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ARTICLE INFO ABSTRACT

Background: Previous studies have used network models to investigate how PTSD symptoms associate with each
other. However, analyses examining the degree to which these networks are stable over time, which are critical
to identifying symptoms that may contribute to the chronicity of this disorder, are scarce. In the current study,
we evaluated the temporal stability of DSM-5 PTSD symptom networks over a three-year period in a nationally
representative sample of trauma-exposed U.S. military veterans.

Methods: Data were analyzed from 611 trauma-exposed U.S. military veterans who participated in the National
Health and Resilience in Veterans Study (NHRVS). We estimated regularized partial correlation networks of
DSM-5 PTSD symptoms at baseline (Time 1) and at three-year follow-up (Time 2), and examined their temporal
stability.

Results: Evaluation of the network structure of PTSD symptoms at Time 1 and Time 2 using a formal network
comparison indicated that the Time 1 network did not differ significantly from the Time 2 network with regard
to network structure (p = 0.12) or global strength (sum of all absolute associations, i.e. connectivity; p = 0.25).
Centrality estimates of both networks (r = 0.86) and adjacency matrices (r = 0.69) were highly correlated. In
both networks, avoidance, intrusive, and negative cognition and mood symptoms were among the more central
nodes.

Limitations: This study is limited by the use of a self-report instrument to assess PTSD symptoms and recruitment
of a relatively homogeneous sample of predominantly older, Caucasian veterans.

Conclusion: Results of this study demonstrate the three-year stability of DSM-5 PTSD symptom network structure
in a nationally representative sample of trauma-exposed U.S. military veterans. They further suggest that
trauma-related avoidance, intrusive, and dysphoric symptoms may contribute to the chronicity of PTSD symp-
toms in this population.
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1. Introduction trauma-related cues, and negative cognitions and mood (American
Psychiatric Association, 2013).
Prior studies have often examined etiology, course, and treatment of

PTSD based on the idea that the disorder is the common cause of PTSD

Exposure to traumatic events in military personnel often involves
life-threatening interpersonal violence, combat, injuries, accidents, or

loss (Wisco et al., 2014). While initial symptoms such as upsetting
memories of the event or trouble sleeping are considered normal stress
reactions that many veterans manage to overcome with time (Ehlers
and Clark, 2003), a significant portion of around 8% of personnel de-
velop post-traumatic stress disorder (PTSD: Kok et al., 2012; Wisco
et al., 2014). PTSD is a chronic and disabling condition characterized by
intrusive trauma-related memories, hypervigilance to and avoidance of

symptoms (Borsboom and Cramer, 2013; Schmittmann et al., 2013).
Network theory (Borsboom, 2017) complements this perspective. Here,
the idea is that symptoms are correlated in a syndrome not because they
have a shared origin, but because they directly activate and dynami-
cally interact with each other (Armour et al., 2017; Fried et al., 2017;
Mitchell et al., 2017; McNally et al., 2015, 2017; Borsboom and Cramer,
2013; Birkeland and Heir, 2017; Bryant et al., 2016; Spiller et al.,
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2017). For example, recurrent, intrusive memories of the traumatic
event might lead to concentration and sleep difficulties, as well as
avoidance of trauma memories, thus forming a causal symptom net-
work. A recent network analysis of DSM-5 PTSD symptoms US military
veterans with clinically significant PTSD symptoms (i.e., subthreshold
or greater severity of symptoms) revealed that negative trauma-related
emotions, flashbacks, detachment, and physiological reactivity were
most central (i.e. interconnected) within the PTSD symptom network.
Results further indicated particularly strong connections between
trauma-related flashbacks and nightmares, detachment and restricted
affect, and hypervigilance and exaggerated startle response (Armour
et al., 2017).

While extant PTSD symptom network studies provide insight into
structural connections of PTSD symptoms, the temporal stability of
these symptom networks, particularly as they pertain to DSM-5 PTSD
symptoms remains unknown. Several changes were introduced in the
DSMS-5 criteria for PTSD, which may influence the structure of symptom
networks underlying this disorder. These changes include (1) the ad-
dition of three new symptoms—persistent and exaggerated negative
beliefs about oneself, others, or the world; persistent distorted cogni-
tions about the cause or consequences of the trauma; and reckless or
self-destructive behavior; (2) wording changes to several symptoms
carried over from the DSM-IV-TR; and (3) division of symptoms into
four instead of three symptom clusters—intrusion symptoms, avoid-
ance, negative alterations in cognitions and mood, and alterations in
arousal and reactivity. Elucidation of symptoms that contribute to the
maintenance and chronicity of PTSD is critical to informing prevention
and treatment approaches for this disorder.

Bryant et al. (2016) evaluated the network stability of DSM-IV PTSD
symptoms in a community-based sample of 852 people hospitalized for
traumatic injury. DSM-IV PTSD symptoms were assessed upon admis-
sion and 12 months later. Results of this study revealed that re-ex-
periencing symptoms, particularly intrusions and physiological re-
activity, were central to other PTSD symptoms in the acute aftermath of
trauma exposure. They further indicated that these network associa-
tions become stronger and thus more consolidated at the 12-month
follow-up, with additional connections observed between physiological
reactivity, hypervigilance, and exaggerated startle response; as well as
between emotional numbing, detachment, and disinterest; and anger/
irritability, sleep and concentration difficulties. Taken together, these
findings suggest that fear and dysphoric PTSD symptoms emerge as
connected symptom networks over time. They further underscore the
potential importance of targeting intrusive memory and physiological
reactivity to trauma cues in early intervention strategies for trauma-
affected individuals.

In the current study, we sought to extend Bryant et al. (2016) results
by evaluating the network structure of DSM-5 PTSD symptoms over a 3-
year period in a nationally representative sample of trauma-exposed
U.S. military veterans. Given that PTSD symptoms in general popula-
tion samples of veterans range in severity, with only a minority
screening positive for current PTSD (Wisco et al., 2014), we evaluated
this aim in trauma-exposed veterans presenting with the full dimen-
sional range of PTSD symptoms. Specifically, we (1) examined the
network structure among 20 DSM-5 PTSD symptoms in a large, con-
temporary, and nationally representative US military veteran popula-
tion sample of trauma-exposed veterans at baseline (Time 1) and at a
three-year follow-up (Time 2); and (2) investigated whether this net-
work structure is stable over a three-year period. To enhance general-
izability of results of the broader population of trauma-exposed ve-
terans, we included veterans presenting with the full dimensional
spectrum of DSM-5 PTSD symptoms, ranging from a/minimally to se-
verely symptomatic.
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2. Methods
2.1. Participants

Participants were drawn from the second baseline cohort of the
National Health and Resilience in Veterans Study (NHRVS), which
surveyed a nationally representative sample of 1484 US veterans. The
cohort was recruited in September and October 2013 from a research
panel of US households developed and maintained by GfK, Inc (Menlo
Park, California). Panel members were recruited using a sampling
procedure that includes listed and unlisted phone numbers; telephone,
non-telephone, and cellphone-only households; and households with or
without Internet access, offering coverage of approximately 98% of US
households. Post-stratification weights were applied based on demo-
graphic distributions (gender, age, race/ethnicity, education, Census
region, and metropolitan area). Three-year follow-up assessments were
obtained from 611 veterans in September and October 2016; this
sample included trauma-exposed veterans presenting with the full di-
mensional spectrum of DSM-5 PTSD symptoms. All participants pro-
vided informed consent, and the Human Subjects Sub-committee of the
Veterans Affairs (VA) Connecticut Healthcare System and VA Office of
Research & Development approved the study.

2.2. Assessments

2.2.1. Trauma exposure

The Trauma History Screen (THS) is a self-report measure that as-
sesses occurrence of 13 traumatic events across the lifespan (Carlson
et al., 2011). Evaluated traumas include physical or sexual assault
during childhood or adulthood, traumatic events during military ser-
vice, accidents, and unexpected loss of a loved one. In addition, the
item “life-threatening illness or injury” was added in the NHRVS.

2.2.2. DSM-5 PTSD symptoms

The PTSD Checklist-5 (PCL-5) is a 20-item self-report questionnaire
that assesses DSM-5 PTSD symptoms experienced in the past month
(Weathers et al., 2013). At baseline and at three-year follow-up as-
sessment, participants were instructed to complete the PCL-5 in relation
to their self-nominated “worst” stressful experience identified on the
baseline THS. Participants who did not endorse history of trauma on the
THS were not administered the PCL-5. Participants rated how much
they had been bothered by each of the 20 symptoms in the past month
(probable past-month PTSD) on a scale from 0 (Not at all) to 4 (Ex-
tremely). Probable PTSD was operationalized as a score = 31 (Bovin
et al., 2015). Sub-threshold was defined as endorsement of 2 or 3 B-E
symptom criteria, or all 4 B-E symptom criteria but not 1-month
symptom duration and/or functional impairment (Mota et al., 2016).
The PCL-5 demonstrated excellent internal consistency at both baseline
and 3-year assessments (Cronbach a = 0.95 and 0.96, respectively).

2.3. Statistical analysis

The statistical software R (version 3.4.0) was used to conduct sta-
tistical analyses. Packages used included ggraph, bootnet (Epskamp and
Fried, 2016), mgm (Haslbeck and Waldorp, 2016) and NetworkCom-
parisonTest (NCT; van Borkulo, 2016). As differential drop-out was
absent in the effective sample, missing cases were handled with listwise
deletion to ensure that the same number of participants was analyzed at
Time 1 and Time 2; this was important because regularization techni-
ques employed in network analysis methodology (see below) is pro-
portional to sample size, and networks estimated on smaller samples
will often be more sparser (i.e. feature fewer connections) than net-
works estimated in larger samples. The same sample size is also ne-
cessary to compare network structures over time using the NCT. The
final analytic sample contained 611 participants. To estimate and
compare the network structure of 20 DSM-5 PTSD symptoms in 611
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participants at Time 1 and Time 2, we first estimated a network for both
time points, then analyzed network structure in terms of edge accuracy
and symptom centrality, and finally compared networks with respect to
structure and level of connectivity. All R code is available in the
Supplementary materials.

2.3.1. Network estimation

To construct the PTSD symptom network for Time 1 and Time 2, we
estimated two Gaussian Graphical Models (GGMs) using gqgraph
(Epskamp et al., 2012). GGMs are based on the correlation matrix of
items. Since PCL-5 symptoms were measured on an ordinal scale and
displayed skew, model estimation had to be based on either polychoric
or Spearman correlations. Polychoric correlations represent the more
common technique but can only be used when cells feature a sufficient
number of observations (Epskamp and Fried, 2017). As this was not the
case in our data, we estimated GGMs based on Spearman correlations.
In the networks, PTSD symptoms are illustrated as nodes. Edges be-
tween nodes constitute regularized partial correlations, implying that
we investigated the unique relationship items after controlling for the
influence of all other items. To avoid estimating false positive asso-
ciations, GGMs were estimated using the least absolute shrinkage and
selection operator (LASSO, Tibshirani, 1996; for a tutorial see Epskamp
and Fried, 2017). This procedure shrinks edge weights and sets small
edges exactly to zero.

2.3.2. Network Inference

For network inference, we calculated centrality and predictability
estimates for all nodes. To determine which nodes were central in each
network, we estimated node strength, a measure that indicates the sum
of the absolute values of all edge weights that a node is connected to
(Opsahl et al., 2010). To determine the extent to which variance in a
given symptom node could be predicted by its neighbors (i.e. connected
nodes), we investigated predictability estimates of each node (which
can be interpreted similar to R% Haslbeck and Fried, 2017; Haslbeck
and Waldorp, 2017).

2.3.3. Network comparison

The network comparison test (NCT, van Borkulo et al., 2016) was
used to evaluate whether the network structure among 20 DSM-5 PTSD
symptoms remained stable over a three-year period. Specifically, we
applied two tests. First, we used an omnibus test to investigate whether
the network structure was invariant across time. In the case that net-
work structures were significantly different from each other, we used
post-hoc tests for all individual edges to see which ones differed spe-
cifically. Second, we tested whether the networks had equal global
strength (ie. connectivity) by investigating whether they displayed the
same sum of absolute edge weight values. The NCT has been validated
for network models based on Pearson correlations. Given that we
worked with Spearman correlations, we investigated the similarity
between the data’s Pearson and Spearman correlation matrices for Time
1 and Time 2 which resulted in a correlation coefficient of r = 0.93 for
Time 1 and r = 0.96 for Time 2. We thus used the NCT that is based on
Pearson correlations to compare the network for 611 participants at
baseline with the network for 611 participants at three-year follow-up.

2.3.4. Edge weight accuracy and centrality stability

To estimate edge weight accuracy as well as centrality stability for
each network we used bootnet, a package that applies bootstrapping
routines to edge weights and centrality indices (Epskamp et al., 2017).
Details of the stability analyses can be found in the Supplementary
materials.
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3. Results
3.1. Sample characteristics

A total of 1268 veterans endorsed one or more trauma exposures at
the baseline assessment. Of these, 611 (48.2%) completed the 3-year
follow-up assessment (Wave 2). Wave 2 responders did not differ with
respect to sex, race, marital status, combat veteran status, number of
traumas, PCL-5 score, or prevalence of probable PTSD (all p's > 0.05).
On average, the Wave 2 sample was 62.1 years of age (SD = 13.7,
range = 23-94), predominantly male (89.7%), White (76.1%), mar-
ried/partnered (70.8%), and non-combat veterans (60.6%); many had
served in the Army (41.4%) or Navy (25.8%). Most commonly endorsed
index traumas were sudden death of close family member or friend
(33.2%), life-threatening illness or injury (14.0%), and saw something
horrible or was badly scared during military service (10.0%). The mean
number of years since trauma exposure was 25.7 (SD = 19.4, range =
0-78). The weighted prevalence of probable PTSD was 7.9% at baseline
and 8.5% at 3-year follow-up; an additional 11.8% and 12.4% of the
sample had sub-threshold PTSD at baseline and 3-year follow-up, re-
spectively. The remaining participants were trauma-exposed but did
not screen positive for subthreshold or threshold PTSD.

3.2. PTSD symptom networks

Fig. 1 shows the networks of 20 PTSD symptoms for 611 partici-
pants at baseline (Time 1, panel A) and three-year follow up (Time 2,
panel B). Out of 190 possible edges, 111 were present at Time 1 and
116 were present at Time 2, implying a very similar level of sparsity.
With the exception of three negative edges in the Time 1 network, all
edge weights of both time points were positive. Node strength estimates
are visualized in Fig. 1, panel C. and were correlated: r = 0.86 for
networks at Time 1 and Time 2. Avoidance of thoughts, avoidance of
reminders, detachment, difficulty concentrating, emotional as well as
physical cue reactivity, restricted affect, and negative trauma-related
emotions were among the more central nodes in both networks. Phy-
sical cue reactivity (BS) scored highest on predictability at Time 1 (R?
= 69.6%), indicating that nearly 70% of variance in this item could be
explained by nodes with which it connected. Similarly, emotional cue
reactivity (B4) scored highest on predictability at Time 2 (R? = 73.5%).
Mean predictability across all nodes was R> = 0.56 (SD = 0.13) in the
Time 1 network and R? = 0.59 (SD = 0.12) in the Time 2 network. An
overview of all predictability estimates can be found in the
Supplementary materials.

3.3. Edge weight accuracy and centrality stability

In relation with the moderately large sample size, accuracy analyses
revealed moderate confidence intervals for edge weights in both net-
works. Both networks showed stable estimates of the order of strength
centrality, with a correlation coefficient of 0.75, exceeding the re-
commended cutoff of at least 0.5 (Epskamp, Borsboom and Fried,
2017). Further details, including results of edge weights and centrality
difference tests, are available in the Supplementary materials.

3.4. Network comparison

Results from the network comparison test showed that the Time 1
network did not differ significantly from the Time 2 network regarding
network structure (p = 0.12) or global strength (p = 0.25). Both net-
works were thus similar with respect to structure and the level that
nodes were connected with each other. Adjacency matrices were cor-
related r = 0.69.
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Fig. 1. DSM-5 PTSD Symptom Network at Baseline (Time 1) and 3-Year Follow-up Assessment (Time 2). Fig. 1 A and B: PTSD symptom network with 611 participants at Time 1 (left) and
Time 2 (middle); nodes convey PTSD symptoms; blue edges constitute positive partial correlations between symptoms whereas red edges constitute negative partial symptom correlations
between symptoms; circles around nodes convey variance in a given PTSD item with shadowed parts displaying that part of the variance that is explained by its connecting nodes. C:
standardized node strength estimates at Time 1 (red) and Time 2 (blue). Strongly connected nodes were placed closer together through application of the Fruchterman-Reingold algorithm
(Fruchterman and Reingold, 1991); the layout was constrained across the two figures to allow for comparisons. (For interpretation of the references to color in this figure legend, the

reader is referred to the web version of this article.).

4. Discussion

To our knowledge, the current study is the first to evaluate the
longitudinal stability of DSM-5 PTSD symptom network structure.
Using baseline and three-year follow-up assessments of PTSD symptoms
in a nationally representative sample of trauma-exposed U.S. military
veterans, PTSD symptom networks were found to be similar with re-
spect to network structure, level of connectivity, and symptom cen-
trality over the three-year study period. Consistent with prior cross-
sectional network studies of a broad range of trauma survivors (Armour
et al., 2017; Birkeland and Heir, 2017; Bryant et al., 2016; Mitchell
et al., 2017; McNally et al., 2015, 2017; Spiller et al., 2017), avoidance
symptoms, trauma-related cue reactivity and negative emotions were
among the most central to PTSD symptom networks at both baseline
and three-year follow-up assessments. Collectively, these findings sug-
gest that trauma-related avoidance, intrusive, and dysphoric symptoms
may contribute to the chronicity of PTSD symptoms in this population.
They further underscore the importance of targeting these symptoms in
prevention and treatment efforts for PTSD in U.S. military veterans and
other trauma-affected populations.

Our study resembles the analysis performed by Bryant et al. (2016)
in that both studies investigated the stability of PTSD symptom net-
works over time and featured fairly large samples (n = 611 and n =
852, respectively). However, while Bryant and colleagues (2016) fo-
cused on DSM-IV PTSD symptoms, we evaluated the longitudinal sta-
bility of DSM-5 PTSD symptom structure. This is an important dis-
tinction given that the new DSM-5 criteria as established in 2013
comprise several changes, including the addition of three new symp-
toms (American Psychiatric Association, 2013). Moreover, assessment
points were three years apart in the current study whereas this prior
study employed a shorter follow-up period of 12 months. This is per-
tinent as stability assessment over a longer period of time contributes to
insight regarding maintenance and longitudinal stability of PTSD
symptom networks. It is also noteworthy that the first PTSD symptom
assessment in the analysis by Bryant et al. (2016) occurred during the
acute phase of traumatic injury. In contrast, in our sample, a sub-
stantially longer period of time—an average of 26 years—had elapsed
after exposure to trauma and the nature of trauma exposure was mixed.
Endorsement of PTSD symptoms is subject to change particularly in the
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first few years after exposure; in the first year, symptoms often decline
substantially, as most survivors recover without treatment (Yehuda
et al.,, 2015). At the same time, approximately one third of survivors
who are initially symptomatic remain symptomatic over a course of
three years (Ehlers and Clark, 2003). It is conceivable that symptom
endorsement in the study of Bryant et al. (2016) as assessed im-
mediately after exposure as well as at 12 months follow-up was more
malleable as compared to symptom state in our sample, which likely
reflects more chronic PTSD symptoms. Indeed, structure and level of
connectivity of PTSD DSM-5 symptom networks in our sample did not
significantly change over a course of three years, while Bryant et al.
(2016) found increased network connectivity 12 months after exposure.
Finally, Bryant et al. (2016) investigated network differences with a
focus on connectivity level. We extended this analysis to also examine
differences in network structure as statistical tools to address such a
question have recently become available (van Borkulo et al., 2016).
Taken together, results of our study add to a burgeoning body of lit-
erature on the network structure of PTSD symptoms by demonstrating
the longitudinal stability of DSM-5 PTSD symptom networks in a na-
tionally representative sample of U.S. military veterans.

The high temporal stability of PTSD symptom networks observed in
the current study is not only of substantive clinical interest, but also
gives confidence into the precision of parameter estimates of network
models. If network models—with the number of observations and items
reported here that generalize fairly well to the prior literature
(Haslbeck and Fried, 2017)—were highly susceptible to sampling
variability, it would be extremely unlikely to find temporal stability of
network structures, as observed in this study. This finding also aligns
with confirmatory factor analytic studies demonstrating the factorial
invariance of PTSD symptom clusters over time (e.g., Krause et al.,
2007; Wang et al., 2012; Wang et al., 2017).

Results of the current study should be interpreted in light of several
limitations. First, we estimated networks based on symptom correla-
tions across all trauma-exposed veterans at each time-point in a sample
that exhibited the full dimensional range of DSM-5 PTSD symptoms.
While approximately 20% of the sample screened positive for full or
sub-threshold PTSD, the majority did not. As a result, analyses may not
generalize to clinical populations of individuals with PTSD but may
instead inform the average network structure and network structure
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stability of PTSD symptoms in the broader population of trauma-af-
fected veterans. Given the dimensional nature of PTSD (Armour et al.,
2016), this can be considered a particular strength. At the same time,
future studies are required to investigate network stability in clinical
PTSD samples. Second, our sample was comprised predominantly of
older white male veterans. Further research is needed to evaluate
whether networks replicate across more diverse populations (Fried and
Cramer, 2017). Third, we relied on self-report data of the 20 DSM-5
criterion symptoms for PTSD and not structured clinical interviews. It
should be noted that the DSM-IV version of the PCL demonstrated
moderate-to-high concordance rates with structured diagnostic inter-
views for PTSD in previous analyses (Hopwood et al., 2008; Harrington
and Newman, 2007); further work is needed to assess the extent to
which this is the case for DSM-5-based instruments. Fourth, the nature
of index traumas used in the current study was heterogeneous. This may
be an advantage because findings can be considered representative of
the broader population of trauma-affected individuals and the traumas
to which they have been exposed. At the same time, future work may
complement this approach. Given that trauma exposure may be linked
to differential expression of PTSD symptoms (Armour and Shevlin,
2013; Kelley et al., 2009), it may prove useful to compare PTSD
symptom networks in populations that differ in index trauma. In rela-
tion to that, it should be noted that previous research has shown that
PTSD symptom levels around 2-4 weeks after exposure predict
symptom development better than levels directly after exposure (Ehlers
and Clark, 2003). Stability of PTSD symptom network structures may
thus be investigated with the first symptom assessment taking place
during this acute time window. Fifth, given that we analyzed data from
the entire sample of trauma-exposed veterans, results do not provide
information about individual variability in response to trauma, which
may be characterized by chronic, recovering, resilient, and delayed
symptom courses (e.g., Bonanno and Mancini, 2008); further long-
itudinal research using larger samples is needed to assess how PTSD
symptom network structures may change as a function of common
PTSD symptom trajectories.

More research is needed to examine the predictive utility of network
models of DSM-5 PTSD symptoms, as well as how treatment may in-
fluence these symptom networks. Stability analyses may also be useful
in predicting the course of mental disorders. For example, a recent
study of depressed individuals found that, relative to those with re-
mitted symptoms, those with persistent symptoms over a 2-year period
exhibited a more densely connected symptom network (van Borkulo
et al., 2015). Accordingly, it may be useful for future research on PTSD
symptom networks to evaluate the prognostic utility of network struc-
tures in predicting chronicity and remission of symptoms in trauma
survivors, and whether treatment of highly affected individuals may
alter the symptom network structure in this population.
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