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Abstract

Background Emerging confirmatory factor analytic
(CFA) studies suggest that posttraumatic stress disorder
(PTSD) as defined by the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) is best charac-
terized by seven factors, including re-experiencing, avoid-
ance, negative affect, anhedonia, externalizing behaviors,
and anxious and dysphoric arousal. The seven factors, how-
ever, have been found to be highly correlated, suggesting
that one general factor may exist to explain the overall cor-
relations among symptoms.

Methods Using data from the National Epidemiologic
Survey on Alcohol and Related Conditions-III, a large,
national survey of 36,309 U.S. adults ages 18 and older, this
study proposed and tested an exploratory bifactor hybrid
model for DSM-5 PTSD symptoms. The model posited one
general and seven specific latent factors, whose associa-
tions with suicide attempts and mediating psychiatric disor-
ders were used to validate the PTSD dimensionality.
Results The exploratory bifactor hybrid model fitted
the data extremely well, outperforming the 7-factor CFA
hybrid model and other competing CFA models. The
general factor was found to be the single dominant latent

Electronic supplementary material The online version of this
article (doi:10.1007/s00127-017-1374-0) contains supplementary
material, which is available to authorized users.

< Chiung M. Chen
cchen@csrincorporated.com

1 CSR, Incorporated, 4250 N. Fairfax Dr., Suite 500,
Arlington, VA 22203, USA

National Institute on Alcohol Abuse and Alcoholism,
National Institutes of Health, 5635 Fishers Lane, Bethesda,
MD 20892, USA

trait that explained most of the common variance (~76%)
and showed significant, positive associations with suicide
attempts and mediating psychiatric disorders, offering sup-
port to the concurrent validity of the PTSD construct.
Conclusions The identification of the primary latent trait
of PTSD confirms PTSD as an independent psychiatric
disorder and helps define PTSD severity in clinical prac-
tice and for etiologic research. The accurate specification of
PTSD factor structure has implications for treatment efforts
and the prevention of suicidal behaviors.
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Introduction

Posttraumatic stress disorder (PTSD) is a complex, mul-
tifaceted psychiatric disorder. In the U.S. general popula-
tion, the 12-month prevalence estimates ranged from 2.7
to 3.7% [1-3] and the lifetime prevalence estimates from
5.7t0 6.8% [1, 3-5] for Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) PTSD
[6]. The corresponding 12-month and lifetime prevalence
estimates according to the National Epidemiologic Sur-
vey on Alcohol and Related Conditions-III (NESARC-
IIT) were 4.7% and 6.1%, respectively [7], for Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5) PTSD [8]. Among U.S. veterans, the 12-month
prevalence estimate of DSM-5 PTSD was 4.7% [9], and
the lifetime prevalence estimate was 8.1% [9] or 6.9%
(NESARC-III) [10]. Recognizing the heterogeneity of
PTSD clinical features, DSM-5 [8] removes PTSD from
anxiety disorders and creates a new class of trauma- and
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stressor-related disorders, with four clusters including
intrusion, avoidance, negative alterations in cognitions
and mood, and alterations in arousal and reactivity [11].
Nevertheless, various confirmatory factor analytic (CFA)
models that have been proposed so far suggest that the
PTSD factor structure is more complex or with a differ-
ent configuration than envisioned by DSM-5, including
dysphoria [12, 13], dysphoric arousal [13, 14], external-
izing behaviors [14], anhedonia [13], and hybrid models
[15-21]. In particular, the 7-factor hybrid model com-
bines key features of the 6-factor anhedonia and external-
izing behavior models, where anhedonia is characterized
by loss of interest, detachment, and restricted affect, and
the externalizing behaviors are characterized by irritabil-
ity/anger and self-destructive/reckless behavior. Although
the hybrid model is deemed superior to other CFA mod-
els empirically in terms of better fit to data, the seven
PTSD factors are highly correlated with one another,
prompting some researchers to question whether the high
intercorrelations actually reflect one single general latent
factor [22]. Because the hybrid model was tested among
selected samples of small size (e.g., veterans), whether it
applies to the U.S. general population is uncertain.

Studies have shown a relationship between PTSD and
suicidal ideation or suicide attempts in both the general [23,
24] and veteran populations [25-28], as well as between
PTSD and completed suicide in both the general [29] and
veteran populations [30, 31]. The underlying relation-
ship between PTSD dimensionality and suicide attempts,
however, is not well established. Studies that proposed the
7-factor CFA hybrid model have not examined the discri-
minant validity in relation to suicide attempts, even though
one study [17] found that suicidal ideation was significantly
and positively associated with negative affect, anhedonia,
and externalizing behaviors but was negatively associated
with avoidance among a U.S. veteran sample, and another
study [32] found that suicidal ideation was only signifi-
cantly and positively associated with negative affect among
an Australian adult sample.

There is a paucity of evidence in the extant literature
to clarify the pathways by which PTSD dimensional-
ity develops into suicide attempts [33]. Conner and col-
leagues [25] proposed a conceptual model with the path-
ways from the PTSD diagnosis to suicide death through
other psychiatric disorders. Because completed suicide
has been theorized as the endpoint of a process including
suicidal ideation, planning, and attempts [34], the rela-
tionship with suicide attempts presumably holds for the
dimensionality of PTSD. Specifically, particular PTSD
symptom clusters may lead to mood and anxiety disor-
ders or substance use disorders (SUDs) [35], which then
lead to suicide attempts [36]. Combination of specific
PTSD symptoms or comorbid psychiatric disorders such
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as depression may also lead to suicide attempts by exac-
erbating PTSD and co-occurring problems [33, 37].

To confirm our hypothesis, we examine PTSD dimen-
sionality and validate its association directly with suicide
attempts and indirectly through other correlates in the
U.S. general population of adults using data from a large
national survey. Specifically, we propose an exploratory
structural equation modeling (ESEM) bifactor hybrid
model (Fig. 1) built upon the 7-factor hybrid model pro-
posed by Armour and colleagues [16] and the conceptual
model proposed by Conner and colleagues [25], except
with no reference to suicidal ideation. Our bifactor mod-
eling, including one general factor and seven orthogonal
specific factors, is used to explore the extent to which
the multidimensional data with multiple subdomains of
PTSD yield one target dimension of our interest [38]. In
this bifactor paradigm, the general factor is intended to
measure the primary trait of PTSD, whereas the specific
factors are merely “nuisance” traits that account for resid-
ual correlations among the PTSD symptoms. The iden-
tification of one single dominant factor that reflects the
overall PTSD symptomatology would help address the
problem with differential predominance of clinical fea-
tures of PTSD.

Suicide

attempts

Covariates
€ (sociodemographic
and risk factors)

Mediating psychiatric
disorders

1 general and
7 specific
PTSD latent
factors

20 DSM-5 PTSD symptoms

Fig. 1 Exploratory structural equation modeling of the posttraumatic
stress disorder (PTSD) factor structure and its relationship with sui-
cide attempts, mediating psychiatric disorders, and covariates
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Methods
Study design

The study sample was drawn from the National Epide-
miologic Survey on Alcohol and Related Conditions-
IIT (NESARC-III), a nationally representative survey of
the non-institutionalized U.S. civilian population ages
18 or older in 2012-2013, including persons in house-
holds and group quarters (e.g., group homes, worker
dormitories) and veterans of the U.S. Armed Forces.
Among other areas, the NESARC-III collected detailed
information on demographics, substance use, and men-
tal health, especially PTSD and suicide attempts, which
are central to our study. The NESARC-III was spon-
sored by the National Institute on Alcohol Abuse and
Alcoholism (NIAAA); the fieldwork was conducted by
Westat (Rockville, MD). Through a multistage probabil-
ity sample design, a total of 36,309 respondents com-
pleted the face-to-face Alcohol Use Disorder and Asso-
ciated Disabilities Interview Schedule, DSM-5 Version
(AUDADIS-5) interview—a fully structured, computer-
assisted diagnostic interview designed for trained lay
interviewers [39, 40]. The response rate of NESARC-III
was 60.1%, comparable to most current U.S. national
health surveys [41, 42].

For the preliminary analysis, the full NESARC-III
sample was selected to examine the association between
PTSD diagnoses and suicide attempts in the lifetime,
as was a subsample of 23,936 respondents (2457 veter-
ans and 21,479 non-veterans) who reported at least one
trauma event in their lifetime. For the final analysis, the
subsample was used to investigate the factor structure
of PTSD and the associations with suicide attempts and
mediating psychiatric disorders.

Measures
Suicide attempts

Lifetime suicide attempts were the distal outcome in our
study. In the medical conditions section, NESARC-III
asked respondents whether they had ever attempted sui-
cide. In addition, in two separate sections on mood disor-
ders for depression (low mood) and mania (high mood),
it asked 35% of respondents who ever had a period of
low mood and 4% of respondents who ever had a period
of high mood whether they attempted suicide or tried to
kill themselves. In our study, a positive response to any
of these questions denotes having a suicide attempt in
the lifetime.

PTSD symptoms and criteria

The NESARC-III assessed PTSD on a lifetime basis using
AUDADIS-5, which queried respondents about 34 types of
traumatic experiences that operationalize DSM-5 Criterion
A [43], including 20 types that they experienced and 14
types that they personally witnessed happening to others,
learned about, or were repeatedly exposed to. Respondents
endorsing at least one event type (i.e., Criterion-A sample)
were further asked 33 questions about their reactions after
experiencing their worst traumatic or stressful event. These
questions operationalize 20 PTSD symptoms for DSM-5
Criteria B-E, including 5 for criterion B (intrusion), 2 for
criterion C (avoidance), 7 for criterion D (change in cogni-
tion/mood), and 6 for criterion E (change in arousal/activ-
ity). Because the NESARC-III was developed during the
transition from DSM-1V to DSM-5, the requisite number of
symptoms for PTSD Criteria D and E in AUDAIS-S is 3
or more, as opposed to 2 or more required by DSM-5 [44],
resulting in a more narrowly defined PTSD diagnosis than
the current DSM-5 one. For comparison, a broadly defined
PTSD diagnosis in accord with the requirements of DSM-
5 Criteria A-E but with no consideration for Criteria F
(duration >1 month) and G (>1 impairment or distress item
endorsed) also was proposed. Reliability and validity of the
AUDADIS-5 PTSD are substantial [45, 46].

Other selected psychiatric disorders

Selected DSM-5 lifetime diagnoses of psychiatric dis-
orders, as assessed by AUDADIS-5, were hypothesized
as intermediary variables in this study, including major
depressive disorder (MDD), bipolar 1 disorder, any anxiety
disorder (i.e., specific phobia, social phobia, panic disorder,
agoraphobia, and generalized anxiety disorder), border-
line personality disorder, and antisocial personality disor-
ders (ASPDs). Consistent with DSM-5, all these diagnoses
excluded substance- and medical illness-induced disorders.
In addition, mediating SUDs included alcohol use disorder
(AUD), tobacco use disorder, and any drug use disorder
(i.e., sedative, cannabis, opioid, cocaine, stimulant, hallu-
cinogen, inhalant/solvent, club drug, heroin, and other drug
use disorders). The AUDADIS-5 measures of psychiatric
disorders generally have good reliability and validity [46,
47].

Covariates

Covariates included the following: age group (18-29,
3044, 45-64, 65+); sex (male, female); race/ethnicity
(non-Hispanic White, non-Hispanic Black, non-Hispanic
American Indian/Alaska Native, non-Hispanic Asian/
Native Hawaiian/Pacific Islander, Hispanic); education
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(Iess than high school, high school or GED, some college,
college or above); marital status (never married, married,
widowed/divorced/separated); family income (<$20,000,
$20,000-$34,999, $35,000-$69,999, >$70,000); and vet-
eran status (i.e., ever served on active duty in the U.S.
armed forces, reserves or national guard) (yes or no).

Additional covariates included in a post hoc sensitivity
analysis were lifetime war-related trauma (yes, no); number
of traumatic events in life (0, 1, 2, 3, 4+); before age 18, a
parent/other adult living in home attempted or committed
suicide (yes, no); sexual abuse before age 18 (yes, no); and
sexual abuse as an adult (yes, no). These covariates were
not included in the main analysis for predicting lifetime sui-
cide attempts to avoid the potential redundancy or multicol-
linearity with PTSD or PTSD domains.

Analytic plan

In a preliminary step, probit regression, as well as logis-
tic regression, was used to identify potential risk factors
and covariates for suicide attempts, including broadly and
narrowly defined PTSD diagnoses separately as risk fac-
tors. The same model specification was applied to the full
sample as well as to the Criterion-A sample that ever had a
traumatic event.

The final analysis used the Criterion-A sample to eval-
uate the proposed exploratory bifactor hybrid model in
explaining the correlations among the 20 PTSD symp-
toms, which were considered factor indicators of the 8
PTSD latent factors, including 1 general and 7 specific fac-
tors. The exploratory bifactor hybrid model was based on
ESEM, an approach to structural equation modeling that
integrates exploratory factor analysis (EFA) with the CFA
measurement model part such that every factor indicator is
loaded on every factor, avoiding the requirement of speci-
fying zero cross-loadings in CFA [48, 49]. We employed
an orthogonal target rotation [50] to specifically match the
factor structure of specific factors to the simple structure of
the 7-factor CFA hybrid model. The orthogonality assump-
tion ensures that the factors are uncorrelated. Although the
target rotation similarly specifies certain factor loadings to
be 0 in advance, the corresponding elements of the rotated
factor pattern matrix are only made as close to the specified
zeros as possible. This is in contrast to forcing specific fac-
tor loadings to be 0 by CFA. In that respect, the target rota-
tion is preferable to CFA, because misspecified zeros can
be easily detected when the discrepancies are large [50].
Our bifactor model extends the hybrid model by introduc-
ing a general factor, which is in addition to and uncorre-
lated with the specific factors [51].

The exploratory bifactor hybrid model was esti-
mated using a robust, weighted, least-squares estima-
tor with a diagonal weight matrix (WLSMV) and theta
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parameterization. Model fit indices used to assess good-
ness of fit to the data included comparative fit index (CFI),
Tucker-Lewis index (TLI), and root mean square error
approximation (RMSEA). The following cutoff values
were used as an indication of good fit: CFI or TLI >0.95;
RMSEA <0.06 [52, 53]. The exploratory bifactor hybrid
model was compared with the 7-factor CFA hybrid model
and other CFA models evaluated by Armour and colleagues
[16], such as DSM-5, dysphoria [12, 13], dysphoric arousal
[13, 14], externalizing behaviors [14], and anhedonia [13],
using the Chi-square difference tests [54].

Given that the 7-factor CFA hybrid model was origi-
nally tested in a veteran sample [16], we tested measure-
ment invariance (configural invariance versus metric/scalar
invariance) between veterans and non-veterans in a multi-
ple-group analysis framework. Configural invariance has
factor loadings and thresholds free across groups, residual
variances fixed at 1 in both groups, and factor means fixed
at 0 in both groups. By comparison, metric/scalar invari-
ance has factor loadings and thresholds constrained to be
equal across groups, residual variances fixed at 1 in one
group and free in the other group, and factor means fixed at
0 in one group and free in the other group.

The final ESEM bifactor model, presented in Fig. 1, is
a full-blown mediating model in which the distal outcome
(i.e., suicide attempts) is predicted by latent factors (i.e.,
PTSD general and PTSD-specific factors), which are pre-
dictive of PTSD symptoms; the intermediary variables (i.e.,
selected psychiatric disorders) are predicted by latent fac-
tors but are predictive of the distal outcome; and the distal
outcome, intermediary variables, and latent factors are fur-
ther predicted by the covariates. Post hoc sensitivity analy-
ses, excluding all covariates or including additional covari-
ates, assessed the robustness of the associations between
suicide attempts and PTSD latent factors.

All analyses were conducted using Mplus 7 [55], a latent
variable modeling program that takes into account the
complex survey design for parameter estimation, standard
errors, and model fit calculations. For all statistical tests,
a two-tailed p value <0.05 was considered statistically
significant.

Results

Preliminary results based on probit and logistic regres-
sion from the model that predicted suicide attempts by
either the broadly or narrowly defined PTSD diagnosis
and by selected covariates and mediating psychiatric dis-
orders were provided as Supplemental Tables 1-2 online.
Overall, the preliminary results justified the inclusion of
covariates and mediating psychiatric disorders in our final
analysis, given that all of the selected psychiatric disorders,
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as well as the broadly and narrowly defined PTSD diag-
noses, were found to be significant risk factors for suicide
attempts. Interestingly, when a PTSD diagnosis was taken
into account, veteran status was not a significant predictor
for suicide attempts.

Model fit indices show that the proposed exploratory
bifactor hybrid model fits the NESARC data extremely
well, although the CFA models examined in this study also
fit the data more than adequately. Model comparisons based
on Chi-square difference tests affirm that the proposed
exploratory bifactor hybrid model outperforms all the com-
peting CFA models (Supplemental Table 3). The meas-
urement invariance test indicates no significant difference
between veterans and non-veterans in thresholds and fac-
tor loadings for the null metric/scalar invariance against the
alternative configural invariance (Supplemental Table 4).
Because of measurement invariance, we included veteran

Tables 1, 2, 3, and 4 show the final ESEM bifactor
model. Even with covariates, the model fits the data very
well according to the fit indices (;(2=764.725; df=398;
CFI=0.998; TLI=0.996; RMSEA [95% CI]=0.006
[0.006, 0.007]). Table 1 presents the standardized probit
coefficients for the PTSD factor structure, the measurement
part of the ESEM model. The standardized probit regres-
sion coefficients reflect the underlying tendency (i.e., latent
variables with a standard normal distribution) toward the
outcomes. All the PTSD latent factors are uncorrelated
with one another, with the variance fixed at 1 and mean
fixed at 0. The thresholds reflect the probabilities of endors-
ing symptoms, with higher thresholds indicating lower
endorsement. On the whole, factor loadings are in line with
our specification of target rotation. The factor loadings of
the general factor (G) are significant and large across the 20
PTSD symptoms, reaffirming the general factor as a single

dominant latent trait that accounts for the common variance
among symptom responses. The specific factors retain their

status as a covariate in the subsequent analyses instead of
presenting a separate set of analyses for veterans only.

Table 1 Exploratory structural equation model for PTSD, mediating psychiatric disorders, and suicide attempts, adjusting for selected covari-
ates: PTSD factor structure (N=23,936)

Symptom Stand- Standardized factor loadings

ardized

threshold ~ © R A NA An EB AA DA
1. Intrusive thoughts 0.205%* 0.749**  0.545%*  0.050*%*  0.069** —0.127** —0.054** -0.050**  0.033
2. Nightmares 1.359%* 0.710%*  0.585** —0.027* —0.073**  0.031 0.020  -0.002 0.001
3. Flashbacks 1.352%%* 0.768**  0.527** —0.021 —0.041%*  0.002  -0.029* 0.035** -0.019
4. Emotional cue reactivity 1.170%* 0.775%*  0.301**  0.242*%*%  0.050** —0.038* —0.027* 0.010 0.000
5. Physiological cue reactivity 1.614%* 0.773**  0.306**  0.120%*  0.000  —0.030 0.001 0.087**  0.060**
6. Avoidance of thoughts 1.263%* 0.753**  0.139**  0.490*%*  0.030** —0.082** —0.002  -0.030* —0.051%**
7. Avoidance of reminders 1.453%%* 0.804**  0.080*%*  0.517**  0.042*%* —0.025 -0.006  —0.027* —0.083**
8. Trauma-related amnesia 1.623%* 0.658%*  0.052%*%  0.097**  0.052* 0.071* 0.007 —-0.005 —-0.011
9. Negative beliefs 1.285%* 0.857*%  0.006  —0.052**  0.052**  0.123**  0.024 0.024 0.040%*
10. Blame of self or others 0.970%* 0.706** —0.024* 0.071**  0.511%%  0.017 0.001 0.169%*  —0.283%*%*
11. Negative trauma-related emotions 1.128%%* 0.890** —0.013 —0.004 0.263**  0.046* —0.037**  0.076%¥* —0.014
12. Loss of interest 1.658** 0.867** —0.031*%* —0.050** —0.038* 0.151** —=0.009  —0.132%*  (0.250%*
13. Detachment 1.811%* 0.891#* —0.057** —0.033* 0.018 0.365**  0.078%* —0.129%*  0.019
14. Restricted affect 1.904%* 0.899%* —0.102*%* —0.080**  0.069**  0.413**  0.064** —0.098** —0.081**
15. Irritability/anger 2.088%** 0.856** —0.069** —0.018 —-0.051* 0.195**  0.211*%*%  0.021 0.016
16. Self-destructive/reckless behavior 2.269%* 0.794%*  —0.052**  0.000 0.006 0.027 0.489**  —0.009 —0.052%%*
17. Hypervigilance 1.280%* 0.757*%% -0.024  -0.019 0.251%*% —0.160**  0.010 0.412%* —0.021
18. Exaggerated startle response 1.924%* 0.814**  0.072** —0.050**  0.009 —0.108** —0.009 0.415%*  0.139%*
19. Difficulty concentrating 1.614%* 0.896** —0.030** —0.065%* —0.167**  0.006 —-0.006 0.075%*  0.499%*
20. Sleep disturbance 1.481%* 0.852**  0.095*%* —0.081** —0.134**  0.016 —0.043**  0.028* 0.439%*

Covariates include age group, sex, race/ethnicity, education, marital status, family income, veteran status, lifetime DSM-5 major depressive dis-
order (hierarchical), lifetime DSM-5 bipolar 1 disorder (hierarchical), any lifetime DSM-5 anxiety disorder, DSM-5 borderline personality disor-
der, DSM-5 antisocial personality disorder, lifetime DSM-5 alcohol use disorder, lifetime DSM-5 tobacco use disorder, and lifetime DSM-5 drug
use disorder

G general factor, R re-experiencing, A avoidance, NA negative affect, An anhedonia, EB externalizing behaviors, AA anxious arousal, DA dys-
phoric arousal. Chi square 764.725, df 398, CFI 0.998, TLI 0.996, RMSEA [95% CI] 0.006 [0.006, 0.007]

#p <0.05; ** p<0.01
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Table 2 Exploratory structural equation model for PTSD, mediat-
ing psychiatric disorders, and suicide attempts, adjusting for selected
covariates: regression of suicide attempts on mediating psychiatric
disorders and PTSD general and PTSD-specific factors (N=23,936)

Suicide attempts

Lifetime DSM-5 major depressive disorder 0.249
Lifetime DSM-5 bipolar 1 disorder -0.134
Any lifetime DSM-5 anxiety disorder —0.095
DSM-5 borderline personality disorder —0.068
DSM-5 antisocial personality disorder 0.156
Lifetime DSM-5 alcohol use disorder 0.243
Lifetime DSM-5 tobacco use disorder 0.243
Lifetime DSM-5 drug use disorder 0.342
PTSD latent factors
G =general factor 0.208
R =re-experiencing 0.032
A =avoidance 0.076
NA =negative affect —0.396
An =anhedonia 0.817
EB =externalizing behaviors —0.271
AA =anxious arousal 0.340
DA =dysphoric arousal —-0.385

Covariates include age group, sex, race/ethnicity, education, marital
status, family income, veteran status, lifetime DSM-5 major depres-
sive disorder (hierarchical), lifetime DSM-5 bipolar 1 disorder (hier-
archical), any lifetime DSM-5 anxiety disorder, DSM-5 borderline
personality disorder, DSM-5 antisocial personality disorder, lifetime
DSM-5 alcohol use disorder, lifetime DSM-5 tobacco use disorder,
and lifetime DSM-5 drug use disorder

intended meanings that the factor loadings are significantly
different from zeros for symptoms 1-5 (intrusive thoughts,
nightmares, flashbacks, emotional cue reactivity, physi-
ological cue reactivity) on the re-experiencing (R) factor,
for symptoms 6 and 7 (avoidance of thoughts, avoidance of
reminders) on the avoidance (A) factor, for symptoms 8—11
(trauma-related amnesia, negative beliefs, blame of self or
others, negative trauma-related emotions) on the negative
affect (NA) factor, for symptoms 12-14 (loss of interest,
detachment, restricted affect) on the anhedonia (An) factor,
for symptoms 15 and 16 (irritability/anger, self-destructive/
reckless behavior) on the externalizing behaviors (EB) fac-
tor, for symptoms 17 and 18 (hypervigilance, exaggerated
startle response) on the anxious arousal (AA) factor, and
for symptoms 19 and 20 (difficulty concentrating, sleep dis-
turbance) on the dysphoric arousal (DA) factor. The factor
loadings on the negative affect (NA) factor, however, are
close to 0 for symptoms 8 and 9 (trauma-related amnesia,
negative beliefs). Although some of the specified zeros may
be significantly different from zeros, the differences tend to
be small, aside from a few cross-loadings. Notably, symp-
tom 12 (loss of interest) is cross-loaded on both the anhe-
donia (An) and dysphoric arousal (DA) factors; symptom
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15 (irritability/anger) is cross-loaded on both the anhedonia
(An) and externalizing behaviors (EB) factors; and symp-
tom 17 (hypervigilance) is cross-loaded on the negative
affect (NA) and anxious arousal (AA) factors.

The standardized probit coefficients for the structure
part of the ESEM model are presented in Tables 2 and 3.
Table 2 shows the effects of PTSD latent factors and inter-
mediary variables (i.e., other psychiatric disorders) on sui-
cide attempts. None of these predictors significantly pre-
dicts suicide attempts. Table 3 shows the effects of PTSD
latent factors on intermediary variables. Among these
PTSD latent factors, only the general factor (G) shows
significant, positive associations with all intermediary
variables. For specific PTSD factors, the associations with
intermediary variables vary. The re-experiencing (R) fac-
tor is significantly associated with MDD, anxiety disorders,
ASPD, AUD, and tobacco use disorder. The avoidance (A)
and dysphoric arousal (DA) factors are significantly asso-
ciated with all but ASPD. The negative affect (NA) factor
is significantly associated with all but bipolar 1 disorder.
The anhedonia (An) factor is significantly associated with
all but AUD, tobacco use disorder, and any drug use disor-
der. The externalizing behaviors (EB) factor is significantly
associated with all but MDD. The anxious arousal (AA)
factor is positively associated with bipolar 1 disorder, anxi-
ety disorder, borderline personality disorder, and ASPD.

Table 4 summarizes the total, direct, and indirect effects
of the PTSD latent factors. The indirect effects are decom-
posed according to the paths of mediation. As has been
noted, none of the PTSD latent factors has a significant,
direct effect on suicide attempts. Further, the total indirect
effect on suicide attempts is not significant, either. Never-
theless, the total effect on suicide attempts is significant for
the general (G), anhedonia (An), externalizing behaviors
(EB), and anxious arousal (AA) factors.

Discussion

To our knowledge, this is the first study to propose using
the exploratory bifactor hybrid model to characterize the
factor structure of DSM-5 PTSD in the general population
based on a large, nationally representative sample of U.S.
adults who have ever experienced a traumatic or stressful
life event. It has provided empirical evidence to support
this model by showing a superior fit to the data. The factor
structure of PTSD is measurement invariant across veter-
ans and non-veterans and is validated by significant asso-
ciations of PTSD dimensionality with selected psychiatric
disorders and suicide attempts.

The findings confirm that PTSD is a risk factor for sui-
cide attempts. Among people who have experienced a trau-
matic event, those who score higher on the general factor
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Table 3 Exploratory structural equation model for PTSD, mediating psychiatric disorders, and suicide attempts, adjusting for selected covari-
ates: regression of mediating psychiatric disorders on PTSD general and PTSD-specific factors (N =23,936)

PTSD latent  Lifetime Lifetime Any lifetime ~ DSM-5 DSM-5 Lifetime Lifetime Lifetime DSM-
factor DSM-5 major DSM-5 bipo- DSM-5 anxi- borderline antisocial DSM-5 DSM-5 5 drug use
depressive lar 1 disorder ety disorder ~ personality personality alcohol use tobaccouse  disorder
disorder disorder disorder disorder disorder

G =general 0.367%* 0.4327%* 0.438%** 0.533%#* 0.3427%* 0.229%* 0.210%* 0.291%**
factor

R=re-experi-  0.101%* 0.060 0.084%%* 0.020 0.059* 0.042* 0.053%%* —0.008
encing

A=avoidance  0.094** 0.171%* 0.178%* 0.122%* 0.022 0.067** 0.055* 0.077%*%*

NA =negative  0.362%* 0.001 0.209%* 0.243%%* 0.266** 0.378%%* 0.389%* 0.449%%*
affect

An =anhe- 0.539%* 0.466%* 0.560%* 0.653%* 0.209%* —0.136 —-0.129 -0.126
donia

EB =exter- —-0.039 0.5497% 0.181%* 0.471%* 0.531%* 0.690%** 0.601%* 0.688%**
nalizing
behaviors

AA=anxious —0.035 0.285%** 0.171%#* 0.249%#* 0.089* —0.051 —0.042 —0.054
arousal

DA =dys- 0.417%* 0.164* 0.407%* 0.240%* 0.051 0.299%* 0.260%* 0.328%%*
phoric
arousal

Covariates include age group, sex, race/ethnicity, education, marital status, family income, veteran status, lifetime DSM-5 major depressive dis-
order (hierarchical), lifetime DSM-5 bipolar 1 disorder (hierarchical), any lifetime DSM-5 anxiety disorder, DSM-5 borderline personality disor-
der, DSM-5 antisocial personality disorder, lifetime DSM-5 alcohol use disorder, lifetime DSM-5 tobacco use disorder, and lifetime DSM-5 drug
use disorder

#p<0.05, *¥p <0.01

Table 4 Exploratory structural equation model for PTSD, mediating psychiatric disorders, and suicide attempts, adjusting for selected covari-
ates: total, direct, and indirect effects of PTSD general and PTSD-specific factors on suicide attempts (N=23,936)

PTSD general and PTSD-specific factors

G R A NA An EB AA DA
Total effect on suicide attempts 0.423%%* 0.069 0.110 0.040 0.716* 0.229* 0.233*  —0.102
Direct effect on suicide attempts 0.208 0.032 0.076 —0.396 0.817 —-0.271 0.340 —0.385
Total indirect effect on suicide attempts via 0.215 0.037 0.035 0.436 —0.101 0.500 —0.107 0.283
Lifetime DSM-5 major depressive disorder 0.091 0.025 0.023 0.090 0.134 —0.010 —0.009 0.104
Lifetime DSM-5 bipolar 1 disorder —0.058 —0.008 —-0.023 0.000 —0.063 -0.074 —-0.038 -0.022
Any lifetime DSM-5 anxiety disorder —0.042 —0.008 -0.017 —-0.020 —0.053 -0.017 —-0.016 —-0.039
DSM-5 borderline personality disorder —0.036 —0.001 —0.008 —0.016 —0.044 —0.032 -0.017 —0.016
DSM-5 antisocial personality disorder 0.053 0.009 0.003 0.041 0.033 0.083 0.014 0.008
Lifetime DSM-5 alcohol use disorder 0.056 0.010 0.016 0.092 —0.033 0.168 -0.012 0.073
Lifetime DSM-5 tobacco use disorder 0.051 0.013 0.013 0.095 —-0.031 0.146 -0.010 0.063
Lifetime DSM-5 drug use disorder 0.100 —0.003 0.026 0.154 —0.043 0.236 —-0.018 0.112

Covariates include age group, sex, race/ethnicity, education, marital status, family income, veteran status, lifetime DSM-5 major depressive dis-
order (hierarchical), lifetime DSM-5 bipolar 1 disorder (hierarchical), any lifetime DSM-5 anxiety disorder, DSM-5 borderline personality disor-
der, DSM-5 antisocial personality disorder, lifetime DSM-5 alcohol use disorder, lifetime DSM-5 tobacco use disorder, and lifetime DSM-5 drug
use disorder

G general factor, R re-experiencing, A avoidance, NA negative affect, An anhedonia, EB externalizing behaviors, AA anxious arousal, DA dys-
phoric arousal

p < 0.05; *p < 0.01
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of PTSD are at significantly higher risk for attempting sui-
cide, primarily because of their higher risk for mediating
psychiatric disorders; however, those who score high on
the specific factors may only have disparate degrees of risk.
Because our bifactor model includes a general factor that
taps all PTSD symptoms, the seven specific factors account
for only the remaining symptom correlations and may not
be directly comparable to the seven factors from the CFA
hybrid model. For example, in addition to two symptoms
(difficulty concentrating and sleep disturbance), our dys-
phoric arousal factor also taps loss of interest; all these
symptoms reflect dysphoria in the dysphoria model [12].
Negative beliefs symptoms are loaded more on our anhedo-
nia than negative affect factor, although both factors origi-
nate from the negative alterations in cognitions and mood
factor in the 4-factor DSM-5 model. In contrast to the CFA
hybrid model, where negative affect, anhedonia, and exter-
nalizing behaviors have been shown to be positively and
avoidance has been shown to be negatively related to sui-
cidal ideation [17], our ESEM bifactor model reveals that
anxious arousal, as well as anhedonia and externalizing
behaviors, has a significant total effect on suicide attempts.
Among these specific PTSD factors, anhedonia has the
largest total effect on suicide attempts; the large total
effect is disproportionally driven by the direct effect; and
the magnitude is considerably larger than that of the gen-
eral factor. Given that anhedonia was found to be strongly
related to current depression, reduced mental functioning,
and poor quality of life [17], anhedonia may indeed play a
role in increased risk for suicide attempts.

Our use of the bifactor modeling is relatively novel in
the PTSD literature, but it has been increasingly used in
psychiatric research [56-61]. Although EFA has attracted
sharp criticism in the field of PTSD research where CFA
has been predominately used to study the factor structure of
PTSD [62], our ESEM bifactor model cannot be indiscrim-
inately criticized as data fishing, since it was built upon
the recently proposed 7-factor hybrid model [22], which is
unquestionably theory based and empirically tested. Con-
versely, researchers in the personality assessment com-
munity note the problem of the seemingly endless CFA
studies in handling structure ambiguity for psychological
measures that often result in item response data that are
consistent with both unidimensional and multidimensional
latent structures and thus advocate bifactor models with
rotations as an alternative to the more commonly observed
unidimensional, correlated-traits, or second-order repre-
sentations of the latent structure [38]. Of note, the ESEM
bifactor modeling has been used to study personality traits
[63] and to assess the common unidimensionality assump-
tion of item response theory (IRT) for quality-of-life item
banks [64]. Reviewing 40 PTSD studies that used a DSM-
based measure to assess PTSD severity, a meta-analytic
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CFA study [65] called for more research into the high-order
and bifactor versions of the PTSD models, given the impor-
tance of such comparisons to the understanding of the rela-
tions among symptom groupings of this psychological con-
struct. Accordingly, our proposed ESEM bifactor hybrid
model for PTSD is valid and timely, especially against a
backdrop of rising rates of PTSD [66] and suicide [67].
This study has several limitations. First, even though
suicidality typology proposed by Conner and colleagues
[34] involved different suicidal pathways including the
presence of ideation, making plans for suicide, and sui-
cide attempts, we only examined suicide attempts in
this study because data on planning for suicide were not
available from NESARC-III and suicidal ideation was not
asked of all respondents but a small subset of respondents
in the context of their low and high moods during a period
in their lives. Second, the measure of suicide attempt in
this study was based on the standalone question from
the medical conditions section, supplemented by addi-
tional questions from the low/high moods sections. The
additional cases of suicide attempts were ascertained as
a result of the inconsistency that about 13% of individu-
als who reported suicide attempts in response to the two
questions from the low/high mood sections reported no
such incident in the medical condition section. The multi-
ple questions from NESARC-III on suicidality, however,
did not assess contextual factors and other characteristics
of suicide attempts, thereby obscuring several important
features of outcome (e.g., lethality, modality, possibil-
ity of intervention by others or poor planning, intent to
die, likelihood of being rescued). Despite the absence of
many confounding factors, the analysis of self-reported
suicide attempts is an important area for research. Third,
diagnoses of psychiatric disorders were based on struc-
tured interviews by lay interviewers. Although these
diagnoses were informed by DSM-5, the retrospective
self-reports were not real clinical assessments and were
subject to interpretation or recall bias. Fourth, the cross-
sectional NESARC data and the use of lifetime meas-
ures in our study precluded any causal inferences, even
though directionality was specified in our model. Finally,
post hoc sensitivity analyses suggested that the associa-
tion between PTSD latent factors and suicide attempts
depended on the covariates included in the models.
When no covariates were included, the total effects on
suicide attempts were significant for all the specific fac-
tors except anhedonia, externalizing behaviors, and anx-
ious arousal. These are contrary to our presented findings
and are more consistent with a previous NESARC Wave
2 study which found that among DSM-IV PTSD symp-
toms clusters, only re-experience and avoidance were
significantly associated with suicide attempts [68]. By
contrast, when additional covariates were included, none
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of the PTSD-specific factors had significant total effects
on suicide attempts. Only the PTSD general factor was
robust against the change of covariates and consistently
remained significant.

In conclusion, findings from this national study have
validated the recently proposed 7-factor hybrid model in
the U.S. general population and have provided strong sup-
port for the use of the ESEM bifactor model to character-
ize the factor structure of PTSD. The bifactor model pre-
serves the multidimensional clinical features of the PTSD
where parcels of symptom items tap similar domains, and
it further identifies one single, unidimensional general
factor that is more appealing to practitioners and psy-
chometricians. The explained common variance (ECV),
the ratio of the common variance explained by the general
factor divided by the total common variance [69], is about
76%. The identification of one dominant general factor of
PTSD supports PTSD as an independent psychiatric dis-
order and helps define PTSD severity in clinical practice
and for etiologic research. Even though DSM-5 does not
provide specific guidelines for PTSD severity, the num-
ber of positive symptoms may offer a useful measure
of severity for clinicians to monitor treatment progress.
The IRT-derived estimates of PTSD severity in particu-
lar are important for future studies. Accurate measure-
ments of PTSD severity have implications for treatment
efforts and the prevention of suicide behavior, particu-
larly given that longitudinal measurements of symptom
severity are the essential component of measurement-
based care, which is effective and has been advocated to
enhance treatment [70]. Alternatively, the identification
of specific factors of PTSD may reflect the multidimen-
sional phenotypes of PTSD but may also inform future
revisions of DSM-5 symptom items. For example, the
original seven hybrid factors include four factors (avoid-
ance, externalizing behaviors, anxious arousal, and dys-
phoric arousal) that tap only two symptom items. These
factors may reflect overlapping in similar items that are
subject to elimination but may also reflect over-extraction
of factors. Further studies using bifactor IRT analysis are
required to calibrate symptom items for PTSD. Although
several hierarchical versions of PTSD models have been
proposed in the literature [15], more studies are needed
to examine the second-order general factor that directly
accounts for the high interfactor correlations among the
specific factors in the hierarchical version of the hybrid
model, compared with the first-order general factor that
directly accounts for the high correlations among the
symptom items in our bifactor model. Finally, replica-
tions of the present findings in other general population
studies will further enhance our understanding of PTSD
dimensionality in developing other psychiatric disorders
and increasing suicide attempts.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding au-
thor states that there is no conflict of interest.

References

1. Alegria M, Fortuna LR, Lin JY, Norris FH, Gao S, Takeuchi
DT, Jackson JS, Shrout PE, Valentine A (2013) Prevalence,
risk, and correlates of posttraumatic stress disorder across eth-
nic and racial minority groups in the United States. Med Care
51(12):1114-1123

2. Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE
(2005) Prevalence, severity, and comorbidity of 12-month DSM-
IV disorders in the National Comorbidity Survey Replication.
Arch Gen Psychiatry 62(6):617-627

3. Kessler RC, Petukhova M, Sampson NA, Zaslavsky AM,
Wittchen HU (2012) Twelve-month and lifetime prevalence and
lifetime morbid risk of anxiety and mood disorders in the United
States. Int ] Methods Psychiatr Res 21(3):169-184

4. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Wal-
ters EE (2005) Lifetime prevalence and age-of-onset distribu-
tions of DSM-IV disorders in the National Comorbidity Survey
Replication. Arch Gen Psychiatry 62(6):593-602

5. Pietrzak RH, Goldstein RB, Southwick SM, Grant BF (2011)
Prevalence and Axis I comorbidity of full and partial posttrau-
matic stress disorder in the United States: results from Wave 2
of the National Epidemiologic Survey on Alcohol and Related
Conditions. J Anxiety Disord 25(3):456-465

6. American Psychiatric Association (2000) Diagnostic and statisti-
cal manual of mental disorders, 4th edn (DSM-IV), text revision.
American Psychiatric Association, Washington, DC

7. Goldstein RB, Smith SM, Chou SP, Saha TD, Jung J, Zhang H,
Pickering RP, Ruan WJ, Huang B, Grant BF (2016) The epide-
miology of DSM-5 posttraumatic stress disorder in the United
States: results from the National Epidemiologic Survey on Alco-
hol and Related Conditions-III. Soc Psychiatry Psychiatr Epide-
miol 51(8):1137-1148

8. American Psychiatric Association (2013) Diagnostic and statisti-
cal manual of mental disorders. 5th edn. American Psychiatric
Association, Arlington

9. Wisco BE, Marx BP, Miller MW, Wolf EJ, Mota NP, Krystal
JH, Southwick SM, Pietrzak RH (2016) Probable posttraumatic
stress disorder in the US veteran population according to DSM-
5: results from the National Health and Resilience in Veterans
Study. J Clin Psychiatry 77(11):1503-1510

10. Smith SM, Goldstein RB, Grant BF (2016) The association
between post-traumatic stress disorder and lifetime DSM-5
psychiatric disorders among veterans: data from the National
Epidemiologic Survey on Alcohol and Related Conditions-III
(NESARC-III). J Psychiatr Res 82:16-22

11. Friedman MJ (2013) Finalizing PTSD in DSM-5: getting here
from there and where to go next. J Trauma Stress 26(5):548-556

12. Miller MW, Wolf EJ, Kilpatrick D, Resnick H, Marx BP, Hol-
owka DW, Keane TM, Rosen RC, Friedman MJ (2013) The
prevalence and latent structure of proposed DSM-5 posttrau-
matic stress disorder symptoms in U.S. national and veteran sam-
ples. Psychol Trauma 5(6):501-512

13. LiuP, Wang L, Cao C, Wang R, Zhang J, Zhang B, Wu Q, Zhang
H, Zhao Z, Fan G, Elhai JD (2014) The underlying dimensions
of DSM-5 posttraumatic stress disorder symptoms in an epide-
miological sample of Chinese earthquake survivors. J Anxiety
Disord 28(4):345-351

@ Springer



724

Soc Psychiatry Psychiatr Epidemiol (2017) 52:715-725

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Tsai J, Harpaz-Rotem I, Armour C, Southwick SM, Krystal
JH, Pietrzak RH (2015) Dimensional structure of DSM-5 post-
traumatic stress disorder symptoms: results from the National
Health and Resilience in Veterans Study. J Clin Psychiatry
76(5):546-553

Armour C, Mullerova J, Elhai JD (2016) A systematic litera-
ture review of PTSD’s latent structure in the Diagnostic and
Statistical Manual of Mental Disorders: DSM-IV to DSM-5.
Clin Psychol Rev 44:60-74

Armour C, Tsai J, Durham TA, Charak R, Biehn TL, Elhai JD,
Pietrzak RH (2015) Dimensional structure of DSM-5 post-
traumatic stress symptoms: support for a hybrid anhedonia and
externalizing behaviors model. J Psychiatr Res 61:106-113
Pietrzak RH, Tsai J, Armour C, Mota N, Harpaz-Rotem I,
Southwick SM (2015) Functional significance of a novel
7-factor model of DSM-5 PTSD symptoms: results from the
National Health and Resilience in Veterans Study. J Affect
Disord 174:522-526

Liu L, Wang L, Cao C, Qing Y, Armour C (2016) Testing the
dimensional structure of DSM-5 posttraumatic stress disorder
symptoms in a nonclinical trauma-exposed adolescent sample.
J Child Psychol Psychiatry 57(2):204-212

. Mordeno IG, Nalipay MJ, Sy DJ, Luzano JG (2016) PTSD fac-

tor structure and relationship with self-construal among inter-
nally displaced persons. J Anxiety Disord 44:102-110
Mordeno IG, Carpio JG, Nalipay MJ, Saavedra RL (2017)
PTSD’s underlying dimensions in typhoon haiyan survi-
vors: assessing DSM-5 symptomatology-based PTSD mod-
els and their relation to posttraumatic cognition. Psychiatr Q
88(1):9-23

Seligowski AV, Orcutt HK (2016) Support for the 7-factor
hybrid model of PTSD in a community sample. Psychol Trauma
8(2):218-221

Armour C (2015) The underlying dimensionality of PTSD in the
diagnostic and statistical manual of mental disorders: where are
we going? Eur J Psychotraumatol 6:28074

LeBouthillier DM, McMillan KA, Thibodeau MA, Asmundson
GJ (2015) Types and number of traumas associated with suicidal
ideation and suicide attempts in PTSD: findings from a U.S.
nationally representative sample. J Trauma Stress 28(3):183-190
Sareen J, Cox BJ, Stein MB, Afifi TO, Fleet C, Asmundson GJ
(2007) Physical and mental comorbidity, disability, and suicidal
behavior associated with posttraumatic stress disorder in a large
community sample. Psychosom Med 69(3):242-248

Conner KR, Bossarte RM, He H, Arora J, Lu N, Tu XM, Katz
IR (2014) Posttraumatic stress disorder and suicide in 5.9 million
individuals receiving care in the veterans health administration
health system. J Affect Disord 166:1-5

Legarreta M, Graham J, North L, Bueler CE, McGlade E,
Yurgelun-Todd D (2015) DSM-5 posttraumatic stress disorder
symptoms associated with suicide behaviors in veterans. Psychol
Trauma 7(3):277-285

Maguen S, Madden E, Cohen BE, Bertenthal D, Neylan TC, Seal
KH (2015) Suicide risk in Iraq and Afghanistan veterans with
mental health problems in VA care. J Psychiatr Res 68:120-124
Pompili M, Sher L, Serafini G, Forte A, Innamorati M, Dominici
G, Lester D, Amore M, Girardi P (2013) Posttraumatic stress
disorder and suicide risk among veterans: a literature review. J
Nerv Ment Dis 201(9):802-812

Krysinska K, Lester D (2010) Post-traumatic stress disorder and
suicide risk: a systematic review. Arch Suicide Res 14(1):1-23
Bullman TA, Kang HK (1994) Posttraumatic stress disorder and
the risk of traumatic deaths among Vietnam veterans. J Nerv
Ment Dis 182(11):604-610

Kang HK, Bullman TA, Smolenski DJ, Skopp NA, Gahm GA,
Reger MA (2015) Suicide risk among 1.3 million veterans who

@ Springer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

were on active duty during the Iraq and Afghanistan wars. Ann
Epidemiol 25(2):96-100

Carragher N, Sunderland M, Batterham PJ, Calear AL, Elhai JD,
Chapman C, Mills K (2016) Discriminant validity and gender
differences in DSM-5 posttraumatic stress disorder symptoms. J
Affect Disord 190:56-67

Panagioti M, Gooding PA, Dunn G, Tarrier N (2011) Pathways
to suicidal behavior in posttraumatic stress disorder. J Trauma
Stress 24(2):137-145

Conner KR, Hesselbrock VM, Meldrum SC, Schuckit MA,
Bucholz KK, Gamble SA, Wines JD Jr, Kramer J (2007) Transi-
tions to, and correlates of, suicidal ideation, plans, and unplanned
and planned suicide attempts among 3,729 men and women with
alcohol dependence. J Stud Alcohol Drugs 68(5):654-662

van Minnen A, Zoellner LA, Harned MS, Mills K (2015)
Changes in comorbid conditions after prolonged exposure for
PTSD: a literature review. Curr Psychiatry Rep 17(3):549
Panagioti M, Gooding P, Tarrier N (2009) Post-traumatic stress
disorder and suicidal behavior: a narrative review. Clin Psychol
Rev 29(6):471-482

Frewen PA, Schmittmann VD, Bringmann LF, Borsboom D
(2013) Perceived causal relations between anxiety, posttraumatic
stress and depression: extension to moderation, mediation, and
network analysis. Eur J Psychotraumatol 4(1):1-10

Reise SP, Moore TM, Haviland MG (2010) Bifactor models and
rotations: exploring the extent to which multidimensional data
yield univocal scale scores. J Pers Assess 92(6):544-559

Grant BF, Chu A, Sigman R, Amsbary M, Kali J, Sugawara Y,
Jiao R, Ren W, Goldstein R (2014) Source and accuracy state-
ment: National Epidemiologic Survey on Alcohol and Related
Conditions—IIT (NESARC-III). National Institute on Alcohol
Abuse and Alcoholism, Rockville

Grant BF, Goldstein RB, Chou SP, Saha TD, Ruan WJ, Huang B,
Smith SM, Zhang H, Jung J, Pickering RP, Aivadyan C, Green-
stein E, Hasin DS (2011) The alcohol use disorder and associ-
ated disabilities interview schedule—diagnostic and statistical
manual of mental disorders, fifth edition version (AUDADIS-5).
National Institute on Alcohol Abuse and Alcoholism, Rockville
Blackwell DL, Lucas JW, Clarke TC (2014) Summary health sta-
tistics for U.S. adults: National Health Interview Survey, 2012.
Vital Health Stat 10(260):1-161

Substance Abuse and Mental Health Services Administration
(2014) Results from the 2013 National Survey on Drug Use and
Health: summary of national findings, NSDUH Series H-48,
HHS Publication No. (SMA) 14-4863. Author, Rockville
National Institute on Alcohol Abuse and Alcoholism (2015)
National Epidemiologic Survey on Alcohol and Related Condi-
tions-III (NESARC-III): Flashcard Booklet. Author, Rockville.
https://www.niaaa.nih.gov/sites/default/files/flashcards_glasses_
with_description_FINAL_1_6_15.pdf. Accessed 18 Feb 2016
Friedman MJ, Resick PA, Bryant RA, Brewin CR (2011) Con-
sidering PTSD for DSM-5. Depress Anxiety 28(9):750-769
Grant BF, Goldstein RB, Smith SM, Jung J, Zhang H, Chou SP,
Pickering RP, Ruan WJ, Huang B, Saha TD, Aivadyan C, Green-
stein E, Hasin DS (2015) The alcohol use disorder and associ-
ated disabilities interview schedule-5 (AUDADIS-5): reliability
of substance use and psychiatric disorder modules in a general
population sample. Drug Alcohol Depend 148:27-33

Hasin DS, Greenstein E, Aivadyan C, Stohl M, Aharonovich
E, Saha T, Goldstein R, Nunes EV, Jung J, Zhang H, Grant BF
(2015) The alcohol use disorder and associated disabilities inter-
view schedule-5 (AUDADIS-5): procedural validity of substance
use disorders modules through clinical re-appraisal in a general
population sample. Drug Alcohol Depend 148:40-46

Grant BF, Goldstein RB, Saha TD, Chou SP, Jung J, Zhang H,
Pickering RP, Ruan WJ, Smith SM, Huang B, Hasin DS (2015)


https://www.niaaa.nih.gov/sites/default/files/flashcards_glasses_with_description_FINAL_1_6_15.pdf
https://www.niaaa.nih.gov/sites/default/files/flashcards_glasses_with_description_FINAL_1_6_15.pdf

Soc Psychiatry Psychiatr Epidemiol (2017) 52:715-725

725

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Epidemiology of DSM-5 alcohol use disorder: results from the
National Epidemiologic Survey on Alcohol and Related Condi-
tions III. JAMA. Psychiatry 72(8):757-766

Asparouhov T, Muthén B (2009) Exploratory structural equation
modeling. Struct Equ Modeling 16(3):397-438

Marsh HW, Morin AJ, Parker PD, Kaur G (2014) Exploratory
structural equation modeling: an integration of the best features
of exploratory and confirmatory factor analysis. Annu Rev Clin
Psychol 10:85-110

Browne MW (2001) An overview of analytic rotation in explora-
tory factor analysis. Multivariate Behav Res 36(1):111-150
Jennrich RI, Bentler PM (2011) Exploratory bi-factor analysis.
Psychometrika 76(4):537-549

Bentler PM (1990) Comparative fit indexes in structural models.
Psychol Bull 107(2):238-246

Hu LT, Bentler PM (1999) Cutoff criteria for fit indexes in covar-
iance structure analysis: conventional criteria versus new alterna-
tives. Struct Equ Modeling 6(1):1-55

Asparouhov T, Muthen M, Muthen B (2006) Robust chi square
difference testing with mean and variance adjusted test statistics.
Mplus Web Notes 10. https://www.statmodel.com/download/
webnotes/webnote 10.pdf

Muthén LK, Muthén B (1998-2012) Mplus user’s guide. 7 edn.
Muthén and Muthén, Los Angeles

Biderman MD, Nguyen NT, Cunningham CJL, Ghorbani N
(2011) The ubiquity of common method variance: the case of the
Big Five. J Res Pers 45(5):417-429

Burke JD, Boylan K, Rowe R, Duku E, Stepp SD, Hipwell
AE, Waldman ID (2014) Identifying the irritability dimen-
sion of ODD: application of a modified bifactor model across
five large community samples of children. J Abnorm Psychol
123(4):841-851

Patrick CJ, Hicks BM, Nichol PE, Krueger RF (2007) A bifactor
approach to modeling the structure of the psychopathy checklist-
revised. J Pers Disord 21(2):118-141

Simms LJ, Gros DF, Watson D, O’Hara MW (2008) Parsing the
general and specific components of depression and anxiety with
bifactor modeling. Depress Anxiety 25(7):E34-E46

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Simms LJ, Prisciandaro JJ, Krueger RF, Goldberg DP (2012)
The structure of depression, anxiety and somatic symptoms in
primary care. Psychol Med 42(1):15-28

Yang Y, Sun Y, Zhang Y, Jiang Y, Tang J, Zhu X, Miao D (2013)
Bifactor item response theory model of acute stress response.
PloS One 8(6):¢65291

Elhai JD, Palmieri PA (2011) The factor structure of posttrau-
matic stress disorder: a literature update, critique of meth-
odology, and agenda for future research. J Anxiety Disord
25(6):849-854

Pettersson E, Turkheimer E, Horn EE, Menatti AR (2012)
The general factor of personality and evaluation. Eur. J Pers
26(3):292-302

Toyinbo PA, Vanderploeg RD, Donnell AJ, Mutolo SA, Cook
KF, Kisala PA, Tulsky DS (2016) Development and initial vali-
dation of military deployment-related TBI quality-of-life item
banks. J Head Trauma Rehabil 31(1):52-61

Yufik T, Simms LJ (2010) A meta-analytic investigation of the
structure of posttraumatic stress disorder symptoms. J Abnorm
Psychol 119(4):764-776

Haviland MG, Banta JE, Sonne JL, Przekop P (2016) Posttrau-
matic stress disorder-related hospitalizations in the United States
(2002-2011): rates, co-occurring illnesses, suicidal ideation/self-
harm, and hospital charges. ] Nerv Ment Dis 204(2):78-86
Curtin SC, Warner M, Hedegaard H (2016) Increase in suicide in
the United States, 1999-2014. NCHS Data Brief 241:1-8
Selaman ZM, Chartrand HK, Bolton JM, Sareen J (2014) Which
symptoms of post-traumatic stress disorder are associated with
suicide attempts? J Anxiety Disord 28(2):246-251

Reise SP, Scheines R, Widaman KF, Haviland MG (2013) Mul-
tidimensionality and structural coefficient bias in structural
equation modeling: a bifactor perspective. Educ Psychol Meas
73(1):5-26

Scott K, Lewis CC (2015) Using measurement-based care to
enhance any treatment. Cogn Behav Pract 22(1):49-59

@ Springer


https://www.statmodel.com/download/webnotes/webnote10.pdf
https://www.statmodel.com/download/webnotes/webnote10.pdf

	Dimensionality of DSM-5 posttraumatic stress disorder and its association with suicide attempts: results from the National Epidemiologic Survey on Alcohol and Related Conditions-III
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design
	Measures
	Suicide attempts
	PTSD symptoms and criteria
	Other selected psychiatric disorders
	Covariates

	Analytic plan

	Results
	Discussion
	References


