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Abstract

The associations among psychotic experiences (i.e., hallucinations and
delusions), trauma exposure, and posttraumatic stress symptoms are complex
and multidirectional. Using network analysis to understand how psychotic
experiences and symptoms of posttraumatic stress disorder (PTSD) relate
to one another may identify new interventional targets to treat comorbidity
and its underlying pathological processes. This study aimed to use network
analysis to examine the associations among psychotic experiences; negative
symptoms of psychosis; and symptoms of PTSD, anxiety, and depression. In this
population-based cohort study, 4,472 participants (36.7% male) were assessed
for psychotic experiences, negative symptoms of psychosis, PTSD, anxiety, and
depression at age 23 (M = 23.86 years, SD = 0.520) or 24 years (M = 24.03, SD
= 0.848). Associations among symptoms were assessed via network analysis.
Exploratory graph analysis identified three clusters of densely connected
symptoms within the overall network: psychotic experiences; PTSD symptoms;
and depressive and anxiety symptoms and negative symptoms of psychosis.
Psychotic experiences had the strongest associations with other symptoms in
the network, and symptoms of anxiety played a key role in bridging psychotic
experiences, symptoms of PTSD, and depressive symptoms. Consistent with
the stress reactivity and affective models for psychotic experiences, the results
suggest that symptoms of anxiety and emotional distress (e.g., hyperarousal,
panic) may have a key role in the development and maintenance of psychotic
experiences and symptoms of PTSD. Targeting these symptoms may ameliorate
symptom burden transdiagnostically.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited.

© 2023 The Authors. Journal of Traumatic Stress published by Wiley Periodicals LLC on behalf of International Society for Traumatic Stress Studies.

J. Trauma. Stress. 2023;1-12.

wileyonlinelibrary.com/journal/jts | 1


https://orcid.org/0000-0001-8324-1229
https://orcid.org/0000-0001-5466-8522
https://orcid.org/0000-0002-5076-2172
https://orcid.org/0000-0002-2647-9211
https://orcid.org/0000-0001-5170-1243
mailto:laurencewright@doctors.org.uk
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/jts

L wiLEY ")

ASTILL WRIGHT ET AL.

Childhood adversity and trauma are common (Bellis
et al., 2014), and both are associated with an increased
risk of psychotic experiences (PEs; i.e., hallucinations
and delusions; Croft et al., 2019; Trotta et al., 2015; Varese
et al., 2012), which persists even after adjusting for lifetime
comorbid mental disorders, genetic risks, and socioeco-
nomic adversity (Croft et al., 2019; McGrath, McLaughlin,
et al., 2017). Psychotic experiences are necessary but not
sufficient for a psychotic disorder diagnosis, and most
individuals who report PEs do not have psychotic disorder
(Croft et al., 2019). Estimates suggest that the population-
attributable fraction for childhood and adolescent trauma
on psychotic experiences is 45% (Croft et al., 2019; Varese
et al., 2012). Many individuals who experience adverse
childhood experiences and traumatic events also develop
posttraumatic stress symptoms (PTSS), some of whom will
meet the criteria for posttraumatic stress disorder (PTSD;
Karatzias et al., 2019; Kessler et al., 2017). Per the Diag-
nostic and Statistical Manual of Mental Disorders (5th ed.;
DSM-5; American Psychiatric Association [APA], 2013),
symptoms of PTSD include avoidance, reexperiencing,
negative changes in thoughts and mood, and hyperarousal
. The associations among trauma exposure, psychotic
experiences, and PTSD are complex and likely multidirec-
tional. Although evidence is consistent with a causal effect
of trauma exposure on psychotic experiences, the latter
also increases the likelihood an individual will be involved
in further traumatic events (McGrath, Saha, et al., 2017).
There appears to be a dose-response relationship between
exposure to childhood adversity and increased PEs (Scott
et al., 2007) suggestive of a causal pathway (Croft et al.,
2019; McGrath et al., 2016). More severe and chronic
trauma exposure is more likely to be associated with PTSD
(Brewin et al., 2000) and psychotic outcomes (Croft et al.,
2019) than other factors, such as parental loss, uninten-
tional injury, or economic adversity (Arseneault et al., 2011;
McGrath, McLaughlin, et al., 2017). A better understanding
of the complex interplay between symptoms of PTSD and
psychosis might provide insights into the pathological pro-
cesses underlying these disorders and their comorbidity
and offer new possibilities for prevention and treatment.
As the association between PTSD and psychotic out-
comes is multifactorial and bidirectional, we used network
analysis to examine this relationship at a symptom level
using a transdiagnostic approach (Fried et al., 2018; Hardy
et al., 2021; Isvoranu et al., 2017). Network theory is well
placed to address transdiagnostic complexity, as it assumes
that psychopathology arises from dynamic feedback loops
between symptoms, or “nodes,” rather than a common
latent variable (Armour et al., 2017; Hardy et al., 2021).
Certain nodes play a more fundamental role within the
network, with some connecting across diagnostic bound-
aries (i.e., “central” and “bridge” symptoms; Armour et al.,

2017; Hardy et al., 2021). These central and bridge symp-
toms are important in linking densely connected clusters
of nodes nested within broader networks. Thus, network
analysis suggests these central and bridge symptoms may
represent promising treatment targets, as they expedite the
deactivation of the network of interactions between symp-
toms of psychopathology (Castro et al., 2019). This study
examined whether bridge symptoms exist between PTSS,
positive and negative symptoms of psychosis, and mood
and anxiety symptoms, which may provide insight into
potential mechanisms that give rise to and/or maintain
comorbidity and suggest useful targets for interventions
to prevent the development of comorbidity (Afzali et al.,
2017).

Previous network analyses have used small samples
sizes and have not investigated subthreshold symptoms,
focusing on individuals with psychotic disorder (Isvoranu
et al., 2017) or psychotic disorder and PTSD (Hardy et al.,
2021; Isvoranu et al., 2017). This study aimed to investi-
gate which symptoms are most influential in a network
of PTSS, mood symptoms, anxiety symptoms, psychotic
experiences, and negative symptoms of psychosis within a
general population sample. This network analysis of sub-
threshold and threshold symptoms was undertaken on an
exploratory basis with no firm a priori hypothesis specified
with regard to bridging symptoms between comorbidities.
We did, however, expect that symptoms related to emo-
tional reactivity, affective dysregulation, and markers of
generalized distress would feature prominently, as in pre-
vious work, possibly suggesting an affective pathway to
psychosis (Hardy et al., 2021; Isvoranu et al., 2017).

METHOD

Participants and procedure

This network analysis used data from the Avon Longitu-
dinal Study of Parents and Children (ALSPAC), a large,
well-defined birth cohort in the United Kingdom (Fraser,
Boyd, et al., 2013; Harris et al., 2009; Northstone et al.,
2019). ALSPAC recruited women in the Avon Health
Authority area who were expected to give birth (i.e.,
expected delivery date) between April 1, 1991, and Decem-
ber 31,1992, resulting in an initial cohort of 14,062 children.
Later enrolment expanded this sample to 15,645 individ-
uals (Fraser, Boyd, et al., 2013; Fraser, Macdonald-Wallis,
et al., 2013). A total of 4,472 individuals were included
in this study, as not all recruited individuals completed
the full breadth of measures (Supplementary Figure S1).
Ethical approval for the ALSPAC study was obtained from
local research ethics committees and the ALSPAC Law
and Ethics Committee. Research questions were approved
by ALSPAC, and all participants provided written consent
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for the collection and use of these data. This network
analysis did not use clinical or administrative records and
used fully anonymized ALSPAC data.

Measures
PEs

PEs at 24 years of age (M = 24.03 years) were assessed using
the Psychosis-Like Symptoms Semi-Structured Interview
(PLIKSi; Sullivan et al., 2020). The PLIKSi is used to
assess the presence of 12 psychotic experiences, includ-
ing hallucinations, delusions, and thought interference
(Zammit et al., 2008). We assessed the presence of any
psychotic experience without requiring a threshold for
psychotic disorder, allowing us to examine associations
with subthreshold symptoms in addition to symptoms of
a higher severity that might meet the criteria for a psy-
chotic disorder diagnosis. Psychotic symptoms were coded
as present if a respondent endorsed one or more expe-
riences as “suspected” or “definitely present” over the
previous 6 months. PLIKSi interviews were carried out by
trained psychologists and rated following the Schedules for
Clinical Assessment in Neuropsychiatry guidelines (World
Health Organization [WHO], 1994). When administered at
24 years of age, the PLIKSi demonstrated good interrater
reliability, intraclass correlation coefficient (ICC) = 0.81,
95% [CI 0.68, 0.89], and test-retest reliability, ICC = 0.9,
95% confidence interval (CI) [0.83, 0.95] (Lewis et al., 1992).
In the present sample, Cronbach’s alpha for PEs was .53.

Negative symptoms of psychosis

Negative symptoms at age 24 years (M = 24.03 years) were
measured using 10 items from the self-report Commu-
nity Assessment of Psychic Experiences (CAPE; Mark &
Toulopoulou, 2016). Responses were scored on a 4-point
Likert scale ranging from 0 (never) to 3 (always). Questions
assess behavior such as a lack of sociability (e.g., “Have you
felt that you have no interest to be with other people?”) and
apathy (e.g., “Have you felt that you are spending all your
days doing nothing?”). In the present sample, Cronbach’s
alpha was .65.

Depressive and anxiety symptoms

Past-month symptoms of depression and anxiety at age
24 years (M = 24.03 years) were measured using 19 items
related to well-being, depression, and anxiety from the self-
report Clinical Interview Schedule-Revised (CIS-R; Lewis

et al., 1992). The CIS-R assesses a range of symptoms and
can be used as a diagnostic tool for depression and anxiety
disorders, per criteria outlined in the International Statis-
tical Classification of Diseases and Related Health Problems
(10th ed.; ICD-10; WHO, 2016). In the present sample,
Cronbach’s alpha was .59.

PTSD symptoms

Past-month PTSD symptoms at age 23 years (M = 23.86),
as were assessed using the self-report PTSD Checklist for
DSM-5 (PCL-5; Weathers, Litz, et al., 2013; Bovin et al.,
2016). Respondents were asked to rate 20 items on a 5-point
Likert scale ranging from O (not at all) to 4 (extremely),
with higher scores indicating more severe symptoms. PCL-
5 scores were only included for individuals who endorsed
a DSM-5 Criterion A event (APA, 2013). In the present
sample, Cronbach’s alpha was .95.

Trauma exposure

At 23 years of age (M = 23.86), respondents com-
pleted a questionnaire assessing trauma exposure. The
instrument included questions on childhood abuse and
neglect, selected from the Childhood Trauma Question-
naire (Bernstein & Fink, 1998), as used in the U.K. E-risk
child/adolescent cohort (Matthews et al., 2015) and U.K.
Biobank (Sudlow et al., 2015); questions on relationship
abuse since age 16 years, based on questions used in the
British Crime Survey on Domestic Abuse; and questions
on lifetime exposure to selected traumatic events included
in the Life Events Checklist for DSM-5 (Gray et al., 2004;
Weathers, Blake, et al., 2013).

Data analysis

Before estimating a symptom network, we considered
whether certain items shared overlapping content or sim-
ilar wording, rendering them redundant (e.g., negative
symptoms and symptoms of mood disorders; Boks et al.,
2007; Fried & Cramer, 2017; Purnine et al., 2000). Including
redundant nodes may exaggerate the importance of some
symptoms within the overall network (Fried & Cramer,
2017). Two authors (Laurence Astill Wright, Eoin McEI-
roy) independently screened the items for content overlap,
and where there was consensus that two or more items
contained similar content, only one item was retained.
Subsequently, the remaining items were analyzed using
the Goldbricker function in the R package networktools
(Jones, 2017.). The Goldbricker function assesses whether
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correlations between a common variable and two sepa-
rate unique variables are significantly different from one
another, using a p value threshold of .05; this is repeated
for every combination of correlations within the network.
Following this method, we included 45 symptoms in the
network (Supplementary Table SI).

Symptoms in the network are represented as nodes,
with the connecting lines between the nodes, known as
edges, representing the conditional associations between
symptoms. Edges within these networks can be inter-
preted as partial correlations and control for all other
variables in the network. Thicker edges represent stronger
associations between nodes. The Fruchterman-Reingold
graphical algorithm arranges nodes according to how
strongly they are associated with one another. Nodes with
weaker correlations are placed peripherally in the net-
work (Epskamp et al., 2018). We used the R package
ggraph (Epskamp et al., 2012) to estimate a network using
the PLIKSi, PCL-5, CAPE, and CIS-R. Using qgraph, we
computed the appropriate correlation matrix to estimate
a regularized partial correlation network. We estimated
networks using Spearman correlations and the graphi-
cal Bayesian information criterion graphical least absolute
shrinkage and selection operator (BICglasso; i.e., a method
for scoring and selecting a conservative and interpretable
model) threshold method to shrink edges and set very
small edges to 0, using the tuning parameter of 0 (Epskamp
et al., 2018). This avoids problems associated with multi-
ple testing and produces a sparse network that balances
fit with explanatory power. We tested for modularity using
the walktrap algorithm in the exploratory graph analysis
(EGA) R package (Golino & Epskamp, 2017). This function
detects clusters of densely connected nodes that are nested
within the broader network (Figure 1) to estimate the best
model.

We used node centrality to estimate each symptom’s
importance within the network (Opsahl & Skvoretz, 2010).
Centrality is a measure of the connectivity of symptoms
within a network (i.e., the number and strength of con-
nections a node has with other nodes) and is proposed
to denote the importance and clinical relevance of symp-
toms within a given network. We used strength, indicating
the absolute sum of edge weights, as the only measure
of node centrality, as it is stable across network analysis
studies (Birkeland et al., 2020). Expected influence (EI)
indicates the sum of edge weights, thus accounting for neg-
ative edges. The sum of the edge weights directly between
a node and all other nodes is known as 1-step EI, whereas
2-step EI accounts for the indirect effect that a node may
have on other nodes (Epskamp et al., 2018). To determine
which nodes were influential in bridging symptom clus-
ters during EGA, we calculated bridge expected influence
(BEI), bridge strength, and bridge betweenness. These

metrics focus solely on connections between symptom
clusters. Bridge centrality indices were calculated using
the R package networktools (Jones, 2017.) All centrality
and bridge centrality indices were presented as standard-
ized Z scores, with higher scores reflecting higher levels
of importance. We assessed the stability of individual net-
works using the R package bootnet (Epskamp et al., 2018).
Case-dropping bootstrapping was used to estimate a cor-
relation stability coefficient for centrality metrics, with
values above 0.5 implying strong stability, and nonpara-
metric bootstrapping (1,000 iterations) was used for edge
weight differences and centrality differences, with 95%
confidence intervals calculated around the network edge
weights.

We estimated the network using a pairwise present
approach to missing data. To assess whether the miss-
ing data could affect the estimation of the network, we
imputed missing PLIKSi, PCL-5, CAPE, and CIS-R values
using the R package missforest, which uses a random for-
est trained on the observed values of the data to predict
missing values.

RESULTS

Sample demographic and symptom descriptive character-
istics are shown in Table 1 (current sample: N = 4,472,
36.7% male; total ALSPAC sample: N = 15,645, 49.2%
male). Trauma exposure is shown in Supplementary Table
S2. Descriptive characteristics of the primary network
measures are shown in Supplementary Table S3, and Cron-
bach’s alpha values for internal consistency are given in the
Measures section and Supplementary Table S4.

EGA clustering

The EGA produced a three-cluster solution including
(a) symptoms of PTSD, (b) psychotic experiences, and
(c) anxiety symptoms, depressive symptoms, and nega-
tive symptoms of psychosis. These represent three broad
interrelated categories of symptoms.

Network structure and centrality analysis

Strength centrality and bridge centrality metrics are pre-
sented in Figure 2 and Figure 3. Psychotic experiences
were the symptoms with the highest strength central-
ity, also displaying high bridge centrality. Symptoms of
generalized anxiety, panic, tiredness, and risk-taking also
displayed high bridge centrality. Among PTSD symptoms,
the reexperiencing phenomena of disturbing dreams and
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PTSD Symptoms
© Other: Other Delusions

© Thought B: Thought Broadcasting

© Intrusive: Disturbing Memories

© Nightmare: Disturbing Dreams

© Relive: Reliving

© Remind: Upsetting Reminders

© Physical React: Physical Reactions to Reminders

© Avoid Mem: Avoiding Trauma-Related Memories/Thoughts
© Avoid External: Avoiding Trauma-Related External Reminders
© No Memory: Trouble Remembering Event

© Blame: Blaming Yoursel

© Negative: Strong Negative Feelings

© No Interest: Loss of Interest in Activities

© Distant: Feeling Distant From Other People

© Anger: Irritable, Angry or Aggressive

© Risks: Taking Risks or Causing Yourself Harm

© On Guard: Feeling Watchful or On Guard

© Jumpy: Feeling Jumpy or Easily Startied

© Can...t Conc: Dificulty Concentrating

© Sleep Diffs: Trouble Falling or Staying Asleep

Positive Symptoms of Psychosis
© Auditory H: Auditory Hallucinations

© Tactile H: Tactile Hallucinations

© Visual H: Visual Hallucinations

© Spied: Delusions of Being Spied On

© Persecution: Delusions of Persecution

© TR: Thoughts Being Read

© Reference: Delusions of Reference

© Control: Delusions of Control

© Grandiose: Grandiose Delusions

© Thought I: Thought Insertion

© Appetite L: Appetite Loss

© Avoid Anx: Avoiding Anxiety Inducing Situations

Symptoms of Depression, Anxiety & Negative Symptoms of Psychosis
© Appetite I: Appetite Increase
© Somatic Pain: Aches & Pains
© Tired: Feeling Tired
© Forget: Forgetting Things
© Sad: Feeling Sad or Miserable
© Worry: Worrying More Than Needed to
© Tense: Feeling Tense or Unable to Relax
© Anxious: Feeling Anxious in Safe Situations
© Panic: Anxiety Causing Panic
© Quiet: Not Much of a Talker
© Few Emot: Experience Few Emotions at Important Events
© Neglect: Neglecting Appearance & Personal Hygiene
© Avolition: Can Never Get Things Done

Network of psychotic experiences (positive symptoms of psychosis) and negative symptoms of psychosis, posttraumatic

Note: Blue lines represent positive associations, with the thickness of the line indicating association strength. The color of the node represents to which of the

three clusters the symptom belongs, as estimated using exploratory graph analysis.

reliving the traumatic event did not have high bridge
centrality, but disturbing memories, blame, anger, feeling
distant, difficulty concentrating, and sleep disturbances
were associated with higher bridging metrics.

Network stability

The confidence intervals for edge weights and, thus,
the stability of the network and sampling variability of
our findings are presented in Supplementary Figure S2
(Epskamp et al., 2018; Fried et al., 2018). The confidence
intervals were moderately narrow, thus indicating a fair
precision of the network estimation. Bootstrapping pro-
cedures supported the robustness of centrality measures,
graph structure, and edge weights (Supplementary Figures
S2-S4). The correlation stability coefficient for the strength
centrality metric was .283, which is above the cutoff score
of .25 but below the recommended score of .50 as a reli-
able indicator of stability (Epskamp et al., 2018), which
was not ideal. The Goldbricker function did not highlight
any overlapping symptoms. The pairwise present approach
to missing data (Figure 1) and the imputation of miss-
ing data produced very similar networks (Supplementary
Figure 5).

DISCUSSION

These analyses demonstrate the central role of psychotic
experiences and generalized symptoms of anxiety (e.g.,
panic, avoidance) in the association between symptoms of
PTSD, negative symptoms of psychosis, depressive symp-
toms, and other symptoms of anxiety. Our results are
consistent with the thesis that generalized anxiety plays
a central role, via stress reactivity mechanisms, in the
development and maintenance of psychosis and PTSD
symptoms. PEs were central to the network—more so
than negative symptoms of psychosis—and expressed high
strength centrality, possibly highlighting the particularly
debilitating nature of positive symptoms of psychosis
(Harvey & Strassnig, 2012). The analyses demonstrated
three broad interrelated categories: PTSD symptoms; psy-
chotic experiences; and negative symptoms of psychosis,
depressive symptoms, and anxiety symptoms.

The identification of anxiety symptoms as a possible
affective pathway to psychotic outcomes (Myin-Germeys
& van Os, 2007) echoes the findings of other network
analyses in the field (Hardy et al., 2021; Isvoranu et al.,
2017). The results highlight the possible role of height-
ened emotional distress (e.g., anxiety, hyperarousal) as a
bridge between PEs and PTSS, similar to Isvoranu et al.’s
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TABLE 1 Sample demographic and symptom characteristics
Current sample Full ALSPAC sample
Variable (n=4,472) (n =15,645)
n %o n %

Race/ethnicity

White 3,903 97.9 12,064 96.0

Non-White 83 1.8 481 3.8

Missing 486 10.9 3,100 19.8
Employment status

Unemployed 316 7.1 316 2.0

Employed/in education/training scheme 3,569 79.8 3,569 22.8

Missing 587 13.1 11,760 75.2
Living arrangements

Living on own 225 5.0 225 14

Living with partner 1,202 26.9 1,202 7.7

Living with others in shared accommodation 840 18.8 840 5.4

Living with parents 1543 34.5 1543 9.9

Other 76 1.7 76 0.5

Missing 586 13.1 11,759 75.2
Outcome completion

PLIKSi completers 3,874 86.6 3,874 24.8

CAPE completers 3,892 87.0 3,892 24.9

CIS-R completers 3,968 88.7 3,968 25.4

PCL-5 completers 1,690 37.8 1,690 10.8
Mental health symptoms

Current PTSD at age 24 years 273 16.2 273 16.2

Current definite psychotic experience at age 24 years 136 35 136 35

GAD at age 23 years 327 13.0 327 13.0

Note: ALSPAC = Avon Longitudinal Study of Parents and Children; PLIKSi = Psychosis-Like Symptoms Interview; CAPE = Community Assessment of Psychic
Experiences; CIS-R = Clinical Interview Schedule-Revised; PTSD = posttraumatic stress disorder; PCL-5 = PTSD Checklist for DSM-5, GAD = generalized anxiety

disorder.

(2017) observation that anxiety acts as the key link between
emotional abuse and PEs. This is consistent with the
stress vulnerability model of psychotic outcomes, which
states that symptoms emerge when an individual’s abil-
ity to cope is exceeded by stressors, such as traumatic
events (Myin-Germeys & van Os, 2007). Dysregulated
emotional reactivity to daily stressors may create vulner-
ability to psychotic outcomes through both psychological
(i.e., cognitive and perceptual biases; Hardy, 2017) and bio-
logical mechanisms (i.e., hypothalamic—pituitary—adrenal
axis dysregulation and the disruption of the glutamatergic
and dopaminergic systems; Fletcher & Frith, 2009; Howes
& Kapur, 2009). Researchers have suggested that this stress
reactivity pathway predominantly underlies positive rather
than negative symptoms of psychosis (van Winkel et al.,
2008).

We were not able to explore causal relationships in
the analyses, and it is possible that both psychotic expe-
riences and symptoms of PTSD led to anxiety in the

sample. However, if generalized anxiety symptoms and
stress reactivity underlie the PTSD-psychosis symptom
overlap, as described previously, targeting these specific
factors and emotional distress more broadly could amelio-
rate symptoms of both disorders. The authors of previous
network analyses have proposed that broad psychological
intervention, such as creating a sense of control, safety,
and self-worth could reduce the widespread influence of
trauma-related beliefs on symptoms (Hardy et al., 2021).
Trauma-focused interventions are effective and safe in
treating PTSS in individuals with psychotic disorder (de
Bont et al., 2013; van den Berg et al., 2015) and may have
some benefits with regard to PEs among individuals with-
out PTSD (Brand et al., 2018). Treating PTSS, if present,
may represent an opportunity to decrease anxiety symp-
toms, stress reactivity, and emotional distress more broadly
in individuals with PEs (van den Berg et al., 2015).

The associations between positive and negative symp-
toms of psychosis, anxiety symptoms, and symptoms of
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Control 5

TR 1

Other =
Fersecution =
Avoid Anx 4
Thought B 4
Auditory H 4
Tired 5
Grandiose 5
Reference =
Mo Memory -
Spied 5
Appetite L 5
hought | -
Tactile H 4
Physical React 4
Risks 5
Visual H 4
Appetite | 4
Sad -
Anxious 4
Intrusive 4
Anger -

On Guard +
Panic
Sleeg Diffs 5
lame

Worry 4
Distant 4
Negative -
Can't Conc 4
Jumpy

Few Emot 5
Mightmare -
Mo Interest =
Avoid External -
Avolition 5
Avoid Mem 4
Remind =
MNeglect 4
Relive 4
Forget =
Somatic Pain +
Quiet 4
Tense 5

FIGURE 2 Centrality analysis using the strength of each node

PTSD in the network could also be due to confounding by
factors like substance misuse or dissociation such that nei-
ther positive symptoms of psychosis, negative symptoms of
psychosis, anxiety symptoms, nor symptoms of PTSD have
a causal effect on the other symptoms. Furthermore, the
PLIKSi, PCLS5, and CIS-R may overlap in the measurement
of anxiety, thus inflating its importance in the network.
This, however, is unlikely, as the Goldbricker analysis sug-
gested minimal symptom overlap between nodes following
a qualitative assessment of node overlap and item removal
before network estimation.

The network identified feeling distant, blame, risk-
taking, and anger as bridging symptoms, similar to what
was observed by Hardy et al. (2021), who identified hyper-

arousal and trauma-related beliefs, such as blame and
negative perceptions of the world and the self, as key
bridges within their network. These posttraumatic cogni-
tions may exacerbate interpersonal difficulties, cognitive
biases, and sensory—perceptual experiences and contribute
to the development and maintenance of psychotic out-
comes and PTSD (Freeman & Garety, 2014). Furthermore,
the prominence of risk-taking as a bridging symptom may
highlight the role of emotional dysregulation and impulse
control, factors also identified as connecting symptoms
between childhood trauma and psychosis in previous
networks (Isvoranu et al., 2017).

Risk-taking and poor impulse control (Reddy et al.,
2014) are common in individuals with both psychosis
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Bridge Betweenness

Auditory Hallucinations -

Tactile Hallucinations -

Visual Hallucinations -

Delusions of Being Spied On -
Delusions of Persecution -

Thoughts Being Read -

Delusions of Reference -

Delusions of Control -

Grandiose Delusions =

Other Delusions -

Thought Broadcasting -

ought Insertion -

Disturbing Memories -

Disturbing Dreams -

Reliving -

Upsetting Reminders -

Physical Reactions to Reminders -
Avoiding Trauma-Related Memories/Thoughts -
Avoiding Trauma-Related External Reminders -
Trouble Remembering Event -

Blaming Yourself/Others -

Stron? legative Feelings -

Loss of Interest in Activities -

Feeling Distant From Other People -
Irritable, Angry or Aggressive -

Taking Risks or Causing Yourself Harm -
Feeling Watchful or On Guard -

Feeling ury#py or Easily Startled -
Difficulty Concentrating -

Trouble Falling or Staying Asleep -
APPetite Loss -

Appetite Increase -

Aches & Pains -

Feeling Tired -

Forgettin hlnqs -

Feeling Sad or Miserable -

Worrying More Than Needed to -
Feeling Tense or Unable to Relax -
Feeling Anxious in Safe Situations -
Avoiding Anxiety Inducing Situations -
Anxiety Causing Panic -

Not Much of a Talker -

Experience Few Emotions at Important Events -
eglecting Appearance & Personal Hygiene -
Can Never Get Things Done -

20 40 60

o-

FIGURE 3 Bridge centrality strength network statistics

and symptoms of PTSD (Martin et al., 2016). Possible
mechanisms underlying risk-taking in psychosis include
cognitive deficits and reward learning dysfunction (Reddy
et al., 2014), whereas risk-taking in PTSD has been asso-
ciated with emotional dysregulation (Martin et al., 2016).
Risk-taking and impulsivity may also further increase the
risk of traumatic event exposure, and this may nega-
tively impact stress reactivity in psychosis or represent an
entirely separate pathway to psychotic outcomes.

The present results challenge the key role of reexpe-
riencing symptoms as an explanation for the association
between psychological trauma and psychosis (Strelchuk
et al., 2022). We identified a comparatively minor role
of intrusive memories as a bridging symptom relative to
anxiety symptoms, and this is consistent with interven-
tional evidence suggesting that reducing reexperiencing
phenomena via trauma-focused therapies does not reduce
the severity of auditory hallucinations (van den Berg et al.,
2015, 2018). These results also replicate previous network
analyses (Hardy et al., 2021). The minor bridging role
of intrusive memories within the network may represent
another minor connecting pathway between psychosis
and PTSD. Despite the suggested role of reexperiencing
and dissociative detachment in the development of audi-
tory hallucinations (Berry et al., 2017), we were unable
to directly assess the role of dissociation; however, pre-
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vious work has not highlighted emotional numbing as a
key symptom within networks (Hardy et al., 2021). Indeed,
it is likely that there are multiple affective pathways in
the highly complex association between PTSD and psy-
chosis (Luhrmann et al., 2019), and there may be pathways
through symptoms that were not assessed in this study
(e.g., disturbances in self-organization in complex PTSD;
Karatzias et al., 2019).

To our knowledge, this study was the first network
analysis to assess symptoms of psychosis, posttraumatic
stress, anxiety, and depression. We used a large, well-
characterized sample (Fraser et al., 2013) to assess
subthreshold symptoms transdiagnostically using well-
validated, psychologist-administered and self-report mea-
sures. The PLIKSi, CIS-R, and CAPE were administered
2-3 months apart, on average. Comparatively few individ-
uals completed the PCL-5 at age 23 (n = 1,690) relative to
completion of PLIKSi (n = 3,874), CAPE (n = 3,892), and
CIS-R (n = 3,968), but the random-forest imputation of
missing data produced a similar network to the pairwise
present approach to missing data (Supplementary Figure
S5; Hong & Lynn, 2020; Stekhoven & Bithlmann, 2011). The
PCL-5, a self-report measure that is only able to provide a
provisional PTSD diagnosis, does not distinguish between
childhood trauma and more recent traumatic experiences;
thus, this lack of longitudinal investigation limits our
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ability to comment on whether bridging symptoms are
likely to play a causal role in the development of new
symptoms. Fundamentally, the cross-sectional nature of
the sample precludes us from making temporal inferences.
Furthermore, a minority of individuals reported trauma
exposure (Supplementary Table S2), so the lack of associa-
tions among reexperiencing symptoms in the network may
be due to a lack of reexperiencing symptoms more broadly
in the sample, and many of the symptoms measured by the
PCL-5 in these analyses might be indicative of generalized
distress rather than related specifically to PTSD.

Although the ALSPAC cohort is probably the largest
study available worldwide with such detailed informa-
tion collected, it is still relatively small for examining
uncommon outcomes, such as PEs. This inevitably caused
imprecision in the present analyses. Furthermore, the
majority of the sample was female, and although women
generally experience higher rates of certain psychologi-
cal trauma and PTSS than men (McGrath, McLaughlin,
et al., 2017; OIff et al., 2019), sample attrition may have
caused selection bias and led to errors in network esti-
mation. Furthermore, although we assumed the network
pattern was the same in men and women, there could
be sex-related psychosis symptom profiles that may have
created a different array of symptom presentations had
the sample been gender-balanced (Read, 2013). The sam-
ple was also nonclinical, and different associations may
have emerged in a clinical sample. In addition, although
we assessed trauma exposure (Supplementary Table S2),
some participants may have been rating symptoms that
were not related to the DSM-5 Criterion A event they
endorsed. Some measures, such as the measure of psy-
chotic experiences, demonstrated low internal consistency
(Supplementary Table S4). Future research could compare
sex-related differences and explore the role of dissociative
symptoms and emotional dysregulation.

In support of the stress reactivity and affective path-
ways to psychosis, the results of this study suggest that
symptoms of anxiety and emotional distress have a key
role in the development and maintenance of psychotic
experiences and PTSS (Brand et al., 2018). In addition,
the findings indicate that posttraumatic cognitions, emo-
tional dysregulation, and interpersonal problems, rather
than reexperiencing phenomena, may also play a key
role in traumatic stress and psychosis comorbidity. Tar-
geting symptoms of anxiety, psychological distress, and
PTSD-related emotional and behavioral processes may
ameliorate symptom burden transdiagnostically.

OPEN PRACTICES STATEMENT

The fully searchable data dictionary of ALSPAC is avail-
able at www.bristol.ac.uk/alspac/researchers/our-data/.
The data that support the findings of this study are
available on request from the corresponding author. The

IST@ i Wl LEYJ—g

data are not publicly available due to privacy or ethical
restrictions.

ORCID

Laurence Astill Wright
8324-1229

Eoin McElroy © https://orcid.org/0000-0001-5466-8522
Kali Barawi © https://orcid.org/0000-0002-5076-2172
Stanley Zammit (2 https://orcid.org/0000-0002-2647-9211
Jonathan I Bisson ® https://orcid.org/0000-0001-5170-
1243

https://orcid.org/0000-0001-

REFERENCES

Afzali, M. H., Sunderland, M., Teesson, M., Carragher, N., Mills, K., &
Slade, T. (2017). A network approach to the comorbidity between
posttraumatic stress disorder and major depressive disorder: The
role of overlapping symptoms. Journal of Affective Disorders, 208,
490-496. https://doi.org/10.1016/j.jad.2016.10.037

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). https://doi.org/10.1176/appi.
books.9780890425596

Armour, C., Fried, E. I, & OIff, M. (2017). PTSD symptomics:
Network analyses in the field of psychotraumatology. European
Journal of Psychotraumatology, 8(sup3), 1398003. https://doi.org/
10.1080/20008198.2017.1398003

Arseneault, L., Cannon, M., Fisher, H. L., Polanczyk, G., Moffitt, T.
E., & Caspi, A. (2011). Childhood trauma and children’s emerging
psychotic symptoms: A genetically sensitive longitudinal cohort
study. American Journal of Psychiatry, 168(1), 65-72. https://doi.
org/10.1176/appi.ajp.2010.10040567

Bellis, M. A., Hughes, K., Leckenby, N., Perkins, C., & Lowey, H.
(2014). National household survey of adverse childhood experi-
ences and their relationship with resilience to health-harming
behaviors in England. BMC Medicine, 12(72). https://doi.org/10.
1186/1741-7015-12-72

Bernstein, D. P, & Fink, L. (1998). Childhood Trauma Questionnaire:
A retrospective self-report manual. Psychological Corporation.

Berry, K., Varese, F., & Bucci, S. (2017). Cognitive attachment model
of voices: Evidence base and future implications. Frontiers in
Psychiatry, 8(111). https://doi.org/10.3389/fpsyt.2017.00111

Birkeland, M. S., Greene, T., & Spiller, T. R. (2020). The network
approach to posttraumatic stress disorder: A systematic review.
European Journal of Psychotraumatology, 11(1), 1700614. https://
doi.org/10.1080/20008198.2019.1700614

Boks, M. P, Leask, S., Vermunt, J. K., & Kahn, R. S. (2007). The
structure of psychosis revisited: The role of mood symptoms.
Schizophrenia Research, 93(1-3), 178-185. https://doi.org/10.1016/
j-schres.2007.02.017

Bovin, M. J., Marx, B. P, Weathers, F. W., Gallagher, M. W.,
Rodriguez, P., Schnurr, P. P, & Keane, T. M. (2016). Psycho-
metric properties of the PTSD Checklist for Diagnostic and
Statistical Manual of Mental Disorders-Fifth Edition (PCL-5) in
veterans. Psychological Assessment, 28(11), 1379-1391. https://doi.
0rg/10.1037/pas0000254

Brand, R. M., McEnery, C., Rossell, S., Bendall, S., & Thomas, N.
(2018). Do trauma-focussed psychological interventions have an
effect on psychotic symptoms? A systematic review and meta-
analysis. Schizophrenia Research, 195, 13-22. https://doi.org/10.
1016/j.schres.2017.08.037


http://www.bristol.ac.uk/alspac/researchers/our-data/
https://orcid.org/0000-0001-8324-1229
https://orcid.org/0000-0001-8324-1229
https://orcid.org/0000-0001-8324-1229
https://orcid.org/0000-0001-5466-8522
https://orcid.org/0000-0001-5466-8522
https://orcid.org/0000-0002-5076-2172
https://orcid.org/0000-0002-5076-2172
https://orcid.org/0000-0002-2647-9211
https://orcid.org/0000-0002-2647-9211
https://orcid.org/0000-0001-5170-1243
https://orcid.org/0000-0001-5170-1243
https://orcid.org/0000-0001-5170-1243
https://doi.org/10.1016/j.jad.2016.10.037
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1080/20008198.2017.1398003
https://doi.org/10.1080/20008198.2017.1398003
https://doi.org/10.1176/appi.ajp.2010.10040567
https://doi.org/10.1176/appi.ajp.2010.10040567
https://doi.org/10.1186/1741-7015-12-72
https://doi.org/10.1186/1741-7015-12-72
https://doi.org/10.3389/fpsyt.2017.00111
https://doi.org/10.1080/20008198.2019.1700614
https://doi.org/10.1080/20008198.2019.1700614
https://doi.org/10.1016/j.schres.2007.02.017
https://doi.org/10.1016/j.schres.2007.02.017
https://doi.org/10.1037/pas0000254
https://doi.org/10.1037/pas0000254
https://doi.org/10.1016/j.schres.2017.08.037
https://doi.org/10.1016/j.schres.2017.08.037

ASTILL WRIGHT ET AL.

“ L WiLEY ")

Brewin, C. R., Andrews, B., & Valentine, J. D. (2000). Meta-analysis
of risk factors for posttraumatic stress disorder in trauma-exposed
adults. Journal of Consulting and Clinical Psychology, 68(5), 748-
766. https://doi.org/10.1037//0022-006x.68.5.748

Castro, D., Ferreira, F., de Castro, I., Rodrigues, A. R., Correia,
M., Ribeiro, J., & Ferreira, T. B. (2019). The differential role of
central and bridge symptoms in deactivating psychopathologi-
cal networks. Frontiers in Psychology, 10, 2448. https://doi.org/10.
3389/fpsyg.2019.02448

Croft, J., Heron, J., Teufel, C., Cannon, M., Wolke, D., Thompson,
A., Houtepen, L., & Zammit, S. (2019). Association of trauma
type, age of exposure, and frequency in childhood and adolescence
with psychotic experiences in early adulthood. JAMA Psychiatry,
76(1), 79-86. https://doi.org/10.1001/jamapsychiatry.2018.3155

de Bont, P. A. J. M., van Minnen, A., & de Jongh, A. (2013).
Treating PTSD in patients with psychosis: A within-group con-
trolled feasibility study examining the efficacy and safety of
evidence-based PE and EMDR protocols. Behavior Therapy,
44(4), 717-730. https://doi.org/10.1016/j.beth.2013.
07.002

Epskamp, S., Borsboom, D., & Fried, E. I. (2018). Estimating psycho-
logical networks and their accuracy: A tutorial paper. Behavior
Research Methods, 50(1), 195-212. https://doi.org/10.3758/s13428-
017-0862-1

Epskamp, S., Cramer, A. O. J., Waldorp, L. J., Schmittmann, V. D, &
Borsboom, D. (2012). qgraph: Network visualizations of relation-
ships in psychometric data. Journal of Statistical Software, 48(4),
1-18. https://doi.org/10.18637/jss.v048.i04

Fletcher, P. C., & Frith, C. D. (2009). Perceiving is believing:
A Bayesian approach to explaining the positive symptoms of
schizophrenia. Nature Reviews: Neuroscience, 10(1), 48-58. https://
doi.org/10.1038/nrn2536

Fraser, A., Boyd, A., Golding, J., Macleod, J., Lawlor, D. A,
Henderson, J., Molloy, L., Ness, A., Ring, S., & Davey Smith, G.
(2013). Cohort profile: The ‘children of the 90s’—the index off-
spring of the Avon Longitudinal Study of Parents and Children.
International Journal of Epidemiology, 42(1), 111-127. https://doi.
org/10.1093/ije/dys064

Fraser, A., Macdonald-Wallis, C., Tilling, K., Boyd, A., Golding, J.,
Davey Smith, G., Henderson, J., Macleod, J., Molloy, L., Ness, A.,
Ring, S., Nelson, S. M., & Lawlor, D. A. (2013). Cohort profile: The
Avon Longitudinal Study of Parents and Children: ALSPAC moth-
ers cohort. International Journal of Epidemiology, 42(1), 97-110.
https://doi.org/10.1093/ije/dys066

Freeman, D., & Garety, P. (2014). Advances in understanding and
treating persecutory delusions: A review. Social Psychiatry and
Psychiatric Epidemiology, 49(8), 1179-1189. https://doi.org/10.1007/
s00127-014-0928-7

Fried, E. I, & Cramer, A. O.J. (2017). Moving forward: Challenges and
directions for psychopathological network theory and methodol-
ogy. Perspectives on Psychological Science, 12(6), 999-1020. https://
doi.org/10.1177/1745691617705892

Fried, E. L., Eidhof, M. B., Palic, S., Costantini, G., Huisman-van Dijk,
H. M., Bockting, C. L. H., Engelhard, I., Armour, C., Nielsen, A.
B. S., & Karstoft, K. -I. (2018). Replicability and generalizability of
posttraumatic stress disorder (PTSD) networks: A cross-cultural
multisite study of PTSD symptoms in four trauma patient sam-
ples. Clinical Psychological Science, 6(3), 335-351. https://doi.org/
10.1177/2167702617745092

Golino, H. F., & Epskamp, S. (2017). Exploratory graph analysis: A
new approach for estimating the number of dimensions in psy-
chological research. PLoS One, 12(6), e0174035. https://doi.org/10.
1371/journal.pone.0174035

Gray, M. J,, Litz, B. T., Hsu, J. L., & Lombardo, T. W. (2004). Psycho-
metric properties of the Life Events Checklist. Assessment, 11(4),
330-341. https://doi.org/10.1177/1073191104269954

Hardy, A. (2017). Pathways from trauma to psychotic experiences: A
theoretically informed model of posttraumatic stress in psychosis.
Frontiers in Psychology, 8, https://doi.org/10.3389/fpsyg.2017.
00697

Hardy, A., O’Driscoll, C., Steel, C., van der Gaag, M., & van den
Berg, D. (2021). A network analysis of post-traumatic stress and
psychosis symptoms. Psychological Medicine, 51(14), 2485-2492.
https://doi.org/10.1017/S0033291720001300

Harris, P. A, Taylor, R., Thielke, R., Payne, J., Gonzalez, N., & Conde,
J. G. (2009). Research electronic data capture (REDCap)—a
metadata-driven methodology and workflow process for providing
translational research informatics support. Journal of Biomedi-
cal Informatics, 42(2), 377-381. https://doi.org/10.1016/].jbi.2008.
08.010

Harvey, P. D., & Strassnig, M. (2012). Predicting the severity of every-
day functional disability in people with schizophrenia: Cognitive
deficits, functional capacity, symptoms, and health status. World
Psychiatry, 11(2), 73-79. https://doi.org/10.1016/j.wpsyc.2012.05.
004

Hong, S., & Lynn, H. S. (2020). Accuracy of random-forest-based
imputation of missing data in the presence of non-normality, non-
linearity, and interaction. BMC Medical Research Methodology,
20(1), 199. https://doi.org/10.1186/s12874-020-01080-1

Howes, O. D., & Kapur, S. (2009). The dopamine hypothe-
sis of schizophrenia: Version III—the final common pathway.
Schizophrenia Bulletin, 35(3), 549-562. https://doi.org/10.1093/
schbul/sbp006

Isvoranu, A. M., van Borkulo, C. D., Boyette, L. L., Wigman, J. T,
Vinkers, C. H., & Borsboom, D. (2017). Group Investigators. A net-
work approach to psychosis: Pathways between childhood trauma
and psychotic symptoms. Schizophrenia Bulletin, 43(1), 187-196.
https://doi.org/10.1093/schbul/sbw055

Jones, P. (2017). Networktools: Tools for identifying important nodes in
networks (Version 1.1.0). https://cran.r-project.org/web/packages/
networktools/networktools.pdf

Karatzias, T., Hyland, P., Bradley, A., Cloitre, M., Roberts, N. P.,
Bisson, J. I., & Shevlin, M. (2019). Risk factors and comorbidity of
ICD-11 PTSD and complex PTSD: Findings from a trauma-exposed
population-based sample of adults in the United Kingdom.
Depression and Anxiety, 36(9), 887-894. https://doi.org/10.1002/
da.22934

Kessler, R. C., Aguilar-Gaxiola, S., Alonso, J., Benjet, C., Bromet,
E. J., Cardoso, G., Degenhardt, L., de Girolamo, G., Dinolova,
R. V,, Ferry, F., Florescu, S., Gureje, O., Haro, J. M., Huang, Y.,
Karam, E. G., Kawakami, N., Lee, S., Lepine, J. P., Levinson, D.,
... Koenen, K. C. (2017). Trauma and PTSD in the WHO World
Mental Health Surveys. European Journal of Psychotraumatology,
8(sup5), 1353383. https://doi.org/10.1080/20008198.2017.1353383

Lewis, G., Pelosi, A. J., Araya, R., & Dunn, G. (1992). Measuring psy-
chiatric disorder in the community: A standardized assessment
for use by lay interviewers. Psychological Medicine, 22(2), 465-486.
https://doi.org/10.1017/s0033291700030415


https://doi.org/10.1037//0022-006x.68.5.748
https://doi.org/10.3389/fpsyg.2019.02448
https://doi.org/10.3389/fpsyg.2019.02448
https://doi.org/10.1001/jamapsychiatry.2018.3155
https://doi.org/10.1016/j.beth.2013.07.002
https://doi.org/10.1016/j.beth.2013.07.002
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.1038/nrn2536
https://doi.org/10.1038/nrn2536
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1093/ije/dys064
https://doi.org/10.1093/ije/dys066
https://doi.org/10.1007/s00127-014-0928-7
https://doi.org/10.1007/s00127-014-0928-7
https://doi.org/10.1177/1745691617705892
https://doi.org/10.1177/1745691617705892
https://doi.org/10.1177/2167702617745092
https://doi.org/10.1177/2167702617745092
https://doi.org/10.1371/journal.pone.0174035
https://doi.org/10.1371/journal.pone.0174035
https://doi.org/10.1177/1073191104269954
https://doi.org/10.3389/fpsyg.2017.00697
https://doi.org/10.3389/fpsyg.2017.00697
https://doi.org/10.1017/S0033291720001300
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.jbi.2008.08.010
https://doi.org/10.1016/j.wpsyc.2012.05.004
https://doi.org/10.1016/j.wpsyc.2012.05.004
https://doi.org/10.1186/s12874-020-01080-1
https://doi.org/10.1093/schbul/sbp006
https://doi.org/10.1093/schbul/sbp006
https://doi.org/10.1093/schbul/sbw055
https://cran.r-project.org/web/packages/networktools/networktools.pdf
https://cran.r-project.org/web/packages/networktools/networktools.pdf
https://doi.org/10.1002/da.22934
https://doi.org/10.1002/da.22934
https://doi.org/10.1080/20008198.2017.1353383
https://doi.org/10.1017/s0033291700030415

ASSOCIATIONS AMONG PSYCHOSIS, TRAUMA, AND PTSS

Luhrmann, T. M., Alderson-Day, B., Bell, V., Bless, J. J., Corlett, P.,
Hugdahl, K., Jones, N., Laroi, F., Moseley, P., Padmavati, R., Peters,
E., Powers, A. R., & Waters, F. (2019). Beyond trauma: A multi-
ple pathways approach to auditory hallucinations in clinical and
nonclinical populations. Schizophrenia Bulletin, 45(45 Suppl 1),
S24-S31. https://doi.org/10.1093/schbul/sby110

Mark, W., & Toulopoulou, T. (2016). Psychometric properties of
“Community Assessment of Psychic Experiences”: Review and
meta-analyses. Schizophrenia Bulletin, 42(1), 34-44. https://doi.
0rg/10.1093/schbul/sbv088

Martin, C. R., Preedy, V. R., & Patel, V. B. (2016). Comprehen-
sive guide to post-traumatic stress disorders. Springer International
Publishing.

Matthews, T., Danese, A., Wertz, J., Ambler, A., Kelly, M., Diver, A.,
Caspi, A., Moffitt, T. E., & Arseneault, L. (2015). Social isolation
and mental health at primary and secondary school entry: A lon-
gitudinal cohort study. Journal of the American Academy of Child
and Adolescent Psychiatry, 54(3), 225-232. https://doi.org/10.1016/
j.jaac.2014.12.008

McGrath, J. J., McLaughlin, K. A., Saha, S., Aguilar-Gaxiola, S.,
Al-Hamzawi, A., Alonso, J., Bruffaerts, R., de Girolamo, G., de
Jonge, P., Esan, O., Florescu, S., Gureje, O., Haro, J. M., Hu, C,,
Karam, E. G., Kovess-Masfety, V., Lee, S., Lepine, J. P,, Lim, C.
C., ... Kessler, R. C. (2017). The association between childhood
adversities and subsequent first onset of psychotic experiences: A
cross-national analysis of 23 998 respondents from 17 countries.
Psychological Medicine, 47(7), 1230-1245. https://doi.org/10.1017/
S0033291716003263

McGrath, J. J., Saha, S., Al-Hamzawi, A. O., Alonso, J., Andrade, L.,
Borges, G., Bromet, E. J., Oakley Browne, M., Bruffaerts, R., Caldas
de Almeida, J. M., Fayyad, J., Florescu, S., de Girolamo, G., Gureje,
O.,Hu, C., de Jonge, P., Kovess-Masfety, V., Lepine, J. P., Lim, C. C.,
... Kessler, R. C. (2016). Age of onset and lifetime projected risk of
psychotic experiences: Cross-national data from the World Mental
Health Survey. Schizophrenia Bulletin, 42(4), 933-941. https://doi.
0rg/10.1093/schbul/sbw011

McGrath, J. J., Saha, S., Lim, C. C. W., Aguilar-Gaxiola, S., Alonso, J.,
Andrade, L. H., Bromet, E. J., Bruffaerts, R., Caldas de Almeida, J.
M., Cardoso, G., de Girolamo, G., Fayyad, J., Florescu, S., Gureje,
0., Haro, J. M., Kawakami, N., Koenen, K. C., Kovess-Masfety, V.,
...Lee, S. (2017). WHO World Mental Health Survey Collaborators
Trauma and psychotic experiences: Transnational data from the
World Mental Health Survey. British Journal of Psychiatry, 211(6),
373-380. https://doi.org/10.1192/bjp.bp.117.205955

Myin-Germeys, 1., & van Os, J. (2007). Stress-reactivity in psy-
chosis: Evidence for an affective pathway to psychosis. Clinical
Psychology Review, 27(4), 409-424. https://doi.org/10.1016/j.cpr.
2006.09.005

Northstone, K., Lewcock, M., Groom, A., Boyd, A., Macleod, J.,
Timpson, N., & Wells, N. (2019). The Avon Longitudinal Study
of Parents and Children (ALSPAC): An update on the enrolled
sample of index children in 2019. Wellcome Open Research, 4(51).
https://doi.org/10.12688/wellcomeopenres.15132.1

Olff, M., Amstadter, A., Armour, C., Birkeland, M. S., Bui, E., Cloitre,
M., Ehlers, A., Ford, J. D., Greene, T., Hansen, M., Lanius, R.,
Roberts, N., Rosner, R., & Thoresen, S. (2019). A decennial review
of psychotraumatology: What did we learn and where are we
going? European Journal of Psychotraumatology, 10(1), 1672948.
https://doi.org/10.1080/20008198.2019.1672948

IST@ i Wl LE YJJ

Opsahl, T. A., & F Skvoretz, J. (2010). Node centrality in weighted net-
works: Generalizing degree and shortest paths. Social Networks,
32(3), 245-251. https://doi.org/10.1016/j.socnet.2010.03.006

Purnine, D. M., Carey, K. B., Maisto, S. A., & Carey, M. P. (2000).
Assessing positive and negative symptoms in outpatients with
schizophrenia and mood disorders. Journal of Nervous and Men-
tal Disease, 188(10), 653-661. https://doi.org/10.1097/00005053-
200010000-00003

Read, J., & Beavan, V. (2013). Gender and psychosis. In J., Read,
R. Bentall, & J. Dillon (Eds.) Models of madness: Psychological,
Social and biological approaches to psychosis (2nd ed., pp. 210-219).
Routledge.

Reddy, L. F., Lee, J., Davis, M. C., Altshuler, L., Glahn, D. C,,
Miklowitz, D. J., & Green, M. F. (2014). Impulsivity and risk-taking
in bipolar disorder and schizophrenia. Neuropsychopharmacology,
39(2), 456-463. https://doi.org/10.1038/npp.2013.218

Scott, J., Chant, D., Andrews, G., Martin, G., & McGrath, J. (2007).
Association between trauma exposure and delusional experiences
in a large community-based sample. British Journal of Psychiatry,
190, 339-343. https://doi.org/10.1192/bjp.bp.106.026708

Stekhoven, D.J., & Biihlmann, P. (2011). MissForest—non-parametric
missing value imputation for mixed-type data. Bioinformatics,
28(1), 112-118. https://doi.org/10.1093/bioinformatics/btr597

Strelchuk, D., Hammerton, G., Wiles, N., Croft, J., Turner, K,
Heron, J., & Zammit, S. (2022). PTSD as a mediator of the
relationship between trauma and psychotic experiences. Psy-
chological Medicine, 52(13), 2722-2730. https://doi.org/10.1017/
S50033291720004821

Sudlow, C., Gallacher, J., Allen, N., Beral, V., Burton, P., Danesh, J.,
Downey, P., Elliott, P., Green, J., Landray, M., Liu, B., Matthews,
P, Ong, G., Pell, J., Silman, A., Young, A., Sprosen, T., Peakman,
T., & Collins, R. (2015). UK Biobank: An open access resource for
identifying the causes of a wide range of complex diseases of mid-
dle and old age. PLoS Medicine, 12(3), €1001779. https://doi.org/10.
1371/journal.pmed.1001779

Sullivan, S. A., Kounali, D., Cannon, M., David, A. S., Fletcher, P.
C., Holmans, P., Jones, H., Jones, P. B., Linden, D. E. J., Lewis,
G., Owen, M. J., O’'Donovan, M., Rammos, A., Thompson, A.,
Wolke, D., Heron, J., & Zammit, S. (2020). A population-based
cohort study examining the incidence and impact of psychotic
experiences from childhood to adulthood, and prediction of psy-
chotic disorder. American Journal of Psychiatry, 177(4), 308-317.
https://doi.org/10.1176/appi.ajp.2019.19060654

Trotta, A., Murray, R. M., & Fisher, H. L. (2015). The impact of
childhood adversity on the persistence of psychotic symptoms:
A systematic review and meta-analysis. Psychological Medicine,
45(12), 2481-2498. https://doi.org/10.1017/S0033291715000574

van den Berg, D., de Bont, P. A. J. M., van der Vleugel, B. M., de Roos,
C.,deJongh, A., van Minnen, A., & van der Gaag, M. (2018). Long-
term outcomes of trauma-focused treatment in psychosis. British
Journal of Psychiatry, 212(3), 180-182. https://doi.org/10.1192/bjp.
2017.30

van den Berg, D. P, de Bont, P. A, van der Vleugel, B. M., de Roos,
C., de Jongh, A., Van Minnen, A., & van der Gaag, M. (2015).
Prolonged exposure vs. eye movement desensitization and repro-
cessing vs waiting list for posttraumatic stress disorder in patients
with a psychotic disorder: a randomized clinical trial. JAMA
Psychiatry, 72(3), 259-267. https://doi.org/10.1001/jamapsychiatry.
2014.2637


https://doi.org/10.1093/schbul/sby110
https://doi.org/10.1093/schbul/sbv088
https://doi.org/10.1093/schbul/sbv088
https://doi.org/10.1016/j.jaac.2014.12.008
https://doi.org/10.1016/j.jaac.2014.12.008
https://doi.org/10.1017/S0033291716003263
https://doi.org/10.1017/S0033291716003263
https://doi.org/10.1093/schbul/sbw011
https://doi.org/10.1093/schbul/sbw011
https://doi.org/10.1192/bjp.bp.117.205955
https://doi.org/10.1016/j.cpr.2006.09.005
https://doi.org/10.1016/j.cpr.2006.09.005
https://doi.org/10.12688/wellcomeopenres.15132.1
https://doi.org/10.1080/20008198.2019.1672948
https://doi.org/10.1016/j.socnet.2010.03.006
https://doi.org/10.1097/00005053-200010000-00003
https://doi.org/10.1097/00005053-200010000-00003
https://doi.org/10.1038/npp.2013.218
https://doi.org/10.1192/bjp.bp.106.026708
https://doi.org/10.1093/bioinformatics/btr597
https://doi.org/10.1017/S0033291720004821
https://doi.org/10.1017/S0033291720004821
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1371/journal.pmed.1001779
https://doi.org/10.1176/appi.ajp.2019.19060654
https://doi.org/10.1017/S0033291715000574
https://doi.org/10.1192/bjp.2017.30
https://doi.org/10.1192/bjp.2017.30
https://doi.org/10.1001/jamapsychiatry.2014.2637
https://doi.org/10.1001/jamapsychiatry.2014.2637

* L WiLEY ")

ASTILL WRIGHT ET AL.

van Winkel, R., Stefanis, N. C., & Myin-Germeys, 1. (2008). Psychoso-
cial stress and psychosis. A review of the neurobiological mecha-
nisms and the evidence for gene-stress interaction. Schizophrenia
Bulletin, 34(6), 1095-105. https://doi.org/10.1093/schbul/sbn101

Varese, F., Smeets, F., Drukker, M., Lieverse, R., Lataster, T.,
Viechtbauer, W., Read, J., van Os, J., & Bentall, R. P. (2012). Child-
hood adversities increase the risk of psychosis: A meta-analysis
of patient-control, prospective- and cross-sectional cohort stud-
ies. Schizophrenia Bulletin, 38(4), 661-671. https://doi.org/10.1093/
schbul/sbs050

Weathers, F. W., Blake, D. D., Schnurr, P. P., Kaloupek, D. G., Marx,
B. P, & Keane, T. M. (2013). The Life Events Checklist For DSM-
5 (LEC-5). https://www.ptsd.va.gov/professional/assessment/te-
measures/life_events_checklist.asp

Weathers, F. W., Litz, B. T., Keane, T. M., Palmier, P. A., Marx, B. P.,
& Schnurr, P. P. (2013). The PTSD Checklist for DSM-5 (PCL-5).
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-
checklist.asp

World Health Organization. (1994). Schedules for clinical assessment
in neuropsychiatry: Version 2. American Psychiatric Press. https://
apps.who.int/iris/handle/10665/40356

World Health Organization. (2016). International statistical classifi-
cation of diseases and related health problems (10th ed.). https://
icd.who.int/browsel0/2016/en

Zammit, S., Horwood, J., Thompson, A., Thomas, K., Menezes, P.,
Gunnell, D., Hollis, C., Wolke, D., Lewis, G., & Harrison, G.
(2008). Investigating if psychosis-like symptoms (PLIKS) are asso-
ciated with family history of schizophrenia or paternal age in the
ALSPAC birth cohort. Schizophrenia Research, 104(1-3), 279-286.
https://doi.org/10.1016/j.schres.2008.04.036

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Astill Wright, L.,
McElroy, E., Barawi, K., Roberts, N. P., Simon, N.,
Zammit, S., & Bisson, J. I. (2023). Associations
among psychosis, mood, anxiety, and posttraumatic
stress symptoms: A network analysis. Journal of
Traumatic Stress, 1-12.
https://doi.org/10.1002/jts.22916


https://doi.org/10.1093/schbul/sbn101
https://doi.org/10.1093/schbul/sbs050
https://doi.org/10.1093/schbul/sbs050
https://www.ptsd.va.gov/professional/assessment/te-measures/life_events_checklist.asp
https://www.ptsd.va.gov/professional/assessment/te-measures/life_events_checklist.asp
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
https://www.ptsd.va.gov/professional/assessment/adult-sr/ptsd-checklist.asp
https://apps.who.int/iris/handle/10665/40356
https://apps.who.int/iris/handle/10665/40356
https://icd.who.int/browse10/2016/en
https://icd.who.int/browse10/2016/en
https://doi.org/10.1016/j.schres.2008.04.036
https://doi.org/10.1002/jts.22916

	Associations among psychosis, mood, anxiety, and posttraumatic stress symptoms: A network analysis
	Abstract
	METHOD
	Participants and procedure
	Measures
	PEs
	Negative symptoms of psychosis
	Depressive and anxiety symptoms
	PTSD symptoms
	Trauma exposure

	Data analysis

	RESULTS
	EGA clustering
	Network structure and centrality analysis
	Network stability

	DISCUSSION
	OPEN PRACTICES STATEMENT
	ORCID
	REFERENCES


