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Abstract Given the significant modifications to posttraumat-
ic stress disorder (PTSD) symptom criteria from DSM-IV to
DSM-5, a better understanding of the dimensionality underly-
ing DSM-5 PTSD symptoms among adolescents is needed.
However, to date, whether gender moderates the latent struc-
ture of DSM-5 PTSD symptoms in youth remains unclear.
Meanwhile, little is known about how distinct PTSD dimen-
sions relate to adolescent behavioral problems. The aim of this
study was to fill these gaps. A sample of 1184 disaster-
exposed Chinese adolescents (53.8 % girls) with age ranging
from 13 to 17 years (M = 14.3, SD = 0.8) completed the PTSD
Checklist for DSM-5, and the Withdrawn, Aggressive
Behavior, and Delinquent Behavior subscales of the Youth
Self-Report. Confirmatory factor analyses revealed that the
seven-factor hybrid PTSD model provided the best fit to the
data for both girls and boys. Measurement equivalence of this
model held across gender, although girls had higher mean
scores than boys on some factors. Differential patterns of as-
sociations emerged between PTSD dimensions and behavioral
problems, with anhedonia symptoms most strongly relating to
social withdrawal, and externalizing behavior symptoms most
strongly relating to aggression and delinquency. These find-
ings further support the gender invariance and external crite-
rion validity of the newly refined hybrid model that best

represents DSM-5 PTSD symptom structure in youth, and
carry implications for accurate assessment, diagnosis, and
gender comparison of DSM-5 PTSD symptomatology, and
potential symptom targets for PTSD intervention among ado-
lescent disaster survivors.

Keywords Posttraumatic stress disorder .DSM-5 .

Measurement invariance . Behavioral problems . Adolescents

Although extensive debates on the underlying dimensionality
of posttraumatic stress disorder (PTSD) symptoms defined in
the fourth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV; American Psychiatric
Association 1994) have persisted for two decades, factor ana-
lytic studies of DSM-5 (American Psychiatric Association
2013) PTSD symptoms are still in the initial stage. Informed
by the controversy surrounding DSM-IV PTSD symptoms,
significant changes were made to the symptom criteria for
PTSD in the DSM-5: (1) the DSM-IV three-cluster organiza-
tion (i.e., intrusion, avoidance/numbing, and hyperarousal)
was replaced by a four-cluster organization consisting of in-
trusion (Criterion B), avoidance (Criterion C), negative alter-
ations in cognitions and mood (Criterion D), and alterations in
arousal and reactivity (Criterion E); (2) two new dysphoria-
related symptoms (i.e., persistent distorted blame of self or
others for trauma and pervasive negative emotional state),
and a new reckless or self-destructive behavior symptomwere
included in the current Criteria D and E, respectively; (3)
several DSM-IV numbing and hyperarousal symptoms were
revised (e.g., inability to experience positive emotions replac-
ing restricted range of affect, and irritable or aggressive be-
havior replacing irritability/anger).

To investigate the impact of these modifications to the or-
ganization and definition of PTSD symptoms on the latent
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structure of this disorder, a handful of empirical studies pri-
marily conducted with adult samples have accumulated (e.g.,
Armour et al. 2015; Elhai et al. 2012; Gentes et al. 2014; Liu
et al. 2014; Miller et al. 2013; Tsai et al. 2015), while the
knowledge pertaining to youth is relatively limited. In addi-
tion, despite the considerable amount of research demonstrat-
ing gender differences in PTSD symptomatology (e.g.,
Breslau et al. 1998; Fullerton et al. 2001; Furr et al. 2010;
Giannopoulou et al. 2006; King et al. 2013; Tolin and Foa
2006), to date, it remains unclear whether adolescents’ gender
moderates the latent structure of DSM-5 PTSD symptoms.
Moreover, the scant evidence of differential associations be-
tween DSM-5 PTSD dimensions and clinically relevant func-
tioning derived from adolescent samples has mainly been fo-
cused on emotional problems (e.g., depressive and anxiety
disorders; Liu et al. 2016; Wang et al. 2015). Thus, little is
known about how distinct DSM-5 PTSD dimensions relate to
other domains of functional impairment such as behavioral
problems in youth. This study systematically tested the stabil-
ity of DSM-5 PTSD symptom structure across gender, and
further evaluated the relations of PTSD dimensions to behav-
ioral problems in a sample of disaster-exposed adolescents.

Previous studies of DSM-IV PTSD symptoms using confir-
matory factor analysis (CFA) laid a foundation for the DSM-5
four-cluster organization (Friedman et al. 2011b). Taken togeth-
er, these studies predominantly revealed that two alternative
four-factor models could represent the latent structure of PTSD
symptoms better than the tripartite DSM-IV model (reviewed in
Elhai and Palmieri 2011). One was the numbing model (King et
al. 1998) that hinged on separating the DSM-IV avoidance/
numbing factor into two factors (i.e., avoidance and numbing),
and the other was the dysphoria model (Simms et al. 2002) that
hinged on combining numbing symptoms of King et al.’s model
with three hyperarousal symptoms (i.e., sleep disturbance, irri-
tability, and difficulty concentrating) to construct a dysphoria
(general distress) factor. Although both models have gathered
extensive empirical support, there has been no full consensus on
which model was superior to the other (Elhai and Palmieri
2011). Recently, the two four-factor models were challenged
by a five-factor dysphoric arousal model (Elhai et al. 2011), in
which a unique dysphoric arousal factor (represented by sleep
disturbance, irritability, and difficulty concentrating symptoms)
was reconceptualized by further differentiating it from both the
hyperarousal factor of King et al.’s model and the dysphoria
factor of Simms et al.’s model; the intrusion, avoidance and
numbing factors of King et al.’s model were retained, and the
two remaining hyperarousal symptoms constituted an anxious
arousal factor. The increasing evidence supporting the superior-
ity of the five-factor dysphoric arousal model relative to the two
four-factor models was yielded from DSM-IV CFA studies in
various trauma-exposed samples of adults (more recently in
Harpaz-Rotem et al. 2014; Pietrzak et al. 2014a) and youth
(more recently in Bennett et al. 2014; Sumner et al. 2014).

The current DSM-5 four-cluster organization of PTSD
symptoms is more akin to the King et al.’s numbing model
with additional emphasis on dysphoria and externalizing be-
havior symptoms (see Table 1 for symptom mappings across
competing DSM-5 PTSD models). Initial DSM-5 PTSD CFA
studies focusing on DSM-IV based models seemed to dupli-
cate previous debates on King et al.’s and Simms et al.’s
models. Some of these studies provided evidence in favor of
the four-factor DSM-5 model in trauma-exposed college stu-
dents (Biehn et al. 2013; Elhai et al. 2012) and primary care
patients (Contractor et al. 2014), whereas others supported the
four-factorDSM-5 dysphoria model in military soldiers (Elhai
et al. 2015), and US national and veteran samples (Miller et al.
2013).When including theDSM-5 dysphoric arousal model in
analyses, this five-factor model was found to be superior to
both of the aforementioned four-factor models in veterans
(Gentes et al. 2014), and adolescent and young adult survivors
of terrorist attacks (Hafstad et al. 2014), which almost mirrors
previous findings on DSM-IV PTSD symptoms.

Given that several new/revised symptom criteria concerning
dysphoria and externalizing behavior were included in the cur-
rent DSM-5, more refined models were later proposed for a
better representation of the latent structure of DSM-5 PTSD
symptoms (Armour et al. 2015; Liu et al. 2014; Tsai et al.
2015). In light of previous theoretical and empirical studies
suggesting the distinction between negative and positive affect
(e.g., Watson 2005), which is also in accord with the spirit of
the Research Domain Criteria (RDoC) project (initiated by the
National Institutes of Mental Health, NIMH; e.g., Cuthbert
2014) that has specified negative and positive valence systems
as two domains, Liu and colleagues further separated the cur-
rent negative alterations in cognitions and mood symptoms
into negative affect (D1-D4; related to RDoC negative affect
domain) and anhedonia (D5-D7; related to RDoC positive
affect domain) factors, and developed a six-factor anhedonia
model comprised of intrusion, avoidance, negative affect, an-
hedonia, anxious arousal, and dysphoric arousal factors (Liu
et al. 2014). In consideration of the theoretical differentiation
of irritable or aggressive behavior (E1) and reckless or self-
destructive behavior (E2) symptoms, as typical externalizing
symptoms reflecting deficits in emotion regulation and im-
pulse control (Friedman 2013; Roberton et al. 2012), from
the other internally based PTSD symptoms, Tsai et al. (2015)
further specified an externalizing behavior factor (represented
by E1 and E2 symptoms), and developed a six-factor external-
izing behaviors model comprised of intrusion, avoidance, neg-
ative alterations in cognitions and mood, externalizing behav-
ior, anxious arousal, and dysphoric arousal factors. The anhe-
donia and externalizing behaviors models were validated in an
epidemiological sample of Chinese adult earthquake survivors
(Liu et al. 2014) and in a nationally representative sample of
US veterans (Tsai et al. 2015), respectively; and the former was
found to be further supported in trauma-exposed college
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students (Blevins et al. 2016), adult civilians (Carragher et al.
2016) and Iraq/Afghanistan war veterans (Konecky et al.
2016).

More recently, by combining the key features of both six-
factor models, Armour et al. (2015) proposed a seven-factor
hybrid model comprised of intrusion, avoidance, negative af-
fect, anhedonia, externalizing behavior, anxious arousal, and
dysphoric arousal factors. The superiority of this model rela-
tive to the DSM-IV based models and the six-factor models
was initially demonstrated in a nationally representative sam-
ple of veterans and a sample of traumatized undergraduates
(Armour et al. 2015). Further evidence supporting its internal
model fit and/or external criterion validity was yielded from
the latest studies in veterans (Pietrzak et al. 2015), adolescent
earthquake survivors (Wang et al. 2015), trauma-exposed
youth (Liu et al. 2016), college students (Blevins et al. 2016;
Armour et al. 2016) and adult civilians (Carragher et al. 2016).

Despite the promising findings, most research on the
latent structure of DSM-5 PTSD symptoms has been con-
ducted with adult samples, and thus additional studies in
youth are clearly needed for further advancement
of empirical knowledge on the dimensionality underlying

youth’s abnormal reactions to traumatic stress. Meanwhile,
the present understanding of DSM-5 PTSD symptom struc-
ture in youth is limited in two important ways. First,
whether gender moderates the latent structure of DSM-5
PTSD symptoms among adolescents is unclear. A substan-
tial body of literature has demonstrated that PTSD symp-
tomatology, including the prevalence of diagnosis, symp-
tom frequency/severity, and symptom expression varies by
gender (e.g., Breslau et al. 1998; Fullerton et al. 2001;
Furr et al. 2010; Giannopoulou et al. 2006; King et al.
2013; Tolin and Foa 2006), which can be explained by
gender differences in cognitive appraisals, coping strate-
gies, and psychobiological reactions to trauma (e.g.,
Armour et al. 2011; Olff et al. 2007; Tolin and Foa
2002); hence, gender is recognized as a candidate moder-
ator of the latent structure of PTSD symptoms. Previous
DSM-IV based studies on the moderating effect of gender
on PTSD symptom structure yielded mixed findings, some
of which revealed significant gender differences in the rel-
ative superiority of the numbing model to the dysphoria
model with respect to model fit (Hall et al. 2012), and in
some structural parameters of the numbing model (Armour

Table 1 Symptom mappings
across competing DSM-5 PTSD
models

Symptoms Model
1

Model
2

Model
3

Model
4

Model
5

Model
6

B1. Intrusive thoughts In In In In In In

B2. Nightmares In In In In In In

B3. Flashbacks In In In In In In

B4. Emotional cue reactivity In In In In In In

B5. Physiological cue reactivity In In In In In In

C1. Avoidance of thoughts Av Av Av Av Av Av

C2. Avoidance of reminders Av Av Av Av Av Av

D1. Trauma-related amnesia NACM Dy NACM NACM NA NA

D2. Negative beliefs NACM Dy NACM NACM NA NA

D3. Distorted blame NACM Dy NACM NACM NA NA

D4. Persistent negative emotional state NACM Dy NACM NACM NA NA

D5. Lack of interest NACM Dy NACM NACM An An

D6. Feeling detached NACM Dy NACM NACM An An

D7. Inability to experience positive
emotions

NACM Dy NACM NACM An An

E1. Irritability/aggression Hy Dy DA EB DA EB

E2. Recklessness Hy Dy DA EB DA EB

E3. Hypervigilance Hy Hy AA AA AA AA

E4. Exaggerated startle Hy Hy AA AA AA AA

E5. Difficulty concentrating Hy Dy DA DA DA DA

E6. Sleep disturbance Hy Dy DA DA DA DA

Model 1 The DSM-5 model, Model 2 The DSM-5 dysphoria model, Model 3 The DSM-5 dysphoric arousal
model,Model 4 The externalizing behaviors model,Model 5 The anhedonia model,Model 6 The hybrid model, In
Intrusion, Av Avoidance, NACM Negative alterations in cognitions and mood, Hy Hyperarousal, Dy Dysphoria,
DA Dysphoric arousal, AA Anxious arousal, EB Externalizing behaviors, NA Negative affect, An Anhedonia
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et al. 2011; Hall et al. 2012; Wang et al. 2013), dysphoria
model (Hukkelberg 2014; Wang et al. 2013), and dysphor-
ic arousal model (Bennett et al. 2014; Wang et al. 2013);
whereas others supported full gender invariance of the
numbing (Hukkelberg 2014) and dysphoric arousal models
(Contractor et al. 2013; Sumner et al. 2014). So far, only
one study has examined gender differences in the latent
structure of DSM-5 PTSD symptoms in an adult sample
of trauma-exposed civilians (Carragher et al. 2016), with
initial evidence of measurement invariance of its best-
fitting models (i.e., the DSM-5, anhedonia and hybrid
models) across gender. However, considering that this
study was conducted with adults, there is still doubt on
the generalizability of these results to adolescent
populations.

Second, the understanding of how DSM-5 PTSD dimen-
sions differentially relate to functional impairment in youth is
limited. As emphasized by several researchers, depicting the
latent structure of PTSD symptoms should be based not only
on internal fit statistics, but also on external validation by
differential functional correlates of PTSD dimensions (e.g.,
Elhai and Palmieri 2011; Miller et al. 2010). The few studies
of youth that have investigated the associations of DSM-5
PTSD dimensions with clinically relevant functioning mainly
selected emotional problems such as depressive and anxiety
disorders as external variables (Liu et al. 2016; Wang et al.
2015). Thus further examination focused on other domains of
PTSD-related functional impairment is warranted. Friedman
et al. (2011a) have pointed out that PTSD is better understood
in terms of both the internalizing (e.g., depression and anxiety)
and externalizing (e.g., aggression and recklessness) spec-
trum, which indicates that behavioral problems are theoreti-
cally relevant to PTSD as emotional problems are.
Empirically, a wide range of behavioral problems such as
socially withdrawn, aggressive, and delinquent behaviors
have been found to be associated with PTSD symptomatology
in various trauma-exposed samples of youth (e.g., Becker and
Kerig 2011; Giaconia et al. 1995; Saigh et al. 2002).
Nevertheless, since most of these studies treated PTSD as
categorical (i.e., diagnosis present or not) or continuous (i.e.,
symptom severity) at its overall level, little is known about the
differential patterns of relations between separate PTSD di-
mensions and these outcomes.

To address these gaps in the literature, we investigated the
underlying dimensionality of DSM-5 PTSD symptoms in a
sample of Chinese adolescents surviving a high-intensity
earthquake. We primarily aimed to identify the best-fitting
model from six theoretically and empirically driven models
of DSM-5 PTSD symptoms, including three DSM-IV based
models, the six-factor anhedonia and externalizing behaviors
models, and the seven-factor hybrid model for girls and boys,
respectively; and then to test measurement invariance of the
best-fitting model across gender. Examining the stability of

PTSD symptom structure across gender would enhance our
understanding of gender differences in PTSD symptomatolo-
gy, and further guide accurate and valid assessment and diag-
nosis of PTSD in youth of different genders. More important-
ly, given that the common latent structure of PTSD symptoms
is a prerequisite for gender comparison of symptom severity
(Hukkelberg 2014), the establishment of an invariant PTSD
symptom structure across gender would contribute to drawing
a compelling conclusion from the comparison of PTSD sever-
ity between gender groups of adolescents. Based upon prior
theoretical and empirical studies (e.g., Armour et al. 2015; Liu
et al. 2014; Tsai et al. 2015; Wang et al. 2015), we hypothe-
sized that the seven-factor hybrid model would best represent
DSM-5 PTSD symptom structure in both girls and boys; and
informed by initial evidence supporting the gender invariance
of this model in adults (Carragher et al. 2016), we hypothe-
sized that its measurement equivalence would hold across
gender in youth. Our second aim was to evaluate whether
the PTSD dimensions of the best-fitting model differentially
relate to three kinds of typical behavioral problems, namely
social withdrawal, aggression, and delinquency. In view of the
common process of PTSD factor analytic studies, the elucida-
tion of differential associations between PTSD factors and
external variables with functional significance, following the
evaluation of internal model fit, would not only further sup-
port that the distinctions among these factors are both theoret-
ically and empirically meaningful, but also add to the accu-
mulated evidence that would eventually indicate the optimal
model of DSM-5 PTSD symptoms. Moreover, the differences
in magnitudes of these relations would also suggest the pref-
erential interventions for PTSD symptoms more closely
linked to functional impairment among disaster-exposed ado-
lescents in practice. Given that very few studies have explored
how distinct PTSD symptom clusters relate to youth’s behav-
ioral problems, we had no specific hypothesis regarding the
differential patterns of these associations.

Methods

Participants and Procedures

The sample was recruited from two junior high schools locat-
ed in Beichuan County Town, which was almost completely
destroyed by the 2008 Wenchuan Earthquake with more than
6000 deaths. A total of 1258 students present at school volun-
tarily took part in this study approximately 6.5 years after the
earthquake, and informed consent/assent was obtained from
all students and their guardians (no one declined). The survey
was conducted by class groups. Investigators introduced the
aim and significance of the survey, and then administered self-
reported questionnaires to the participants with the assistance
of trained research assistants and school teachers. The study
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protocol was reviewed and approved by the Institutional
Review Board of the Institute of Psychology, Chinese
Academy of Sciences.

Seventy-four participants were excluded from analyses (52
for not experiencing the disaster personally, 9 for not reporting
their gender, and 13 for missing more than 20 % items of the
psychopathologically or behaviorally relevant measures),
leaving a final effective sample of 1184 students (53.8 % girls
and 46.2 % boys) with age ranging from 13 to 17 years
(M = 14.3, SD = 0.8). Ethnicity was self-identified as Qiang
(65.1%), Han (32.5 %), and other ethnicities in China (2.3%).
As for earthquake-related exposure, 75.2 % witnessed hous-
ing damage, 14.4 % were injured, 68.0 % witnessed an injury
of someone, 19.8 % exposed to corpses, and 32.5 % lost at
least one of their family members.

Measures

PTSD symptoms were assessed with the PTSD Checklist for
DSM-5 (PCL-5;Weathers et al. 2013). The PCL-5 is a 20-item
self-report instrument designed to map directly onto DSM-5
PTSD symptom criteria. Each item is rated on a 5-point Likert
scale indicating the severity of a particular symptom from 0
(not at all) to 4 (extremely) during the past month. The PCL-5
has demonstrated excellent psychometric properties (e.g., in
trauma-exposed college students; Blevins et al. 2016), and its
Chinese version adapted by a two-stage process of translation
and back translation has been previously used in Chinese ad-
olescent populations (Liu et al. 2016; Wang et al. 2015). In the
current study, the PCL-5 was completed referring to the
Wenchuan Earthquake. Cronbach’s αs for the total scale were
.94, .93, and .94 in the full sample, and subsamples of girls
and boys, respectively.

Behavioral problems of social withdrawal, aggression, and
delinquency were measured by the Withdrawn, Aggressive
Behavior, and Delinquent Behavior subscales of the Youth
Self-Report (YSR; Achenbach 1991) respectively. The YSR
is a well-known and widely used self-reported instrument
adopting a 3-point Likert scale (0 = not true; 1 = somewhat
or sometimes true, 2 = very true or often true) to assess be-
havioral problems and social competence in youth aged 11 to
18 years. The Chinese version of YSR has been validated and
found to have sound psychometric properties (e.g., in
community and clinical samples; Leung et al. 2006).
Cronbach’s αs for the 7-item Withdrawn subscale consisting
of statements that describe socially isolating behavior (e.g.,
BWould rather be alone than with others^), the 19-item
Aggressive Behavior subscale denoting hostile or offensive
conduct (e.g., BPhysically attacks people^), and the 11-item
Delinquent Behavior subscale reflecting rule-breaking or ille-
gal behavior (e.g., BRuns away from home^) were .77, .87,
and .71 respectively in the current sample.

Data Analysis

All descriptive statistical analyses were conducted with SPSS
(Version 19.0 for Windows). Missing values were estimated
using full information maximum likelihood (ML) procedures
with all available item data. Six alternative models of PTSD
symptoms were examined using CFAs performed with Mplus
(Version 7.0 for Windows) for girls and boys, separately. ML
estimation with a mean-adjusted, scaled Satorra-Bentler chi-
square (S-B χ2; Satorra and Bentler 1988) was implemented
given that the preliminary normality test indicated significant
multivariate non-normality of the PCL-5 data for girls, χ2 (2,
n = 637) = 7703.83, p < 0.001, and boys, χ2 (2,
n = 547) = 8484.06, p < 0.001. Error covariances were fixed
to zero, and factors were allowed to correlate in all of the
models. The comparative fit index (CFI), the Tucker-Lewis
index (TLI), and the root-mean square error of approximation
(RMSEA) were used to evaluate overall model fit; and the
corrected scaled χ2 difference test (Satorra and Bentler
2001) and the Bayesian information criterion (BIC; Schwarz
1978) were used to compare nested models and non-nested
models, respectively. An acceptable fit is evidenced by CFI
and TLI≥0.90 and RMSEA ≤ 0.08 (Hu and Bentler 1998,
1999); and the strong/very strong support for the model with
a lower BIC value is evidenced by a BIC difference ranging
from 6 to 10/greater than 10 (Raftery 1995).

The best-fitting model was subsequently submitted to
multi-group CFA for examination of measurement invariance
across gender. Following the procedure established by
Meredith and Teresi (2006), a series of tests progressively
constraining the structural parameters across groups were con-
ducted: 1) configural invariance (the same factor structure
across groups with all parameters allowed to vary); 2) weak
factorial/metric invariance (factor loadings restricted to be
equal across groups); 3) strong factorial/scalar invariance
(item intercepts additionally restricted to be equal across
groups); 4) strict factorial invariance (residual error variances
additionally restricted to be equal across groups); 5) factor
variance and covariance invariance (factor variances and co-
variances restricted to be equal across groups on the basis of
strong factorial/scalar invariance). As suggested by Cheung
and Rensvold (2002), we used the change in CFI (ΔCFI) that
is independent of model complexity and sample size and thus
superior to Δχ2 in measurement invariance testing to evaluate
fit differences between models, with an absolute value of
ΔCFI≤ 0.01 indicating equivalence of the constrained param-
eters across groups. The group differences in factor means
were lastly examined under the condition of factor variance
and covariance invariance.

A measurement model combining the best-fitting model of
PTSD symptoms with three additional factors of behavioral
problems (i.e., social withdrawal, aggression, and delinquency
factors represented by the corresponding YSR items) was
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further constructed to compare the magnitude of correlations
between each of the PTSD factors and the behavioral problem
factors using Wald chi-square tests. Each YSR item was treat-
ed as an ordinal variable, since its response options are fewer
than five (Wirth and Edwards 2007). Accordingly, robust
weighted least squares estimation with a mean- and
variance-adjusted chi-square (WLSMV) was implemented
for CFA with polychoric correlations and probit regression
coefficients.

Results

Descriptive Statistics

According to the DSM-5 diagnostic criteria, 23.5 %, 10.4 %,
16.2 %, and 28.6 % of participants met criteria for intrusion,
avoidance, negative alterations in cognitions and mood, and
alterations in arousal and reactivity, respectively. Finally,
5.0 % of participants (5.0 % girls, 4.9 % boys) were screened
as probable PTSD cases, and the caseness rate did not differ
by gender, χ2 (1) = 0.01, p > 0.05, φ = 0.00. The mean score
on the PCL-5 was 11.8 (SD = 11.1, range: 0–78) for the full
sample, and girls had a higher mean score (M = 12.4,
SD = 11.2) than boys (M = 11.1, SD = 11.0) , t
(1182) = 2.01, p < 0.05, d = 0.12. In regard to behavioral
problems, the mean scores on the YSR Withdrawn,
Aggressive Behavior, and Delinquent Behavior subscales
were 4.4 (SD = 2.7, range: 0–14), 7.9 (SD = 5.4, range: 0–
38), and 3.1 (SD = 2.6, range: 0–22) respectively in this
sample.

Model Fit Comparison

Goodness of fit indices for six alternative models are present-
ed in Table 2. All models provided an acceptable fit to the data
for both girls and boys. As for non-nested model comparisons
in both groups, Model 1 (the DSM-5 model) fit better than
Model 2 (the DSM-5 dysphoria model), evidenced by a
ΔBIC of 45.73/119.46 for girls/boys, and Model 5 (the anhe-
donia model) fit better than Model 4 (the externalizing behav-
iors model), evidenced by a ΔBIC of 42.81/14.97 for girls/
boys. With respect to nested model comparisons in both
groups (see Table 3), Model 3 (the DSM-5 dysphoric arousal
model) fit significantly/marginally significantly better than
Model 1 and Model 2; Model 4 and Model 5 fit significantly
better than Model 1, Model 2 and Model 3; and Model 6 (the
hybrid model) fit significantly better than all the other models.
To sum up, Model 6 provided the best fit to the data for both
girls and boys, and thus was identified as the optimal model to
be analysed subsequently.

Measurement Invariance across Gender

Results of measurement invariance testing are summa-
rized in Table 4. All of the models with different levels
of constraints achieved acceptable fit. The absolute value
of ΔCFI smaller than .01 between the constrained and a
less constrained models supported weak factorial/metric,
strong factorial/scalar, strict factorial, and factor variance
and covariance invariance, which suggested equivalence
of factor loadings, item intercepts, residual error, factor
score variation, and correlations between factors across
gender. However, the comparison of factor means be-
tween two groups revealed non-equivalence of symptom
severity at the level of factors across gender (see Table 5).
Girls had significantly higher mean scores than boys on
anhedonia and anxious arousal with small to medium ef-
fect sizes based on Cohen’s d. We further examined
whether factor means varied by gender as a function of
earthquake-related exposure, and found that girls and
boys did not differ significantly on any of the specific
exposures, including witnessing housing damage, being
injured, witnessing an injury of someone, exposure to
corpses, and traumatic death of a family member (χ2

ranged from 0.00 to 3.33, all ps > 0.05, all φs < 0.06).

Relations of PTSD Dimensions to Behavioral Problems

Correlation coefficients between the seven PTSD factors
of the hybrid model and three behavioral problem factors
are displayed in Table 6. Judging from the magnitude of
correlations, the social withdrawal factor was most
strongly associated with PTSD’s anhedonia factor, and
both the aggression and delinquency factors were most
strongly associated with PTSD’s externalizing behavior
factor. According to the results of Wald χ2 tests,
PTSD’s anhedonia factor correlated significantly more
strongly than the negative affect factor with the social
withdrawal factor, while the negative affect factor corre-
lated significantly more strongly than the anhedonia fac-
tor with the aggression and delinquency factors; PTSD’s
externalizing behavior factor showed significantly higher
correlations with both the aggression and delinquency
factors than did all the other factors; and PTSD’s dys-
phoric arousal factor related significantly more strongly
than the anxious arousal factor to the social withdrawal
and delinquency factors.

Discussion

The current study investigated the dimensional structure of
DSM-5 PTSD symptoms among disaster-exposed adoles-
cents, and examined the stability of this structure across
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gender and the relations of PTSD dimensions to behavioral
problems. The newly refined seven-factor hybrid model com-
prised of intrusion, avoidance, negative affect, anhedonia, ex-
ternalizing behavior, anxious arousal, and dysphoric arousal
factors provided the best depiction ofDSM-5 PTSD constructs
for both girls and boys, and its measurement invariance held
across gender, although girls had higher mean scores than
boys on some factors. Differential patterns of associations
emerged between PTSD factors of the hybrid model and ex-
ternal measures of behavioral problems, with anhedonia most
strongly linked to social withdrawal and externalizing behav-
ior most strongly linked to aggression and delinquency. These
findings fill the gaps in the existing literature systematically

testing gender as a candidate moderator of DSM-5 PTSD
symptom structure in youth, and advance our very limited
knowledge on how distinct PTSD symptom clusters relate to
adolescent behavioral impairment.

As the first to investigate the latent structure of DSM-5
PTSD symptoms separately in female and male samples,
this study demonstrated the superiority of the DSM-5 dys-
phoric arousal model relative to the DSM-5 and the DSM-5
dysphoria models in both genders, which further supports
Elhai et al.’s (2011) proposition that dysphoric arousal is a
unique PTSD construct distinguished from both anxious
arousal (as a characteristic of fear-based disorders like panic
disorder) and dysphoria (involving a numbing of respon-
siveness). Moreover, the anhedonia and externalizing be-
haviors models were found to fit the data for both genders
significantly better than the DSM-5 dysphoric arousal mod-
el, confirming the separation of the current Criterion D into
two factors (i.e., negative affect and anhedonia) by Liu
et al. (2014) on the basis of theoretical and empirical stud-
ies (e.g., Watson 2005), and the RDoC project’s specifica-
tion of negative and positive valence systems (e.g.,
Cuthbert 2014); and Tsai et al.’s (2015) differentiation of
externalizing behavior factor which is represented by E1
and E2 symptoms serving as a typical manifestation of
deficits in emotion regulation and impulse control
(Friedman 2013; Roberton et al. 2012), from the other in-
ternally based PTSD factors. Finally, we found that the
hybrid model combining all these features provided a su-
perior fit to the other models in both girls and boys. Taken
together with recent studies of both adults (Armour et al.
2015; Armour et al. 2016; Blevins et al. 2016; Carragher
et al. 2016) and youth (Liu et al. 2016; Wang et al. 2015)
that have lent support for the hybrid model, the current

Table 2 Model goodness of fit
indices Models S-B χ2 df CFI TLI RMSEA [90 % CI] BIC

Girls (n = 637)

Model 1 439.29 164 0.933 0.922 0.051 [0.046, 0.057] 24,662.47

Model 2 466.47 164 0.926 0.915 0.054 [0.048, 0.060] 24,708.20

Model 3 426.70 160 0.935 0.923 0.051 [0.045, 0.057] 24,669.27

Model 4 395.04 155 0.942 0.928 0.049 [0.043, 0.055] 24,648.94

Model 5 370.11 155 0.948 0.936 0.047 [0.041, 0.053] 24,606.13

Model 6 337.24 149 0.954 0.942 0.045 [0.038, 0.051] 24,590.38

Boys (n = 547)

Model 1 359.17 164 0.939 0.930 0.047 [0.040, 0.053] 21,076.40

Model 2 418.95 164 0.921 0.908 0.053 [0.047, 0.060] 21,195.86

Model 3 351.14 160 0.940 0.929 0.047 [0.040, 0.053] 21,089.05

Model 4 323.81 155 0.947 0.936 0.045 [0.038, 0.051] 21,073.88

Model 5 313.54 155 0.951 0.939 0.043 [0.036, 0.050] 21,058.91

Model 6 285.31 149 0.958 0.946 0.041 [0.034, 0.048] 21,048.74

S-B χ2 Scaled Satorra-Bentler chi-square, CFI Comparative fit index, TLI Tucker-Lewis index, RMSEA Root
mean square error of approximation, CI Confidence interval, BIC Bayesian information criterion

Table 3 Chi-square difference test for comparing nested models

Models Girls (n = 637) Boys (n = 547)

Δχ2 (df) p Δχ2 (df) p

Model 1 vs. Model 3 12.85(4) 0.012 7.95(4) 0.093

Model 1 vs. Model 4 45.87(9) <0 .001 36.70(9) <0 .001

Model 1 vs. Model 5 71.65(9) <0.001 51.32(9) <0.001

Model 1 vs. Model 6 105.13(15) <0.001 80.86(15) <0.001

Model 2 vs. Model 3 43.53(4) <0.001 43.18(4) <0.001

Model 2 vs. Model 4 75.01(9) <0.001 78.65(9) <0.001

Model 2 vs. Model 5 100.07(9) <0.001 92.06(9) <0.001

Model 2 vs. Model 6 133.41(15) <0.001 126.80(15) <0.001

Model 3 vs. Model 4 32.34(5) <0.001 28.41(5) <0.001

Model 3 vs. Model 5 56.42(5) <0.001 45.99(5) <0.001

Model 3 vs. Model 6 89.38(11) <0.001 73.74(11) <0.001

Model 4 vs. Model 6 58.07(6) <0.001 46.42(6) <0.001

Model 5 vs. Model 6 33.61(6) <0.001 29.83(6) <0.001
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findings add to evidence consistently in favor of Armour
et al.’s (2015) reconceptualization of DSM-5 PTSD symp-
toms across gender and developmental stage.

Several researchers have called for the examination of
gender invariance of PTSD symptom structure (e.g., Elhai
and Palmieri 2011), since it provides the precondition for
comparison of symptom severi ty across gender
(Hukkelberg 2014). However, the knowledge with regard
to DSM-5 is still scarce. In line with a recent study on
gender differences in DSM-5 PTSD symptom structure in
adults who had lifetime experience of traumatic events
(Carragher et al. 2016), the cross-gender measurement in-
variance of the hybrid model was found in the current
study of disaster-exposed youth. Specifically, gender did
not demonstrate a robust moderating effect on PTSD factor
loadings, item intercepts, residual error, factor score varia-
tion, and factor intercorrelations, which is generally congru-
ent with previous DSM-IV based findings in disaster-
exposed adolescent samples (Sumner et al. 2014; Wang
et al. 2013), whereas diverges from those in war-exposed
(Armour et al. 2011) and juvenile-justice-involved youth
(Bennett et al. 2014). On the one hand, these discrepancies
may be explained by differences in trauma type; while on

the other hand, given the significant modifications to PTSD
symptom criteria from DSM-IV to DSM-5, the correspond-
ing changes on symptom structure (e.g., represented by the
DSM-IV based dysphoric arousal model vs. the DSM-5
based hybrid model) may also account for the inconsistent
findings. Nevertheless, the empirical evidence yielded from
this study that DSM-5 PTSD symptom structure in youth
remained fairly stable across gender indicates that gender
differences in observed scores of adolescents, at least as
measured by the PCL-5 which has demonstrated excellent
psychometric properties and been increasingly widely used
(e.g., Blevins et al. 2016), do indeed reflect the Breal^
differences in symptom severity, rather than the Bspurious^
variations in factorial structure; and thus the accuracy of
assessment, diagnosis, and gender comparison of DSM-5
PTSD symptomatology in youth, at least by using the
PCL-5 are verified for future research.

On the foundation of established measurement invariance
of the hybrid model across gender, we further examined gen-
der differences in factor means, and found non-equivalence of
symptom severity at the level of some specific factors as a
function of gender. The current finding that PTSD symptoms
following the earthquake were more severe among girls than
boys roughly accords with previous studies comparing PTSD
factor means between gender groups of disaster-exposed ado-
lescents (Sumner et al. 2014; Wang et al. 2013), as well as a
meta-analysis suggesting that female gender is linked to in-
creased PTSD symptoms in youth post-disaster (Furr et al.
2010). Considering that these differences between girls and
boys could not be attributed to differences in earthquake-
related exposure, other potential explanations such as
gender-specific cognitive schemas associated with trauma
and its consequences (reviewed in Tolin and Foa 2002), dif-
ferential use of adaptive/maladaptive coping strategies by fe-
males and males (Armour et al. 2011), and gender diversity in
psychological and biological responses to traumatic events
(reviewed in Olff et al. 2007), are supposed to be considered
and further evaluated. Notably, it was found that girls had
higher mean scores than boys only on anhedonia and anxious
arousal factors, which deepens our understanding of gender
subtleties in DSM-5 PTSD symptomatology, and underlines

Table 4 Results of measurement
invariance testing for the hybrid
model across gender

Type of invariance S-B χ2 df CFI TLI RMSEA [90 % CI] BIC ΔCFI

Configural 621.32 298 0.956 0.943 0.043 [0.038, 0.048] 45,751.84

Weak factorial/metric 654.37 311 0.953 0.942 0.043 [0.039, 0.048] 45,723.70 −0.003
Strong factorial/scalar 702.38 324 0.948 0.939 0.044 [0.040, 0.049] 45,694.66 −0.005
Strict factorial 713.36 344 0.949 0.944 0.043 [0.038, 0.047] 45,600.87 0.001

Factor variance and
covariance

761.95 352 0.944 0.939 0.044 [0.040, 0.049] 45,604.48 −0.004

S-B χ2 Scaled Satorra-Bentler chi-square, CFI Comparative fit index, TLI Tucker-Lewis index, RMSEA Root
mean square error of approximation, CI Confidence interval, BIC Bayesian information criterion

Table 5 Comparison of factor means for the hybrid model across
gender

Factors Factor mean (SE) p Cohen’s d

Girls Boys

In 0 −0.07 0.27 0.07

Av 0 −0.08 0.19 0.08

NA 0 0.01 0.87 0.01

An 0 −0.22 0.001 0.22

EB 0 −0.05 0.43 0.05

AA 0 −0.37 <0.001 0.33

DA 0 −0.00 0.98 0.00

Factor means were set to zero for the reference group for model identifi-
cation. SE Standard error, In Intrusion,AvAvoidance,NANegative affect,
An Anhedonia, EB Externalizing behaviors, AA Anxious arousal, DA
Dysphoric arousal
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the importance of prevention and intervention targeting cer-
tain symptoms loaded onto these factors (e.g., lack of interest
and hypervigilance) for girls surviving disasters.

In this study, we found that seven factors of the hybrid
model differentially related to three measures of adolescent
behavioral problems which are theoretically and empirically
associated with PTSD. In particular, dysphoric arousal exhib-
ited significantly higher correlations with social withdrawal
and delinquency than did anxious arousal, which provides
further confirmation that generally distressing agitation/
restlessness and fear-based physiological hyperreactivity, as
indicated by dysphoric and anxious arousal respectively
(Elhai et al. 2011), reflect two distinct types of alterations in
arousal and reactivity. The distinctiveness of anhedonia and
negative affect that belong to positive and negative valence
systems respectively (e.g., Cuthbert 2014), was further sup-
ported by the current finding that the former related signifi-
cantly more strongly than the latter to social withdrawal, while
the latter related significantly more strongly than the former to
aggression and delinquency. As for externalizing behavior
which represents emotional dysregulation and uncontrollable
impulsivity (Friedman 2013; Roberton et al. 2012), the current
finding of its significantly greater associations with aggression
and delinquency than those of all the other PTSD constructs
further strengthens the evidence for its uniqueness in clinical
and functional significance (e.g., Liu et al. 2016; Pietrzak et al.
2015; Tsai et al. 2015). Indeed, the mechanisms behind these
differential patterns of relations are insufficiently clear at pres-
ent, due to the scarcity of previous studies that have taken the
heterogeneity of PTSD symptoms into account when linking
PTSD to behavioral problems in trauma-exposed populations.
Nevertheless, these preliminary findings that suggest the dis-
tinctions amongDSM-5 PTSD dimensions, leastways provide
further support for the external criterion validity of the hybrid
model, and inspire future research on psychological, biologi-
cal, and neurological explanations for unequal contributions
of heterogeneous PTSD symptoms to functional impairment
like behavioral problems.

The clinical and practical implications of the current find-
ing regarding the largest-magnitude correlations between
PTSD dimensions and behavioral problems are also notewor-
thy. In this study, social withdrawal was found to be most

strongly associated with PTSD’s anhedonia symptoms, which
indicates that the loss of interest in previously enjoyed social
activities, and difficulty in experiencing positive emotions such
as happiness, contentment, and love in interpersonal relation-
ships may relate to social withdrawal and even social isolation.
Considering that the lack of social contact may lead to a decline
in social support which moderates the emergence and develop-
ment of PTSD following trauma (reviewed in Keane et al.
2006), early identification and treatment of anhedonia symp-
toms among disaster-exposed youth may be beneficial to the
exemption and remission from PTSD. Besides, both aggression
and delinquency were found to be most strongly associated with
PTSD’s externalizing behavior symptoms, which implies a pos-
sible underlying cause of the comorbidity between PTSD and
externalizing disorders including conduct disorder, antisocial
personality disorder, alcohol dependence, and drug dependence
(Friedman et al. 2011a); and highlights the necessity of preven-
tion and intervention targeting externalizing behavior symptoms
for adolescent disaster survivors, for the reason that aggression,
delinquency, and other comorbid externalizing behavioral prob-
lems may result in failures of socialization and social adaptation
(e.g., Haselager et al. 2002). Taken together with recent research
indicating the strong associations of PTSD’s anhedonia symp-
toms with reduced quality of life, externalizing behavior symp-
toms with hostility, and dysphoric arousal symptoms with an-
ger/irritability, parent-adolescent conflict, and problematic sub-
stance use (e.g., Bennett et al. 2014; Pietrzak et al. 2015; Sumner
et al. 2014), the current study further emphasizes that more
attention should be paid to these symptoms not specific to
PTSD (compared to intrusion symptoms; Simms et al. 2002),
but closely linked to functional impairment in the assessment
and treatment of trauma-related psychopathology.

Several limitations to this study must be noted. First, the
generalizability of the current findings might be limited by our
utilization of a specific cultural (i.e., Chinese) sample exposed
to a specific traumatic event (i.e., a deadly natural disaster),
thus further replications with samples from other cultural
backgrounds and exposed to other types of trauma are needed.
Second, our assessments of PTSD symptoms and behavioral
problems only relied on adolescent self-report. Therefore, addi-
tional studies of youth using structured clinical interview for
PTSD, as well as parent/teacher-report measures and somemore

Table 6 Differential associations
between the PTSD dimensions of
the hybrid model and behavioral
problems of social withdrawal,
aggression, and delinquency

In Av NA An EB AA DA

Social Withdrawal 0.421d 0.389d 0.522c 0.619a 0.555b, c 0.549c 0.605a, b

Aggression 0.356d 0.315e 0.485b 0.431c 0.574a 0.489b 0.505b

Delinquency 0.298c 0.246d 0.403b 0.338c 0.474a 0.327c 0.385b

Correlation coefficients with different superscripts across rows differ significantly at p < 0.05. The largest corre-
lations in magnitude across rows are highlighted in bold. PTSD Posttraumatic stress disorder, In Intrusion, Av
Avoidance, NA Negative affect, An Anhedonia, EB Externalizing behaviors, AA Anxious arousal, DA Dysphoric
arousal
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objective indicators (e.g., school discipline records) of behavior-
al problems are warranted. Third, other variables such as social
and psychological resources, and traumatic experiences before
and after the earthquake that have been found to influence di-
saster survivors’ mental health (e.g., Adams et al. 2006; Norris
et al. 2002; Pietrzak et al. 2014b) were not assessed in this study,
thus examining whether these variables account for gender dif-
ferences in PTSD symptom structure and severity is another
potential direction for future research. Fourth, the hybrid model
contains four factors that have only two indicators. Although it
has been proposed that at least three indicators per factor should
be used to prevent potential methodological problems (e.g.,
Kline 2005), such problems could be avoided to a certain extent
by using large samples. According to the results of simulation
studies, Marsh, Hau, Balla, and Grayson (1998) concluded that
a sample of at least 400 participants is needed for a fully valid
solution when factors are indicated by only two items.
Therefore, the sample sizes of this study (i.e., total: 1184; girls:
637; and boys: 547) are large enough for CFA and related anal-
yses of models containing multiple factors that have only two
indicators. Nevertheless, further research developing and evalu-
ating other measures that consist of more items corresponding to
eachDSM-5 PTSD symptom criterion (compared to the PCL-5)
is worthy to be considered. Fifth, this study only selectively
adopted a few external variables of behavioral problems to val-
idate the seven-factor hybrid model. Further studies should in-
vestigate a wider range of functional correlates of this model
which has been found to best represent the latent structure of
DSM-5 PTSD symptoms so far.

Notwithstanding these limitations, to our knowledge this is
the first study to elucidate gender issues in the dimensionality
underlying DSM-5 PTSD symptoms among adolescents. The
current findings lend empirical support for the newly refined
hybrid model and its stability across gender, which contributes
to accurate assessment, diagnosis, and gender comparison of
DSM-5 PTSD symptomatology in youth. Subsequent demon-
stration of differential associations between PTSD dimensions
and behavioral problems provides further evidence for the
external criterion validity of this promising model, and carries
implications for early prevention, identification, and interven-
tion targeting specific PTSD symptoms for disaster-exposed
adolescents.
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