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Considerable studies have explored the potential mechanisms between trauma exposure

and PTSD, but little is known about the role of sleep problems and resilience in

this relationship. To address this research gap, the present study examined whether

sleep problems mediated the relationship between earthquake exposure and PTSD

symptoms, and whether this mediating process was moderated by resilience. A sample

of 1,342 adolescents (Mage = 15.54 years, SD = 1.26) completed questionnaires

regarding earthquake exposure, sleep problems, resilience, and PTSD symptoms 12

months after a devastating earthquake in China. After controlling for demographic

variables, earthquake exposure was significantly, and positively associated with PTSD

symptoms, and sleep problems partially mediated this relationship. Tests of moderated

mediation further revealed that resiliencemoderated the relationship between earthquake

exposure and PTSD symptoms as well as sleep problems and PTSD symptoms.

Specifically, the relationship between earthquake exposure and PTSD symptoms was

only significant for adolescents with a lower level of resilience; meanwhile, the positive

relationship between sleep problems and PTSD symptoms was stronger among

low-resilient adolescents. Therefore, sleep-targeted and resilience-based interventions

may be effective in alleviating PTSD symptoms resulted from the earthquake.

Keywords: earthquake exposure, PTSD symptoms, sleep problems, resilience, adolescents

INTRODUCTION

As is well-known, earthquakes are one of the most common natural disasters, which can not only
cause devastating losses of human lives and property damages, but also have long-lasting influences
on mental health, especially among children, and teenagers (1–4). Posttraumatic stress disorder
(PTSD), characterized by persistent, intrusive memories of the traumatic event, hyperarousal,
avoidance of trauma-related cues, and negative changes in thinking and mood (5), is one of the
most prevalent mental disorders following the earthquake. For instance, in ameta-analysis of PTSD
rates, researchers combined the results of 46 eligible studies, including 76,101 earthquake survivors,
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and found that the combined incidence of PTSD symptoms
after earthquakes was 23.66% (1). Accumulating evidence has
suggested that chronic PTSD can lead to adverse consequences,
such as substance abuse (6), social withdrawal or loneliness (7),
and suicidality (8). Therefore, it is of great importance to pay
attention to the influencing factors of PTSD in children and
adolescents after the earthquake so as to maintain and even
improve their physical and mental health.

Undoubtedly, disaster experiences have been found to be
one of the major factors affecting posttraumatic reactions.
Some studies have evidenced the “dose-response effect” of
trauma severity on PTSD (9–11). That is, the severity of
exposure is positively associated with the risk of subsequent
PTSD. Regarding objective exposure, studies have found that
death or injury of family members, house damage, and
property loss are all important predictors for PTSD severity
(12, 13). Similarly, individuals’ subjective experiences, including
perceived life threats and worries about others, also play an
important role in explaining PTSD (9, 14). Despite accumulating
evidence has confirmed the effect of traumatic exposure on
PTSD, little is known about the role of sleep problems and
resilience in this relationship. In order to better provide
prevention and intervention strategies and reduce the risk of
PTSD in adolescents, the present study explored a moderated
mediationmodel to uncover the possible mechanisms underlying
this relationship.

Sleep problems, such as insomnia, short sleep time,
nightmares, restless sleep, and daytime fatigue, are common in
children and adolescents following the disasters (15–17). Three
years after the 2013 Ya’an earthquake, Tang et al. investigated
the prevalence of sleep problems among 6,132 adolescent
survivors, and they found 23.1% of adolescents sleeping <7 h
per night, 32.5% having difficulty initiating sleep, 24.2% having
difficulty remaining asleep, and 25.3% reporting poor sleep
quality (16). Moreover, another study surveyed 1919 junior
high school students after the 2011 Japanese earthquake and
tsunami, and found that sleep duration was significantly shorter
than before the disaster (17). Traumatic events can significantly
disrupt individuals’ sleep integrity and continuity, and have
been shown to be one of the most important precipitants of
sleep problems (16, 18, 19). For example, Tang et al. found
that both objective and subjective elements of trauma exposure
were significantly related to the severity of sleep problems even
after adjusting for PTSD symptoms (16). Similarly, using the
objective measurement of sleep problems, such as actigraphy and
polysomnography, significant abnormalities in sleep parameters
were also found in trauma survivors (18, 20).

Sleep problems including insomnia and nightmare are criteria
to diagnose PTSD and even be the core components of
PTSD (21). Sleep-wake system is among the most vulnerable
of regulatory mechanisms following traumatic events (22).
Traumatized survivors routinely exhibit marked sleep disruption,
especially nocturnal awakenings or hyperarousal, which have
been hypothesized to be a pivotal mechanism linking sleep
problems and PTSD (19). In addition, sleep can process
and store memories of affective experiences while decreasing
the emotional charge of memories. When sleep is disturbed,

this mechanism cannot function properly, resulting in over-
consolidation of emotional component of memories. The
dysfunction may increase the susceptibility to developing PTSD
(23). Extant research has also supported the notion that sleep
problems can predict PTSD symptoms over time (24–27). For
example, Wright et al. conducted a prospective assessment
of 659 active soldiers at 4 and 8 months after their return
from Iraq, and found that insomnia at 4 months significantly
contributed to the development and maintenance of PTSD (24).
Similarly, another study found that sleep disturbance at 8 weeks
postpartum predicted PTSD symptoms 2 years later even after
controlling for baseline symptoms (25). In addition, based on
polysomnographic data in PTSD, researchers have found that
REM fragmentation in the acute posttraumatic period may be
an important predictor of PTSD development (27). In summary,
sleep problems following trauma may be an important precursor
for the subsequent development of psychopathology, including
PTSD. Based on the literature reviewed above, it is reasonable
to expect that earthquake exposure would be positively related
to sleep problems, and the latter would, in turn, be associated
with PTSD symptoms. Thus, in this study, we proposed the
first hypothesis:

Hypothesis 1. Sleep problems would mediate the association
between earthquake exposure and PTSD symptoms among
adolescent survivors.

Although traumatic exposure exerts a deleterious effect on
PTSD, not all adolescents exposed to traumatic events will
suffer from psychosocial difficulties. The diathesis-stress model
assumed that individuals with vulnerability characteristics are
more likely to display heightened sensitivity to environmental
pressures, which will increase various likelihoods for developing
psychiatric disorders (28, 29). Thus, it is important to examine
the personality traits which can alleviate the negative effect of
trauma. Guided by this model, the present study mainly focused
on resilience, an ability to adapt and successfully cope with
traumatic events or adversity (30). Previous studies have also
shown that resilience can effectively reduce the susceptibility
to adverse psychological outcomes (e.g., PTSD, depression, and
suicide) caused by various types of trauma including childhood
maltreatment (31, 32), fire accidents (33), and war-related
trauma (34). For example, Ying et al. found that resilience
moderated the association between traumatic severity and PTSD
symptoms (14). Specifically, the negative effect of trauma on
PTSD symptoms was stronger in child survivors with lower levels
of resilience. Based on the theory and studies reviewed above, we
proposed the second hypothesis:

Hypothesis 2. Resilience would moderate the relationship
between earthquake exposure and PTSD symptoms and/or sleep
problems among adolescent survivors.

In addition, despite limited research, it is reasonable to
assume that resilience may moderate the relationship between
sleep problems and post-traumatic outcomes. Compared with
those with lower levels of resilience, high-resilient individuals
often adopt adaptive cognitive emotion regulation strategies,
such as positive reappraisal, acceptance, positive distancing, and
refocus on planning (35, 36), all of which can help survivors
to regulate themselves in the face of sleep problems and other
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mental or physical illness. For example, Min et al. reported
that depression/anxiety interacted with resilience could predict
suicidal ideation (37). Similarly, another study found that the
association between chronic pain and depressive symptoms was
stronger for elderly people with a lower level of resilience (38).
However, to date, no study has examined resilience as a protective
factor against the effects of sleep problems on the risk for PTSD
among traumatized adolescents. Therefore, we proposed the
third hypothesis:

Hypothesis 3. Resilience would moderate the relationship
between sleep problems and PTSD symptoms among
adolescent survivors.

MATERIALS AND METHODS

Participants and Procedures
This study was part of Wenchuan Earthquake Adolescent Health
Cohort (WEAHC). Participants were recruited from one middle
and one high school in Dujiangyan City, one of the most affected
cities by the earthquake. The two schools were selected for two
reasons: (a) Participants came from different social backgrounds
and were considered representative of all students in the district;
and (b) the school principals were willing to participate in this
study. The 7 and 10th graders were selected to participate for the
cohort study so as to follow them for at least 2 years before their
graduation. A total of 1,573 students participated in the initial
survey (about 6 months after the earthquake), with a response
rate of 98.3%. Detailed sampling and assessments can be found
in Fan et al. (39, 40). In this study, we used data from the second
wave of surveys (12 months after the earthquake). In brief, a total
of 1,342 students (Mage = 15.54, SD = 1.26) were followed up
at this stage. Some students did not participate mainly due to
absence from schools on the day of assessment. Among the 1,342
adolescents, 56.9% were females and 83.0% were the only child
in their families. Around 51.0% came from urban areas, 16.6%
from town areas and 32.4% from rural areas. In terms of their
parents, 63.3% of mothers and 57.2% of fathers had an education
level of <9 years.

This study was approved by the Human Research Ethics
Committee of South China Normal University. All procedures
were carried out in accordance with the approved guidelines.
Written informed consent was obtained from both the
participating students and their parents. For data collection, self-
administered questionnaires were distributed to participants and
retrieved upon completion. Participants were informed that they
could feel free to withdraw from the study at any time.

Measures
Earthquake Exposure
Severity of earthquake exposure was measured with four items:
(1) loss and/or injury of family members; (2) house damage;
(3) property loss; and (4) direct witness of tragic scenes. The
first item included 5 choices: 1=none of the above; 2=moderate
injury of family members; 3= serious injury of family members;
4= disappearance of family members; and 5= deaths of family
members. The second and third items were rated on a 5-point
scale with 1 representing the lowest level of exposure and 5

representing the highest exposure. The last item was scored as
follows: 1= not seeing the disaster scene directly and 2= seeing
the disaster scene directly. Item scores were added to create
a composite score for earthquake exposure, with higher scores
(ranging from 4 to 17) indicating higher levels of exposure. The
four items to measure earthquake exposure have been used in
previous studies widely (2, 39).

Post-traumatic Stress Disorder Symptoms
The Post-Traumatic Disorder Self-Rating Scale (PTSD-SS) (41)
was used to measure the PTSD symptoms of adolescents 12
months after the earthquake. The PTSD-SS was developed in
accordance with the diagnostic criteria of PTSD described in
DSM-IV and the Chinese Classification of Mental Disorders.
This scale has been widely used to measure PTSD symptoms in
Chinese adolescents and adults (42, 43). It entails 24 items, with
each item rated on a 5-point scale, ranging from 1 (not at all) to 5
(extremely severe). Item scores were added up to generate a total
score ranging from 24 to 120 and a higher total score indicates
more severe PTSD symptoms. In the current study, to avoid
overlap with PTSD and sleep problems, we excluded 2 items
(item 5, and item 12) that related with sleep problems. The PTSD-
SS has a satisfactory test-retest reliability, internal consistency
and construct validity in Chinese adolescents (41). In the current
study, Cronbach’s alpha was 0.95.

Sleep Problems
Five items from the Chinese version of the Pittsburgh Sleep
Quality Index (PSQI-C) (44) were used to assess sleep problems
in adolescents after the earthquake. The five items were: (1) “How
many hours of actual sleep did you get at night?” (1= 9 h or above,
2 = 7–9 h, 3 = 5–7 h, 4 = below 5 h); (2) “How often have you
had difficulty asleep within a week?” (1=never, 2=less than once
a week, 3=1–2 times a week, 4=more than 3 times a week); (3)
“How often have you had trouble sleeping because you wake up
in the middle of the night or early morning?” (response choices
were identical to those for the second item); (4) “How would you
rate your sleep quality overall?” (1 = very good, 2 = fairly good,
3 = fairly bad, 4 = very bad); (5) “how much of a problem has
it been for you to keep up enthusiasm to get things done?” (1 =

never, 2 = occasionally, 3 = sometimes, 4 = always). All of the
items were rated on a 4-point scale ranging from 1 to 4, with a
higher total score indicating severer sleep problems. PSQI-C has
demonstrated good psychometric properties (44). In the current
study, Cronbach’s alpha of the five items was 0.70.

Resilience
The Chinese version of Resilience Scale was used to assess
adolescents’ psychological characteristics and the abilities to cope
effectively with adversity (45, 46). This scale includes 25 items
and clusters into two subscales: personal competence (e.g., “I can
get through difficult times because I have experienced difficulty
before”) and acceptance of self and life (e.g., “It’s okay if there are
people who don’t like me”). Participants were asked to respond
on a 7-point Likert scale ranging from 1 (“strongly disagree”) to 7
(“strongly agree”). A higher total score (ranging from 25 to 175)
indicates a greater degree of resilience. This scale has been widely

Frontiers in Psychiatry | www.frontiersin.org 3 April 2021 | Volume 12 | Article 577328

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Wang et al. Earthquake Exposure and PTSD Symptoms

used in Chinese adolescents with good psychometric properties
(45). In the current study, Cronbach’s alpha was 0.91.

Covariates
Previous studies have found that some demographical factors,
such as gender, age, parental education, and location were
associated with PTSD symptoms (1–3, 47). Based on the above
findings, we chose these variables as possible covariates in
the subsequent analysis. Gender was a dichotomous variable
(0=male; 1=female). Age was measured by the respondent’s age
in years. Parental education level was dummy coded as 0 (≤9
years) and 1 (more than 9 years). The residence was recoded as
1 for urban, 2 for town, and 3 for rural.

Statistical Analyses
Data was analyzed using IBM SPSS version 25. SPSS macro
PROCESS was employed to test all of the models (48). The
analyses were conducted in four steps. First, descriptive analysis
and correlations of all variables were examined. Harman’s single-
factor test was used to check for common-method variance
(49). Second, a mediation analysis using the PROCESS macro
(Model 4) was performed in order to test whether the impact
of earthquake exposure on PTSD symptoms was mediated by
sleep problems. Then, using the PROCESS macro (Model 1),
we tested whether resilience moderated the relationship between
earthquake exposure and PTSD symptoms. Finally, we tested
the moderated mediation model by using the PROCESS macro
(Model 59). Moderated mediation addressed the interaction
between earthquake exposure and resilience affecting PTSD
symptoms (the residual direct relationship), the interaction
between earthquake exposure and resilience affecting sleep
problems (the first part of the mediation process), and the
interaction between sleep problems and resilience affecting
PTSD symptoms (the second part of the mediation process).
All continuous variables were standardized, and the interaction
terms were calculated from these standardized variables.
PROCESS offers 95% bias-corrected bootstrap confidence
intervals for the indirect effects from 5,000 resamples. Confidence
intervals, which do not include zero, were indicators of potential
significance. Gender, age, paternal education and residence were
controlled for in all analyses. All the variables had data value
missing at random, with the rates of missing data ranging
from 0.25 to 5.41%. Therefore, expectation-maximization (EM)
algorithm was applied to handle the missing data in this study.

RESULTS

Preliminary Analyses
Descriptive statistics (means and standard deviations) and
correlation matrix were shown in Table 1. Specifically, both
earthquake exposure (r = 0.21, p < 0.01) and sleep problems
(r = 0.48, p < 0.01) were positively associated with PTSD
symptoms. In addition, resilience was negatively correlated with
PTSD symptoms (r = −0.32, p < 0.01) and sleep problems (r
= −0.28, p < 0.01). Finally, earthquake exposure was negatively
correlated with resilience (r =−0.06, p < 0.05). T

A
B
L
E
1
|
D
e
sc

rip
tiv
e
st
a
tis
tic
s
a
n
d
c
o
rr
e
la
tio

n
s
fo
r
a
ll
va
ria

b
le
s.

V
a
ri
a
b
le

M
S
D

1
2

3
4

5
6

7
8

9
1
0

G
e
n
d
e
r

0
.5
7

0
.5
0

1
.0
0

A
g
e

1
5
.5
4

1
.2
6

−
0
.0
2

1
.0
0

S
ib
lin
g

0
.1
7

0
.3
8

0
.0
4

0
.1
1
**
*

1
.0
0

M
a
te
rn
a
le
d
u
c
a
tio

n
0
.3
7

0
.4
8

0
.0
1

−
0
.1
7
**
*

−
0
.0
6
*

1
.0
0

P
a
te
rn
a
le
d
u
c
a
tio

n
0
.4
3

0
.4
9

−
0
.0
3

−
0
.1
9
**
*

−
0
.0
7
*

0
.4
2
**
*

1
.0
0

L
o
c
a
tio

n
1
.8
1

0
.8
9

−
0
.0
2

0
.3
7
**
*

0
.1
1
**
*

−
0
.4
0
**
*

−
0
.3
6
**
*

1
.0
0

E
a
rt
h
q
u
a
ke

e
xp

o
su

re
9
.0
7

2
.4
4

−
0
.0
1

0
.0
9
**

0
.0
4

−
0
.0
1

−
0
.0
6
*

0
.0
5

1
.0
0

R
e
si
lie
n
c
e

1
1
2
.2
2

2
4
.1
9

−
0
.1
5
**
*

−
0
.0
5
*

−
0
.0
3

0
.0
0
1

0
.0
2

−
0
.0
3

−
0
.0
6
*

1
.0
0

S
le
e
p
p
ro
b
le
m
s

1
1
.4
9

2
.8
5

0
.1
3
**
*

0
.2
7
**
*

0
.0
7
*

−
0
.0
7
*

−
0
.0
4

0
.1
2
**

0
.1
5
**
*

−
0
.2
8
**
*

1
.0
0

P
T
S
D
sy
m
p
to
m
s

3
7
.5
6

1
4
.6
5

0
.1
1
**
*

0
.1
2
**
*

0
.0
5

−
0
.0
3

−
0
.0
7
*

0
.0
8
**

0
.2
1
**
*

−
0
.3
2
**
*

0
.4
8
**
*

1
.0
0

N
=
1
,3
4
2
;
*p

<
0
.0
5
;
**
p

<
0
.0
1
;
**
*p

<
0
.0
0
1
.

Frontiers in Psychiatry | www.frontiersin.org 4 April 2021 | Volume 12 | Article 577328

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Wang et al. Earthquake Exposure and PTSD Symptoms

FIGURE 1 | The mediating effect in the association between earthquake

exposure and PTSD symptoms.

Since the data came from a series of self-assessed
questionnaires, Harman’s single-factor test was used to check for
common-method variance. The results revealed that ten factors
with eigenvalues >1.0 were extracted from the unrotated factor
analysis, and the first factor accounted for 24% of the variance,
which suggested that the samples in our study did not have
significant common method bias.

Testing for Mediation Effect
According to Hypothesis 1, we examined whether sleep problems
would mediate the relationship between earthquake exposure
and PTSD symptoms (see Figure 1). Before considering the
mediating role of sleep problems, we first tested the main
effect of earthquake exposure on PTSD symptoms and found
that earthquake exposure was positively associated with PTSD
symptoms (β = 0.21, p < 0.01). Then Model 4 in the PROCESS
macro was used to examine themediating effect. After controlling
for adolescents’ gender, age, parental education level, and
residence, earthquake exposure was positively associated with
sleep problems (β = 0.13, p < 0.001), which in turn predicted
PTSD symptoms (β = 0.46, p < 0.001). Bootstrapping analyses
further indicated that sleep problems had a significant indirect
effect (indirect effect = 0.06, SE = 0.01, 95%CI = [0.03, 0.08]).
In addition, the residual direct relationship between earthquake
exposure and PTSD symptoms was also significant (β = 0.14,
p < 0.001). Therefore, sleep problems partially mediated the
relationship between earthquake exposure and PTSD symptoms.
The mediating effect accounted for 29.93% of the total effect.

Testing for Moderating Effect
Findings on the interaction between resilience and earthquake
exposure as a predictor of PTSD symptoms were presented in
Figure 2. Earthquake exposure was positively associated with
PTSD symptoms (β = 0.19, p < 0.001), whereas resilience was
negatively associated with PTSD symptoms (β = −0.30, p <

0.001). Moreover, resilience significantly moderated the direct
association between earthquake exposure and PTSD symptoms
(β = −0.11, p < 0.001). For descriptive purposes, we plotted
the predicted PTSD symptoms against earthquake exposure,
separately for high and low resilience (1 SD above the means and
1 SD below the means, respectively). The number of people in
the high resilience groups was 215 (M = 88.03) and the number
of people in the low resilience groups was 184 (M = 136.41). As
shown in Figure 3, a simple slope test revealed that earthquake

exposure was significantly and positively associated with PTSD
symptoms for adolescents with low resilience (β = 0.30, p <

0.001), but the association was not significant for adolescents
with high resilience (β = 0.10, p > 0.05). Therefore, hypothesis 2
was supported.

Testing for Moderated Mediation
As specified in Hypothesis 3, we examined the potential
moderating role of resilience in the direct and/or indirect
associations between earthquake exposure and PTSD symptoms
via sleep problems. The results (see Figure 4) indicated that the
relationship between sleep problems and PTSD symptoms was
significantly moderated by resilience (β = −0.12, p < 0.001).
Simple slopes analysis (see Figure 5) found that for adolescents
with lower levels of resilience (1 SD below the mean), higher
levels of sleep problems were associated with higher levels of
PTSD symptoms (βsimple = 0.48, p < 0.001). However, for
adolescents with higher levels of resilience (1 SD above themean),
the effect of sleep problems on PTSD symptoms was weaker
(βsimple = 0.37, p < 0.001). Additionally, although resilience was
significantly and negatively associated with sleep problems (β =

−0.24, p< 0.001), it did not interact with earthquake exposure to
predict sleep problems (β =−0.02, p > 0.05).

DISCUSSION

Although evidence suggested that earthquake exposure had a
significant impact on PTSD symptoms, few studies have used a
process-oriented approach to explore the role of sleep problems
and resilience in this relationship. Based on the previous research
and theoretical framework, the present study constructed a
moderated mediation model to provide a throughout and
comprehensive understanding. Our findings indicated that the
relationship between earthquake exposure and PTSD symptoms
was partially mediated by sleep problems, and this mediating
process was moderated by resilience. These findings may be
helpful for developing targeted interventions aimed at reducing
mental health problems among disaster-exposed adolescents.

Our results showed that sleep problems mediated the
association between earthquake exposure and PTSD symptoms.
Higher levels of earthquake exposure were associated with
more severe sleep problems, which in turn was related with
higher levels of PTSD symptoms. Adolescents with high trauma
exposure had more sleep-related problems than those with low
trauma exposure, which was consistent with previous studies (16,
19, 50). One possible explanation was that trauma-related cues
activated the individual’s stress/fear response. It was manifested
as central and peripheral hyperarousal, contributing to an
increase in the level of physiological arousal, which subsequently
interfered with sleep onset, continuity, and even led to sleep
problems (19). For example, a previous study found that trauma
survivors experience significantly increased arousal during sleep,
which resulted in a lighter or more fragmented sleep (51).
Another tentative explanation was that trauma exposure might
increase the risk of substance abuse (52), such as alcohol or drug
use, which resulted in sleep problems (53).
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FIGURE 2 | The moderating effect of resilience on the direct relationship between earthquake exposure and PTSD symptoms.

Moreover, our findings also showed that sleep problems
were positively associated with PTSD symptoms, as evidenced
in prior studies (24, 54). Sleep problems themselves may be
a stressor, which limit one’s capacity to manage stressors, and
then potentiate vulnerability to develop mental disorders such
as PTSD. It is also possible that sleep problems may weaken
individual’s daytime coping ability (55) and lead to an increase
in avoidance of trauma-related cues, thereby preventing the
disappearance of learned fear of trauma-related cues (56). Taken
together, trauma-induced sleep problems may be an important
risk factor for the development of PTSD. Consistent with
previous research (14, 39, 57), resilience was negatively associated
with PTSD symptoms. Furthermore, the results supported our
hypothesis that resilience was the moderator in the direct
relationship between earthquake exposure and PTSD symptoms.
More specifically, earthquake exposure was a significant risk
factor for PTSD symptoms among adolescents with a lower
level of resilience, but not for those with higher resilience.
According to the diathesis-stress models of psychopathology,
stress will activate individual’s diathesis and transform the
potential of susceptibility into the presence of psychopathology
(28, 29). Resilience as a diathesis and earthquake exposure as a
severe stressor will interact to increase the risk of subsequent
PTSD. Compared with low-resilient adolescents, high-resilient
adolescents would address the stressors adaptively through
various ways, such as help-seeking, cognitive restructuring, and
emotional expression, all of which would be beneficial for
reducing the likelihood of PTSD and preventing psychological
breakdowns following traumatic events. These results were
consistent with those of previous studies (14, 58). For instance,
Fino et al. found that trait resilience moderated effects of war-
related trauma on PTSD symptoms, with higher resilience levels
buffering the effect of traumatic exposure on PTSD development
(58). Also, it is possible that sleep problems and PTSD
symptoms were co-occurred (19) or PTSD symptoms predicted
sleep problems (59).

FIGURE 3 | Association between earthquake exposure and PTSD symptoms

at higher and lower levels of resilience.

As expected, resilience moderated the association between
sleep problems and PTSD symptoms. Specially, the detrimental
impact of sleep problems on PTSD symptoms was stronger
for adolescents with lower resilience vs. higher resilience.
When facing stress induced by sleep problems, higher-resilient
individuals tend to cope it well. For example, highly resilient
adolescents often adopt effective cognitive emotion regulation
strategies (60) that serve to attenuate the impact of sleep
problems on PTSD. Additionally, resilient adolescents have
positive emotions (61) and optimistic attitudes (62), all of which
would contribute to reducing the impact of sleep problems on
PTSD. In brief, high-resilient people are more positive to face
stress induced by sleep problems, and meanwhile deal with
the stress effectively, buffering the impact of sleep problems
on PTSD.

Contrary to our hypothesis, however, the indirect relation
between earthquake exposure and sleep problems was not
moderated by resilience. The finding showed that resilience did
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FIGURE 4 | The moderating effect of resilience on the indirect relationship between earthquake exposure and PTSD symptoms.

not protect adolescents from the negative effect of earthquake
exposure on sleep problems. In other words, resilience only
played a direct rather than a buffer role in this relationship.
This finding was consistent with a previous study by Chambers
and Belicki (63). They surveyed 97 college students and found
that resilient characteristics did not protect trauma and abuse
survivors from sleep or dream disturbance. Sleep problems
such as insomnia and nightmares are significant characteristics
of the human neurobiological and physiological response to
trauma (19). Most previous studies have shown that subjects with
insomnia have increased secretion of the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic nervous system (64, 65).
Based on these findings, we inferred that resilience could only
buffer the adverse effects of traumatic events on psychological
pain, such as PTSD and depression, but could not mitigate the
adverse effects of traumatic events on physiological symptoms,
such as insomnia. Due to the lack of research to examine this
topic, large-scale studies are warranted to further confirmed
these findings.

Although our data provided new evidence pertaining to
the mediating effect of sleep problems and moderating effect
of resilience on the relationship between earthquake exposure
and PTSD symptoms for disaster-exposed adolescents, a
number of limitations should be noted when interpreting
these findings. First, PTSD symptoms, such as intrusion, may
also predict the development of sleep problems. However,
due to the cross-sectional design, it’s impossible to verify
causality or directionality among these variables. Future studies
are warranted to use prospective designs with multiple-wave
assessments so as to explore these longitudinal developments.
Second, all measures in our study were based on adolescents’ self-
reports, which may be biased because of the social desirability.
Multiple assessments and information sources (e.g., self-report,

FIGURE 5 | Association between sleep problems and PTSD symptoms at

higher and lower levels of resilience.

caregivers’ report, and teachers’ report) can be employed to
enhance the reliability of the results in future studies. Third, only
five items were used to measure sleep problems in our study.
Although brief measures about sleep problems have already
been supported for the validity (54, 66), future research would
benefit from other better-structured scales (e.g., Pittsburgh sleep
quality index, PSQI). Last but not least, participants in this study
were only recruited from adolescents who had been exposed to
a devastating earthquake, making it limited to generalize the
conclusions to other age samples or various types of trauma (e.g.,
acute or man-made traumatic events or chronic interpersonal
events). Briefly, these findings should be confirmed in future
studies with larger and more representative samples in various
population ranges.
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Despite these limitations, there were several important
practical implications. On the one hand, our results suggested
that sleep problem was a critical component bridging earthquake
exposure and PTSD symptoms. It is noteworthy that sleep
problem represents a modifiable risk factor, and people are
more willing to receive treatment for sleep-related problems than
for other mental disorders. Therefore, early identification and
treatment of sleep problems may be a promising strategy for the
prevention and intervention of PTSD in response to a disaster.
Previous empirical studies have shown that evidence-based
psychotherapies, such as mindfulness-based cognitive therapy
(MBCT) (67) and cognitive behavioral therapy for insomnia
(CBT-I) (68) could not only improve sleep quality, but also
alleviate PTSD symptoms in clinical patients. On the other hand,
our study found that resilience played a moderating role in
the direct and indirect relation between earthquake exposure
and PTSD symptoms. The result indicated that interventions
targeting individual resilience might be effective for those who
have experienced severe trauma or sleep problems. In conclusion,
we suggest that mental health professionals in the school settings
should develop and offer some resilience-oriented prevention
and intervention programs (e.g., communication skill training,
mindfulness meditation training, and cognitive reappraisal
training), in order to promote and strengthen resilience among
disaster-exposed adolescents (36, 69).

In summary, our study constructed a moderated mediation
model to examine the relationship between earthquake exposure
and PTSD symptoms. Sleep problems served as one potential
mediator through which earthquake exposure is related to PTSD
symptoms. Moreover, resilience buffered the effects of both
earthquake exposure and sleep problems on PTSD symptoms.

Our findings highlight the importance of an integrative approach
to assessing and improving sleep problems and resilience, which
can be a promising strategy for the prevention and intervention
of adolescents’ PTSD symptoms.
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