledge, this is the first study to investigate MHE and
DE and to investigate disaster storytelling experiences as possible
factors promoting adolescents’ long-term psychological recovery
after a large-scale natural disaster. The symptom scores for soma-
tisation, obsessive–compulsive, depression, anxiety, phobic anx-
iety, AIS and PLEs were lower among participants who talked
with friends or family members about their disaster experiences;
conversely, depression, anxiety, phobic anxiety and PLEs scores
were higher among participants who talked with health profes-
sionals compared to participants who did not talk with anyone
about their experiences. Participants who received MHE or DE
at school after the earthquake showed better mental health on
psychological symptom measures than those who did not.

Storytelling about the earthquake and mental health

Our finding that disaster storytelling to lay supporters was asso-
ciated with better mental health is supported by previous empirical
studies. Chin et al. (2015) found that Chinese people preferred to
seek help from friends and family over health professionals when
they were depressed. Similarly, encouraging adolescent survivors
to talk about their experiences enhanced their psychological recov-
ery (CATS Consortium, 2010; Jaycox et al., 2010; Ruf et al., 2010).
One possible explanation for the protective mechanism of commu-
nicating earthquake stories to lay supporters is that it allows parti-
cipants to reappraise their earthquake-related distressful cognitions
through the supporter interaction. Garcia et al. (2016) reported that
social sharing of earthquake-related emotions was similarly asso-
ciated with re-evaluating the earthquake experiences and with posi-
tive psychological changes after disasters. Although we found that
communicating earthquake stories to health professional was asso-
ciated with poorer mental health, we suspect that this is a result of
retro-causality, e.g. that those participants who had experienced
more severe psychological distress sought professional help.

We should also consider another possibility, however, that health
professionals might not offer proper mental health care to survivors
seeking their help. Most local mental health professionals have not
had specific training or experience qualifying them to work in post-
disaster situations, such as the aftermath of an earthquake (Ng et al.,
2009). Inappropriate and unsustainable interventions like psycho-
logical debriefing (van Emmerik et al., 2002; Agorastos et al.,
2011) might be conducted by both local and international volunteer
agencies, potentially resulting in further traumatisation and causing
survivors to become disappointed in health professionals’ approach
to mental health care (Huashangchenbao, 2010).

Education and mental health

The association of MHE with better mental health is supported by
two empirical school-based interventions to support adolescent
mental health following natural disasters, because both included
psycho-education in the intervention module (Wolmer et al.,
2005; Berger and Gelkopf, 2009). Although we did not examine
the content of MHE given to participants, it usually entails provid-
ing information about stress reactions and adaptive coping, such as
relaxation skills. The association of DE with better mental health is a
unique finding of this study. DE usually encompasses disaster drills,

Table 2. Comparison of mental health conditions between the study population and the population excluded from the study

Study populationa (N = 1028) Population excluded from the studyb (N = 1911)

Symptom Checklist-90 Mean S.D.* Missing n % Mean S.D.* Missing n % p Differencesc

Somatisation 1.61 0.63 16 1.6 1.49 0.51 136 6.8 <0.001 −0.12

Obsessive–compulsive 2.15 0.72 24 2.3 2.06 0.69 123 6.4 <0.001 −0.09

Depression 1.82 0.72 19 1.8 1.71 0.65 127 6.6 <0.001 −0.11

Anxiety 1.80 0.76 19 1.8 1.67 0.66 123 6.4 <0.001 −0.13

Fear 1.69 0.74 7 0.6 1.55 0.63 110 5.8 <0.001 −0.14

Athens Insomnia Scale 6.36 3.79 71 6.9 5.54 3.68 290 15.2 <0.001 −0.82

Psychotic-like Experiences 1.37 1.54 9 0.8 1.17 1.41 114 5.7 0.001 −0.20
aStudy population: students with traumatic experiences due to the earthquake.
bPopulation excluded from the study: students without traumatic experiences due to the earthquake.
cDifferences: population excluded from the study – study population.
*Standard deviation
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Table 3. Analysis of covariance examining associations of mental health conditions and storytelling about earthquake experiences

Storytelling about
earthquake

experiences (missing
N = 100)

Never expresseda Writing/drawing Talked to lay supporters Consulted health professionals

(n = 237) (n = 110) (n = 541) (n = 40)

Symptom
Checklist-90 Mean 95% CI p Mean 95% CI p Mean 95% CI p Mean 95% CI p

Somatisation Crude 1.72 (1.64–1.80) N/A 1.65 (1.44–1.87) 0.35 1.53 (1.36–1.70) <0.001 1.93 (1.63–2.23) 0.06

Adjustedb 1.73 (1.66–1.81) N/A 1.61 (1.51–1.72) 0.07 1.54 (1.49–1.58) <0.001 1.88 (1.70–2.07) 0.15

Obsessive–
compulsive

Crude 2.26 (2.17–2.35) N/A 2.26 (2.00–2.51) 0.95 2.08 (1.89–2.28) <0.001 2.33 (2.00–2.66) 0.59

Adjustedb 2.26 (2.18–2.35) N/A 2.21 (2.08–2.33) 0.49 2.10 (2.04–2.15) 0.002 2.32 (2.10–2.53) 0.62

Depression Crude 1.93 (1.85–2.02) N/A 1.99 (1.74–2.24) 0.50 1.72 (1.52–1.91) <0.001 2.17 (1.84–2.50) 0.06

Adjustedb 1.94 (1.86–2.03) N/A 1.95 (1.83–2.07) 0.96 1.72 (1.67–1.78) <0.001 2.14 (1.94–2.35) 0.08

Anxiety Crude 1.90 (1.81–2.00) N/A 1.85 (1.59–2.11) 0.55 1.72 (1.51–1.93) 0.002 2.24 (1.88–2.60) 0.01

Adjustedb 1.92 (1.83–2.01) N/A 1.80 (1.68–1.93) 0.14 1.73 (1.67–1.78) 0.001 2.18 (1.96–2.39) 0.03

Phobic anxiety Crude 1.72 (1.63–1.81) N/A 1.82 (1.55–2.08) 0.27 1.62 (1.42–1.82) 0.08 2.05 (1.70–2.39) 0.01

Adjustedb 1.76 (1.67–1.84) N/A 1.80 (1.67–1.93) 0.59 1.61 (1.56–1.67) 0.009 2.01 (1.78–2.23) 0.04

Athens Insomnia
Scale

Crude 6.94 (6.47–7.41) N/A 6.84 (5.52–8.16) 0.82 5.84 (4.79–6.88) <0.001 7.29 (5.46–9.12) 0.61

Adjustedb 6.88 (6.43–7.33) N/A 6.60 (5.96–7.25) 0.49 5.92 (5.62–6.22) 0.001 7.36 (6.21–8.52) 0.46

Psychotic-like
Experiences

Crude 1.50 (1.31–1.70) N/A 1.38 (0.84–1.92) 0.50 1.23 (0.80–1.66) 0.03 2.23 (1.52–2.93) 0.006

Adjustedb 1.53 (1.34–1.71) N/A 1.34 (1.08–1.59) 0.24 1.25 (1.13–1.36) 0.02 2.05 (1.60–2.50) 0.04

N/A, not applicable; CI, confidence interval.
a‘Never expressed’ served as the reference category.
bAdjusted for sex, grade, ethnicity, having a sibling, parents’ divorce, current life stress, family affluence scale, number of lay supporters, number of traumatic experiences due to the earthquake and number of other traumatic experiences.
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which can improve confidence in coping with disasters (Brooks
et al., 2018). Thus, DE might promote participants’ mental health
by enhancing their confidence in disaster response. A previous
study reported that disaster drills might prevent disaster-related
mental illness (Gargano et al., 2017). In addition, more participants
who received MHE or DE at school talked about their disaster
experiences to lay supporters compared to those without such
education. MHE and DE might have offered our participants an
opportunity to share their feelings and thoughts about the earth-
quake, since the MHE programme content in our project was
meant to encourage students to express their earthquake experiences.

Limitations

First, given the cross-sectional nature of the study, causality can-
not be inferred. In fact, participants who had been mentally
unwell after the earthquake might lose opportunities to engage

Table 4. Multiple linear regression model examining independent associations of writing/drawing, talking to lay supporters and consulting health professionals with
mental health conditions

d-W/L d-TLS d-CHP

(Yes = 357, missing n = 100) (Yes = 570, missing n = 100) (Yes = 40, missing n = 100)

Symptom
Checklist-90 ß 95% CI p ß 95% CI p ß 95% CI p

Somatisation −0.01 (−0.09 to −0.07) 0.73 −0.17 (−0.25 to −0.08) <0.001 0.32 (0.11–0.52) <0.001

Obsessive–
compulsive

0.04 (−0.05 to 0.13) 0.43 −0.16 (−0.26 to −0.07) 0.001 0.21 (−0.02 to 0.44) 0.07

Depression 0.04 (−0.05 to 0.13) 0.36 −0.24 (−0.33 to −0.15) <0.001 0.39 (0.17 to −0.60) 0.001

Anxiety 0.00 (−0.10 to 0.10) 0.99 −0.17 (−0.27 to −0.08) 0.001 0.46 (0.21–0.71) <0.001

Phobic anxiety 0.05 (−0.05 to 0.14) 0.33 −0.18 (−0.27 to −0.08) <0.001 0.38 (0.14–0.63) 0.002

Athens Insomnia
Scale

−0.21 (−0.70 to 0.27) 0.39 −0.89 (−1.39 to −0.38) 0.001 1.30 (1.36–2.46) 0.029

Psychotic-like
Experiences

0.03 (−0.16 to −0.22) 0.76 −0.21 (−0.41 to −0.02) 0.029 0.74 (0.26–1.22) 0.002

d-W/L, dichotomous variable of writing/drawing; d-TLS, dichotomous variable of talked to lay supporters; d-CHP, dichotomous variable of consulted health professionals.
Multiple linear regression model adjusted for sex, grade, ethnicity, having a sibling, parents’ divorce, current life stress, family affluence scale, number of lay supporters, number of traumatic
experiences due to the earthquake, number of other traumatic experiences, d-W/L, d-TLS and d-CHP.

Table 5. Multiple linear regression model examining associations of education for mental health or disasters with mental health conditions

Mental health education Disaster education

(Yes = 846, missing n = 21) (Yes = 931, missing n = 17)

Symptom Checklist-90 ß 95% CI p ß 95% CI p

Somatisation −0.14 (−0.24 to −0.04) 0.005 −0.16 (−0.30 to −0.03) 0.018

Obsessive–compulsive −0.22 (−0.33 to −0.11) <0.001 −0.23 (−0.38 to −0.07) 0.004

Depression −0.25 (−0.36 to −0.14) <0.001 −0.24 (−0.39 to −0.09) 0.002

Anxiety −0.22 (−0.34 to −0.10) <0.001 −0.18 (−0.34 to −0.02) 0.031

Phobic anxiety −0.20 (−0.32 to −0.08) 0.001 −0.15 (−0.31 to 0.01) 0.062

Athens Insomnia Scale −0.57 (−1.12 to 0.05) 0.072 −0.99 (−1.85 to −0.13) 0.024

Psychotic-like Experiences −0.31 (−0.55 to −0.07) 0.012 −0.38 (−0.71 to −0.05) 0.026

Multiple linear regression model adjusted for sex, grade, ethnicity, having a sibling, parents’ divorce, current life stress, family affluence scale, number of lay supporters, number of traumatic
experiences due to the earthquake and number of other traumatic experiences.

Table 6. Associations of education for mental health and/or disaster with
experiences of storytelling to lay supporters

Education for

d-TLS

p Missing nNo Yes

Mental health No 71 71 0.002 115

(%) 50 50

Yes 279 492

(%) 36 64

Disaster No 47 27 <0.001 112

(%) 64 36

Yes 305 537

(%) 36 64

d-TLS, dichotomous variable of ‘talked to lay supporters’.
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in MHE or DE due to their sickness. Second, participants were
not randomly sampled. In particular, the proportions of 9th
and 12th-grade students were small because they were busy pre-
paring for high school or university entrance examinations.
Third, the questionnaire items for the exposure variables were ori-
ginal and not validated, because no standardised questionnaire for
these measures was available. Participants may have misunder-
stood the content of the MHE and DE and/or been misclassified.
For sensitivity analysis, we divided participants into two groups:
two project-related schools and five project-not-related schools;
we believe participants from the project-related schools received
the education content we intended. The interaction analyses in
the multiple linear regression models showed no significant
group differences in the effects of MHE and DE on students’
mental health. Thus, we believe our MHE and DE exposure vari-
ables to be internally consistent. In addition, the proportion of DE
experiences in this study (90%) was fairly similar to that in a pre-
vious study in China (78%) (Tan et al., 2017). For earthquake
experience storytelling, the group who talked to lay supporters
had more support persons (average 3.9 persons) than did the
no-expression group (average 2.5 persons); therefore, we believe
our items were appropriate for this analysis. Fourth, we only
used subjective self-administered measurements. The lack of
objective measurements and diagnostic interviews may have
reduced assessment quality. In particular, 6 years may be too
long for children and adolescents to remember their experiences
of disaster storytelling and psychoeducation at school, contribut-
ing to recall bias. Moreover, a causal direction between psychoe-
ducation and disaster storytelling cannot be inferred due to the
retrospective assessment approach and long reference period.
Fifth, the number of participants who consulted health profes-
sionals was smaller than that of other groups. This may have low-
ered the study’s statistical power to detect differences in mental
health conditions between those who consulted health profes-
sionals and those who never expressed earthquake experiences
(Table 3). However, additional linear regression models could
minimise this limitation (Table 4). In addition, there was no con-
crete information gathered on content and quality of health pro-
fessional consultation, which leaves us unable to discern why the
consulted-health-professional group had worse mental health.
Finally, we did not ask our participants about the loss of their sib-
lings during the earthquake, which may have led us to undercount
the number of traumatic experiences by excluding students who
lost siblings from the traumatic experiences group.

Conclusion

The present study revealed some associations between disaster-
related psychoeducation and long-term better mental health
among adolescents’ survivors along with the potential mediating
effects of storytelling to lay supporters; however, these findings
have to be confirmed in further, appropriately designed, studies.

Data. The dataset analysed for the current study is available from the corre-
sponding author upon request.
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