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PTSD and functional impairment

Highlights

e PTSD symptoms B1, B2, D4, D6 and E4 were the most central symptoms
e Functional impairment was related to a variety of PTSD symptoms
e Impaired relationships were associated primarily with numbing symptoms

e Impaired home management was associated primarily with reexperiencing symptoms

Abstract
Network analysis is a relatively new methodology for studying psychological disorders. It
focuses on the associations between individual symptoms which are hypothesized to mutually
interact with each other. The current study represents the first network analysis conducted
with treatment-seeking military veterans in UK. The study aimed to examine the network
structure of posttraumatic stress disorder (PTSD) symptoms and four domains of functional
impairment by identifying the most central (i.e., important) symptoms of PTSD and by
identifying those symptoms of PTSD that are related to functional impairment. Participants
were 331 military veterans with probable PTSD. In the first step, a network of PTSD
symptoms based on the PTSD Checklist for DSM-5 was estimated. In the second step,
functional impairment items were added to the network. The most central symptoms of PTSD
were recurrent thoughts, nightmares, negative emotional state, detachment and exaggerated
startle response. Functional impairment was related to a number of different PTSD
symptoms. Impairments in close relationships were associated primarily with the negative
alterations in cognitions and mood symptoms and impairments in home management were
associated primarily with the reexperiencing symptoms. The results are discussed in relation

to previous PTSD network studies and include implications for clinical practice.
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1. Introduction

Posttraumatic stress disorder (PTSD) has been widely discussed in relation to military
veterans’ mental health (e.g., Benyamini & Solomon, 2005; Wisco et al., 2014). Itis a
heterogeneous disorder characterized by symptoms of reexperiencing, avoidance, negative
alterations in cognitions and mood and hyperarousal (American Psychiatric Association
[APA], 2013). PTSD can have significant negative effects on service leavers’ community re-
integration (Karstoft, Armour, Andersen, Bertelsen, & Madsen, 2015; Sayer et al., 2015) and
if left untreated, it can impact negatively upon one’s overall quality of life, functioning, life
satisfaction and general wellbeing (Dobie et al., 2004; Pittman, Goldsmith, Lemmer, Kilmer,
& Baker, 2012; Schnurr, Lunney, Bovin, & Marx, 2009).

Research has shown that PTSD is strongly associated with impairments in various
domains of functioning, including intimate relationships (Taft, Watkins, Stafford, Street, &
Monson, 2011), occupation (Smith, Schnurr, &Rosenheck, 2005), parenting (Gewirtz,
Polusny, DeGarmo, Khaylis, & Erbes, 2010) and others. This has also been reflected in the
diagnostic criteria for PTSD according to the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5; APA, 2013), which require significant impairment in
one or more areas of functioning before a diagnosis of PTSD can be made. A related area of
research has focused on identifying specific PTSD symptom clusters (e.g., re-experiencing
symptom cluster, avoidance symptom cluster) that have the strongest relationship with
different areas of functioning. Such research is important, considering that not all PTSD
symptoms are created equal. This has been directly demonstrated in studies which have found
differential associations of the PTSD symptom clusters with a variety of external constructs
(e.g., Pietrzak et al., 2015; Roley, Contractor, Weiss, Armour, & Elhai, 2017). In relation to
functional impairment, studies have shown that the most consistent predictor of various

domains of functioning is the PTSD emotional numbing symptom cluster. For example,
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Schnurr and Lunney (2008) reported that in a sample of 358 male and 203 female veterans
with current PTSD, emotional numbing was the only symptom cluster associated with the
quality of life, after controlling for the effects of other PTSD symptom clusters and
demographic covariates. The prominent role of emotional numbing in functional impairment
has also been reported in other studies with different samples (Kuhn, Blanchard, & Hickling,
2003; North et al., 1999; Pietrzak et al., 2015; Rona et al., 2009; Ruscio, Weathers, King, &
King, 2002; Shea, Vujanovic, Mansfield, Sevin, & Liu, 2010).

In recent years, studies utilizing network analysis to look at the relationships between
PTSD symptoms and between PTSD symptoms and external constructs started to emerge (cf.
Armour, Fried, & OIff, 2017). A network consists of variables that are hypothesized to
interact and exert potentially causal effects upon each other (Borsboom & Cramer, 2013).
Because of the differential interactions, the variables, usually symptoms of a specific
disorder, such as PTSD, are not considered to be interchangeable. Central symptoms are
likely to be more influential than others (i.e., peripheral symptoms) and once activated, these
central symptoms will rapidly spread the activation throughout the network, thus giving rise
to other PTSD symptoms (Borsboom & Cramer, 2013). These predictive relationships need
to be tested with time-series data, however, cross-sectional networks may generate important
exploratory insights into the predictive effects of different variables (Epskamp, Waldorp,
Mbttus, & Borsboom, 2018). It has also been suggested that central symptoms could be
viable targets for interventions (Armour, Fried, Deserno, Tsai, & Pietrzak, 2017; van Borkulo
et al., 2015), because theoretically, eliminating a central symptom should decrease the
activation of the connected symptoms, thus speeding up recovery. This is especially true in
person-specific networks (Borsboom & Cramer, 2013), but again, it should be tested with

time-series data.
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Previous PTSD studies conducted in this area have identified different central
symptoms, although the least central symptom identified in PTSD network studies has almost
consistently been memory impairments (e.g., Armour et al., 2017; Spiller et al., 2017),
defined as the “inability to remember an important aspect of the traumatic event(s)” (APA,
2013, p. 272). Such findings support the results from factor analytic literature (e.g., Forbes et
al., 2015; Yufik & Simms, 2010), which has suggested that memory impairments may be the
least important symptom of PTSD.

Several network analytic studies conducted in the area of PTSD have also examined
the relationships between specific PTSD symptoms and external correlates. By entering other
variables into the PTSD network, it becomes possible to identify those symptoms of PTSD
that are most strongly related to these external psychosocial constructs. Studies have looked
at the relationship of PTSD symptoms with depression (Afzali, Sunderland, Teesson et al.,
2017; Choi, Batchelder, Ehlinger, Safren, & O’Cleirigh, 2017), alcohol use disorder (Afzali,
Sunderland, Batterham et al. 2017), sexual risk behaviour (Choi et al., 2017) and a mixture of
different constructs (Armour et al., 2017; Birkeland & Heir, 2017). No studies have,
however, looked at the relationships of PTSD symptoms with impairments in different
domains of non-health-related functioning, specifically home management, close
relationships and social and private leisure activities.

The aim of the current study was to examine the network structure of PTSD
symptoms and functional impairment in UK treatment-seeking military veterans with
probable PTSD. So far, there have only been three PTSD network studies conducted with
veteran populations and these were all conducted with US veterans (Armour et al., 2017;
Mitchell et al., 2017; von Stockert, Fried, Armour, & Pietrzak, 2018). Moreover, to the best
of our knowledge, there have been no network studies which included in their analyses only

those individuals who met the diagnostic criteria for probable PTSD. By examining the
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network structure of PTSD and functional impairment in a sample of UK military veterans
meeting the DSM-5 diagnostic criteria for probable PTSD, the current study specifically
aimed to 1) identify the most central PTSD symptoms; and to 2) identify those PTSD
symptoms that are related to different domains of functional impairment. The DSM-5 criteria
for PTSD require an individual to report “clinically significant distress or impairment in
social, occupational, or other important areas of functioning” as a consequence of the
symptoms (APA, 2013, p. 272). It is, however, not clear, if any of the PTSD symptoms are
associated with more functional impairment than others and this is what the current study

aimed to examine.

2. Methods
2.1 Participants and procedure

This study utilised data from a cross-sectional dataset of a nationally representative
sample of UK treatment-seeking veterans with mental health difficulties (Murphy, Ashwick,
Palmer, & Busulttil, 2017). The sample was recruited from a national veteran-specific mental
health charity called Combat Stress (CS), which provides clinical mental health services
across the UK. Between January 31%, 2015 and February 1%, 2016, 3,335 unique individuals
had attended at least one appointment with CS. From this population, a 20% subsample of
667 individuals was randomly drawn. Sixty-seven of these individuals were removed from
the sample because four had died prior to data collection commencing and 63 were later
removed because of insufficient address information. The final sample size was 600.
Individuals were sent questionnaires over three mail-out waves and then telephone tracing
was employed to elicit responses. A total of 67.2% (403/600) returned completed

questionnaires.



PTSD and functional impairment

For the current study, participants were restricted to only individuals who meet the
case criterion for probable PTSD on the PTSD Checklist for DSM-5 (PCL-5). A cut-off of 34
or above on the PCL-5 was used to indicate probable PTSD. This cut-off had previously been
validated against the Clinician Administered PTSD Scale for DSM-5 within this population
(Murphy, Ross, Ashwick, Armour, & Busulttil, 2017). This restricted the effective sample size

for the current study to 331 participants.

2.2 Measures
2.2.1 PTSD Checklist for DSM-5 (PCL-5)

The PCL-5 (Weathers et al., 2013) is a self-report measure assessing the severity of
20 PTSD symptoms arising in response to each participant’s traumatic experiences. The 20
items assess the four DSM-5 PTSD symptom clusters of reexperiencing, avoidance, negative
alterations in cognitions and mood, and hyperarousal. Participants indicate the extent to
which each symptom bothered them over the past month, using a five-point Likert scale
ranging from 0 = Not at all to 4 = Extremely. Higher scores indicate greater PTSD symptom

severity. Cronbach’s alpha in the current sample was .839.

2.2.2 Work and Social Adjustment Scale (WSAS)

The WSAS (Marks, 1986) is a five-item self-report measure assessing five domains of
functional impairment; Ability to work, Home management, Social leisure activities, Private
leisure activities, and Close relationships. Participants indicate how much their ‘problem’
affects their functioning in relation to the above domains, using a nine-point Likert scale
ranging from 0 = Not at all to 8 = Very severely. Higher scores indicate greater impairment.
In the current study, the Ability to work domain was not assessed, because some participants

were not employed, in which case a skip function was utilized. Using data that relies on skip
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functions can lead to inaccurate results as it distorts the correlation matrix used in network
estimation (Borsboom et al., 2017). Cronbach’s alpha for the four items utilized in the current

study was .758.

2.3 Data analysis
The primary analysis involved an estimation of a PTSD network consisting of 20
PCL-5 items. The secondary analysis involved the addition of four functional impairment

items (WSAS) to the PTSD network (i.e., a total of 24 items).

2.3.1 Network estimation and visualization

The networks were estimated using the EstimateNetwork function from the R package
bootnet, version 1.0.1 (Epskamp, Borsboom, & Fried, 2017). The items were treated as
ordinal and the networks were therefore estimated based on a Gaussian Graphical Model
using a polychoric correlation matrix. The Gaussian Graphical Model consists of nodes,
representing symptoms, and edges, representing weighted connections between the nodes.
These connections can be interpreted as partial correlations and can range from -1 to 1. With
20 nodes (PTSD network), there are 190 pairwise associations (i.e., edges) and with 24 nodes
(PTSD and functional impairment network) there are 276 pairwise associations to be
estimated, which is likely to lead to a discovery of some false positive, or spurious, edges. To
reduce this possibility, the graphical lasso regularization technique, which shrinks all edges
and constrains the very small ones to zero, was employed (Friedman, Hastie, & Tibshirani,
2008). The resulting network is more parsimonious and contains only the most relevant and
strongest edges. The network was visualized using the Fruchterman-Reingold algorithm
(Fruchterman & Reingold, 1991) in R package ggraph, version 1.4.4 (Epskamp et al., 2012).

The algorithm places more important nodes (i.e., nodes with more or stronger connections) in
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the centre of the network. In the current study, blue lines between nodes represent positive
edges and red lines represent negative edges. The thicker and more saturated the line, the

stronger the connection.

2.3.2 Centrality estimation

The most central symptoms in the PTSD network were identified using the node
strength, closeness and betweenness centrality indices (Opsahl, Agneessens, & Skvoretz,
2010). Centrality is the measure of node interconnectedness. Node strength is the direct
connection of a node to the network, calculated as the sum of absolute weights of all edges of
the focal node. Node closeness is the indirect connection of a node to the network; it is the
average distance of a node to all other nodes in the network, calculated as the sum of the
inverse of the shortest path length from the focal node to all other nodes. Node betweenness
also represents node’s indirect connection; it is the number of times a node lies in the shortest
path between two other nodes. More central nodes have higher centrality values.

Following the example of McNally, Heeren and Robinaugh (2017), we then
calculated the correlation between strength centrality and the standard deviation of the items
in the network to check whether the conclusions about the “importance” of the individual
items can be trusted. Terluin, de Boer and de Vet (2016) demonstrated that connection
strength could in fact be affected by differential variability in symptom severity ratings.

For the PTSD and functional impairment network, we estimated bridge centrality
values using the R package networktools, version 1.1.1 (Jones, 2018). Bridge centrality looks
at the connectivity between two disorders, or in our case, between PTSD and functional
impairment. We calculated 1) Bridge strength, which is the sum of absolute values of edges
between a node and all other nodes in the second disorder, 2) Bridge closeness, which is the

average path length from a node to all other nodes in the second disorder, 3) Bridge
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betweenness, which is the number of times a node lies on the shortest path between two other
nodes that belong to different disorders, 4) Bridge expected influence (1-step), which is the
sum of all edges between a node and all other nodes in the second disorder (taking into
account positive and negative edges), and 5) Bridge expected influence (2-step), which is the

same as 1-step, but also includes the indirect influence of the node through other nodes.

2.3.3 Network accuracy, stability and significance testing

The accuracy and stability of the network was examined using the R package bootnet,
version 1.0.1 (Epskamp et al., 2017). First, we bootstrapped (2,500 iterations) the 95%
confidence intervals around the edge weights in order to assess the accuracy of the edge
weights. Smaller confidence intervals indicate greater accuracy. Second, we used the case-
dropping subset bootstrap (2,500 iterations) to examine the stability of the order of the node
centrality indices. The results indicate whether the order of the centrality indices stays the
same when the network is re-estimated with fewer cases. If the correlation between the
original order of centrality indices and the order of centrality indices after cases have been
dropped remains high, the centrality indices are considered stable (Epskamp et al., 2017). A
correlation stability coefficient (CS-coefficient) has been proposed as a measure for
quantifying the stability of the node centrality indices. A recent simulation study has shown
that the CS-coefficient should be at least 0.25 and preferably above 0.5 for the centrality
indices to be interpretable (Epskamp et al., 2017). Finally, we tested for significant
differences between edge weights and node centralities using the bootstrapped difference

tests. At the time of writing this paper, there is no way to correct for multiple testing.

2.3.4 Missing data

11
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There were no missing data on PCL-5 items and only minimal amounts of missing
data on the WSAS items. Overall, 0.37% of all data (i.e., PCL-5 and WSAS) was missing.
The PTSD with functional impairment network was estimated using complete pairwise

observations (i.e., using all available data).

3. Results
3.1 Sample characteristics

In the effective sample of 331 participants, 318 (96.07%) were males and 13 (3.93%)
were females. Participants were aged 22 to 86, with average age of 50.42 (SD = 12.18). A
total of 221 (66.77%) reported being in a relationship and 110 (33.23%) were single,
divorced, separated or widowed. Ninety-two (27.79%) participants had a job and the rest
were not working, either due to ill health (n = 165, 49.85%) or other reasons (n = 74,
22.36%). The average elapsed time since leaving the Armed Forces was 19 years (SD =
12.19), ranging from 0 to 63 years. The mean PCL-5 score was 58.57 (SD = 10.92). The
mean scores on the WSAS were 5.72 (SD = 2.38) for the social leisure activities item, 5.29
(SD = 2.26) for the close relationships item, 4.87 (SD = 2.39) for the home management item,

and 4.75 (SD = 2.62) for the private leisure activities item.

3.2 PTSD network

Figure 1 depicts the network of 20 PTSD symptoms. The vast majority of the
symptoms were positively connected, and the strongest edges (i.e., regularized partial
correlations) were found between symptoms C1-C2 (.59; avoidance of thoughts with
avoidance of reminders), E3-E4 (.47; hypervigilance with exaggerated startle response), B1-
B2 (.46; recurrent thoughts with nightmares), and between D3-D4 (.44; distorted blame with

negative emotional state). The correlation matrix with all the regularized partial correlation
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coefficients is presented in Table S1. The results of the edge weight bootstrap (Figure S1)
show a substantial overlap between the 95% confidence intervals of the edge weights.
However, some of the strongest edges showed non-overlapping confidence intervals with
quite a few of the other edges in the network. The bootstrap significance tests (Figure S2)
revealed that all four of the above-mentioned edges (C1-C2, E3-E4, B1-B2, and D3-D4) were
significantly stronger than all other edges in the network (except for B1-B2 which did not
differ significantly from B2-B3). The edges between B1-B4 (recurrent thoughts with
psychological cue reactivity), D6-D7 (detachment with restricted affect), D5-D7 (diminished
interest with restricted affect), B2-B3 (nightmares with flashbacks) and quite a few others
were also significantly different than at least half of the other edges in the network (see

Figure S2).

***Figure 1x**

The standardized centrality indices for the 20 PTSD symptoms are presented in Figure
2. The results of the associated case-dropping subset bootstrap (Figure S3) suggest that node
strength is the most stable centrality measure in the current sample, followed by node
closeness. The CS-coefficient values supported these findings; 0.595 for strength, 0.284 for
closeness, and O for betweenness. The three centrality measures were not highly correlated (rs
= .32 between strength and closeness, rs = .24 between strength and betweenness, and rs = .47
between closeness and betweenness) and we therefore interpreted node strength as well as
node closeness, both of which had CS-coefficient values above the recommended 0.25 cut-off

(Epskamp et al., 2017).

***Figure 2x**
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The most central nodes, according to the node strength index, were symptoms B1
(recurrent thoughts), B2 (nightmares), D4 (negative emotional state), D6 (detachment) and
E4 (exaggerated startle response). These symptoms did not differ significantly from each
other on strength centrality (Figure S2), however, they were significantly more central than
several of the other symptoms in the network. Based on node strength, symptom D1 (memory
impairments) was the least central symptom. It was significantly less central than all other
symptoms in the network. The correlation between strength centrality and the standard
deviations of the PTSD items was not significant (rs = -0.23, p = .328), suggesting that the
variability in item severity ratings did not affect the conclusions about strength centrality. The
standard deviations of the PTSD items are presented in Table S2.

The node closeness centrality was highest for symptoms D5 (diminished interest), D7
(restricted affect), D6 (detachment), C2 (avoidance of reminders) and E4 (exaggerated startle
response). These symptoms did not differ from each other or from the other PTSD symptoms
on node closeness centrality (Figure S5). The only symptom which showed consistently
significantly different closeness centrality was symptom D1 (memory impairments); it was
significantly less central than all other symptoms in the network, except for symptom E2

(reckless or self-destructive behaviour).

3.3 PTSD and functional impairment network

The visual representation of the combined PTSD (20 symptoms) and functional
impairment (4 items) network is presented in Figure 3. The results of the edge weight
bootstrap (Figure S6) show that quite a few confidence intervals of the edge weights were
overlapping, but some of the strongest edges were significantly stronger than the majority of

others edges in the network (Figure S7). These were the same edges as the ones identified in

14



PTSD and functional impairment

the PTSD-only network, suggesting that the introduction of the functional impairment items
into the PTSD network did not affect the connections between these PTSD symptoms. Table
S3 presents the correlation matrix with all the regularized partial correlation coefficients. The
four functional impairment items were related to each other (regularized partial correlations
.03 -.29), but they were also related to some of the PTSD items. Relatively small partial
correlations were found between impairment in relationships and PTSD symptoms C2, D2,
D6, D7 and E1 (.02 - .12), between impairment in private activities and symptoms B5, D5,
D7 and E5 (.02 - .05), between impairment in social activities and symptoms B3, C2 and D5
(-.01 - .05), and between impairment in home management and symptoms B1, B2, B5, D5
and E4 (.03 - .09). These relationships were not significantly different from each other
(Figure S7). The relationships appear to be weak, but it needs to be remembered that they are
regularized (i.e., shrunk) partial correlations. Node centrality indices are not presented,
because we were only interested in the connections between the functional impairment items
with specific PTSD symptoms.

Standardized bridge centrality indices are presented in Figure 4. Across all indices,
PTSD symptoms D5 (diminished interest) and D6 (detachment), had the highest values, thus
exerting the most bridging influence on functional impairment. Impairment in home
management and impairment in relationships exerted the most bridging influence on the

PTSD symptoms.

***Eigure 3&4***

4. Discussion
The current study examined the network structure of PTSD symptoms and different

domains of functional impairment in a sample of UK treatment-seeking military veterans. To
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the best of our knowledge, this is the first network study of PTSD symptoms conducted with
UK veterans and the first study conducted with a clinical sample of participants meeting the

DSM-5 diagnostic criteria for probable PTSD.

4.1 PTSD network

In the PTSD network, the strongest connections were identified between symptoms
C1 and C2 (avoidance of thoughts with avoidance of reminders), E3 and E4 (hypervigilance
with exaggerated startle response), B1 and B2 (recurrent thoughts with nightmares), and
between D3 and D4 (distorted blame with negative emotional state). Generally, the
connections appeared to be stronger within the DSM-5 PTSD symptom clusters than between
them. Supporting the results of Armour et al. (2017), we found that symptom D1 (memory
impairments) had the smallest number of connections, which were also relatively weak. This
finding is consistent with the factor analytic literature, in which the memory impairments
symptom has been consistently found to load weakly on the emotional numbing (DSM-1V
studies) or the negative alterations in cognitions and mood (DSM-5 studies) symptom cluster
(e.g., Hafstad, Dyb, Jensen, Steinberg, & Pynoos, 2014; Price & van Stolk-Cooke, 2015;
Seligowski & Orcutt, 2016; Yufik & Simms, 2010).

The low connectivity of the memory impairments symptom was further supported in
the centrality analyses, where this symptom was significantly less central than all other PTSD
symptoms (except for symptom E2 — reckless or self-destructive behaviour). Similar results
have been reported in previous DSM-5 and DSM-IV network studies of PTSD (Armour et al.,
2017; Birkeland & Heir, 2017; McNally et al., 2015; Spiller et al., 2017). Taken together,
these results imply that the memory impairments item might not be a core symptom of PTSD.
In fact, research has shown that memories for traumatic experiences are at least as clear and

detailed as alternative memories and they are even clearer and more vivid in individuals with
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PTSD than trauma-exposed individuals without PTSD (Megias, Ryan, Vaquero, & Frese,
2007; Porter & Birt, 2001). Instead, it has been suggested that this symptom might be a
defining feature of the dissociative subtype of PTSD (Miller et al., 2013; Ross, Banik,
Dédova, Mikulaskova, & Armour, 2018), as memory impairments have long been considered
to be a symptom of dissociation (Dorahy & van der Haart, 2015; Lanius, Brand, Vermetten,
Frewen, & Spiegel, 2012).

The most central symptoms, based on strength centrality, identified in the PTSD
network were symptoms B1 (recurrent thoughts), B2 (nightmares), D4 (negative emotional
state), D6 (detachment) and E4 (exaggerated startle response). These symptoms did not differ
significantly from each other on strength centrality, but they were significantly more central
than some (although not all) other symptoms in the network. The existing DSM-5 network
analytic studies of PTSD symptoms have identified different central symptoms. For example,
in a sample of 221 US veterans with at least subthreshold PTSD, drawn from the National
Health and Resilience in Veterans Study, the most central symptoms were flashbacks,
physiological cue reactivity, negative emotional state and detachment (Armour et al., 2017).
In a sample of 1,458 US veterans drawn from the longitudinal national registry of Iragq and
Afghanistan Army and Marine Corps veterans, the most central symptoms were recurrent
thoughts, nightmares, avoidance of thoughts, avoidance of reminders, negative emotional
state and restricted affect (Mitchell et al., 2017). In another network study conducted over
two time points with 611 US veterans from the National Health and Resilience in Veterans
Study, von Stockert et al. (2018) identified negative emotional state, avoidance of thoughts
and reminders, nightmares, detachment, difficulty concentrating, psychological and
physiological cue reactivity and restricted affect as the most central symptoms at both time

points. In yet another DSM-5 network study, conducted with 151 asylum seekers and
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refugees in Switzerland, psychological cue reactivity was identified as the most central
symptom (Spiller et al., 2017).

It is possible that the different findings are a result of the differences in traumatic
exposure, as this factor has previously been found to affect the presentation of PTSD (Chung
& Breslau, 2008). Nevertheless, it could be argued that if the same symptoms of PTSD keep
emerging as most central across different studies that utilized different samples with different
traumatic experiences and different PTSD prevalence rates, these symptoms may be of high
clinical significance when it comes to designing treatment interventions. The most consistent
finding from the current study and the previous DSM-5 network studies of PTSD is the high
centrality of the negative emotional state symptom. Interestingly, this symptom does not
appear in the proposed diagnostic criteria for PTSD according to the eleventh edition of the
International Classification of Diseases (ICD-11; World Health Organization, 2018), yet it
appears to be of high significance in the existing network studies in that it has high
connectivity with other PTSD symptoms. This means that this symptom is likely to interact
with other PTSD symptoms in one of three ways: 1) it predicts other symptoms in the
network, 2) it is predicted by other symptoms in the network, or 3) it both predicts and is
predicted by other symptoms in the network. Network studies based on cross-sectional data,
including the current one, are exploratory in the sense that they provide important insights
into the relationships between variables in a network. They can generate hypotheses about
potentially causal relationships between symptoms and stimulate time-series data research in
which the direction of the relationships can be established. It will be important for future
studies to examine the predictive relationship of the negative emotional state symptom with
other PTSD symptoms.

The aim of ICD-11 is to include only the core symptoms of PTSD that are unlikely to

be reported by individuals with differential diagnoses, such as anxiety and depression, thus
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increasing the specificity of the PTSD diagnosis and reducing comorbidity (Maercker et al.,
2013). The DSM-5 PTSD symptom of negative emotional state, which the current study and
the three previous veteran studies (Armour et al., 2017; Mitchell et al., 2017; von Stockert et
al., 2018) identified as one of the most central PTSD symptoms could, however, be
considered less specific to PTSD, as it is often reported by individuals with other diagnoses.
For example, as highlighted by Afzali, Sunderland, Teesson et al. (2017), feelings of sadness
and inappropriate guilt are DSM-5 symptoms of major depressive disorder (MDD), but they
are markedly similar to the DSM-5 PTSD symptom D4 - “persistent negative emotional state
(e.g., fear, horror, anger, guilt, or shame)” (APA, 2013).

One of the strengths of network analysis is its ability to identify the so-called bridge
symptoms, which are hypothesized to drive the comorbidity between disorders (Cramer,
Waldorp, van der Maas, & Borsboom, 2010). The nature of the bridge symptoms between the
DSM-5 PTSD and depression is yet to be investigated. However, in a study examining the
comorbidity between the DSM-IV PTSD and MDD, Afzali, Sunderland, Teesson et al.
(2017) found that feelings of sadness and guilt acted as the bridge symptoms between the two
disorders. If future studies reveal that the most central PTSD symptoms (e.g., negative
emotional state) are also the bridge symptoms between PTSD and MDD, intervening on these

symptoms could possibly alleviate symptoms of both disorders.

4.2 PTSD and functional impairment network

When the four functional impairment items were added to the PTSD network, the
strongest connections between the pairs of PTSD symptoms identified in the PTSD only
network were also the strongest ones in the PTSD and functional impairment network (i.e.,
C1-C2, E3-E4, B1-B2, D3-D4). Different domains of impairment were associated with

different PTSD symptoms. However, because the associations were not significantly different
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from each other, possibly due to the small sample size, it is not possible to determine which
of the symptoms of PTSD have the strongest associations with functional impairment.

The existing literature suggests that functional impairment is related to PTSD
primarily through the emotional numbing symptom cluster (Kuhn et al., 2003; North et al.,
1999; Rona et al., 2009; Ruscio et al., 2002; Schnurr & Lunney, 2008; Shea et al., 2010). In
the current study, all four domains of impairment were related to at least one PTSD symptom
from the negative alterations in cognitions and mood symptom cluster (i.e., D1 — D7),
although other symptoms were also associated with impairment.

Impairments in close relationships were associated primarily with emotional numbing
symptoms of PTSD (detachment, negative beliefs, restricted affect), but also with the
avoidance of reminders and irritability and anger symptoms. Previous studies with military
veterans have similarly reported associations between emotional numbing symptoms and
problematic relationships (Galovski & Lyons, 2004; Lunney & Schnurr, 2007; Riggs, Byrne,
Weathers, & Litz, 1998; Ruscio et al., 2002). It is easy to see how these symptoms could lead
to deterioration of, or the inability to form, close relationships. Feelings of detachment or
estrangement (D6), negative beliefs, such as ‘no one can be trusted’ (D2), and the inability to
experience positive emotions, such as loving feelings (D7), could all impede the formation or
maintenance of attachment with one’s children and intimate partner and undermine their
ability to form and maintain meaningful supportive relationships. Moreover, irritability and
anger (E1) could add tension to the existing relationships or prevent the formation of new
ones, if those around feel like they need to ‘walk on eggshells’ in a fear of upsetting their
parent/partner/friend with PTSD.

Impairments in private leisure activities were associated with diminished interest,
physiological cue reactivity, restricted affect and sleeping difficulties symptoms. This is not

surprising if one considers these PTSD symptoms together; if the individual is no longer
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interested in previously enjoyable activities, they are unable to experience positive feelings,
such as happiness or satisfaction, and thus cannot derive enjoyment from engaging in such
activities, it is hard to see how these activities would not be impaired. Moreover, insomnia
can be a precursor to a number of different problems (Harvey, 2008), so it is actually
surprising that sleeping difficulties were only related to impairments in private leisure
activities and no other domains of functioning in the current study. As shown below,
nightmares were also related to impaired functioning (home management), however, a more
detailed analysis utilizing a full established sleep measure would be needed to shed more
light on these relationships.

Impairments in social leisure activities were associated with diminished interest,
flashbacks and avoidance of reminders symptoms. Less research has been conducted in this
area, however, Rodriguez, Holowka and Marx (2012) reported that PTSD avoidance and
emotional numbing symptoms can be related to impaired friendships and socializing and
veterans reporting these symptoms are often reluctant to engage in previously enjoyable
activities with their partners.

Finally, impairments in home management were associated primarily with the re-
experiencing symptoms (recurrent thoughts, nightmares, physiological cue reactivity), but
also with diminished interest and exaggerated startle response symptoms.

Overall, the four functional impairment items did not cluster with the PTSD items,
suggesting that the two are separate constructs. However, there were bridge items that
connected PTSD with functional impairment and through which activation is likely to spread
from one construct to another. For PTSD, these were the symptoms of diminished interest
and detachment, which exerted the most influence onto functional impairment, and from the
functional impairment items, these were the impaired home management and impaired

relationships items, which exerted the most influence onto PTSD.
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4.3 Limitations

A few limitations associated with the current study need to be acknowledged. First,
we used a predominantly male UK military veteran sample, which reduces the
generalizability of the findings to other populations. Second, we included 20 PCL-5 items in
the estimation of the PTSD network, which limits the interpretation of the centrality results in
the current study in the sense that symptoms not included in the network estimation could
actually be the most important symptoms of PTSD. Future studies could include PTSD
symptoms from non-DSM-based measures, or associated features, such as dissociative
symptoms, as there have been debates about whether these should be considered as core
features of PTSD (Dorahy & van der Hart, 2015). Third, our sample was relatively small as
we only included individuals with probable PTSD and the results should therefore be
interpreted with caution, especially the associations between the PTSD symptoms and the
four domains of functional impairment, as there were only few significant differences in the
strengths of these associations. Finally, the data was cross-sectional, and it is therefore not
possible to infer the temporal order of the symptoms and functional impairment items. Most
conceptualizations of PTSD and functional impairment consider the latter to be a
consequence of PTSD. It is, however, possible that the two influence each other. For
example, it has been found that pre-deployment functional impairment is a significant
predictor of post-deployment mental health in US Army soldiers (Wright, Cabrera, Eckford,
Adler, & Bliese, 2012). In relation to our study, it is possible that the PTSD symptoms of
emotional numbing, such as detachment and restricted affect, could lead to impaired social
relationships, which could in turn lead to reduced social support. Lack of social support could
then exacerbate PTSD symptoms, as it has consistently been found to be a strong predictor of

PTSD (Brewin, Andrews, & Valentine, 2000; Fletcher, Elklit, Shevlin & Armour, 2017). The
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relationships identified in the current study should therefore be interpreted with great caution,
as the specific predictive role of the individual symptoms cannot be established from cross-

sectional data.

4.4 Implications

The current study has important implications for both researchers and clinicians. First,
we identified the most central symptoms in the PTSD network, which has implications for
future intervention studies, as it is possible that intervening directly on these symptoms could
speed up recovery by partially breaking down the network of interacting symptoms. The
results will, however, need to be replicated with time-series data due to the fact that a
symptom could be central, not because it is predicting other symptoms itself, but rather
because it is predicted by many other symptoms in the network (Fried et al., 2018).
Moreover, as cautioned by Fried et al. (2018), just because a symptom is central, it does not
necessarily mean it would be an ideal target for interventions. It is possible that feedback
loops exist in our network of PTSD symptoms, leading to the activation of central symptoms
as soon as these have been “switched off” in therapy. Again, time-series data would be useful
to explore this possibility.

The issue of centrality in relation to interventions needs to be further explored by the
implementation of specific targeted symptom-level interventions. Additionally, recent
developments in the field have pointed to the usefulness of person-specific network models.
For example, as shown by Fisher, Reeves, Lawyer, Medaglia and Rubel (2017), specific
symptoms may show causal influences in an aggregated data network, but in some
individuals, they may have no predictive influence over any symptoms, which could render

generic interventions ineffective. This is particularly relevant to heterogeneous conditions
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such as PTSD, for which there are almost countless combinations of symptoms that would
qualify for a diagnosis (Galatzer-Levy & Bryant, 2013).

Interventions could also focus on alleviating those PTSD symptoms that are
associated with the most impairment. In the current study, symptoms from all four PTSD
symptom clusters were associated with functional impairment. Impaired home management
was associated primarily with the re-experiencing symptoms and impairments in close
relationships were associated primarily with the numbing symptoms of PTSD. However,
many other PTSD symptoms were similarly associated with different domains of functioning.
It remains for future research to establish whether any symptoms cause significantly more
impairment than others. The current study did not identify any differential relationships,
however, it is possible that this was due to our study being under-powered. As suggested
above, future studies should also examine the predictive relationships between PTSD
symptoms and different domains of functioning using time-series data, as it is possible that
the relationships are bi-directional. Indeed, the examination of bridge centrality in the current
study showed that the PTSD symptoms exerting the most influence on functional impairment
were diminished interest and detachment and the functional impairment items exerting the
most influence on PTSD symptoms were impairment in home management and impairment
in relationships. These results suggest that the activation from one construct to another is
likely to occur through these specific bridge items, which warrants future research in this

area.

4.5 Conclusion
The current study was the first network analysis of PTSD symptoms conducted with a
treatment-seeking sample of UK military veterans who meet the diagnostic criteria for

probable PTSD. It was also the first study looking at the network of PTSD symptoms and
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four different domains of functional impairment. The most central PTSD symptoms were
recurrent thoughts, nightmares, negative emotional state, detachment and exaggerated startle
response. Considering these results in the context of previous network analytic studies
conducted with veteran samples, negative emotional state appears to be the one symptom that
should be focused upon in future intervention studies to see if alleviating this symptom leads
to improvements in other symptoms. In relation to the PTSD and functional impairment
network, the current study showed that many different symptoms of PTSD were related to
different domains of functional impairment. None of the PTSD symptoms in the current study
were significantly more strongly related to any domains of functional impairment than others.
It is, however, possible that this was due to the small sample size utilized in the current study.
Future investigations in this area are warranted, as interventions could target not just the most
central symptoms of PTSD, but also those that cause the most impairment, or those through

which activation is most likely to spread to different domains of functional impairment.
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ACCEPTED MANUSCRIPT

PTSD and functional impairment

Figure 1. Regularized partial correlation network of the 20 PTSD symptoms
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Running head: PTSD and functional impairment

Figure 2. Standardized node centrality estimates of the 20-symptom PTSD network
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Running head: PTSD and functional impairment

Figure 3. Regularized partial correlation network of the 20 PTSD symptoms and four

functional impairment items
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Running head: PTSD and functional impairment

Figure 4. Standardized bridge centrality estimates in the PTSD with functional impairment network
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