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A B S T R A C T

This study investigated the latent structure of DSM-5 PTSD symptoms using two-wave longitudinal data collected
from a sample of adolescents exposed to an explosion accident. Two waves of surveys were conducted ap-
proximately 3 and 8 months after the accident, respectively. A total of 836 students completed the baseline
survey, and 762 students completed the follow-up survey. The results of confirmatory factor analyses(CFA)
indicated that a seven-factor hybrid model composed of intrusion, avoidance, negative affect, anhedonia, ex-
ternalizing behaviors, anxious arousal and dysphoric arousal factors yielded significantly better data fit at both
waves than the other models including the DSM-5 four-factor model, the six-factor anhedonia and externalizing
behaviors models. Furthermore, the results of CFA invariance tests supported the longitudinal invariance of the
model. Implications and limitations in terms of these results are discussed.

1. Introduction

In the newly released revision of the Diagnostic and Statistical Manual
of Mental Disorders (5th ed.; DSM-5; American Psychiatric Association,
2013), posttraumatic stress disorder (PTSD) was defined as a trauma-
and stressor- related mental disorder, and several significant mod-
ifications were introduced to the symptoms criteria for this disorder.
First, the criteria for PTSD are now composed of 20 clinical symptoms
by adding/revising several items to capture PTSD’s negative affect and
externalizing behavior symptoms. Second, largely informed by previous
confirmatory factor analysis (CFA) studies on DSM-IV (American
Psychiatric Association, 1994) PTSD symptoms, these symptoms were
further categorized into four clusters: intrusion (Criterion B), avoidance
(Criterion C), negative alterations in cognitions and mood (Criterion D),
and alterations in arousal and reactivity (Criterion E) (Friedman, 2013).
However, along with the emergence of the DSM-5, three theoretically
and empirically based models have been proposed to challenge the
DSM-5 four-factor conceptualization, including the six-factor ex-
ternalizing behaviors model (Tsai et al., 2015), the six-factor anhedonia
model (Liu et al., 2014), and the seven-factor hybrid model (Armour
et al., 2015). In the current study, we examined the factor structure of
DSM-5 PTSD symptoms by analyzing a longitudinal data set yielded by
a sample of adolescents exposed to an explosion accident.

Since the DSM-IV was released in 1994, its tripartite con-
ceptualization of PTSD symptoms has been widely criticized by lacking
adequate empirical support. A large volume of CFA studies have de-
monstrated the superiority of two four-factor models relative to the
DSM-IV tripartite model (cf., Armour, 2015; Elhai & Palmieri, 2011).
The models including the emotional numbing model (King, Leskin,
King, &Weathers, 1998) and the dysphoria model (Simms,
Watson, & Doebbeling, 2002). The primary disagreement between the
models is the placement of PTSD’s D1-D3 symptoms (i.e., sleep dis-
turbance, irritability, and difficulty concentrating). By specifying a
unique dysphoric arousal factor represented by the three symptoms,
Elhai and Palmieri (2011) proposed a five-factor dysphoric arousal
model which was consistently found to provide a better fit than the
other alternative models with adult and youth samples exposed to
various traumatic stressors in the most recent CFA literature (cf.,
Armour, 2015; Armour, Műllerová, & Elhai, 2016).

The current DSM-5 four-factor solution is generally similar to the
emotional numbing model of King et al. (1998) with supplemental/
revised symptoms of negative affect and externalizing behavior. Al-
though the DSM-5 only has been published for three years, a number of
CFA studies have now accumulated on the latent structure of DSM-5
PTSD symptoms. Earlier CFA studies primarily focused on DSM-IV
based models including the DSM-5 model, the DSM-5 dysphoria model,
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and the DSM-5 dysphoric arousal model. The results indicated that the
DSM-5 model was supported in some studies; the DSM-5 dysphoria
model was supported by other studies; and the DSM-5 dysphoric arousal
model demonstrated superior to both of the four-factor models, which
generally duplicated findings from previous studies on DSM-IV PTSD
symptoms (cf., Armour, 2015; Armour et al., 2016; Wang et al., 2015).

Recently, on the basis of the dysphoric arousal model, two theore-
tically and empirically based six-factor models were developed to re-
present the latent structure of DSM-5 PTSD symptoms, namely the an-
hedonia model (Liu et al., 2014) and the externalizing behaviors model
(Tsai et al., 2015). The anhedonia model divided the current negative
alterations in cognitions and mood cluster into a negative affect factor
represented by PTSD’s D1-D4 symptoms and an anhedonia (i.e., re-
duced positive affect) factor represented by PTSD’s D5-D7 symptoms,
and thus the model included intrusion, avoidance, negative affect, an-
hedonia, anxious arousal and dysphoric arousal factors. This distinction
of negative affect and anhedonia was based on evidence yielded by
prior empirical and theoretical studies suggesting that negative and
positive affect are distinct constructs (e.g., Cuthbert, 2014;
Cuthbert & Kozak, 2013; Watson, 2009; Watson, Clark, & Stasik, 2011).
The externalizing behaviors model separated PTSD’s E1-E2 symptoms
(i.e., irritable or aggressive behavior and reckless or self-destructive
behavior) from the other alterations in arousal and reactivity symptoms
to form a unique externalizing behaviors factor, and therefore the
model included intrusion, avoidance, negative alterations in cognitions
and mood, externalizing behaviors, anxious arousal and dysphoric
arousal factors. This model was primarily built on the basis of previous
empirical and theoretical studies suggesting that E1-E2 symptoms are
representative externalizing behaviors which represent difficulties in
emotion regulation and impulse control (e.g., Friedman, 2013;
Roberton et al., 2012), and accordingly are substantially differentiable
from the other PTSD symptoms (Tsai et al., 2015). Compared with the
other DSM-IV based models, the anhedonia and externalizing behaviors
models provided significantly better fit in an epidemiological sample of
Chinese earthquake survivors (Liu et al., 2014) and in a representative
sample of US veterans (Tsai et al., 2015), respectively.

More recently, a seven-factor hybrid model combining salient
elements of the anhedonia and externalizing behaviors models was
developed by Armour et al. (2015). This model is composed of in-
trusion, avoidance, negative affect, anhedonia, externalizing beha-
viors, anxious arousal and dysphoric arousal factors, and was found
to fit data significantly better than the DSM-IV based models and two
six-factor models in a nationally representative sample of US ve-
terans and a sample of trauma-exposed undergraduates (Armour
et al., 2015). A number of subsequent CFA studies yielded empirical
evidence supporting the newly proposed seven-factor hybrid model
with various trauma-exposed samples of traumatized adults
(Armour, Contractor, Shea, Elhai, & Pietrzak, 2016; Ashbaugh,
Houle-Johnson, Herbert, El-Hage, & Brunet, 2016; Bovin et al., 2016;
Carragher et al., 2016; Frankfurt et al., 2016; Mordeno, Carpio,
Nalipay, & Saavedra, in press; Mordeno, Go, & Yangson-Serondo,
2017; Mordeno, Nalipay, Sy, & Luzano, 2016; Seligowski & Orcutt,
2016; Soberón, Crespo, Gómez-Gutiérrez, Fernández-
Lansac, & Armour, 2016; Zelazny & Simms, 2015) and youths (Cao,
Wang, Cao, Zhang, & Elhai, 2017; Liu, Wang, Cao, Qing, & Armour,
2016; Wang et al., 2015; Yang et al., 2017). Moreover, many studies
reported that the seven PTSD factors were differentially associated
with external psychological and psychopathological variables (e.g.,
Armour, Contractor et al., 2016; Cao, Wang, Cao, Zhang, & Elhai,
2017; Liu et al., 2016; Mordeno, Carpio et al., in press; Mordeno
et al., 2016; Pietrzak, Tsai, Armour, Mota, Harpaz-
Rotem, & Southwick, 2015; Seligowski & Orcutt, 2016; Yang et al.,
2017), which provides empirical support for the external validity of
the hybrid model.

Despite the promising findings, it should be noted that extant stu-
dies on the newly refined models of DSM-5 PTSD symptoms are

primarily cross-sectional in design. Considering that the latent structure
of PTSD symptoms might be moderated by time of assessment from
trauma exposure (e.g., Krause, Kaltman, Goodman, & Dutton, 2007;
Meis, Erbes, Kaler, Arbisi, & Polusny, 2011), further studies testing the
models using longitudinal data are clearly needed. To the best of our
knowledge, only one study (Keane et al., 2014) investigated the tem-
poral stability of the latent structure of DSM-5 PTSD symptoms. How-
ever, this study exclusively evaluated the longitudinal invariance of the
DSM-5 proposed four-factor model. Changes in observed scores on
PTSD measures are commonly used to monitor treatment outcome and
chart the developmental trajectories of PTSD symptoms. Establishing
longitudinal invariance is pertinent to clarifying whether the observed
differences in PTSD scores are accurately reflecting temporal changes in
severity of PTSD symptoms with respect to the latent PTSD structure,
rather than due to measurement error (e.g., Keane et al., 2014; Krause
et al., 2007). To fill the gap in the contemporary literature, the current
study first tested competing models of DSM-5 PTSD symptoms using
two-wave longitudinal data collected from a trauma-exposed sample of
youths, and then evaluated the temporal stability of the best-fitting
model using a CFA invariance testing approach. Informed by the latest
developments in the CFA literature on DSM-5 PTSD symptoms, we
chose to only test four competing models in this study including the
DSM-5 four-factor model, the six-factor anhedonia and externalizing
behaviors models, and the seven-factor hybrid model (see Table 1 for
symptom mappings).

Table 1
Symptom mappings for confirmatory factor analysis.

PTSD symptoms Model 1 Model 2 Model 3 Model 4

(DSM-5) (Externalizing
behaviors)

(Anhedonia) (Hybrid)

B1. Intrusive thoughts In In In In
B2. Nightmares In In In In
B3. Flashbacks In In In In
B4. Emotional cue

reactivity
In In In In

B5. Physiological cue
reactivity

In In In In

C1. Avoidance of
thoughts

Av Av Av Av

C2. Avoidance of
reminders

Av Av Av Av

D1. Trauma-related
amnesia

NACM NACM NA NA

D2. Negative beliefs NACM NACM NA NA
D3. Distorted blame NACM NACM NA NA
D4.Pervasive negative

emotional state
NACM NACM NA NA

D5. Lack of interest NACM NACM An An
D6. Feeling detached NACM NACM An An
D7. Inability to

experience positive
emotions

NACM NACM An An

E1. Irritability/
aggression

Hy EB DA EB

E2. Recklessness Hy EB DA EB
E3. Hypervigilance Hy AA AA AA
E4. Exaggerated startle Hy AA AA AA
E5. Difficulty

concentrating
Hy DA DA DA

E6. Sleep disturbance Hy DA DA DA

Note: PTSD = Posttraumatic stress disorder. Model 1 = the DSM-5 model; Model 2 = the
externalizing behaviors model; Model 3 = the anhedonia model; Model 4 = the seven-
factor hybrid model. In = Intrusion; Av = Avoidance; NACM = Negative alterations in
cognitions and mood; Hy = Hyperarousal; EB = Externalizing Behaviors; AA = Anxious
Arousal; DA = Dysphoric Arousal; NA = Negative Affect; An = Anhedonia.
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2. Methods

2.1. Procedure and participants

On August 12, 2015, the Binhai New Area of Tianjin, China was hit
by a series of chemical explosions. The accident killed 173 people, in-
jured 797 others, and destroyed or damaged hundreds of buildings. The
current sample was recruited from a primary school and a middle
school located nearest (about 1 kilometer) to the blast site. The baseline
survey was conducted approximately 3 months after the explosion ac-
cident, and a total of 1242 students who presented at school and at or
above third grade level took part in this study. Among the initial par-
ticipants, 406 students were excluded from the final analysis as they
reported not personally experiencing the accident, leaving an effective
sample of 836 (407 girls and 429 boys) with a mean age of 12.5 years
(SD = 2.3, range: 9–17). Ethnicity was self-identified as predominantly
Han (94.6%), and other ethnicities in China (4.4%; including Hui, Man,
Mongolian, etc.). Regarding explosion-related exposures, 61.2% wit-
nessed the explosions, 51.8% smelled pungent odor, 45.7% witnessed
an injury of someone, 10.0% were injured, 7.3% witnessed a death of
someone, 6.0% were trapped in a house or somewhere else, 4.5% lost at
least one of their schoolmates or friends, 3.2% received health care for
medical conditions related to the explosions, and 0.4% lost at least one
of their family members.

A total of 762 (91.1%) participants completed the follow-up survey
about 8 months after the accident. Older participants (t (830) = −3.56,
p < 0.001), and those who witnessed the explosions (χ2 (1) = 6.60,
p < 0.05) were less likely to complete the follow-up survey.
Completers did not differ from drop-outs in gender (χ2 (1) = 0.13,
p > 0.05), type of Chinese ethnicity (χ2 (1) = 0.53, p > 0.05), other
explosion-related exposures (χ2 ranged from 0 to 1.64, all ps> 0.05),
PTSD symptom severity (t (834) =−0.84, p > 0.05), or probable
PTSD diagnosis (χ2 (1) = 0.04, p > 0.05).

The surveys were conducted by classroom groups. The participants
were introduced the aim and significance of the survey, and then self-
reported questionnaires were administered to them with the assistance
of trained research assistants and schoolteachers. The study protocol
was reviewed and approved by the Institutional Review Board of the
Institute of Psychology, Chinese Academy of Sciences, and written in-
formed consent was obtained from each participant and their guardian.

2.2. Measures

PTSD symptoms were measured by the PTSD Checklist for DSM-5
(PCL-5; Weathers et al., 2013), a 20-item self-reported instrument tai-
lored to DSM-5 PTSD symptom criteria. Each item is rated on a 5-point
Likert scale reflecting the severity of a particular symptom from 0 (not
at all) to 4 (extremely) during the past month. The PCL-5 has demon-
strated sound psychometric properties and been increasingly widely
used (e.g., Ashbaugh et al., 2016; Blevins, Weathers, Davis,
Witte, & Domino, 2015; Bovin et al., 2016). The Chinese version of the
PCL-5 was adapted by a two-stage process of translation and back
translation, and has been previously used in Chinese youth populations
exposed to disasters (e.g., Cao, Wang, Cao, Zhang, & Elhai, 2017; Liu
et al., 2016; Wang et al., 2015). In this study, the PCL-5 was completed
referring to the Tianjin explosions. Cronbach’s αs for the total scale in
the final sample at Wave 1 and Wave 2 were 0.93 and 0.94, respec-
tively.

2.3. Data analysis

Missing values on the PCL-5 at both waves were estimated using full
information maximum likelihood (FIML) procedures with all available
item data, given that FIML produces the least biased estimates of
missing values in comparison with other imputation methods
(Schafer & Graham, 2002). Thus, data analyses in this study were based

on the total sample of 836 participants. All descriptive statistical ana-
lyses were conducted with SPSS (Version 19.0 for Windows). The fit of
four competing models at Wave 1 and Wave 2 was separately evaluated
using CFAs performed with Mplus (Version 7.0 for Windows). Robust
weighted least squares estimation with a mean- and variance-adjusted
chi-square (WLSMV; Wirth & Edwards, 2007) was implemented, as the
PCL-5 items were treated as ordinal variables due to five or fewer re-
sponse options. In all of the models examined, error covariances were
fixed to zero, and factors were allowed to correlate. Overall model fit
was assessed with the comparative fit index (CFI), the Tucker-Lewis
index (TLI), and the root-mean square error of approximation (RMSEA);
and CFI and TLI≥ 0.90/0.95, and RMSEA ≤ 0.08/0.06 indicate an
acceptable/excellent fit (Hu and Bentler, 1998). Comparisons of nested
models and non-nested models were made using χ2 difference tests
(through the DIFFTEST function in Mplus) and the Bayesian informa-
tion criterion (BIC; Schwarz, 1978), respectively. BIC values were
generated using ML estimated CFAs, because they are only estimable
using ML (but not WLSMV) estimation; and a BIC difference ranging
from 6 to 10/greater than 10 yields strong/very strong support for the
model with the lower BIC value (Raftery, 1995).

We decided a priori that the model that consistently fit the data best
at both waves would be subsequently tested for longitudinal invariance.
We used Wave 1 items and Wave 2 items for the best fitting model,
modeling both sets of items in a single model. All factors were allowed
to correlate, and a given residual error variance at Wave 1 was allowed
to covary with that at Wave 2. We allowed such residual error covar-
iances as a way to deal with the fact that we were modeling a particular
pair of items based on the same PTSD symptom (e.g., Wave 1 B1 and
Wave 2 B1) (Pitts, West, & Tein, 1996; Cole, Ciesla, & Steiger, 2007).
Following the order recommended by Meredith and Teresi (2006),
progressively increasing constraints were imposed on the model: (1)
configural invariance (the same factor structure across time with all
parameters allowed to vary); (2) weak factorial/metric invariance
(factor loadings restricted to be equal across time); (3) strong factorial/
scalar invariance (item thresholds additionally restricted to be equal
across time); (4) strict factorial invariance (residual error variances
additionally restricted to be equal across time); (5) factor variance and
covariance invariance (factor variances and covariances restricted to be
equal across time on the foundation of strong factorial/scalar in-
variance). χ2 difference tests (through the DIFFTEST function in Mplus)
were used to compare these nested models. However, as the change in
CFI (ΔCFI) is superior to Δχ2 in measurement invariance testing due to
its independence of model complexity and sample size
(Cheung & Rensvold, 2002), the ΔCFI test was also used, and given
more weight whenever the results of these two tests contradicted each
other. If the absolute value of ΔCFI between the constrained and a less
constrained model is≤0.01, the null hypothesis of equivalence of the
restricted parameters across time should not be rejected. The differ-
ences in factor means between two waves were lastly examined on
condition that factor variance and covariance invariance was sup-
ported.

3. Results

The mean score on the PCL-5 for the total sample at Wave 1 was 9.2
(SD = 11.7, range: 0–80), and at Wave 2 was 7.5 (SD = 11.1, range:
0–80). According to the DSM-5 diagnostic algorithm of at least one
intrusion symptom, one avoidance symptom, two negative alterations
in cognitions and mood symptoms, and two alterations in arousal and
reactivity symptoms of at least moderate (2 or higher) severity, 4.4%
and 3.2% of participants were screened as current probable PTSD cases
at Wave 1 and Wave 2, respectively.

Goodness of fit indices for four competing models are presented in
Table 2. All models provided an excellent fit to the data at both waves.
In regard to nested model comparisons at Wave 1 and Wave 2 (see
Table 3), Model 2 (the externalizing behaviors model) and Model 3 (the
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anhedonia model) fit significantly better than Model 1 (the DSM-5
model); and Model 4 (the hybrid model) fit significantly better than all
the other models. In terms of non-nested model comparisons, Model 2
fit better than Model 3 at Wave 1, while the latter fit better than the
former at Wave 2, evidenced by ΔBICs of 70.32 and 98.11, respectively.
In summary, Model 4 consistently provided the best fit to the data at
both waves, and thus was identified as the best-fitting model for sub-
sequent analyses. The standardized factor loadings and factor correla-
tions for this hybrid model at Wave 1 and Wave 2 are summarized in
Table 4.

Results of longitudinal invariance testing for the best-fitting model
(i.e., the hybrid model) across time are shown in Table 5. The freely
estimated (equal form) model provided an acceptable fit to the data,
and thus configural invariance was supported. All of the constrained
models also achieved acceptable fit. Although χ2 difference testing in-
dicated that constraining factor loadings to equality across time yielded
a significant change in model fit, weak factorial/metric invariance was
still supported because the absolute value of ΔCFI was smaller than

Table 2
Model goodness of fit indices.

Models χ2 df CFI TLI RMSEA [90% CI] BIC

Wave 1
Model 1(DSM-5) 504.73 164 0.976 0.972 0.050 [0.045, 0.055] 35198.97
Model 2 (Externalizing behaviors) 381.84 155 0.984 0.980 0.042 [0.037, 0.047] 35092.28
Model 3(Anhedonia) 455.47 155 0.979 0.974 0.048 [0.043, 0.053] 35162.60
Model 4 (Hybrid) 334.18 149 0.987 0.983 0.039 [0.033, 0.044] 35049.12

Wave 2
Model 1(DSM-5) 578.36 164 0.971 0.966 0.055 [0.050, 0.060] 30331.10
Model 2(Externalizing behaviors) 486.78 155 0.977 0.971 0.051 [0.049, 0.056] 30264.15
Model 3(Anhedonia) 525.71 155 0.974 0.968 0.053 [0.049, 0.059] 30166.04
Model 4(Hybrid) 434.18 149 0.980 0.974 0.048 [0.043, 0.053] 30114.46

Note: N = 836. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; CI = confidence interval; BIC = Bayesian information
criterion. Model 1 = the DSM-5 model; Model 2 = the externalizing behaviors model; Model 3 = the anhedonia model; Model 4 = the hybrid model.

Table 3
Chi-square difference test for comparing nested models.

Models Wave 1 Wave 2

Δχ2 (df) p Δχ2 (df) p

Model 1 (DSM-5) vs. Model 2
(Externalizing behaviors)

107.39(9) <0.001 86.61(9) < 0.001

Model 1 (DSM-5) vs. Model 3
(Anhedonia)

52.41(9) <0.001 63.18(9) < 0.001

Model 1 (DSM-5) vs. Model 4
(Hybrid)

141.45(15) <0.001 128.75(15) < 0.001

Model 2 (Externalizing
behaviors) vs. Model 4
(Hybrid)

39.04(6) <0.001 48.09(6) < 0.001

Model 3 (Anhedonia) vs. Model
4 (Hybrid)

94.49(6) <0.001 73.48(6) < 0.001

Note: N = 836. Model 1 = the DSM-5 model; Model 2 = the externalizing behaviors
model; Model 3 = the anhedonia model; Model 4 = the hybrid model.

Table 4
Standardized factor loadings and factor correlations for the hybrid model.

Symptoms In Av NA An EB AA DA

B1. Intrusive thoughts 0.83 (0.87)
B2. Nightmares 0.87 (0.93)
B3. Flashbacks 0.81 (0.88)
B4. Emotional cue reactivity 0.78 (0.81)
B5. Physiological cue reactivity 0.84 (0.87)
C1. Avoidance of thoughts 0.94 (0.93)
C2. Avoidance of reminders 0.92 (0.93)
D1. Trauma-related amnesia 0.65 (0.81)
D2. Negative beliefs 0.69 (0.83)
D3. Distorted blame 0.66 (0.86)
D4. Persistent negative emotional state 0.85 (0.91)
D5. Lack of interest 0.84 (0.82)
D6. Feeling detached 0.82 (0.90)
D7. Inability to experience positive emotions 0.88 (0.90)
E1. Irritability/aggression 0.87 (0.87)
E2. Recklessness 0.76 (0.86)
E3. Hypervigilance 0.86 (0.89)
E4. Exaggerated startle 0.86 (0.85)
E5. Difficulty concentrating 0.81 (0.87)
E6. Sleep disturbance 0.78 (0.81)
Av 0.88 (0.92) –
NA 0.81 (0.78) 0.76 (0.77) –
An 0.69 (0.68) 0.65 (0.73) 0.90 (0.87) –
EB 0.69 (0.70) 0.67 (0.72) 0.89 (0.88) 0.87 (0.89) –
AA 0.83 (0.82) 0.75 (0.80) 0.85 (0.83) 0.75 (0.82) 0.74 (0.85) –
DA 0.78 (0.78) 0.73 (0.72) 0.93 (0.79) 0.89 (0.81) 0.90 (0.90) 0.88 (0.92) –

Note: N = 836. The standardized factor loadings and factor correlations at Wave 1/Wave 2 are given outside/inside the parentheses. In = intrusion; Av = avoidance; NA = negative
affect; An = anhedonia; EB = externalizing behaviors; AA = anxious arousal; DA = dysphoric arousal. All factor loadings and correlations are statistically significant (p < 0.001).
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0.01. Likewise, strong factorial/scalar, strict factorial, and factor var-
iance and covariance invariance was also supported, given that ad-
ditionally constraining item thresholds, residual error variances, and
factor variances and covariances to equality across time yielded an
absolute value of ΔCFI smaller than 0.01. Therefore, based on the more
stringent change in CFI tests, results supported invariance on all para-
meters between the Wave 1 and Wave 2 sets of PTSD items.

4. Discussion

In the current study, we tested four theoretically and empirically
driven models of DSM-5 PTSD symptoms using two-wave longitudinal
data collected from a sample of adolescents exposed to an explosion
accident. Based on the DSM-5 criteria, current probable PTSD was ob-
served in 4.4% and 3.2% of participants at Wave 1 and Wave 2, which is
comparable to 5.2% of the nationally representative veteran sample
and 4.0% of the trauma-exposed undergraduate sample in the study of
Armour et al. (2015). The CFA results indicated that a seven-factor
hybrid model composed of intrusion, avoidance, negative affect, an-
hedonia, externalizing behaviors, anxious arousal and dysphoric
arousal factors yielded significantly better data fit at both waves than
the other models including the DSM-5 four-factor model, the six-factor
anhedonia and externalizing behaviors models. Subsequently, we fur-
ther examined the stability of the hybrid model over time, and the re-
sults of invariance testing supported the longitudinal invariance of the
model. The findings provide further empirical support for the newly
refined hybrid model of Armour et al. (2015), and added to limited
knowledge on the temporal stability of the latent structure of DSM-5
PTSD symptoms.

The DSM-5 was announced with significant modifications on PTSD
criteria in 2013. During the past four years, an increasing number of
CFA studies have been conducted to examine the latent structure of
DSM-5 PTSD symptoms, and several alternative models have been de-
veloped to challenge the DSM-5 four-factor model (cf., Armour et al.,
2016). In the latest CFA literature on DSM-5 PTSD symptoms, empirical
evidence converged on a seven-factor hybrid model proposed by
Armour et al. (2015). However, extant studies supporting the hybrid
model are limited by using cross-sectional samples. In this study, we
tested four theoretically and empirically supported models using a
longitudinal sample of traumatized youths, and the hybrid model was
found to significantly outperform the other competing models at two
waves (3 and 8 months since trauma exposure). The findings are gen-
erally congruent with previous cross-sectional studies using trauma-
tized samples of youths (e.g., Liu et al., 2016; Wang et al., 2015) and
adults (e.g., Ashbaugh et al., 2016; Carragher et al., 2016; Mordeno
et al., 2016), suggesting that PTSD symptoms defined in the DSM-5
could be better represented by intrusion, avoidance, negative affect,
anhedonia, externalizing behaviors, anxious arousal and dysphoric
arousal factors. Considering our utilization of a longitudinal data set,
the temporally robust findings provide additional strong evidence
supporting Armour et al.’s seven-factor reconceptualization of DSM-5
PTSD symptoms, and contribute to current understanding of the latent
structure of human reactions to traumatic stressors.

Researchers have proposed to establish the longitudinal invariance

of the newly refined models of DSM-5 PTSD symptoms (e.g., Armour
et al., 2015), as it is a prerequisite to comparing and/or modeling ob-
served changes in symptom severity over time (e.g., Meade,
Lautenschlager, & Hecht, 2005). Accordingly, we further examined the
longitudinal invariance of the best-fitting model identified in this study
(i.e., the seven-factor hybrid model). The results of CFA invariance tests
indicated that the invariance of the hybrid model held over two long-
itudinal waves. Specifically, elapsed time since trauma exposure did not
exhibit robust moderating effect on basic factorial structure, PTSD
factor loadings, item intercepts, factor score variation, or factor inter-
correlations. The findings suggest that differences in observed PTSD
scores could be more directly attributed to true changes over time in
ensuring the latent PTSD structure rather than measurement error.
Thus, researchers in trauma-related fields can more confidently use the
observed temporal changes in PTSD symptom severity, at least as
measured by the PCL-5, to evaluate treatment outcome in a treatment
study or model the developmental trajectories of PTSD symptoms in a
longitudinal observation study, and further explain and use their results
in a meaningful way.

An interesting finding of this study needed to be noted. It was found
that PTSD’s D1-D3 symptoms (i.e., trauma-related amnesia, negative
beliefs, and distorted blame) displayed relatively low factor loading on
their corresponding factor (i.e., negative affect) at Wave 1, while they
contributed strongly to the negative affect factor at Wave 2. The finding
suggests that the three symptoms might not be good indicators of the
negative affect factor at an early stage after exposure to the accident. To
the best of our knowledge, this study is the first one investigating the
newly proposed hybrid model at an early stage following trauma ex-
posure. Thus, the interesting finding should been further verified in
future studies.

The findings of this study carry several clinical and research im-
plications. First, investigating the latent structure of DSM-5 PTSD
symptoms is relevant to develop more accurate and sophisticated di-
agnostic and assessment procedures for this disorder by ensuring that
the “correct” constructs underlying the symptoms are measured. As
mentioned earlier, the DSM-5 four-factor model was constructed pri-
marily based on prior studies on the latent structure of DSM-IV PTSD
symptoms. The well-supported seven-factor hybrid model may serve
further consideration in refining the current organization of DSM-5
PTSD symptoms. Second, PTSD is a clinical syndrome comprised of
heterogeneous symptom clusters. The heterogeneity of the PTSD phe-
notype may be considered as a major obstacle in investigating the
biological underpinnings of this disorder, and an approach using in-
dividual symptom clusters as alternative phenotypes has been proposed
and widely used in previous studies addressing this topic (e.g., Cao,
Wang, Cao, Dong et al., 2017; Castro-Vale, van Rossum, Machado,
Mota-Cardoso, & Carvalho, 2016; Pietrzak et al., 2014). Research in this
field with the empirically supported hybrid model may help to further
elucidate the underlying biological mechanisms of this disorder, and
then contribute to screen clinically useful biomarkers and potential
intervention targets. Third, the PCL is a psychometrically sound mea-
sure for PTSD symptoms, and has been widely used in studies for
evaluating treatment outcome and investigating the longitudinal
courses of PTSD symptoms (e.g., Wilkins, Lang, & Norman, 2011).

Table 5
Results of longitudinal invariance testing for the hybrid model across time.

Types of invariance χ2 df CFI TLI RMSEA [90% CI] Δχ2 (df) p ΔCFI

Configural 1147.84 629 0.983 0.979 0.031 [0.029, 0.034] –
Weak factorial/metric 1087.50 642 0.985 0.982 0.029 [0.026, 0.032] 25.03(13) 0.02 0.002
Strong factorial/scalar 1428.25 722 0.976 0.975 0.034 [0.032, 0.037] 360.57(80) <0.001 −0.009
Strict factoriala 1443.76 722 0.976 0.974 0.035 [0.032, 0.037] 109.80(20) <0.001 −0.003
Factor variance and covariance 1346.40 750 0.980 0.979 0.031 [0.028, 0.033] 74.86(28) <0.001 0.004

Note: N = 836. CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation; CI = confidence interval.
a The strict factorial invariance model was compared with one that allowed residual variances to be freely estimated across time.
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Although the PCL-5, the new version of the PCL, was only developed
recently (Weathers et al., 2013), it has been demonstrated to have good
reliability and validity in populations exposed to different trauma
events (e.g., Ashbaugh et al., 2015; Blevins et al., 2015; Bovin et al.,
2016; Wortmann et al., 2016). However, relevant evidence supporting
its longitudinal invariance is still lacking, which limits its utilization in
treatment and longitudinal observation studies. The current findings
regarding its longitudinal invariance provide initial support for the
applicability of this scale in related studies.

The current study had several limitations. First, the generalizability
of the current findings was limited by our adoption of a youth sample
exposed to a specific traumatic event. Additional replications with
samples suffering from a range of traumatic events are needed. Second,
the findings of this study were yielded from a community-based, non-
clinical sample with relatively low prevalence of PTSD. Therefore,
further research using clinical samples is warranted. Third, PTSD
symptoms were measured with a self-reported instrument which ori-
ginally designed to capture PTSD symptoms among adults in this study.
Thus, the current findings also should be verified in studies using
clinician-administered and/or parent-reported instruments.

Notwithstanding the limitations, this study is the first one testing
the newly refined models of DSM-5 PTSD symptoms using a long-
itudinal data set. The results showed that a seven-factor hybrid model
was superior to the other alternative models, and this model demon-
strated itself to be quite stable across time. The findings lend further
empirical evidence in favor of the hybrid model recently proposed by
Armour et al. (2015), and contribute to limited literature on the tem-
poral stability of the latent structure of DSM-5 PTSD symptoms.
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