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Abstract

Study Objectives: To assess insomnia symptoms in adolescents with probable posttraumatic stress disorder (PTSD) and to determine
whether there are longitudinal and reciprocal associations between insomnia, PTSD, and depressive symptoms.

Methods: Participants were 1,492 adolescent survivors who had been exposed to the 2008 Wenchuan earthquake in China. Insomnia, PTSD,
and depressive symptoms were measured at 12 months (T1, n = 1407), 18 months (T2, n = 1335), and 24 months (T3, n = 1361) postearthquake
by self-report questionnaires. Generalized estimating equation (GEE) models were used to examine the cross-sectional and longitudinal
associations of insomnia with PTSD and depression.

Results: Insomnia, PTSD, and depressive symptoms were common among adolescent survivors. Among participants with probable PTSD,
approximately 47% (48.5%, T1; 48.1%, T2; and 44.2%, T3) reported difficulty falling asleep or difficulty maintaining sleep. Cross-sectional
analyses showed that insomnia co-occurred with PTSD (odds ratio [OR] = 2.04) and depressive symptoms (OR = 2.10). Longitudinal analyses
revealed that probable PTSD (OR = 1.50) and depression (OR = 1.42) predicted the incidence of insomnia; in turn, insomnia predicted the

incidence of depression (OR = 1.65) over time. Furthermore, PTSD predicted (OR = 3.11) and was predicted (OR = 3.25) by depressive symptoms.

Conclusions: There is a bidirectional relationship between insomnia, PTSD, and depressive symptoms. This suggests that insomnia, PTSD,
and depression are intertwined over time.

Statement of Significance

This is the first study to examine cross-sectional and longitudinal relationships between insomnia and posttraumatic stress disorder
(PTSD)/depression in a large sample of adolescents with three waves of data collection. The findings provide new evidence of bidirectional
relationships among insomnia, PTSD, and depression in adolescents after a traumatic disaster. The reciprocal associations among in-
somnia, PTSD, and depression provide insights into the improvement of interventions for postdisaster mental health problems, particularly
for residual insomnia symptoms in PTSD. Future research needs to validate these findings in other trauma-exposed population as well as
to expand upon them to determine possible moderating and mediating variables. Clinical studies should examine whether intervening in
merely one condition can relieve other symptoms.
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Introduction

Insomnia symptoms are highly prevalent in posttraumatic stress
disorder (PTSD) and are among the most distressing chronic
symptoms [1-3]. It is estimated that 40% to 50% patients with
PTSD suffer from difficulty initiating or maintaining sleep [4, 5].
PTSD comorbid with insomnia can result in adverse outcomes,
including but not limited to suicide, functional impairment, and
physical health problems [6-8]. Furthermore, studies have indi-
cated that insomnia, in comparison to other sleep disturbances
(e.g. nightmares), is less likely to respond to treatment for PTSD
[9, 10]. Indeed, residual insomnia is one of the most intract-
able problems for current treatment of PTSD [10, 11]. Therefore,
understanding the causal relationship between insomnia and
PTSD is of great importance for not only the exploration of the
mechanisms of their comorbidity but also the improvement of
clinical intervention.

There have already been a few longitudinal studies exam-
ining the associations between PTSD and insomnia [12-16].
Specifically, two studies that similarly took the military as
participants both investigated the impact of insomnia before
deployment on later development of PTSD after military de-
ployment, but their results came out to be distinct. One found
that predeployment insomnia symptoms were significantly as-
sociated with higher odds of developing PTSD, depression, and
anxiety postdeployment [12], while the other indicated that
predeployment nightmares rather than insomnia predicted
PTSD symptoms at 6 months postdeployment [13]. Bryant et al.
assessed 1,033 traumatically injured patients during hospital
admission and at 3 months after injury and found that insomnia
immediately prior to trauma predicted subsequent PTSD [14]. In
addition, with a sample of injured survivors of motor vehicle
accidents, one study reported that insomnia complaints as early
as 1 month after the trauma was possible to detect subjects
who would later develop chronic PTSD [15]. There was another
study reporting that insomnia at 8 weeks postpartum was as-
sociated with the maintenance of PTSD symptoms 2 years
postpartum [16]. In summary, extant studies have indicated that
both pretrauma and peri-trauma insomnia would contribute to
the development and maintenance of PTSD. Insomnia and PTSD
may persist for a long time [17]. It is unknown whether insomnia
could predict PTSD in the long term after trauma. To our best
knowledge, there has been only one study examining the bidir-
ectional relationship between insomnia and PTSD, which indi-
cated that insomnia significantly predicted PTSD, whereas PTSD
failed to predict insomnia among Irag combat veterans [18].

PTSD is highly comorbid with depression [19]. Longitudinal
studies have shown that PTSD could predict and was also pre-
dicted by depression [20, 21]. In general population, the bidir-
ectional relationship between insomnia and depression has
already been confirmed [22, 23]. Given that trauma is a common
risk factor for both depression and insomnia, a bidirectional
relationship between depression and insomnia in trauma-
exposed population could be inferred. Thus, the longitudinal
interplay of insomnia, PTSD, and depression would be expected.
However, no studies to date have examined these associations
in traumatized children and adolescents.

In our previous studies, we found significant cross-sectional
relationships between sleep duration, sleep disturbances, and
PTSD symptoms [17]. Furthermore, sleep disturbances pre-
dicted the persistence of PTSD and depressive symptoms [24].

Expanding on those findings, the primary aims of the current
study were to report the prevalent rates of insomnia in ado-
lescent PTSD and to examine the bidirectional relationships
between insomnia, PTSD, and depression in a large cohort
of earthquake survivors with three waves of data collection.
Specifically, the present study examined (1) the prevalence of
insomnia symptoms in PTSD; (2) whether insomnia was asso-
ciated with PTSD or depressive symptoms cross-sectionally;
and (3) whether there were bidirectional relationships between
insomnia, PTSD, and depressive symptoms. We hypothesized
that insomnia, PTSD, and depressive symptoms were related
bidirectionally with each other. Given that PTSD is highly
comorbid with depression, PTSD or depressive symptoms would
be controlled when examining the associations of insomnia and
the other symptoms, which might result in seemingly weakened
longitudinal relationships.

Methods
Participants and procedure

Participants were adolescent survivors who participated in the
Wenchuan Earthquake Adolescent Health Cohort (WEAHC)
study [25]. The purpose of the WEAHC study was to document
the long-term mental health outcomes among adolescent sur-
vivors, as well as to explore the underlying psychological, neuro-
biological, and genetic mechanisms. Details of the study aims
and design had been described in our previous studies [17, 25—
27]. The WEAHC study enrolled 1,573 students from one junior
high school and one senior high school in Dujiangyan District,
which was directly exposed to the Wenchuan earthquake.
Participants were initially assessed at 6 months postearthquake
and then were followed for four times at 6 month intervals.
Because insomnia, PTSD, and depression symptoms were as-
sessed at 12 (T1), 18 (T2), and 24 (T3) months postearthquake,
these three waves of data were used in the current study.

There were 1,407, 1,335, and 1,361 students completing the
measures of insomnia, PTSD, and depression at T1, T2, and T3,
respectively. The response rates were 94.3%, 89.5%, and 91.2% at
T1, T2, and T3, respectively. Males were more likely to miss out
than females at T1 and T2; participants who reported witnesses
of the tragic scenes were more likely to miss out than those who
did not at T2. Details of demographics and earthquake exposure
are shown in Table 1.

The Human Research Ethics Committee of South China
Normal University approved the WEAHC study. Students com-
pleted self-administered paper-and-pencil questionnaires in
the classroom setting during school days under instructions of
trained interviewers who were psychological professionals from
South China Normal University. Written informed consent and
parental permission were obtained from all participants at each
assessment.

Measures
Demographics and exposure to the earthquake

Demographic characteristics included gender (0 = male, 1 = fe-
male), grade in school at baseline (0 = 7th, 1 = 10th), number of
children in the family (0 = one child, 1 = more than one children),
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Table 1. Demographics and earthquake exposure variables (N = 1492)

Variable n (%)
Sex
Male 666 (44.6)
Female 826 (55.4)
Mean age at 12 months postearthquake, years (SD) 15.01 (1.26)
Grade
Junior high students 212 (14.2)
Senior high students 1,280 (85.8)
No. of children in the family
1 1,239 (83.0)
=2 253 (17.0)
Residence location
Urban 836 (56.0)
Rural 656 (44.0)
Death, disappearance, and/or injury of family members
No 1,107 (74.2)
Injury 193 (12.9)
Death/disappearance 192 (12.9)
House damage
No 461 (30.9)
Moderate 391 (26.2)
Severe 640 (42.9)
Property loss other than house damage
No 641 (43.0)
Moderate 524 (35.1)
Severe 327 (21.9)
Direct witness of tragic scenes
No 602 (40.3)
Yes 890 (59.7)

and residence (0 = urban, 1 = rural). The degree of exposure
to the earthquake was assessed with the following items:
death, disappearance, and/or injury of family members; house
damage; property loss other than house damage; and witness
or hearing of tragic scenes. For the first item, the choices were:
“death of family members,” “disappearance of family members,”
“serious injury of family members,” “moderate injury of family
members,” or “none of the above”; for house damage and prop-
erty loss other than house damage, the degree of exposure was
measured on a five-point scale; for witness or hearing of tragic
scenes, the choices were: “witness a lot,” “witness some,” “hear a
lot,” “hear some,” and “none of the above.” When the earthquake
occurred, participants were at school. Thus, witness or hearing
of tragic scenes might be different from death of family mem-
bers, house damage, or property loss.

Insomnia

Insomnia symptoms during the past month were assessed with
two particular items extracted from the Pittsburgh Sleep Quality
Index (PSQI) [28]: “Difficulty falling asleep: cannot get to sleep
within 30 minutes” and “Difficulty maintaining sleep: wake up in
the middle of the night or early morning.” Both items were rated
on a four-point scale: “never,” “less than once a week,” “once
or twice a week,” and “three or more times a week.” Insomnia
was defined by the selection of “three or more times a week”
on either item (or both). To screen high-risk adolescents quickly
and effectively, the two items rather than full version PSQI were
used. The method to assess insomnia here was validated in our
previous studies of adolescents [29, 30].

Gengetal. | 3

PTSD symptoms

The severity of PTSD symptoms during the past 6 months was
measured by the PTSD Self-Rating Scale (PTSD-SS), which was
developed on the basis of PTSD diagnostic criteria in Diagnostic
and Statistical Manual of Mental Disorders (4th ed.; DSM-IV) and the
Chinese Classification of Mental Disorders (2nd ed., rev.; CCMD-2-R)
[31]. The PTSD-SS consists of 24 items, which are all scored on
a scale of 1 (none) to 5 (very severe). Two PTSD-SS sleep-related
items (nightmares and sleep disorders) were omitted in the pre-
sent analyses to avoid overlap with the symptom of insomnia,
so the PTSD severity score was based on the remaining 22 items.
The possible total score range was 24-110, and a cutoff score
of 46 was used to screen clinically significant PTSD symptoms
[31]. The full version of PTSD-SS was also analyzed to examine
whether inflation effect of repeated items existed. The PTSD-SS
has been demonstrated to have satisfactory test-retest reli-
ability, internal consistency, and construct validity in Chinese
adolescents [31, 32]. Cronbach’s alpha of the PTSD-SS in the pre-
sent study ranged from .945 to .956.

Depressive symptoms

Adolescents’ depressive symptoms over the previous week were
measured using the Depression Self-Rating Scale (DSRS) [33].
The Chinese version of the DSRS has been validated, showing
good reliability and validity among Chinese adolescents [34]. The
DSRS consists of 18 items, each of which is scored 0-2. Most of
the items are similar to DSM diagnostic criteria for depression.
However, the DSRS measures nightmares but not suicide. Two
DSRS sleep-related items (nightmares and sleep quality) were
omitted as was for the PTSD-SS; thus, the DSRS severity score
was based on the remaining 16 items. The total score ranged
from 0 to 32. A cutoff score of 14 was used to classify whether
an adolescent had clinically significant depressive symptoms or
not. Also, the full version of DSRS was also analyzed to examine
the inflation effect. Cronbach’s alpha of the DSRS ranged from
.798 to .812 in the present study.

Statistical analyses

Analyses were conducted using SAS version 9.4 for Windows
(SAS Inst., Cary, NC). Chi-square tests were conducted to iden-
tify possible characteristics of participants who had not com-
pleted all the three surveys. Generalized estimating equation
(GEE) models with the unstructured correlation structure were
used to test the cross-sectional and longitudinal associations
between insomnia, PTSD, and depression. GEE is a type of re-
gression analysis that accounts for within-subject correlation
across repeated measurements and is appropriate to estimate
population-averaged effects over time [35]. In addition, GEE is
suitable for both dichotomous and continuous outcome vari-
ables; specifically, for dichotomous outcome variables, the
GEE models worked out odds ratios (ORs) and 95% confidence
intervals (CIs)

For cross-sectional analyses in this study, insomnia was
the dependent variable, while PTSD and depression were en-
tered simultaneously into the equation as time-varying inde-
pendent variables. For longitudinal analyses, two sets of lagged
GEE models were analyzed: the first set of analysis was con-
ducted to examine the prediction from PTSD and depression to

¥202 Iudy 01 uo1senb Aq Gi7/9€GG/291252/| L/Zp/e10ne/deals/woo dno-olwepeoe//:sdny wouy papeojumod



4 | SLEEPJ, 2019, Vol. 42, No. 11

insomnia, in which insomnia at time t + 1 (i.e. T2 and T3) was
the dependent variable, while PTSD and depression at time t
(T1 and T2) were modeled as the predictors with baseline (T1)
insomnia being controlled; the second set was conducted to
examine the prediction from insomnia to PTSD or depression, in
which PTSD and depression at time t + 1 (T2 and T3) were set as
the dependent variable separately, while insomnia at time t (T1
and T2) was modeled as the predictor with baseline (T1) PTSD or
depression being controlled. The visualized analyzing methods
are displayed in Figure 1.

In order to examine the unique effect of each independent
variable, simple (model 1 and model 2) and multiple (model
3) analyses were conducted. All GEE analyses in this study were
performed under adjustments for demographics (sex, grade,
number of children in the family, and residence) and earth-
quake exposure variables (death, disappearance, and/or injury
of family members, house damage, property loss other than
house damage, and witness or hearing of tragic scenes). In add-
ition, multiple linear regressions with PTSD and depression as
continuous variables were conducted to evaluate the stability
of the results. The main findings were similar to logistic regres-
sions. To examine the inflation effects of repeated items, both
data from full version scales and after deletion of sleep items
were analyzed. The two methods showed no difference. Finally,
Sobel test was used to examine possible mediation [36]. All p
values were two sided and statistical significance was deter-
mined at p < .05.

Among the 1,573 target participants, 1,492 adolescents who
had completed at least one time point constituted the sample of
this study. Missing data were replaced with estimates derived by
single imputation, which was performed using an expectation
maximization algorithm with all T1 variables as predictors. In
order to investigate possible bias, we reran all analyses using
only participants who had no missing data, and the results of
the two methods were similar. Thus, only the results of single
imputation are presented.

Results

In the current sample, the prevalence rates of probable PTSD
were 22.5%, 12.7%, and 13.8% at T1, T2, and T3, respectively; the
prevalence rates of depressive symptoms were 38.0%, 28.8%, and
36.7% at T1, T2, and T3, respectively; and the prevalence rates

of insomnia symptoms were 29.4%, 23.5%, and 23.5% at T1, T2,
and T3, respectively. Figure 2 displays proportions of depression
and insomnia by PTSD status. Overall, among participants with
probable PTSD, approximately 70% had comorbid depressive
symptoms (73.2%, T1; 68.2%, T2; 70.9%, T3) and approximately
47% complained of insomnia (48.5%, T1; 48.1%, T2; 44.2%, T3).

The cross-sectional associations between insomnia, PTSD,
and depressive symptoms are presented in Table 2. Insomnia was
significantly associated with PTSD symptoms (OR = 2.04, p < .001),
after adjustment of demographics, earthquake exposure vari-
ables, and depression. When demographics, earthquake exposure
variables, and PTSD were controlled, insomnia was also signifi-
cantly associated with depressive symptoms (OR = 2.10, p < .001).

The longitudinal associations from PTSD and depressive
symptoms to insomnia are demonstrated in Table 3. After ad-
justment of demographics, earthquake exposure variables, and
baseline insomnia, both PTSD (model 1, OR = 1.69, p < .001) and
depressive symptoms (model 2, OR = 1.56, p < .001) significantly
predicted insomnia independently. When PTSD and depres-
sion were simultaneously added into the regression equation,
the associations were weakened but still significant (model 3,
OR =1.50, p < .001 for PTSD; OR = 1.42, p < .001 for depression).

In the opposite direction, when demographics, earthquake
exposure variables, and baseline PTSD were controlled, both
insomnia (model 1, OR = 1.30, p < .05) and depression (model
2, OR = 3.28, p < .001) longitudinally predicted PTSD symptoms
(Table 4). However, when insomnia and depression were sim-
ultaneously added in the regression, only depression (model 3,
OR = 3.25, p < .001) remained predictable to PTSD symptoms,
while the longitudinal association from insomnia to PTSD was
no longer significant (model 3, OR = 1.11, p = .445). According to
Baron and Kenny [37], results of these three models for PTSD
here showed a mediation effect of depressive symptoms be-
tween insomnia and PTSD. To directly test the indirect effect
of insomnia on PTSD symptoms through depression, we per-
formed the Sobel test using SAS macro with 10,000 bootstrap
[36]. The results indicated that the indirect effect was 0.047
(p < .001; 95% CI: 0.038-0.058).

As for the prediction model for depressive symptoms, both
insomnia and PTSD significantly predicted the development of
depression no matter whether they were included in the equa-
tion separately (model 1, OR = 1.69, p < .001 for insomnia; model
2, OR = 3.19, p < .001 for PTSD) or jointly (model 3, OR = 3.11,
p < .001 for PTSD; OR = 1.65, p < .001 for insomnia).

NN
0 Uoeon ) [ voon

INSOM + INSOM +
DEP(PTSD) DEP(PTSD)

(b) [ PTSD(DEP) ] [ PTSD(DEP)]

Figure 1. Visualization of the longitudinal lagged GEE models to predict (a) insomnia and (b) PTSD and depression, with demographics and earthquake exposure being
controlled. Abbreviations: INSOM: insomnia; DEP: depression; PTSD: posttraumatic stress disorder.
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T1 (12 months)

Probable PTSD (n=336)

.

No PTSD (n=1156)

9.5%

No symptoms,
58.0%

" Probable depression

Figure 2. Proportions of probable depression and insomnia by probable PTSD status.

T2 (18 months)

Probable PTSD (n=189)

=

No PTSD (n=1303)

8.0%.

No symptoms,
64.9%

Table 2. Cross-sectional GEE model to predict insomnia

Insomnia
Variable OR [95% CI]
Sex, ref = male 0.97 [0.81, 1.16]
Grade at baseline, ref = seventh 1.73[1.28,2.33]"
No. of children in the family, ref =1 1.05 [0.83, 1.33]

Location, ref = urban

1.24 [1.03, 1.49]*

Death, disappearance, and/or injury of family members, ref = no

Injury
Death/disappearance
House damage, ref = no
Moderate
Severe
Property loss, ref = no
Moderate
Severe
Direct witness of tragic scenes, ref= no
PTSD?, ref = no
Depression?, ref = no

0.93[0.71, 1.22]
0.94 [0.72, 1.24]

0.92[0.72,1.17]
0.95[0.75, 1.21]

0.87 [0.70, 1.09]
1.09 [0.83, 1.43]
1.21 [1.00, 1.46]*
2.04[1.67,2.49]"
2.10[1.78,2.47]"

2Time-varying covariates.
*p <.05; ¥p <.01; **p < .001.

D

| Probable insomnia
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T3 (24 months)

Probable PTSD (n=206)

No PTSD (n=1286)

¢

No symptoms,
59.2%

Probable depression + insomnia

Discussion

To our best knowledge, this is the first longitudinal study to
examine the bidirectional associations of insomnia with
PTSD and depressive symptoms among trauma-exposed ado-
lescents. In the current sample, insomnia complaints were
common in adolescents with probable PTSD. Our findings dem-
onstrated that insomnia symptoms were significantly associ-
ated with PTSD and depressive symptoms cross-sectionally.
Furthermore, insomnia could predict and was predicted by
PTSD and depressive symptoms longitudinally. Depressive
symptoms played an important mediation role between in-
somnia and PTSD symptoms.

During the second year after the deadly earthquake, nearly
half of the adolescents with probable PTSD reported difficulty
initiating or maintaining sleep, which was similar to that for
adult PTSD [4, 5]. In addition, consistent with previous nu-
merous cross-sectional studies [4, 5], our findings showed that
insomnia was significantly associated with PTSD and depressive
symptoms among adolescent survivors. The consistency among
various studies highlights that insomnia is highly comorbid
with PTSD for both adolescents and adults.
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Table 3. Longitudinal lagged GEE models to predict insomnia®

Insomnia
Model 1 Model 2 Model 3
OR [95% CI] OR [95% CI] OR [95% CI]
Insomnia at baseline 4.67 [3.75,5.76]" 4.64 [3.75,5.75]" 4.49 [3.62,5.56]™
PTSD® 1.69 [1.34,2.13]" 1.50 [1.18,1.92] "
Depression® 1.56 [1.28, 1.90]™ 1.42 [1.16, 1.75]™
2Demographics, earthquake exposure variables, and time were controlled in all these models.
*Time-varying covariates.
*p <.05; *'p <.01; ™p < .001.
Table 4. Longitudinal lagged GEE models to predict PTSD and depression®
PTSD
Model 1 Model 2 Model 3
Variable OR [95% CI] OR [95% CI] OR [95% CI]
PTSD at baseline 15.75 [11.57, 21.46]" 12.93 [9.50, 17.60] ™ 12.63[9.22,17.30]"
Depression® 3.28 [2.47,4.34]" 3.25 [2.44, 4.32]"
Insomnia® 1.30 [1.00, 1.70]* 1.11 [0.84, 1.46]
Depression
Model 1 Model 2 Model 3
Variable OR [95% CI] OR [95% CI] OR [95% CI]
Depression at baseline 8.34 [6.77,10.28] " 7.65 [6.20, 9.44]™ 7.25[5.87,8.96]"
PTSDP 3.19 [2.39,4.27]" 3.11[2.31, 4.18]"
Insomnia® 1.69 [1.39, 2.05]™ 1.65 [1.35,2.01]"

“Demographics, earthquake exposure variables, and time were controlled in all these models.

*Time-varying covariates.
*p < .05; **p < .001.

Previous longitudinal studies have indicated that pretrauma
and peri-trauma insomnia condition predicts the development
and maintenance of PTSD [12, 14-16]. Our findings suggested
that insomnia was still longitudinally associated with PTSD
symptoms even after a long period from the traumatic event.
Taken together, these studies imply that insomnia has an im-
portant contribution to PTSD among both adults and children.
Multiple plausible mechanistic processes may explain the role
of insomnia in the developmental pathology of PTSD, such as
underlying neurobiological alterations [38], disruption of sleep-
dependent emotional processing [39], and compromised gen-
eralization of fear extinction [40]. It is possible that the role of
sleep is distinct in different stages of trauma. Future studies
can explore specific mechanisms according to specific time
frame of trauma. In addition, mediators and moderators be-
tween insomnia and PTSD should be further examined. As we
will discuss below, depressive symptoms, for example, con-
tribute to the link from insomnia to PTSD.

There has previously been only one study which exam-
ined the longitudinal prediction from PTSD to insomnia.
It was reported that depression and PTSD symptoms at
4 months postdeployment failed to significantly predict
changes in insomnia at 12 months postdeployment in a
sample of Irag combat veterans [18]. Contrary to that study,
our findings supported that PTSD could increase the risk of
insomnia over time. The conflicting findings between the two
studies may be due to differences in samples (adolescents vs.
young adults), study instruments, and particular stages after
the trauma. It should also be noted that sleep-related items

were removed from the estimation of PTSD symptoms in our
study, so the replicate prediction effect of those sleep-related
items was excluded. Recently, an ecological momentary as-
sessment study indicated that both sleep- and PTSD-related
factors played a role in maintaining insomnia among subjects
with PTSD [41].

Extending previous studies in general population [22], our
findings demonstrated a reciprocal relationship between in-
somnia and depression in adolescent earthquake survivors.
The results also suggested that depression played an im-
portant mediating role between insomnia and PTSD. Several
postdisaster studies have documented depression to be in-
tractable over time among adolescents [42, 43]. These high-
light the importance of treatment of depression for the
prevention and treatment of other postdisaster psycho-
pathology. Moreover, for the first time, our findings showed
that there was a vicious circle among insomnia, PTSD, and
depression in trauma-exposed adolescents. The interplay of
insomnia, PTSD, and depression has important clinical im-
plications. Randomized controlled trials have provided ini-
tial support for the use of cognitive behavioral therapy for
insomnia or trauma-focused therapy to address sleep dis-
turbances and PTSD symptoms in PTSD patients [44-46], but
insomnia still remains residual for nearly half of the patients
after therapy. It is likely that intractable depression obstructs
the recovery of insomnia and PTSD symptoms. Future be-
havioral and pharmacological treatment for posttraumatic
insomnia should integrate depression or traumatic grief
treatment module into existing frameworks.
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Strengths and limitations

Strengths of this study include a large sample size, multiple
waves of longitudinal data collection, and standardized meas-
ures used to assess PTSD, depression, and insomnia. However,
there are several limitations that need to be noted. First, PTSD,
depression, and insomnia were measured with self-reported
questionnaires, so there might be report bias. Previous studies
have observed inconsistencies between subjective and objective
sleep outcomes in PTSD patients [3]. Multiple methods to assess
sleep such as actigraphy and PSG are needed in future studies.
Second, most participants were high school students. We should
be cautious not to generalize the findings to other population or
other types of traumatic disaster. Third, males and individuals
who had witnessed tragic scenes were more likely to drop out
in follow-up. Although expectation maximization algorithm was
used to impute the missing data, the SE may be underestimated,
which could lead to increased risk of false positive rate. Fourth,
there were some potential covariates that we had not assessed,
such as exposure to new traumatic events, treatment status, and
mental conditions before the earthquake. Finally, this is an ob-
servational study. Future studies can use intervention methods
to further determine the causal relationships among insomnia,
PTSD, and depression.

Conclusions

Insomnia symptoms were common in adolescents with PTSD.
Insomnia, PTSD, and depression could prospectively predict
each other among adolescents. These findings may provide im-
portant clinical implications for the management of sleep dis-
turbances while treating PTSD and depression in adolescent
survivors after a traumatic disaster. Further studies are needed
to examine the potential mediators and moderators among re-
lationships of insomnia, PTSD, and depression.
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