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Acute and Chronic Posttraumatic Stress Symptoms
in the Emergence of Posttraumatic Stress Disorder
A Network Analysis
Richard A. Bryant, PhD; Mark Creamer, PhD; Meaghan O’Donnell, PhD; David Forbes, PhD;
Alexander C. McFarlane, MD; Derrick Silove, MD; Dusan Hadzi-Pavlovic, MPsych

IMPORTANCE Little is understood about how the symptoms of posttraumatic stress develop
over time into the syndrome of posttraumatic stress disorder (PTSD).

OBJECTIVE To use a network analysis approach to identify the nature of the association
between PTSD symptoms in the acute phase after trauma and the chronic phase.

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort study enrolled 1138 patients
recently admitted with traumatic injury to 1 of 4 major trauma hospitals across Australia from
March 13, 2004, to February 26, 2006. Participants underwent assessment during hospital
admission (n = 1388) and at 12 months after injury (n = 852). Networks of symptom
associations were analyzed in the acute and chronic phases using partial correlations, relative
importance estimates, and centrality measures of each symptom in terms of its association
strengths, closeness to other symptoms, and importance in connecting other symptoms to
each other. Data were analyzed from March 3 to September 5, 2016.

MAIN OUTCOMES AND MEASURES Severity of PTSD was assessed at each assessment with the
Clinician-Administered PTSD Scale.

RESULTS Of the 1138 patients undergoing assessment at admission (837 men [73.6%] and
301 women [26.4%]; mean [SD] age, 37.90 [13.62] years), strong connections were found in
the acute phase. Reexperiencing symptoms were central to other symptoms in the acute
phase, with intrusions and physiological reactivity among the most central symptoms in the
networks in terms of the extent to which they occur between other symptoms (mean [SD],
1.2 [0.7] and 1.0 [0.9], respectively), closeness to other symptoms (mean [SD], 0.9 [0.3] and
1.1 [0.9], respectively), and strength of the associations (mean [SD], 1.6 [0.3] and 1.5 [0.3]
respectively) among flashbacks, intrusions, and avoidance of thoughts, with moderately
strong connections between intrusions and nightmares, being upset by reminders, and
physiological reactivity. Intrusions and physiological reactivity were central in the acute
phase. Among the 852 patients (73.6%) who completed the 12-month assessment, overall
network connectivity was significantly stronger at 12 months than in the acute phase (global
strength values, 6.57 vs 7.60; paired difference, 1.03; P < .001). The network associations
among the reexperiencing symptoms were strengthened at 12 months, and physiological
reactivity was strongly associated with the startle response, which was also associated with
hypervigilance. Strong connectivity among emotional numbing, detachment from others,
and disinterest in activities as well as moderately strong links among irritability (anger),
concentration deficits, and sleep disturbance were found.

CONCLUSIONS AND RELEVANCE As time elapses after trauma, fear circuitry and dysphoric
PTSD symptoms appear to emerge as connected networks. Intrusive memories and reactivity
are centrally associated with other symptoms in the acute phase, potentially pointing to the
utility of addressing these symptoms in early intervention strategies.
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P osttraumatic stress disorder (PTSD) affects as many as
1 in 4 people who experience traumatic events1 and con-
tributes to marked functional disability, health impair-

ment, and social dysfunction.2 Despite the attention this con-
dition has received, the fundamental nature of the syndrome
is poorly understood. Although most survivors of trauma ex-
perience elevated stress responses in the immediate after-
math of trauma exposure, most of these reactions abate in the
ensuing period, and only a minority of survivors develops a
long-standing disorder.3 This process potentially involves fear
conditioning at the time of trauma, resulting in overconsoli-
dation of trauma memories.4

According to the diagnostic criteria of PTSD, symptoms
crystalize into the formal syndrome at some period beyond the
acute stress response. The DSM has traditionally conceptual-
ized PTSD as consisting of reexperiencing, avoidance, and hy-
perarousal clusters of symptoms, although DSM-5 added a
fourth cluster consisting of alterations in mood and cognition.5

Although intrusions, avoidance, and hyperarousal are more as-
sociated with fear disorders, the dysphoria symptoms (eg, so-
cial withdrawal, emotional numbing, and disinterest in activi-
ties) are more associated with depressive disorders.6-8

Poor evidence exists regarding the relative structures of
PTSD symptoms in short- and longer-term phases. One means
to understand how stress reactions develop into PTSD is a net-
work approach that posits that symptoms covary because they
are linked via causal associations with each other.9,10 The net-
work approach proposes that PTSD represents a causal sys-
tem of functionally associated symptoms.11 For example, night-
mares can contribute to insomnia, which may contribute to
fatigue, which may lead to impaired concentration and irrita-
bility. One prior study of networks of chronic PTSD symp-
toms found that hypervigilance and foreshortened future were
central to other symptoms and noted associations between ir-
ritability and sleep and concentration problems as well as re-
experiencing symptoms and concentration problems.12 The
network approach provides the opportunity to compare how
PTSD symptoms are associated in the immediate and chronic
phases of adjustment. In this study, we use a network ap-
proach to evaluate PTSD symptoms of patients who experi-
enced a traumatic injury and underwent assessment within 1
week of their trauma and 12 months later. Although network
analyses are somewhat exploratory, we hypothesized that, as
a reflection of the emerging posttraumatic stress syndrome over
time, network strength would be stronger in the chronic than
the acute phases.

Methods
Participants
The Australian Injury Vulnerability Study recruited consecu-
tive survivors of injury admitted to 4 level 1 trauma centers
across Australia (Westmead Hospital, Sydney; Royal Ad-
elaide Hospital, Adelaide; The Alfred Hospital, Melbourne; and
Royal Melbourne Hospital, Melbourne) from March 13, 2004,
to February 26, 2006. Inclusion criteria consisted of age of 18
to 70 years, ability to communicate in English proficiently, and

hospital admission more than 24 hours after traumatic in-
jury. Exclusion criteria were moderate or severe head injury,
a current diagnosis of psychosis or active suicidality, being a
temporary visitor to Australia, cognitive impairment, and/or
being under police guard. The study was approved by the re-
search and ethics committees at each hospital, and all partici-
pants provided written informed consent.

Procedure
Research assistants conducted interviews after 24 hours had
elapsed since the traumatic injury. The mean (SD) duration be-
tween injury and initial assessment was 7.22 (9.65; range,
1- 21) days. Initial PTSD symptoms were assessed using the
Clinician-Administered PTSD Scale (CAPS),13 which is a struc-
tured clinical interview for diagnosing PTSD and its severity.

At 12 months after the initial assessment, research psycholo-
gists conducted interviews by telephone using CAPS. All assess-
ments were audiorecorded to ensure ongoing adherence to the
protocol. For each symptom, a severity score was formed as the
sum of CAPS frequency and intensity scores, resulting in items
with values ranging from 0 to 8 (with higher scores indicating
greater frequency and intensity of symptoms).

Statistical Analysis
The current data analyses were conducted between March 3
and September 5, 2016. Networks consist of nodes (symp-
toms) and edges (connections, or associations, between nodes).
A variety of methods exists for determining the associations
between nodes. Simple correlations between 2 symptoms re-
flect a combination of influences that potentially obscure the
magnitude of the functional association, whereas partial cor-
relations control for other symptoms. We used the graphical
Lasso based on an extended Bayesian information criterion
(EBICglasso; hereinafter referred to as GLASSO) option in the
R package qgraph (https://www.rdocumentation.org/packages
/qgraph/versions/1.3.5/topics/EBICglasso) to produce such
estimates of the partial correlations.

Relative Importance
The association between A and B can also be expressed in terms
of (1) how much A contributes to the multiple regression of B
on all the other variables and (2) how much B contributes to

Key Points
Question What are different networks of posttraumatic stress
symptoms in the acute and chronic phases after trauma?

Findings In this network analysis of 852 patients with traumatic
injury who underwent assessment in the hospital and after 12
months, reexperiencing symptoms constituted a major network in
the acute phase. At 12 months, connectivity was significantly
stronger than in the acute phase, and fear circuitry and dysphoric
symptoms of posttraumatic stress disorder emerged as connected
networks.

Meaning Trauma memories are centrally linked to other
symptoms in the acute trauma phase, which highlights possible
early intervention strategies.

Research Original Investigation Acute and Chronic Posttraumatic Stress Symptoms in the Emergence of PTSD

136 JAMA Psychiatry February 2017 Volume 74, Number 2 (Reprinted) jamapsychiatry.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://www.rdocumentation.org/packages/qgraph/versions/1.3.5/topics/EBICglasso
https://www.rdocumentation.org/packages/qgraph/versions/1.3.5/topics/EBICglasso
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.3470


Copyright 2017 American Medical Association. All rights reserved.

the multiple regression of A on all the other variables. Mea-
sures of a variable’s contribution (or its relative importance)
ideally will reflect the univariate effect of the variable and its
effect in the multivariate context.14 To estimate relative
importance (RELIMP), we used the lmg method from the
R package relaimpo.15

Displaying Networks
GLASSO edges are drawn as a single line because the connec-
tions are symmetric, whereas RELIMP edges are drawn as 2 ar-
rows of (possibly) differing thickness because the associations
are not symmetric. In displays comparing networks, the mean
location of the nodes (determined by the spring option in qgraph)
was calculated across both networks, whereas the thickness of
the edges is relative to the largest correlation overall.

Network Descriptors
We also report the following 3 measures of node centrality:
betweenness (the extent to which a node lies on the shortest
path between 2 other nodes and thus its importance in con-
necting nodes); closeness (the shorter the path between one
node and another, the greater the capacity of either node to
influence the other); and strength (the sum of the connec-
tions coming into and/or out of a node).11 We tested the dif-
ference between network connectivity at baseline and at 12
months using the network comparison test, which provides a
permutation-based test of the difference in strength between
networks.16 Finally, we report a number of indicators of the
robustness of the findings, drawing on evolving research into
this aspect of network models (eTables 1 and 2 and eFigures
1-10 in the Supplement).17

Results
Posttraumatic Stress Levels
A total of 1477 patients with traumatic injury met inclusion cri-
teria, and 1138 agreed to participate and completed the initial
assessment (77.0%) (837 men [73.6%] and 301 women [26.4%];
mean [SD] age, 37.90 [13.62] years). Participants had sur-
vived transport crashes (748 [65.7%]), assaults (71 [6.2%]), trau-
matic falls (185 [16.3%]), work injuries (57 [5.0%]), or other trau-
matic injuries (77 [6.8%]). Four hundred ninety patients (43.1%)
experienced a mild traumatic brain injury (MTBI). At follow-up,
838 participants completed the 12-month assessment (74.9%).
Of these, 82 (9.6%) met criteria for PTSD at 12 months. Table 1
presents the mean symptom severity score for each symp-
tom at the acute and 12-month assessments.

Baseline (Acute) Networks
The partial correlations (GLASSO) indicated that the stron-
gest connections at baseline (Figure 1) were among flash-
backs, intrusions, and avoidance of thoughts, with moder-
ately strong connections between intrusions and nightmares,
being upset by reminders, and physiological reactivity. The im-
portance of reexperiencing in the acute phase was under-
scored by the centrality findings (Figure 2), which indicated
that intrusions and physiological reactivity were among the

strongest symptoms in the betweenness (mean [SD] of boot-
strapped standardized centrality index values, 1.2 [0.7] for in-
trusions and 1.0 [0.9] for physiological reactivity), closeness
(mean [SD] of bootstrapped standardized centrality index val-
ues, 0.9 [0.3] for intrusions and 1.1 [0.9] for physiological re-
activity), and strength (mean [SD] of bootstrapped standard-
ized centrality index values, 1.6 [0.3] for intrusions and 1.5 [0.3]
for physiological reactivity) central indices. The relative im-
portance analysis (eFigure 1 in the Supplement) indicates that
intrusions and avoidance of thoughts are reciprocally associ-
ated, as are physiological reactivity and avoidance of thoughts
(although to a lesser extent).

The other strong dyad in the acute phase was between
emotional numbing and social detachment. The relative im-
portance analysis (eFigure 1 in the Supplement) indicated that
social detachment and numbing had a direct association, and
their centrality measures indicated that they were relatively
isolated from other symptoms. Amnesia was poorly associ-
ated with any other symptoms in the acute phase, and its weak
centrality measures indicated its relative isolation from other
PTSD symptoms.

12-Month Networks
At the 12-month assessment, the network associations be-
tween reexperiencing symptoms were maintained, although
they were stronger, and physiological reactivity was strongly
associated with the startle response, which was also associ-
ated with hypervigilance. Relative to the acute phase, intru-
sions were less central in terms of betweenness (mean [SD],

Table 1. Mean Symptom Severity Scores for Acute
and 12-Month Assessments

Symptom

Assessment, Mean (SD) CAPS Scorea

Acute 12 mo
Intrusions 1.28 (2.28) 1.13 (2.01)

Nightmares 0.77 (1.89) 0.63 (1.67)

Flashbacks 0.49 (1.46) 0.48 (1.28)

Distress to reminders 1.12 (2.10) 1.06 (1.88)

Physiological reactivity 0.87 (1.94) 0.92 (1.83)

Avoidance

Thoughts 1.23 (2.25) 1.11 (2.08)

Reminders 0.22 (1.02) 0.88 (2.03)

Amnesia 2.55 (3.31) 2.40 (3.37)

Disinterest in activities 0.52 (1.40) 0.84 (1.88)

Detachment 0.47 (1.42) 0.91 (2.05)

Emotional numbing 0.36 (1.24) 0.74 (1.83)

Foreshortened future 0.21 (0.95) 0.78 (1.55)

Sleep disturbance 4.09 (3.06) 2.54 (2.99)

Anger 1.43 (2.13) 1.47 (2.27)

Concentration deficits 1.41 (2.12) 1.30 (2.23)

Hypervigilance 0.57 (1.47) 1.49 (2.22)

Startle response 0.63 (1.59) 0.80 (1.76)

Rounded totals 18.21 (16.67) 19.29 (21.90)

Abbreviation: CAPS, Clinician-Administered PTSD Scale.
a Scores range from 0 to 8, with higher scores indicating more severe

symptoms.
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0.4 [0.8]), suggesting that whereas intrusions may exert an ef-
fect on other symptoms, this symptom lies on fewer paths of
other associations relative to the acute phase. The relative im-
portance analysis (eFigure 1 in the Supplement) indicated mod-
erately strong direct associations between each of the reexpe-
riencing symptoms, with physiological reactivity having a path
to the startle response.

Concentration deficits were also highly central in terms of
betweenness and closeness but not strength, indicating that,
although concentration deficits lie on the path of many asso-
ciations, the strengths of correlations with concentration defi-
cits were weak. The relative importance analysis indicated a
direct association between sleep disturbance and concentra-
tion deficits, with the pathway being stronger from concen-
tration deficits to sleep disturbance.

At 12 months, a stronger network was found among emo-
tional numbing, detachment from others, and disinterest in
activities. This network was supported by the relative impor-
tance, which indicated a direct association between emo-
tional numbing and detachment and an effect of emotional
numbing on disinterest directly and via detachment. Regard-
ing centrality, these symptoms had low betweenness, indicat-
ing that few symptoms passed through them (although the be-
tweenness of emotional numbing was somewhat higher than
in the acute phase). Moreover, these symptoms were not close
to other symptoms.

Although amnesia was somewhat isolated from other
symptoms in the acute phase, at 12 months we found a strong
path from foreshortened future to amnesia. We also found a
moderately strong link between foreshortened future and both
detachment from others and emotional numbing. Further, the

centrality of foreshortened future increased markedly from the
acute to the 12-month phases. At 12 months, we found mod-
erately strong links among irritability, concentration deficits,
and sleep disturbance. The centrality of irritability increased
markedly from the acute phase to 12 months on all indices, and
foreshortened future and sleep disturbance increased in close-
ness and strength.

A comparison of network connectivity of PTSD symp-
toms in the acute phase and at 12 months indicated that con-
nectivity was significantly stronger at 12 months (based on
100 000 iterations using patients with data at both points, with
a paired difference in global strength values of 1.03 (6.57 vs
7.60; P < .001). Effect sizes (Table 2) provide further informa-
tion about differences in connectivity at both times and indi-
cate that foreshortened future, sleep disturbance, anger, so-
cial detachment, amnesia, and concentration deficits had
markedly stronger closeness and strength at 12 months than
in the acute phase.

eTables 1 and 2 in the Supplement give correlations and
SDs for items at both assessments. eFigures 2 to 7 in the
Supplement show statistics that allow the robustness and sta-
bility of network descriptors to be examined.17 eFigures 8 to
10 in the Supplement provide a network-based perspective on
the grouping of PTSD symptoms.

Discussion
Reexperiencing symptoms was connected strongly in the acute
phase, suggesting that memory-based reactions are linked in
the days after trauma. The observation that reexperienced

Figure 1. Partial Correlations in Networks From the Acute and 12-Month Assessments
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Identical positioning (layout) of nodes has been imposed by taking the mean of
the individual layouts that would have occurred. Minimum edge (connection)
weight for inclusion was set at 0 (default) for both networks. Edge thickness and
darkness are scaled against maximum absolute weight across both networks. We
used the graphical Lasso based on an extended Bayesian information criterion
(GLASSO) software to construct the networks. AMNES indicates amnesia;

ANGER, irritability; AVSIT, avoidance of situations; AVTHT, avoidance of thoughts;
CONC, concentration deficits; DISINT, disinterest in activities; DREAM, nightmares;
DTACH, detachment from others; FLASH, flashbacks; FUTRE, foreshortened
future; HYPER, hypervigilance; INTRU, intrusions; NUMB, emotional numbing;
PHY, physiological reactivity; SLEEP, sleep disturbance; STRTL, startle response;
and UPSET, upset by reminders.
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symptoms are connected in the acute phase accords with fear-
conditioning models that emphasize the overconsolidation of
trauma memories.18 Furthermore, we found a strong direct as-
sociation between intrusive memories and avoidance of
thoughts in the acute phase. Numerous models propose that
intrusive memories are avoided with effort because of their dis-
tressing content.19 Avoidance of reminders was apparently less

associated with reexperiencing symptoms than was avoid-
ance of thoughts; further, at 12 months, avoidance of remind-
ers was more associated with dysphoric symptoms, suggest-
ing this association may be part of the dysphoric response. The
other notable association in the acute phase was the very strong
linkage between emotional numbing and distancing from other
people. One way to understand this strong association is that

Figure 2. Plot of Standardized Centrality Indices for GLASSO Network
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Three node centrality measures of betweenness (A), closeness (B), and strength
(C) at the acute and 12-month assessments based on the graphical Lasso using
an extended Bayesian information criterion (GLASSO). AMNES indicates
amnesia; ANGER, irritability; AVSIT, avoidance of situations; AVTHT, avoidance
of thoughts; CONC, concentration deficits; DISINT, disinterest in activities;

DREAM, nightmares; DTACH, detachment from others; FLASH, flashbacks;
FUTRE, foreshortened future; HYPER, hypervigilance; INTRU, intrusions;
NUMB, emotional numbing; PHY, physiological reactivity; SLEEP, sleep
disturbance; STRTL, startle response; and UPSET, upset by reminders.
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emotional numbing leads to social withdrawal because it lim-
its the capacity to engage with others.

At 12 months, the associations of reexperiencing symp-
toms strengthened. The interesting addition to this network was
the startle response, which was also associated with hypervigi-
lance. Together with the reexperiencing symptoms, this asso-
ciation may be conceptualized as a fear circuitry syndrome be-
cause it includes symptoms associated with fear conditioning,
avoidance, and sensitivity to threat.20,21 The startle response had
a more central role at 12 months. Sensitization models of PTSD
posit that 1 result of traumatic experience is that one is progres-
sively more sensitive to threats, which can lead to stronger startle
reactions over time.22 This theory is consistent with evidence
that elevated startle responses only emerge in the months af-
ter trauma exposure rather than in the acute phase.23

We note that hyperarousal symptoms were also con-
nected at 12 months, with sleep disturbance associated with
anger and concentration difficulties. These associations were
also reported in the previous network study of chronic PTSD.12

Sleep problems can lead to irritability and impaired
concentration.24 We also note that sleep interference may be
heightened in the hospital environment, which may intro-
duce other confounding factors into these associations.

In contrast to the fear circuitry symptoms at 12 months,
another observable network consisted of more dysphoric re-
sponses, including irritability, and concentration deficits, which
tended to be associated with emotional numbing, loss of in-
terest in activities, feeling distant from others, and a sense of
foreshortened future. Previous factor analytic studies have
identified these symptoms as constituting a dysphoric factor
that is generally distinct from the fear-oriented symptoms of
PTSD.6,25 Although this distinction is not apparent immedi-

ately after trauma, it becomes more apparent by 12 months.
This finding is consistent with proposals that, although fear
may characterize the immediate posttrauma response, stron-
ger associations of dysphoric reactions may emerge over time.7

Within this dysphoric network, sleep, irritability, and concen-
tration deficits remain interconnected, reflecting the pattern
observed immediately after trauma. Emotional numbing and
distance from others also remain connected and, by 12 months,
are also associated with loss of interest in activities. Emo-
tional numbing and distance from others apparently were as-
sociated with loss of interest in activities, possibly reflecting
the progressive detrimental effect of emotional and social dis-
engagement on motivation that evolves as PTSD symptoms
persist over time.

It is worth noting the central role of concentration defi-
cits in the acute and 12-month phases insofar as concentra-
tion deficits had strong betweenness, closeness, and (at 12
months) strength. The strong centrality indices of concentra-
tion deficits at 12 months accords with the previous study of
network associations in PTSD,12 which also noted concentra-
tion problems as a symptom with the strongest centrality. The
centrality of concentration problems in PTSD can be under-
stood in the context of evidence that PTSD is associated with
diminished working memory and attention,26,27 which can di-
minish the capacity of people to manage memories and solve
problems28 and plays a role in recovery from PTSD.29

At 12 months, foreshortened future became a more pre-
dominant symptom in that it was more centrally linked, par-
ticularly to dysphoric symptoms. This development may be un-
derstood in the context of ongoing dysphoric posttraumatic
reactions being associated with a sense of helplessness about
one’s future. In this context, we note that amnesia was linked

Table 2. Differences in Global Strength Values and Effect Sizes of Centrality Indices

Symptom

Centrality Indexa

Global Strength Value Differenceb Effect Sizec

Betweenness Closeness Strength Betweenness Closeness Strength Mean
Intrusions –1.19 –0.33 –0.35 –1.25 1.36 –0.11 0.00

Nightmares –0.51 –0.88 –0.58 –0.58 0.97 –0.05 0.11

Flashbacks 0.26 –0.35 –0.29 0.45 2.13 1.10 1.23

Psychological reactivity 1.12 0.12 0.10 1.14 2.17 1.79 1.70

Physiological reactivity –0.64 –0.70 –1.11 –0.63 0.75 –1.97 –0.62

Avoidance of thoughts –1.47 –0.99 –1.22 –1.30 0.56 –2.35 –1.03

Avoidance of situations 0.19 –0.16 –0.57 0.25 1.98 0.40 0.87

Amnesia –0.04 0.47 –0.14 0.52 3.86 2.09 2.16

Disinterest in activities –2.06 –2.15 –0.88 –2.09 –0.13 –0.47 –0.90

Detachment 0.19 0.54 0.96 0.09 2.59 3.77 2.15

Emotional numbing –0.43 0.06 0.27 –0.43 2.42 2.10 1.37

Foreshortened future 3.20 1.67 1.88 3.04 4.05 6.04 4.37

Sleep disturbance 0.38 0.64 0.21 1.16 5.14 4.47 3.59

Irritability 0.71 1.45 1.20 0.76 4.43 5.84 3.68

Concentration deficits 0.56 1.02 1.02 0.33 3.32 4.59 2.75

Hypervigilance –0.66 –0.80 –0.10 –0.84 1.63 1.58 0.79

Startle response 0.40 0.37 –0.41 0.31 2.30 0.60 1.07
a Based on the bootstrapped networks used to produce the stability statistics,

centrality indices were calculated for each of the 1000 networks.
b Calculated as the difference between the standardized mean centrality

statistics at baseline and 12 months so that some comparability with the

plotted centrality indices is found.
c Calculated using means and SDs (positive effect sizes indicate that 12-month

networks have greater values than acute networks) for each index and a mean
across the indices.
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strongly to a sense of foreshortened future at 12 months and
to a lesser extent to concentration difficulties. The relative im-
portance suggests that the direct associations were between
amnesia and both foreshortened future and concentration defi-
cits. Deficits in concentration may be associated with more gen-
eral cognitive difficulties that may contribute to poor
remembering.30 In terms of foreshortened future, cognitive
paradigms have demonstrated that imagining one’s future is
specifically associated with recalling one’s past,31,32 which com-
pliments evidence that the same neural networks are impli-
cated in recalling the past and imagining the future.33 Survi-
vors of trauma who have difficulty forecasting their future also
may have memory deficits because both capacities involve
overlapping mechanisms. We qualify all interpretations re-
garding amnesia with the recognition that nearly half of our
sample sustained an MTBI; thus, amnesia may also reflect the
effects of neurologic insult that impaired encoding of the
trauma rather than dissociative amnesia.

To our knowledge, only 1 prior report has described net-
work associations of PTSD symptoms,12 which showed quite
distinct patterns relative to the 12-month networks noted in
the present study. Although that prior study’s findings con-
verged with the present findings in identifying concentration
deficits, the startle response, and physiological reactivity as
central symptoms, it diverged insofar as the prior study found
relatively low centrality of emotional numbing and high cen-
trality of hypervigilance. These discrepancies need to be un-
derstood in terms of the very different populations. The present
study focused on survivors of traumatic injury 12 months af-
ter injury, whereas the prior study was based on a 5-year as-
sessment of Chinese victims who lost a child as a result of a
large earthquake.

These findings can be considered in relation to recent de-
bates concerning changes to the PTSD definition in the
DSM-5.34 Whereas the revision of PTSD in the DSM-5 encom-
pass a wider array of symptoms, commentators have criti-
cized this shift because it resulted in a reduced focus on fear
circuitry symptoms.35 The observed networks in this study ap-
pear to support the emphasis on fear circuitry symptoms as
the core element in PTSD because, in the acute and longer-
term phases, fear circuitry appears to play a central role in the
stress response. One of the noteworthy changes in the DSM-5
was that the symptom of foreshortened future was reformu-
lated to encompass negative expectations about oneself and
the world on the basis that a limited sense of one’s life span
was deemed as too narrow5; interestingly, the present find-
ings indicated that foreshortened future was a central symp-
tom at 12 months, especially in regard to the dysphoric net-
work of symptoms. This centrality may suggest that a sense
of foreshortened future, as defined by the DSM-IV, is an im-
portant symptom, although replication network analyses are
needed with the DSM-5 symptoms to provide comparative
analyses. Overall, the 12-month data suggest that PTSD symp-

toms appear to develop into networks that may be described
as predominantly dysphoric and fearful. Although not pro-
viding direct support for the proposal to provide greater rec-
ognition of non–fear-based symptoms in the DSM-5, this pat-
tern suggests that greater attention is warranted to understand
how dysphoric reactions to trauma can interact to contribute
to posttraumatic adjustment.

Limitations
We recognize several limitations. First, inferences drawn from
this study should acknowledge that network analyses do not de-
fine causal associations.11 Second, the strength of certain asso-
ciations needs to be understood cautiously because the CIs of
many of the edges between symptoms are large (eFigure 2 in
the Supplement), suggesting that replication with other samples
is required to further elucidate the strength of these associa-
tions. Third, the nature of the analyses incorporates effects oc-
curring between and within participants, and accordingly the
findings may mask the possibility that the PTSD syndrome has
already developed within some individuals in the acute phase.36

Fourth, the cohort consisted of hospitalized survivors of in-
jury, and so the findings need to be confirmed in samples ex-
posed to different types of trauma. Fifth, initial assessments
were conducted from 2 to 15 days after the traumatic event; net-
work associations may differ within this range of time. Finally,
we note that associations between symptoms may be influ-
enced by the order in which they are administered.

Network analyses have the potential for understanding the
construct of PTSD. In light of recent debate about the nature
of PTSD in the context of diagnostic definitions in the DSM-535

and International Classification of Diseases, Eleventh
Revision,35,37 network approaches may shed light on how PTSD
symptoms can be understood. For example, the DSM-5 lo-
cates avoidance of thoughts and reminders in a separate symp-
tom cluster, whereas the present data suggest that avoidance
of thoughts is strongly associated with intrusive memories. Al-
though these data do not shed light on causal mechanisms, the
centrality indices raise possibilities regarding points of inter-
vention. For example, 1 interpretation of these findings may
be that addressing intrusive memories in the acute phase is a
preventative strategy.

Conclusions
The network approach to understanding the associations be-
tween PTSD symptoms offers new opportunities to under-
stand how initial stress reactions develop into longer-term
PTSD problems. The importance of intrusive memories and as-
sociated reactivity were centrally related to other PTSD symp-
toms in the acute phase, which points to the potential for early
intervention strategies that target trauma memories as a fo-
cus for secondary prevention.
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