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Abstract

Several studies have used a network analysis to recognize the dynamics and determinants of
psychotic-like experiences (PLEs) in community samples. Their synthesis has not been provided
so far. A systematic review of studies using a network analysis to assess the dynamics of PLEs in
community samples was performed. Altogether, 27 studies were included. The overall percent-
age ranks of centrality metrics for PLEs were 23.5% for strength (20 studies), 26.0% for
betweenness (5 studies), 29.7% for closeness (6 studies), 26.9% for expected influence
(7 studies), and 29.1% for bridge expected influence (3 studies). Included studies covered three
topics: phenomenology of PLEs and associated symptom domains (14 studies), exposure to
stress and PLEs (7 studies), and PLEs with respect to suicide-related outcomes (6 studies).
Several other symptom domains were directly connected to PLEs. A total of 6 studies investi-
gated PLEs with respect to childhood trauma (CT) history. These studies demonstrated that
PLEs are directly connected to CT history (4 studies) or a cumulative measure of environmental
exposures (1 study). Moreover, CT was found to moderate the association of PLEs with other
symptom domains (1 study). Two studies that revealed direct connections of CT with PLEs also
found potential mediating effects of cognitive biases and general psychopathology. PLEs were
also directly connected to suicide-related outcomes across all studies included within this topic.
The findings imply that PLEs are transdiagnostic phenomena that do not represent the most
central domain of psychopathology in community samples. Their occurrence might be associ-
ated with CT and suicide risk.

Introduction

Although great progress has been made to improve the reliability of psychiatric diagnosis is
apparent across subsequent editions of international diagnostic systems, the validity of psychi-
atric diagnosis remains problematic (Jablensky 2016). Several psychiatric disorders represent
heterogeneous constructs with a variety of symptomatic manifestations, contributing risk factors,
potential underlying mechanisms, and outcomes (Feczko et al. 2019). Some authors posit that
discrete diagnostic entities with sufficient validity are not possible to be dissected (Kendell and
Jablensky 2003). Consequently, it has been suggested that the operationalization of clinical
manifestations within domains of psychopathology might be an alternative to traditional
categorical approaches.

These considerations might be of particular relevance to psychotic disorders (Misiak et al.
2023a; Valle 2022). It has been proposed that the psychosis dimension forms a continuum
between clinical and non-clinical populations (Stefanis et al. 2002). Indeed, it has been shown
that some individuals from the general population report subclinical phenomena that resem-
ble hallucinations and delusions but cannot be the basis to diagnose psychotic disorders
because of their low impact on social functioning and low level of associated distress. These
phenomena are commonly referred to as psychotic-like experiences (PLEs) (Kelleher and
Cannon 2011; Hinterbuchinger and Mossaheb 2021; van Os et al. 2009). Studies based on
taxometric approaches have also shown that PLEs and psychotic symptoms are better
conceptualized as dimensional phenomena rather than taxonic (categorical) constructs in
community samples (Adjorlolo et al. 2021; Taylor et al. 2016), individuals at clinical high risk
of psychosis (Elahi et al. 2017), and patients with schizophrenia (Cuesta et al. 2007).
Epidemiological studies have estimated the mean lifetime prevalence of PLEs at almost 6%
(McGrath et al. 2015). In about one-third of affected individuals, PLEs are known to persist
each year (Staines et al. 2023).

Although PLEs generally represent subclinical phenomena, their presence might have a
clinical relevance. It has been found that the presence of PLEs might be related to a fourfold
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higher risk of psychosis and a threefold higher risk of mental
disorder (Healy et al. 2019). These observations suggest that PLEs
are not specifically related to the risk of psychosis spectrum
disorders but might represent the phenomena indicating a
broader risk of mental disorders. A greater utilization of mental
health services among people with PLEs has also been observed
indicating that in some individuals they might serve as the source
of distress (Bhavsar et al. 2018). Moreover, a previous meta-
analysis revealed that the presence of PLEs predicts the occurrence
of suicidal ideation, suicide attempts, and suicide death (Yates
et al. 2019). The authors of this meta-analysis found that the
observations for suicidal ideation and suicide attempts cannot
be explained by co-occurring psychopathology. There is also
evidence that PLEs are bidirectionally associated with the occur-
rence of non-suicidal self-injury (NSSI) (Steenkamp et al. 2023;
Zhou et al. 2024).

Several factors are known to increase the risk of PLEs, including
pre- and perinatal complications, infections during a developmen-
tal period, altered neuroanatomical development, a higher urbani-
city, ethnic minority status, low socioeconomic status, a history of
traumatic events, tobacco, and cannabis use (Staines et al. 2022).
These factors largely overlap with those found to increase the risk of
psychosis. Similar psychological processes have also been demon-
strated to play a role in the development of PLEs. For instance, it has
been shown that PLEs are associated with systemic errors in cog-
nitive processing and content, commonly referred to as cognitive
biases (Gaweda et al. 2024; Livet et al. 2020). These include, that is
jumping to conclusions, attention to threat, aberrant salience,
externalizing bias, and belief inflexibility (Livet et al. 2020). More-
over, cognitive biases might mediate the association of childhood
trauma with PLEs and psychosis (for review see Gaweda et al.
(2024)).

The complexity of risk factors and potential outcomes of PLEs
suggests the necessity to use comprehensive analytical models to
better understand these phenomena. Network analysis is an
approach that allows one to address multiple symptoms, behaviors,
and psychological mechanisms in a single model. It is based on the
assumption that psychological phenomena are dynamic and need
to be analyzed in a full spectrum without imposing specific causal
inferences. Moreover, it allows to indication of critical variables in
the model, providing grounds to develop interventions focused on
specific and well-defined targets. In recent years, there has been an
exponential increase in the use of network analysis models of
psychopathology (Robinaugh et al. 2020). This increase is also
apparent across studies that aim to address various aspects related
to the occurrence of PLEs in the general population. However, a
synthesis of data from these studies has not been provided so far. In
this regard, the present study aimed to provide a systematic review
of studies investigating PLEs in community samples using a net-
work analysis.

Methods
Protocol and reporting guidelines

The present systematic review was performed in agreement with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 Statement (Page et al. 2021). The proto-
col can be found in the Open Science Framework (OSF) registries
(doi: 10.17605/OSF.I0/ZBKTV).
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Search strategy

Two reviewers (B.S. and A.P.) carried out independent online
searches using the following combination of keywords:
“psychotic” OR “delusion” OR “hallucination” AND “network
analysis” OR “network perspective.” Online searches covered
publication records from 6 databases including the APA PsycAr-
ticles, the Academic Search Ultimate, the ERIC, the Health Source:
Nursing/Academic Edition, the MEDLINE Ultimate (including
PubMed), and the CINAHL Ultimate. Online searches covered
the period until 22 March, 2024 and no time restrictions were
applied. All discrepancies about the inclusion of specific publica-
tion records were resolved through discussion with the third
reviewer (B.M.).

Eligibility criteria

Specific studies were included if they met all of the following
criteria: (1) studies using a quantitative assessment of PLEs with
self-reports and/or structured in-person interviews, (2) cross-
sectional or longitudinal studies, (3) studies performed in com-
munity samples, and (4) studies based on network analysis. The
following types of records were excluded: (1) observational
studies based on samples of individuals with established diag-
noses of mental disorder, (2) non-original articles (e.g. reviews,
editorials, and commentaries), (3) unpublished manuscripts,
(4) conference abstracts, (5) studies based on the analysis of
social networks, (6) studies based on the analysis of brain
networks, (7) case reports, and (8) non-English language pub-
lications.

Data extraction

A data extraction template was used to collect the general charac-
teristics of included studies: (1) age (mean + SD), (2) gender,
(3) study design (cross-sectional vs. longitudinal), (4) the tool used
to assess PLEs, and (5) constructs assessed using network analysis
(other than PLEs). Next, information about various aspects of a
network analysis was extracted:

1.  The number of nodes: The network analysis shows the main
results as nodes that are connected with edges (Epskamp et al.
2018a). Nodes refer to specific variables included in the net-
work. In turn, edges reflect the weights of connections between
nodes. Thicker edges correspond with greater weights of visu-
alized connections. Positive and negative associations are usu-
ally shown with different colors.

2. Network estimation methods: Gaussian graphical models
(GGM) are used to assess normally distributed continuous
variables (Epskamp et al. 2018b). Association networks and
Ising models have been developed for binary data (Haslbeck
et al. 2022). Mixed graphical models (MGM) are for networks
composed of continuous and binary data (Haslbeck and Wal-
dorp 2020).

3. Centrality metrics: The importance of specific nodes in the
network is shown by calculating their centrality (Bringmann
et al. 2019). There are four centrality metrics used in network
analysis: strength, betweenness, closeness, and expected influ-
ence. Strength centrality shows the sum of edge weights con-
nected to a specific node. Betweenness illustrates how many
times a specific node is located on the shortest pathways
between two other nodes. Closeness is the inversed total length
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of shortest pathways between a specific node and all other
nodes in the network. Similar to strength, expected influence is
also the sum of edge weights but takes into consideration the
presence of negative edges (Robinaugh et al. 2016). In some
studies, bridge centrality metrics are assessed (Jones et al.
2021). They represent the centrality of specific nodes with
respect to the nodes from all other communities in the net-
work. Centrality metrics are shown as the order of importance
of nodes in the network.

4. Node predictability: Predictability refers to the percentage of
variance explained by nodes directly connected to a specific
node (Haslbeck and Fried 2017). It is often visualized as a filled
part of the ring around each node. Predictability is usually
strongly correlated with centrality metrics. As opposed to
centrality metrics, predictability is reported using absolute
values.

5. Assessment of network stability: Stability can be assessed by
calculating the correlation stability coefficient (CS-C). The
CS-Cvalue is the proportion of the sample that can be dropped
while maintaining the correlation strength of at least 0.70 with
the original centrality score and edge weights. The network
analysis is considered stable when the CS-C value is at least
0.25 (ideally it should be higher than 0.50) (Epskamp et al.
2018a).

6. Assessment of network accuracy: Bootstrapped 95% confidence
intervals provide information about the accuracy of edges
(Epskamp et al. 2018a). Moreover, bootstrapping procedures
allow to indication of significant differences between specific
edge weights.

7. The comparison of networks: Two networks can be compared
with respect to the global strength showing the overall
strength of node connectivity. Additionally, edge weights
can be compared across two networks. These analyses can
be carried out using the network comparison test (NCT),
that is a resampling-based permutation test (van Borkulo
et al. 2022).

8. Reproducibility: For each study, we recorded if the code and
dataset used for a network analysis were available.

Data synthesis

A qualitative data synthesis was carried out. First, the general
characteristics of eligible studies and their quality were discussed.
Quality assessment was performed using the tool developed for
cohort and cross-sectional studies by the US National Heart,
Lung, and Blood Institute (https://www.nhlbi.nih.gov/health-
topics/study-quality-assessment-tools). This tool is based on 14
items recording various aspects of study quality using yes-or-no
responses. The total quality score ranges between 0 and 14. Quality
can be rated as poor (a score of 0—4), fair (a score of 5-10), and
good (a score of 11-14). Next, various methodological aspects of a
network analysis were synthesized. To synthesize the findings with
respect to the centrality of PLEs, the highest percentage rank of
centrality metrics for PLEs was estimated by dividing reported
centrality by the number of nodes in the network. The overall
percentage centrality rank was estimated by calculating mean
values across all included studies. However, studies that limited a
network analysis to the nodes representing PLEs and those that
included only one node representing variables other than PLEs
were excluded from this analysis. Finally, the main findings were
described across specific topics identified after reviewing eligible
publication records.
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Results
The general characteristics of eligible studies

Out of 628 publication records identified, a total of 27 studies were
found eligible for a systematic review (Figure 1, Table 1). The
majority of studies (N = 24) limited a network analysis to cross-
sectional data. Only six studies included samples of children and/or
adolescents (Cheng et al. 2024; Fonseca-Pedrero et al. 2021; Nunez
etal. 2018; Nunez et al. 2020; Qiao et al. 2024; Sun and Zhong 2023).
The quality of studies ranged between 4 and 11. The majority of
studies had the quality rated as fair (N = 25). Other studies showed
poor (N = 1) and good quality (N = 1).

In the majority of studies, self-reported measures of PLEs were
used. The Prodromal Questionnaire-16 (Ising et al. 2012) and the
Community Assessment of Psychic Experiences (Stefanis et al.
2002) were the most commonly used questionnaires (N = 8 for
both measures). Only four studies used in-person assessment of
PLEs with structured interviews in the whole sample or a part of the
sample (Astill Wright et al. 2023; Murphy et al. 2018; Qiao et al.
2024; Xavier et al. 2022).

Network characteristics

The number of nodes included in the network varied between 6
(Betz et al. 2023; Yang et al. 2023) and 45 (Astill Wright et al. 2023).
In the majority of network models, only continuous variables were
analyzed using GGM. The network comparison tests were applied
by four studies (Cheng et al. 2024; Huang et al. 2023; Scott et al.
2021; Wusten et al. 2018; Xavier et al. 2022). In one study, the
recursive partitioning approach (Jones et al. 2020) was used to test
several moderators (Betz et al. 2023).

Node centrality was assessed using various metrics; however, the
strength centrality was most frequently analyzed (N = 21, 77.8%)
while any measures of the bridge centrality were least frequently
used (N = 4, 14.8%, Figure 2). The overall percentage ranks of
centrality metrics for PLEs were 23.5% for strength (20 studies),
26.0% for betweenness (5 studies), 29.7% for closeness (6 studies),
26.9% for expected influence (7 studies), and 29.1% for bridge
expected influence (3 studies) (Supplementary Table 1). Only nine
studies (33.3%) assessed node predictability.

The CS-C value was reported by 21 studies (77.8%). Only one
study (Nunez et al. 2018) revealed insufficient network stability
(CS-C <0.25). Any measures of edge accuracy were reported by the
majority of studies (N = 24, 88.9%). Reproducibility of data analysis
was not commonly ensured. The code for data analysis was pro-
vided by six studies (22.2%). In turn, access to analyzed datasets was
provided by four studies (14.8%).

Topics addressed by network analysis studies

A detailed summary of the main findings across specific studies is
shown in Supplementary Table 2. The analysis of reported findings
revealed three distinct topics addressed by eligible studies:
(1) phenomenology of PLEs and associated symptom domains,
(2) exposure to stress and PLEs, and (3) PLEs and suicide-related
outcomes.

Phenomenology of PLEs and associated symptom domains: A total
of 14 studies (51.9%) focused on the analysis of the phenomenology of
PLEs and associated psychopathological domains. Included studies
revealed that PLEs show transdiagnostic connections with symptoms
of autism spectrum disorder (ASD), attention-deficit/hyperactivity
disorder (ADHD), anxiety, dissociation (especially identity
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Figure 1. The PRISMA flow diagram.

dissociation), depression, mania, obsessive—compulsive disorder
(OCD), post-traumatic stress disorder (PTSD), and narcissistic
grandiosity (Cheng et al. 2024; Rejek and Misiak 2023; Misiak
et al. 2023b; Yang et al. 2023). However, single studies reported
that OCD symptoms (Rejek and Misiak, 2023) and specific depres-
sive symptoms (i.e. “failure,” “guilty,” and “no future”) (Cheng et al.
2024) might be more strongly associated with PLEs. Also, with
respect to specific PLEs, it has been demonstrated that persecutory
ideation might be most strongly associated with depressive and
anxiety symptoms, while bizarre experiences might be most
strongly related to manic symptoms (Yang et al. 2023). However,
the study by Scott et al. (2021) did not demonstrate that PLEs might
be helpful in diagnosing bipolar disorder or differentiating indi-
viduals at high familial risk of bipolar disorder from unipolar
depression cases. Compared with other domains of psychopath-
ology, it is also important to note that PLEs have been found to
show the lowest concordance of reporting by adolescents and
their caregivers (Xavier et al. 2022).

Three studies focused on exploring PLEs with respect to associated
distress (Murphy et al. 2018; Wusten et al. 2018) and help-seeking
(Misiak & Frydecka 2024). The comparison of the presence and
impairment/distress network of PLEs revealed a similar structure;
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however, the impairment network appeared to show a stronger
interconnectivity (Murphy et al. 2018). Stronger interconnectivity
of PLEs together with higher levels of associated distress have also
been found among individuals from high-income countries com-
pared with those representing low- and middle-income countries
(Wusten et al. 2018). It has been suggested that more densely con-
nected networks might reflect a greater likelihood of activation
proneness between specific nodes corresponding with a higher level
of vulnerability (van Borkulo et al. 2015). At least theoretically, the
distress or impairment related to PLEs, might make individuals likely
to seek help. One study included in this systematic review demon-
strated that a self-reported presence of PLEs might predict the per-
ceived need to seek help (Misiak & Frydecka 2024). This observation
was reported for “deja vu experiences,” “problems in differentiating
reality and imagination,” “a lack of control over own ideas or
thoughts,” “being distracted by distant sounds,” and “paranoid
thoughts.”

Exposure to stress and PLEs: The role of stress in the develop-
ment of PLEs was addressed by 7 studies (26.9%). A total of 6 studies
focused on the role of childhood trauma history. Among them,
4 studies revealed direct connections between childhood trauma
history with PLEs (Gaweda et al. 2021; Huang et al. 2023; Qiao et al.
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Table 1. Summary of studies included in a systematic review
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Study characteristics Measures Network analysis
Gender The scale for  Other constructs assessed Centrality and Edge
Study N Study design® Age” (%F) PLEs using a network analysis N© predictability Model cs-C accuracy Reproducibility Quality
Astill Wright 4472 Cross-sectional 23-24 63.3 PLIKSi Negative symptoms, 45 Strength, Bridge El, GGM - 95% Cl, - 6
etal. depressive symptoms, Bridge Strength, Diff.
(2023) anxiety symptoms, PTSD Bridge Clo., Bridge Test
symptoms, trauma Bet.
exposure
Betz et al. 7242 Cross-sectional 50.0 (44.1) 56.8 PSQ Mood symptoms, domestic 6 - GGM 0.28-0.75 95% CI° Dataset, code 8
(2023) violence, physical abuse,
sexual abuse, cannabis use,
ethnicity, sex
Cernisetal. 6941 Cross-sectional 40.3 (15.7) 87.2 SPEQ Felt sense of anomaly, anxiety, 11 Strength, Clo., Bet. GGM 0.75 95% Cl, Code 5
(2021) depression, insomnia, PTSD Diff.
symptoms, distress Test
tolerance
Chengetal. 5008 Cross-sectional 12.9 (1.3) 51.0 CAPE-42 - 42 El, bridge El, Pred. GGM 0.75 95% Cl, — 6
(2024) Diff.
Test
Deng et al. 247 Cross-sectional 37.8 (10.8) 52.6 R-GPTS Depression, social anxiety, 7 - GGM, MGM - - - 5
(2023) social functioning, COVID—
19-related preoccupation,
interpretation inflexibility
Fonseca- 1790 Cross-sectional 15.7 (1.3) 53.7 PQ-B Suicidality, general 11 El, Pred. Ising, GGM - 95% Cl - 5
Pedrero psychopathology, quality of and
etal. life, depression, self-esteem, 21
(2021) dishonesty
Fung et al. 468 Cross-sectional 25.6 (8.6) 91.0 CAPE-42 Dissociation, PTSD symptoms, 18 Strength, Clo., Bet. GGM 0.75 95% Cl - 7
(2024) traumatic events
Gaweda et 6772 Cross-sectional 26.5 (4.7) 63.3 PQ-16 Depression, cognitive biases, 34 Strength, Pred. MGM 0.75 95% Cl, Code 6
al. (2021) childhood trauma Diff.
Test
Hajduk et 649 Cross-sectional 40.2 (13.1) 51.3 CAPE-42 Autistic traits, social 21 Strength, El GGM 0.595, 0.672 95% Cl - 4
al. (2023) relationships
Huang et al. 1813, Cross-sectional 22.7 (3.5), 78.0, MSS Depression, motivation to 14 Strength, Clo., Bet., El, GGM 0.75, 0.67 95% Cl, — 6
(2023) 427 21.8 (1.1) 79.2 reward, bipolar disorder Pred. Diff.
traits, childhood trauma Test
Misiak et al. 1647 Cross-sectional 25.8 (4.9) 88.0 PQ-16 Narcissism, cognitive biases, 18 Strength, Pred. MGM 0.75 95% Cl, - 6
(2023b) metacognition, emotion Diff.
regulation, age, gender, Test
education, lifetime history
of psychiatric treatment
Misiak et al. 4203 Cross-sectional 25.3 (5.7) 63.8 PQ-16 Depressive symptoms, NSSI, 35 Strength, Pred. MGM 0.75 95% Cl, Dataset 7
(2023¢) childhood trauma Diff.
Test

(Continued)
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Table 1. (Continued)

Study characteristics Measures Network analysis
Gender The scale for  Other constructs assessed Centrality and Edge
Study N Study design® Age” (%F) PLEs using a network analysis N© predictability Model CS-C accuracy Reproducibility Quality
Misiak 581 Longitudinal 27.9 (5.0) 49.2 PQ-16 Intent to seek treatment 15 Strength, Pred. MGM 0.36 95% Cl, - 10
and Diff.
Frydecka Test
(2024)
Misiak et al. 4203 Cross-sectional 25.3 (5.7) 63.8 PQ-16 Depressive symptoms, 29 Strength MGM 0.59, 0.36 95% Cl, Dataset 6
(2024) insomnia, suicidal ideation, Diff.
age, gender, education, Test
occupation
Murphy et 34653 Cross-sectional N/P N/P AUDADIS-IV - 16 Strength, Clo., Bet. GGM, Ising 0.44,0.59,0.75 95% Cl, Code 6
al. (2018) Diff.
Test
Nunez et al. 1685 Cross-sectional 16.0 (1.5) 54.1 CAPE-P15 Social anxiety, negative 15 Strength, Bet. Ising 0.13,0.21,0.28 95%Cl, - 6
(2018) symptoms, suicidal ideation Diff.
Test
Nunez et al. 1591 Cross-sectional 16.0 (1.5) 53.4 CAPE-P15 Social anxiety, negative 22 Strength Ising 0.60 95% Cl, - 6
(2020) symptoms, suicidal ideation Diff.
Test
Qiaoetal. 865 Cross-sectional 12-20 67.0 PQ-16,DISC-C Stress, negative affect, 24,26 Strength, Clo., Bet., El, GGM 0.75 95%Cl, - 8
(2024) and loneliness, threat Bridge Strength Diff.
longitudinal anticipation, general Test
psychopathology,
attachment insecurity,
maladaptive cognitive
emotion regulation
Rejek and 1100 Cross-sectional 26.3 (5.2) 51.4 PQ-16 Depressive symptoms, manic 11 Strength, Pred. MGM 0.36, 0.59 95% Cl, - 6
Misiak symptoms, ADHD Diff.
(2023) symptoms, OCD symptoms, Test
anxiety symptoms
Rejek and 1100 Cross-sectional 26.3 (5.2) 51.4 PQ-16 Exposome score 17 Strength, Pred. MGM 0.44 95% Cl, - 6
Misiak Diff.
(2024) Test
Scottetal. 1867 Cross-sectional 26.4 (7.5) 57.0 BMC Depressive and hypomanic 20 Strength, Clo., Bet. Ising - 95%Cl - 6
(2021) Psychosis symptoms
Assessment
Suenetal. 2186 Longitudinal 19.8 (2.8) 58.0 PQ-B ADHD symptoms, ASD 21 El, Bridge El GGM - 95% CI  Code 11
(2024) symptoms, depressive
symptoms, anxiety
symptoms, social
functioning, health-related
quality of life
Sun and 1199 Cross-sectional 15.9 (1.0) 56.0 CAPS Bullying 23,27, El GGM 0.28, 0.36 95% Cl - 6
Zhong 32
(2023)

(Continued)
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Table 1. (Continued)

Study characteristics Measures Network analysis
Gender The scale for  Other constructs assessed Centrality and Edge
Study N Study design® Age” (%F) PLEs using a network analysis N© predictability Model CS-C accuracy Reproducibility Quality
Wusten et 7141 Cross-sectional 27.4 (10.0) 48.6 CAPE-42 - 20 Strength, Bet., Clo. GGM 0.34-0.75 - Dataset, code 7
al. (2018)
Xavier et al. 5094 Cross-sectional 11-17 52.0 PS-R, SOPS  Other domains of 14 Strength GGM - - Code 7
(2022) psychopathology
Yangetal. 4761 Cross-sectional 18.6 (1.0) 55.5 CAPE-P15 Depressive symptoms, manic 6, 44 Strength GGM, MGM 0.75, 0.67 95% Cl - 5
(2023) symptoms, anxiety
symptoms
Zhou etal. 2328 Cross-sectional 18.4 (0.7) 72.9 CAPE-8 Suicidality, NSSI, depressive 22 Strength, El MGM 0.75 95% Cl - 5
(2023) symptoms, internet

addiction, childhood
trauma, cyberbullying,
social support, family-
related factors, alcohol use,
cigarette smoking

Note: ADHD, attention-deficit/hyperactivity disorder; AUDADIS-IV, the Alcohol Use Disorder and Associated Disabilities Interview Schedule-IV (Grant et al. 2003); Bet., betweenness; BMC Psychosis Assessment, the Brain and Mind Centre Psychosis Assessment
(Yung et al. 2009), CAPE, the Community Assessment of Psychic Experiences (Stefanis et al. 2002); CAPS, the Cardiff Anomalous Perceptions Scale (Bell et al. 2006); CS-C, correlation stability coefficient; Clo., closeness; Diff. Test, bootstrapped edges comparison;
DISC-C, the Diagnostic Interview Schedule for Children (Costello et al. 1985); El, expected influence; GGM, Gaussian Graphical Model; MGM, Mixed Graphical Model; MSS, the Multidimensional Schizotypy Scale (Kwapil et al. 2018); N/P, not provided; NSSI, non-
suicidal self-injury; OCD, obsessive-compulsive disorder; PLEs, psychotic-like experiences; PLIKSi, the Psychosis-Like Symptoms Semi-structured Interview (Sullivan et al. 2020); PQ-16, the Prodromal Questionnaire-16 (Ising et al. 2012); PQ-B, the Psychosis
Questionnaire Brief (Loewy et al. 2011); PS-R, the PRIME Screen — Revised (Kobayashi et al. 2008); PSQ, the Psychosis Screening Questionnaire (Bebbington and Nayani 1995); PTSD, post-traumatic stress disorder; R-GPTS, the Revised Green et al. Paranoid
Thoughts Scale (Freeman et al. 2021); SOPS, the Scale of Prodromal Syndromes (Miller et al. 2003); SPEQ, Specific Psychotic Experiences Questionnaire (Ronald et al. 2014)

“Refers to the use of a network analysis

PData expressed as mean (SD), range, or specific age of participants

°N refers to the number of network nodes

9Refers to the analysis of 95% confidence intervals for edge-weight accuracy
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Figure 2. The percentage of studies using specific centrality metrics.

2024; Sun and Zhong 2023), 1 study tested moderating effects of
childhood history in the association of PLEs with other domains of
psychopathology (Betz et al. 2023), and 1 study included a history of
childhood trauma in a composite measure of environmental expos-
ures (Rejek and Misiak 2024). Two studies that revealed direct
connections of a childhood trauma history with PLEs also found
potential mediating effects of other processes including cognitive
biases (Gaweda et al. 2021) and general psychopathology (Qiao
et al. 2024). However, included studies revealed that childhood
trauma history might also be related to other symptom domains
including depressive and anxiety symptoms (Huang et al. 2023;
Rejek and Misiak 2024).

An interesting approach to performing network analysis was
adopted by Betz et al. (2023). The authors used a novel recursive
partitioning approach to model the moderating effects of several
variables (i.e. age, gender, ethnicity, deprivation, childhood abuse,
separation from parents, bullying, domestic violence, cannabis use,
and alcohol use) on the associations between depressive and anxiety
symptoms, PLEs, and sleep disturbance. Heterogeneity across net-
work dynamics appeared to be largely explained by gender. The
authors found that a history of childhood abuse was associated with
stronger connections between anxiety and PLEs in women.

Finally, one study investigated PLEs with respect to preoccupa-
tion related to the COVID-19 pandemic (Deng et al. 2023). In this
study, interpretation inflexibility was associated with social func-
tioning impairment. Affective symptoms and paranoia mediated
this association. These associations were also magnified by stress
experienced during the COVID-19 pandemic, that is a moderated
mediation was found only in relation to affective symptoms, but not
paranoia. A network analysis confirmed the moderating effects of
the COVID-19-related preoccupation on the association between
interpretation inflexibility and depression.

PLEs and suicide-related outcomes: Suicide-related outcomes
were assessed using network analysis with respect to PLEs by
6 studies (23.1%). In all of these studies, PLEs were directly con-
nected to suicide-related outcomes. Among them, 5 studies
revealed that PLEs, especially perceptual anomalies and bizarre
experiences, are directly connected to suicidal ideation and/or
behaviors (Fonseca-Pedrero et al. 2021; Misiak et al. 2023¢; Misiak
etal. 2024; Nunez et al. 2018; Nunez et al. 2020). One study revealed
that PLEs are connected to NSSI, suicidal ideation, and behaviors

https://doi.org/10.1017/50033291725000261 Published online by Cambridge University Press

Btazej Misiak, Aleksandra Pytel and Barttomiej Stanczykiewicz

Closeness Bridge Centrality = No centrality

metrics

through the bridging effect of depressive symptoms (Zhou et al.
2023). Importantly, another study demonstrated that PLEs are
directly connected to suicidal ideation only in participants with
higher levels of insomnia (Misiak et al. 2024). In this study, the
nodes representing PLEs that were directly connected to suicidal
ideation included deja vu experiences, auditory hallucination-like
experiences, and paranoia.

Discussion
Main findings

A brief overview of the main findings is shown in Figure 3. In
general, findings from the present systematic review indicate that
PLEs serve as a transdiagnostic phenomenon that might occur in
the context of various mental disorders. However, there is some
evidence that OCD symptoms might be more closely related to
PLEs compared with other dimensions of psychopathology (Rejek
and Misiak 2023). Indeed, the majority of included studies revealed
that PLEs are not ranked among the most central nodes in the
network. Altogether, these findings are in agreement with other
studies showing that PLEs might predict the occurrence of mental
disorders that are not limited to the psychosis spectrum (Giocondo
etal. 2021; Lindgren et al. 2022). However, still little is known about
the association between personality traits and PLEs. Only one study
included in this systematic review revealed that narcissistic gran-
diosity might make individuals more prone to develop PLEs
(Misiak et al. 2023b). This process appeared to be mediated by
external attribution biases, the need to control thoughts, and emo-
tion regulation through fantasizing.

Although PLEs are generally perceived as transdiagnostic phe-
nomena, our analysis did not demonstrate that they are the most
central network nodes. Indeed, the centrality percentage rank for
PLEs varied between 23.5 for strength and 29.1 for bridge expected
influence. These counterintuitive findings might be explained by
the observations that other symptom domains and psychological
processes have been found to show stronger connections. For
instance, one study included in the present systematic review
demonstrated that while PLEs are connected to all symptom
domains assessed, depressive symptoms had a higher centrality
rank than PLEs (Rejek and Misiak, 2023). Indeed, depressive
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Figure 3. Overview of main findings of a systematic review. Psychotic-like experiences (PLEs) represent transdiagnostic markers of mental disorders (i.e. their occurrence is
associated with various domains of psychopathology). In some cases, PLEs are the source of distress, contribute to help-seeking behaviors, and might be related to increased
suicide risk and the occurrence of non-suicidal self-injury (NSSI). Stressful experiences, especially a history of childhood trauma, can influence the occurrence of PLEs through the
effects on other domains of psychopathology and cognitive biases. Temporal ordering and/or causal associations cannot be concluded because of evidence from cross-sectional

studies.

symptoms may occur across various mental disorders and are also
among the most commonly assessed psychopathological dimen-
sions with respect to transdiagnostic associations (Fusar-Poli et al.
2019). However, it remains needed to further examine whether
specific symptom dimensions differ in terms of their transdiagnos-
tic dimensionality.

Although PLEs are known to serve as subclinical phenomena,
they might be the source of distress and impairment in some indi-
viduals. In one of the included studies, PLEs were found to predict the
perceived intent to seek treatment after 6 months (Misiak & Frydecka
2024). This observation was found for “déja vu experiences,” “prob-
lems in differentiating reality and imagination,” “a lack of control
over own ideas or thoughts,” “being distracted by distant sounds,”
and “paranoid thoughts.” This is also concordant with findings from
a systematic review showing that individuals with PLEs are more
than twice as likely to report mental health service use compared with
those without PLEs (Bhavsar et al. 2018).

The clinical relevance of PLEs also originates from their associ-
ation with suicide-related outcomes. Indeed, the majority of studies
included in this systematic review that also addressed this point
revealed that PLEs are directly related to the occurrence of suicidal
ideation and behaviors as well as NSSI. Importantly, one study
revealed that this association occurs only in people reporting high
levels of insomnia (Misiak et al. 2024). Another cross-sectional
study performed on university students also reported that the
association of PLEs with suicidal ideation is significant in individ-
uals with poor sleep quality but not those without sleep difficulties
(Thompson et al. 2021). However, some cross-sectional studies
have revealed that sleep disturbance mediates the association of
PLEs with suicidal ideation (Farah et al. 2023; Luo et al. 2023). In
turn, one longitudinal study found that PLEs mediate the
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association of sleep disturbance and short sleep duration with
suicidal ideation (Bu et al. 2024). Because of a scarcity of evidence
from longitudinal studies, conclusions about the temporal ordering
of PLEs, sleep disturbance, and suicide risk are difficult to establish.
Nevertheless, it is needed to note that both sleep disturbance,
especially insomnia, and PLEs have been associated with suicide
risk as demonstrated by previous meta-analyses (Liu et al. 2020;
Yates et al. 2019). However, reported effect size estimates have been
found small-to-moderate indicating potential doubts about the
clinical relevance of the findings. Moreover, it has been noted that
evidence of the association between sleep disturbance and suicide
risk mostly originates from studies with longer follow-up periods
(Liu et al. 2020). Also, little is known about how contextual factors
contribute to observed effects.

It is further important to note that network analysis studies have
provided grounds for understanding the association between a
history of childhood trauma and PLEs. Importantly, a history of
childhood trauma is known to be a risk factor for various mental
disorders (McKay et al. 2021). However, some individuals appear to
be resilient to its lasting consequences. Although some studies
included in this systematic review revealed that childhood trauma
history is directly related to the occurrence of PLEs, other studies
also indicated important mediating mechanisms. For instance,
Gaweda et al. (2021) revealed that sexual abuse leads to PLEs
through other childhood adversities. Alternative pathways appeared
to lead through cognitive biases and depressive symptoms. Simi-
larly, general psychopathology, including depressive and anxiety
symptoms, was found to mediate the association between child-
hood trauma and PLEs in the study by Qiao et al. (2024). These
observations support the existence of previously observed effect-
ive pathways to psychosis (Myin-Germeys and van Os 2007).
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Indeed, it has been demonstrated that individuals at risk of
psychosis show increased emotional reactivity to daily stressors.
This phenomenon might also be attributed to exposure to child-
hood trauma (Lardinois et al. 2011).

Methodological considerations

Several limitations across the included studies need to be con-
sidered. First, the majority of studies limited the assessment of
PLEs to self-report measures. A lack of clinical validation might
result in the recording of false positive findings. Nevertheless, it is
interesting to note that self-reported PLEs representing false posi-
tive findings have also been shown to predict unfavorable mental
health outcomes (Bak et al. 2003; van der Steen et al. 2019). Second,
the majority of studies did not control for the effects of potential
covariates, for example those related to sociodemographic charac-
teristics. Third, the representativeness of cohorts assessed by specific
studies might be limited. Fourth, there is considerable heterogeneity
in reporting the results of a network analysis. Indeed, various meas-
ures of network stability and accuracy were not reported consistently.
Similarly, only a minority of studies reported node predictability.
Also, in some studies, specific measures of node centrality were used
without sufficient rationale. For instance, it has been suggested that
expected influence should be used for networks characterized by the
presence of negative edges (Robinaugh et al. 2016). Fifth, a priori
sample size calculations have not been performed by none of the
included studies although some simulation-based approaches have
been developed (Constantin et al. 2023). Finally, the majority of
included studies were cross-sectional. Therefore, causality appears
difficult to conclude.

Limitations of a systematic review

There are some limitations at the level of a systematic review. First,
no quantitative data synthesis was performed. This is because of the
fact that a network analysis of PLEs was used to assess a variety of
phenomena. Moreover, PLEs were not recorded using similar tools.
Second, a formal quality assessment was not carried out using
standardized tools for network analysis studies as such tools have
not been developed so far. Third, a systematic review was limited to
community samples. Therefore, the obtained results were not
compared with those from clinical samples. However, it is import-
ant to note that PLEs are now perceived as non-specific psycho-
pathological phenomena that occur in patients with various mental
disorders. Fourth, it is needed to note some limitations of the
approach to generalize findings with respect to the centrality of
PLEs. Indeed, the centrality rank might be influenced by the
number of nodes representing PLEs that differed largely between
specific studies. For instance, the centrality rank of PLEs might be
higher in networks that include a higher number of nodes repre-
senting PLEs compared with the number of nodes referring to other
variables. Finally, it is needed to note that overlapping samples were
analyzed by some studies. However, different hypotheses were
tested by these studies.

Implications for clinical practice

The recognition of PLEs might be important for clinical practice
because of the fact that these phenomena are often associated with
distress, impairment, and help-seeking behaviors. Moreover, PLEs
are likely to appear in the context of various mental disorders. There
is evidence that the presence of PLEs might be related to increased
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suicide risk. However, as shown in our systematic review, PLEs
were not found to be ranked among the most central nodes in
network analyses. Therefore, it is likely that interventions focused
on other symptoms, likely those being the basis of psychiatric
diagnosis or underlying psychological mechanisms might decrease
the level of PLEs. In support of this claim, it should be noted that the
intervention focused on improving resilience has been found to
decrease the level of PLEs in college students with subclinical
psychopathology (DeTore et al. 2023). In turn, cognitive-behavioral
therapy might decrease the level of distress related to PLEs, but not
the level of their occurrence (Soneson et al. 2020).

Conclusions and future directions

Studies based on a network analysis have improved our under-
standing of PLEs, their nosological position, clinical relevance, and
underlying mechanisms. However, certain aspects need to be pointed
out to move the field forward. From a methodological point of view, it
is needed to elaborate reporting protocols and tools to assess the
quality of network analyses to improve the generalizability of find-
ings. Also, clinical validation of reported symptoms is needed to
increase the validity of observed associations.

The majority of included studies were cross-sectional and based
on single measurements, and thus insights into potentially causal
mechanisms are still limited. To address this point, it is not only
needed to use a network analysis for longitudinal data but also
implement this approach to real-life data obtained using the experi-
ence sampling method (ESM). The ESM refers to a variety of
approaches that collect information about symptoms and behaviors
in real-life environments, outside the laboratory setting (Myin-
Germeys et al. 2018). The ESM studies show high ecological validity
and enable to avoid the recall bias that is typical for single-
timepoint, cross-sectional studies. The development of network
analysis methods has offered opportunities to study the real-life
dynamics of PLEs. Under this paradigm, three types of networks
can be analyzed, that is the between-subjects network (undirected
analysis illustrating the associations of variables across the whole
sampling period), the contemporaneous network (undirected ana-
lysis that allows to assessment of concurrent associations within the
same timeframe), and the temporal network (the analysis that
allows to indicate direction of effects while controlling for autocor-
relations) (Borsboom et al. 2021). Results of ESM studies may also
result in the development of ecological momentary interventions
for individuals with PLEs (Dao et al. 2021).

Another important direction for future studies is related to the
need to use network analysis within a translational perspective.
According to a network theory, the most central nodes might be
considered optimal targets for interventions. Their activation
(or deactivation) is most likely to increase (or decrease) the spread
of information in the network. Previous studies have tested this
hypothesis by investigating whether the most central nodes at
baseline predict the onset and progression of psychopathology as
well as treatment dropouts showing mixed findings (Boschloo et al.
2016; Groen et al. 2020; Lutz et al. 2018; Rodebaugh et al. 2018;
Spiller et al. 2020). Importantly, one of these studies was included in
the present systematic review and revealed that the most central
nodes (i.e. depressive symptoms, negative affect, and loneliness)
better predict follow-up PLEs (Qiao et al. 2024). Importantly, most
of these studies investigated baseline cross-sectional networks that
should be interpreted with caution because of a lack of insights into
the temporal ordering of processes that give rise to the emergence of


https://doi.org/10.1017/S0033291725000261

Psychological Medicine

psychopathology (Bringmann et al. 2019). Network models can
also be applied to analyze longitudinal data, including those
recorded using ESM. In these models, two categories of node
centrality might be analyzed, that is output centrality (the import-
ance of nodes with respect to predicting other nodes over time) and
input centrality (the importance of nodes with respect to the extent
they are predicted by other nodes over time). Investigating output
centrality may further inform the development of interventions for
future testing using randomized clinical trials. Another transla-
tional direction for the field might be related to moving beyond
group-level observations by developing person-specific networks
(also known as idiographic networks) (Eaton et al. 2023). This
approach might be integrated as a part of case conceptualization
and the monitoring of therapeutic interventions. It might be
particularly relevant for individuals with subclinical psychopath-
ology that does not meet the clinical thresholds required to
diagnose specific mental disorders. In these cases, person-specific
networks covering risk, protective and maintenance factors, psy-
chopathology, and various aspects of social functioning may
provide insights into individual mechanisms underlying PLEs.
However, existing evidence about person-centered networks is
scarce and limited to feasibility studies (Fisher et al. 2017; Frum-
kin et al. 2021; Reeves and Fisher 2020; Riese et al. 2021; Rubel
et al. 2018).

The development of network analysis approaches will also likely
result in the inclusion of various types of data that fall beyond the
assessment of psychopathological symptoms, hypothesized psy-
chological mechanisms, and behaviors. To provide insights into
the biopsychosocial contexts of PLEs, it will be needed to combine
neuroimaging findings, physiological responses, and other bio-
markers. However, although a network analysis does not impose
a specific model of causality, the decision to include specific vari-
ables should be based on the theory that justifies their selection.
Moreover, it is needed to note that increasing the number of
variables but not including a higher number of participants and
timepoints (in the case of longitudinal data) may decrease the
network accuracy (Bringmann 2024).

In sum, a network analysis seems to be an important approach
that allows us to understand the complexity of mechanisms under-
lying the emergence of PLEs, and develop and test novel interven-
tions. However, progress in the field requires further application of
network models to longitudinal data representing psychopatho-
logical manifestation, social functioning, risk, and protective factors
as well as potential mechanisms. Moreover, progress is needed at
the level of testing the clinical usefulness of person-specific net-
works to better inform case conceptualization in the case of indi-
viduals with PLEs. Lessons provided by a critical appraisal of
existing evidence can improve designing future studies of PLEs
based on network analysis.
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