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Abstract

Background: The manner in which posttraumatic stress disorder (PTSD) develops remains
largely unknown. PTSD is comprised of 20 symptoms across 4 clusters. These clusters were
hypothesized to reflect a failure of recovery model in which intrusive symptoms appear first.
Intrusive symptoms led to avoidance of trauma-related stimuli, which resulted in sustained arousal.
The sustained arousal ultimately led to dysphoria.

Methods—This hypothesized symptoms progression was evaluated during the acute post trauma
period (the first 30 days post event). Participants (N = 80) reported their PTSD symptoms for 30
days via mobile devices. Using a short-term dynamic modeling framework, a temporal and
contemporaneous model of PTSD symptoms were obtained.

Results: In the temporal network, a fear-conditioning component was identified that supported
the hypothesized set of relations among symptom clusters. The contemporaneous network was
classified by two subnetworks. The first corresponded to a fear conditioning model that included
symptoms of intrusions and avoidance. The second included symptoms of dysphoria and arousal.

Conclusions: These findings suggest that, following a trauma, there may be a fear-conditioning
process that involves intrusive, avoidance, and arousal symptoms. Dysphoric symptoms were also
present, but developed as a partially distinct component.
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Exposure to traumatic events markedly increases risk for a range of mental health conditions
including posttraumatic stress disorder (PTSD) (Bryant et al., 2010; Zatzick et al., 2007).
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PTSD is conceptualized as a failure of the natural recovery process (Yehuda & LeDoux,
2007) given that the majority (77%) of those exposed to a traumatic event will recover
(Zatzick et al., 2007). However, the process by which PTSD develops is complex and largely
unknown (Galatzer-Levy & Bryant, 2013). Such complexity has prevented the development
of methods to accurately predict and prevent PTSD (Kearns, Ressler, Zatzick, & Rothbaum,
2012). An improved understanding of how PTSD symptoms develop in the month after a
trauma, referred to as the acute post trauma period, is necessary to develop these clinical
tools.

The PTSD diagnosis, according to the DSM 5, is comprised of 20 symptoms across 4
clusters [Intrusions, Avoidance, Negative alterations to cognition and mood (NACM), and
Alterations to arousal and reactivity (AAR)]. These clusters are posited to reflect the process
by which recovery after a trauma is incomplete (McNally, 2012). Trauma cues and intrusive
memories result in strong emotional and physiological reactions. Such reactions lead to
avoidance of thoughts and cues about the event (Ehlers & Clark, 2000). Intrusions and
avoidance result in an increased sensitivity to threat (Bryant et al., 2017; Price, Legrand,
Brier, & Hébert-Dufresne, 2019). This portion of the process most closely resembles a fear
conditioning model (Bryant et al., 2017; Hoge et al., 2016; Zoellner, Rothbaum, & Feeny,
2011). The sensitization to threats ultimately results in a dysphoric mood (Ehlers & Clark,
2000). The theorized linear progression of symptoms suggests each cluster does not
contribute to the diagnosis equally during the acute post trauma period. It also simplifies
what is likely a complex and nonlinear process (Bryant et al., 2017; Price et al., 2019;
Stockert, Fried, Armour, & Pietrzak, 2018). Empirical investigations that model the
complexity of these hypothesized relations are needed.

Longitudinal studies provide partial support for the theorized progression of symptoms
within a failure of recovery model. In a study of traumatic injury survivors assessed from the
time of the trauma through the following year, AAR and intrusions symptoms were elevated
relative to avoidance symptoms in the week after the trauma (O’Donnell, Elliott, Lau, &
Creamer, 2007). A similarly designed study that assessed symptoms over 12 months also
reported that AAR and intrusions symptoms were initially elevated shortly after the trauma
whereas negative mood symptoms were relatively lower (Schell, Marshall, & Jaycox, 2004).
Importantly, this study also examined interactions between the symptom clusters. Elevated
AAR and intrusions were the only clusters to influence other symptom clusters. Taken
together, these results indicate that PTSD development is a dynamic process in which
symptoms interact over time (Gelkopf et al., 2017). As hypothesized, intrusions and AAR
symptoms may be more important early on and lead to other symptoms in the disorder.
Further examination of these relations within the acute post trauma period are needed.
Examining the associations between specific symptoms may be beneficial because each
symptom cluster contains several constructs. For example, AAR includes hyperarousal and
poor sleep and these symptoms may contribute to PTSD in a different manner.

Network models conceptualize psychopathology as an organized set of relations between
symptoms (Borsboom & Cramer, 2013). Networks have been applied to the PTSD diagnosis
in cross-sectional studies among individuals with established trauma histories (Armour,
Fried, Deserno, Tsai, & Pietrzak, 2017; McNally et al., 2015; Price et al., 2019). Only one

Depress Anxiety. Author manuscript; available in PMC 2021 August 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Price et al.

Page 3

study has examined the network structure of PTSD in the acute post trauma period (Bryant
etal., 2017). Symptoms of intrusions such as thought intrusions and reactivity to trauma
cues were highly central. Centrality refers to how important a symptom is to the network
structure (Borgatti, 2005). In a network of the same sample assessed 12-months post-trauma,
reactivity to trauma cues remained central, but the centrality of arousal symptoms increased.
Furthermore, overall network density was stronger at 12-months than during the acute post
trauma period. These results are consistent with the findings of other work in which
intrusion symptoms were prominent immediately following a trauma and arousal symptoms
became more pronounced in the following months (Shalev et al., 2000; Stam, 2007). Cross-
sectional networks, however, are unable to examine symptom dynamics — how the symptoms
interacted longitudinally.

The interactions among PTSD symptoms can be conceptualized as a short-term dynamic
system (Bringmann et al., 2013). Short-term dynamics refers to determining how variables
affect one another over brief time intervals. This modeling approach determines how a
symptom at a given time point (J) is affected by other symptoms and itself at the previous
time point (#-1). These relations create a directed temporal network. Of interest are the in
strength and out strength of symptoms. In strength refers to the sum of edge weights that a
symptom has going to it, which determines the extent it is affected by other symptoms at the
previous time point. Out strength refers to the sum of edge weights that a symptom has
going from it, which determines the extent that it affects other symptoms at the next time
point.

Only one study to date has used a short-term dynamic model to examine PTSD symptoms
(Greene, Gelkopf, Epskamp, & Fried, 2018). In a large sample of civilians exposed to an
ongoing military conflict, PTSD symptoms were measured for 30 days. Within the temporal
network, exaggerated startle had the strongest out strength. Avoidance of trauma-related
thoughts also had a modest out strength. Intrusions symptoms had a modest in strength, but a
relatively low out strength. These relations differed from those that were theorized to explain
the development of PTSD. The authors attributed these results to the ongoing nature of the
trauma. Continuous threat exposure may have increased the importance of arousal. It
remains unclear how symptoms interact with one another during the acute post trauma
period when the trauma has ended. Such interactions may help determine if the failure of
recovery model is helpful in understanding how PTSD develops after a traumatic event.

The present study was an exploratory investigation of the short-term dynamics of PTSD
symptoms after a traumatic injury. The overarching hypothesis was that the dynamic
network would support a failure of recovery model in which intrusions led to avoidance,
which led to arousal, which led to dysphoria. Specifically, it was hypothesized that that
intrusion symptoms would have high out strength and low in strength. AAR symptoms were
hypothesized to have the highest in strength. NACM and avoidance symptoms were
hypothesized to have low out strength and a high in strength. These relations were consistent
with prior work that proposed trauma-related intrusions results in avoidance, sustained
arousal, and dysphoric mood (Bryant et al., 2017; Ehlers & Clark, 2000). Furthermore, a
contemporaneous network that modeled the relations of symptoms occurring within the
same time period () was estimated. Such a network allows for comparisons of symptom
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relations within a time period to those across a time period. It was hypothesized that
intrusion symptoms were at the center of the contemporaneous network and dysphoric
symptoms were at the periphery.

Participants (N = 80) were recruited from a Level 1 Acute and Critical Care Service in the
Northeastern US. The mean age was M= 34.59, SD = 10.23 and the majority of the sample
was male (n = 48, 60.0%).

Standardized Trauma Interview (STI; Foa & Rothbaum, 2001).—The STl is a 41-
item interview assessing relevant aspects of the trauma. The STI was only used to determine
if the most recent traumatic event met criterion A for a diagnosis of PTSD.

PTSD Checklist-5 (PCL; Blevins, Weathers, Davis, Witte, & Domino, 2015): The
PCL-5 is a 20-item self-report measure that assesses PTSD symptoms experienced over the
last month according to DSM 5 criteria. Items assess symptoms on a 0-4 point Likert scale.
Total scores range from 0-80.

Mobile Assessment: Each mobile assessment consisted of 9 items. These included the
eight items of the abbreviated PCL-5 (Table S1: Price, Szafranski, van Stolk-Cooke, & Gros,
2016) and an additional item from the PCL-5 assessing sleep (Item 20). The abbreviated
scale includes 2 items from each cluster of PTSD. The PCL assessment was linked to the
trauma for which the participant presented at the hospital and anchored to the past day. The
abbreviated PCL was used to improve the feasibility of data collection and reduce
participant burden (Price, van Stolk-Cooke, Brier, & Legrand, 2018; Price et al., 2014)

The procedures that were used in this study are described in detail in the supplemental
materials and elsewhere (Price et al., 2018). Participants were met bedside M= 4.88, SD =
5.22 days after their traumatic event. The most common type of trauma exposure was motor
vehicle accident (48.7%). The variability in days in which participants were approached was
due to ongoing clinical care. Participants downloaded a mobile application [ Metricwire
(Waterloo, ON)] to their device that administered the surveys on a fixed schedule for 30 days
after the initial assessment. All study procedures were approved by the Institutional Review
Board at the location in which the study was conducted.

Data Analytic Plan

All analyses were conducted in R (version 3.5.1). Mobile responses obtained between 5 and
34 days post trauma using a lag of 1 day were used to estimate the networks. The response
rate across 30 days was M= 59.4% (SD = 26.0%, range = 4-30), which is comparable to
other samples (Bunnell et al., 2019; Davidson, Bunnell, & Ruggiero, 2017; Greene et al.,
2018). A total of 1439 time points were used with less than 1% missing data within each
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time point. Mutlilevel vector autoregressive (mIVAR) models were estimated using the
mIVAR package (version 0.4.2, Eskamp et al., 2018). Networks were estimated using the
two-step multilevel VAR method (for a detailed overview of this approach see: Eskamp et
al., 2018; Bringmann et al., 2013). A network is created by first fitting a set of multilevel
models in which each variable in the analysis at time ¢is predicted by itself and all other
variables in the model at time £1. The multilevel models included fixed effects and random
effects. Due to the number of variables in the current model, random effects were not
correlated (Eskamp et al., 2018). The fixed effects from this step comprised the edges of a
directed network in which edges were interpreted as the extent that the origin variable at #1
predicted the endpoint variable at « The second step conducted another set of multilevel
models with the residuals from the first step as the outcome and all other variables measured
at the same time point as predictors. The fixed effects from this step constructed a
contemporaneous network in which edges represented the association between variables
within a given time point. This network was estimated using the “or” rule, in which an edge
was retained if one of the edges between two variables in the contemporaneous network was
significant. There were only two edges in which only one path had p > 0.05. These paths
were p < .06, however. The threshold for retaining an edge was held at a significant relation
at p< .05 due to the exploratory nature of the current study (Wasserstein, Schirm, & Lazar,
2019).

Networks were plotted using the ggraph (version 1.5) and igraph (version 1.2.2) packages
according to the Fruchterman and Reingold algorithm (1991). The strength of the
connectivity between nodes is represented by the thickness of the edge. For the temporal
model, self-loops were allowed and represented visually by a circular arrow on the node. A
self-loop indicates that a given symptom predicts itself at the following time point.

Centrality metrics were calculated for the temporal and contemporaneous networks.
Centrality is a method of describing how nodes fit into a network’s structure. Of interest
were four metrics of centrality: Strength, Triangles, Betweenness, and K-Core
Decomposition. Strength refers to the sum of the edge weights associated with a node. For
the temporal network, in strength and out strength were calculated separately. For the
contemporaneous network, total strength was used in which each edge was counted once.
Triangles refer to the number of node triples that are completely connected. The number of
triangles that a node is part of determines the extent that a node is influential in the network
(Borgatti, 2005). In mIVAR, the edges are defined by regression coefficients and so a
triangle suggests that one node has both a direct effect and an indirect effect on a second
node via a third node. Betweenness refers to the inverse of the number of shortest paths
between all pairs of nodes that include a given node. Finally, a K-Core decomposition was
conducted using the onion approach (Hébert-Dufresne, Grochow, & Allard, 2016). This
method classifies nodes according to layers that are based on how well connected a node is
to other high degree nodes (degree referring to a count of the edges to a node). At the lowest
layers are nodes with low degree with edges to other low degree nodes. As the algorithm
decomposes the network, nodes with a high degree that are connected to other nodes with a
high degree are placed at higher layers. Nodes at the highest layers form the core of the
network. The K-Core decomposition was conducted on the contemporaneous network. A
detailed script that outlines these analyses is provided in the supplemental materials (S2).
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Descriptive information is presented in Table 1. Figure 1 depicts the temporal network of the
9 included PTSD symptoms. The network included a 6-node component and three
independent nodes. The network had a low density (16.0% of possible edges). The large
component consisted of six symptoms. Emotional reactivity (14) had an out strength of 0.23
and a 0 in strength. It was the only symptom to predict other symptoms but not be predicted
by other symptoms or itself and thus reflected a starting point (Table 2). Exaggerated Startle
(AARA4) had the highest in strength and a 0 out strength, suggesting that it was a terminal
point. Low Interest (NACMS5) had the highest out strength, predicting 4 symptoms including
itself. This symptom also had a modest in strength, suggesting it was an important node on
the network. Indeed, Low Interest (NACMS5) had the highest betweenness score. As further
evidence of the importance of Low Interest (NACMDb) in this network, it was part of 3
triangles, suggesting that it had direct and indirect effects on three other symptoms
[Avoidance: Internal (AR1), Avoidance: External (AR2), and Exaggerated Startle (AAR4)].
The majority of the symptoms in the larger component were part of at least 1 triangle.

The independent nodes [Thought Intrusions (11), Negative Thoughts(NACM2), and
Concentration Difficulties [AARS5]) suggested that levels of these symptoms over time were
independent from the larger component. Four symptoms [Concentration Difficulties
(AARDS), Low Interest in Activities (NACM2), Sleep Difficulties (AAR®6), and Negative
Thoughts (NACM2)] had self-loops, which suggested that these symptoms were self-
perpetuating. Interestingly, only one symptom with a self-loop (NACM5) had other edges.

The contemporaneous network, displaying the association between symptoms within the
same day, is presented in Figure 2. This network had a higher network density than the
temporal network (44.4% of possible edges) and included a single component. Within this
network, emotional reactivity (14) and Negative Thoughts (NACMZ2) had the highest strength
and had the highest number of triangles of any nodes (n = 5) (Table 2). Negative Thoughts
(NACM2) had the highest betweenness as well. Finally, the K-core decomposition identified
emotional reactivity (14) at the highest layer of the network. This result suggests that in
addition to emotional reactivity (14) having the highest strength, it had edges to other nodes
of a high strength and thus was the core of the network.

Discussion

The present study was the first to examine the short-term dynamics of PTSD symptoms
during the acute post trauma period. As hypothesized, symptoms associated with fear
conditioning were a key part of the network of PTSD symptoms. This finding was consistent
with the “failure of recovery model’ conceptualization of PTSD development (Bryant,
O’Donnell, Creamer, McFarlane, & Silove, 2013; Ehlers & Clark, 2000; Weston, 2014). The
temporal network contained paths that began with emotional reactivity to trauma cues (14)
and led to avoidance (NACMS5, Al, A2), which resulted in elevated startle (AA4). The
NACM symptom of diminished interest in activities represented an avoidance symptom in
this network given its relation to the other avoidance symptom and the manner in which the
question was phrased. The lack of ingoing paths to emotional reactivity to trauma cues (14)
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and the lack of outgoing paths from startle (AAR4) indicated these symptoms served as
starting and end points of this reactivity to sensitization process.

Results highlighted the important role that reactivity to trauma cues (14) had in the initial
propagation of PTSD symptoms. Within the temporal network, this symptom served as the
starting point of a large component of the network, similar to a fear conditioning model
(Milad, Rauch, Pitman, & Quirk, 2006). Within the contemporaneous network, reactivity to
trauma cues had the highest number of triangles, the highest strength and was at the highest
layer in the network. Its highly centralized position suggested that it affected and was
affected by most of the other symptoms. By contrast, thought intrusions that were not
triggered by a trauma cue (11) had a substantially less central role in the contemporaneous
network and was disconnected from the large component in the temporal network. This
result was consistent with the other network study of PTSD symptoms in which cue
reactivity was more important during the acute phase relative to other intrusion symptoms
(Bryant et al., 2017). Taken together, these findings emphasized the importance of reactivity
to cues and the utility of using fear conditioning models to understand, predict, and
potentially treat PTSD in this early period (Hoge et al., 2016; Zoellner et al., 2011).

The contemporaneous network suggested there was also a subnetwork characterized by
dysphoria symptoms. The symptoms associated with fear conditioning [thought intrusions
(11), emotional reactivity (14), internal avoidance (Al), external avoidance (A2), and
hyperarousal (AAR4)] had a high edge density (6/10, 60%). The remaining symptoms
[Negative cognitions (NACM2), Low interest (NACMS5), Concentration difficulties (AAR5),
Difficulty sleeping (AAR®6)] also had a similar high edge density (4/6, 66%). The edge
density across the symptoms of these two sets, was markedly lower (5/20, 25%).
Furthermore, the majority of these cross-set edges (3/5) were with Negative thoughts
(NACM?2), suggesting that this symptom may be a hub. Factor analytic work has suggested
that dysphoric symptoms are part of an independent factor that is distinct from intrusions
and avoidance (Elhai & Palmieri, 2011; Pietrzak et al., 2015). Further, dysphoria is more
weakly related to intrusions and avoidance than it is to depression symptoms (Elhai et al.,
2015; Price et al., 2019; Price & van Stolk-Cooke, 2015). In the temporal network, negative
thoughts had a strong self-loop, suggesting that it influenced itself over time. Taken together,
these data suggest that the early period after a traumatic event is characterized by dysphoria
and fear symptoms, but that the extent that they sustain each other over this period is unclear
and requires further investigation.

The present study had several limitation. First, it did not asses all 20 symptoms of PTSD,
which limited the conclusions that could be drawn. The included 9 symptoms were most
strongly related to each cluster of PTSD and to overall PTSD severity (Price et al., 2016).
The abbreviated scale was chosen to reduce the burden on participants. Although this
approach increased the feasibility of the study, it limited the number of symptoms available
to analyze. Given that networks rely on item-level data (McNally et al., 2015), the findings
of the present study should be considered preliminary. The limited number of symptoms also
prevented the examination of clustering within this network, which may have further
supported the proposed associations between intrusions and avoidance symptoms.
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A second limitation was the focus on traumatic injury relative to other trauma types. A
traumatic injury sample is relatively homogenous in that the majority of participants in the
current study experienced car accidents. It is unclear if these same networks would have
been obtained had additional trauma types, such as interpersonal violence or sexual assault,
been included as these traumas are thought to evoke more dysphoric symptoms (Aakvaag et
al., 2016).

A third limitation was the inability to compare the networks of those who developed PTSD
and those who recovered. Given the rates of PTSD after trauma exposure (Bryant et al.,
2010; Zatzick et al., 2007), large cohorts of trauma victims are needed to have sufficient
power to examine the networks of those who develop clinically significant symptoms as
opposed to recovered. Nevertheless, the present study provided useful information for
understanding the overall progress of symptoms in the acute aftermath of a traumatic event.

Finally, the temporal network reflected the directional relation between symptoms from one
day to the next. The contemporaneous network reflects the associations between symptoms
within a given day of the acute post trauma period. However, the speed with which these
symptoms affect one another is likely faster than a single day. A recent study demonstrated
that the relation between the clusters of PTSD varies depending on the frequency with which
they were assessed (Gelkopf, Pickman, Carlson, & Greene, 2019). Future work should
consider assessing symptoms multiple times per day.

The results of the present study supported the theorized process by which PTSD develops
after a traumatic event. This process includes a fear conditioning component in which
reactivity to trauma cues leads to avoidance which results in elevated arousal. These findings
suggested that fear conditioning models and associated treatments, such as exposure, may
prove useful in assessment and early intervention (Rothbaum et al., 2012). Furthermore,
dysphoric symptoms appear to represent a distinct process that is hypothesized to become
gradually more integrated with other symptoms over time. Through continued investigations
of PTSD symptom interactions during the acute post trauma period, new assessment and
early intervention strategies will be developed to identify and treat those at greatest risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Temporal network of PTSD symptoms. Edges correspond to change across one day to the

next. All edges included are significant at p < .05. Edge thickness corresponds to magnitude
of association.
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Figure 2.
Contemporaneous network of PTSD symptoms. Edges correspond to change across one day

to the next. All edges included are significant at p < .05. Edge thickness corresponds to
magnitude of association.
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Table 1.
Descriptive statistics for PCL items over time.
Day 10 Day 20 Day 30
11: Thought Intrusions 0.78 (0.98) 0.71(0.93) 0.62 (0.75)
14: Emotional Reactivity to Cues 0.93 (1.15) 0.84(1.02) 0.85(0.93)
Al: Avoidance: External 0.57 (0.83)  0.54(0.83) 0.48(0.71)
AZ2: Avoidance: Internal 0.62 (0.86) 0.62 (0.87)  0.60 (0.79)
NACM2: Neg Thoughts about Self, Others, World 0.77 (0.91) 0.77 (1.05)  0.97 (1.22)
NACMS: Low Interest 0.82(1.08)  0.67(0.89) 0.76 (1.08)
AARA: Startle 0.63(0.90)  0.46 (0.90) 0.53 (0.90)
AARS5: Concentration Difficulties 1.04 (1.12) 0.89(0.96) 0.80(1.1)
AARES: Sleep Difficulties 129 (1.17)  1.49(1.08) 1.22(1.18)

Baseline Total PCL-5

24.60 (15.06)

Page 14

Note: | = Intrusions. A = Avoidance. NACM = Negative Alterations to Cognition and Mood. AAR = Alterations to Arousal and Reactivity. Values

in parentheses are SDs.
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