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A B S T R A C T

Background: Altered functional connectivity in several functional networks has been found in people with psy
chosis, especially in the default mode (DMN), salience (SAL) and central executive (CEN) networks. Functional 
connectivity in people with psychosis is influenced by traumatic life experiences. Trauma histories typical of 
people with psychosis are associated with complex post-traumatic stress disorder (cPTSD), but no studies have 
explored whether post-traumatic sequelae contribute to functional dysconnectivity in people with psychosis.
Methods: Using resting-state fMRI, we compared two groups meeting diagnostic criteria for schizophrenia 
spectrum disorders (N = 106); one group additionally met ICD-11 criteria for comorbid cPTSD, whereas the other 
did not. We assessed between-group differences in functional connectivity between 15 pre-defined regions of the 
DMN, SAL and CEN. Post-hoc correlations were used to test whether intra- and/or inter-network connectivity 
related to cPTSD symptom severity in the comorbid cPTSD group.
Results: The comorbid cPTSD group demonstrated significantly lower functional connectivity within the DMN, 
SAL and CEN, as well as increased negative connectivity between the SAL and CEN. The control group showed 
significantly decreased connectivity of the DMN with the SAL and CEN. PTSD symptoms correlated positively 
with intra-SAL connectivity and DMN-SAL dysconnectivity, whereas DSOs correlated positively with intra-SAL 
dysconnectivity and reduced DMN-CEN connectivity.
Conclusions: Our findings broadly align with the tripartite network model explaining psychopathology in terms of 
DMN, SAL and CEN dysconnectivity. Intra-network dysconnectivity in subgroups of people with psychosis may 
relate to post-traumatic sequelae, whereas inter-network dysconnectivity may be more central in trauma- 
unrelated psychoses.

1. Introduction

Spontaneous fluctuations in neural activity occur at rest; these 

fluctuations are coordinated within groups of regions (Biswal, 2012). 
Regions with correlated fluctuations in activity are collectively referred 
to as functional networks thought to underpin essential neurocognitive 
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functions (Fox et al., 2005). For instance, spontaneous thought, men
talisation and future thinking is related to connectivity in the default 
mode network (DMN), comprising the medial prefrontal and posterior 
cingulate cortices, temporoparietal junction, precuneus, angular gyrus, 
and superior lateral occipital cortex (Andrews-Hanna, 2012; Wang et al., 
2020). The central executive network (CEN) is a competing network, 
composed of the dorsolateral prefrontal and posterior parietal cortices, 
responsible for task-oriented cognition and executive functions (Seeley 
et al., 2007). The salience network (SAL) – including the anterior 
cingulate cortex (ACC), anterior insula, rostral prefrontal cortex and 
supramarginal gyrus (Uddin et al., 2019) – is involved in switching from 
spontaneous thought (i.e., DMN) to focussed attention (i.e., CEN) via 
salience attribution to stimuli (Cocchi et al., 2013; Goulden et al., 2014).

The triple network theory stipulates that altered functional connec
tivity within and between these three pivotal networks gives rise to 
neurocognitive difficulties that manifest as psychopathology (Menon, 
2011). Accordingly, neuroimaging studies have extensively explored 
functional connectivity of the DMN, SAL and CEN in people with psy
chosis. Meta-analytic evidence has shown reduced functional connec
tivity within and between these networks among people with psychosis 
(Brandl et al., 2019; Dong et al., 2018; Li et al., 2019; O’Neill et al., 
2019). Further, functional dysconnectivity of this kind correlates with 
positive and negative symptoms of psychosis (Lee et al., 2018; Manoliu 
et al., 2013; Rotarska-Jagiela et al., 2010). These findings do not appear 
moderated by antipsychotic medication, strengthening their plausible 
involvement in underpinning psychotic experiences (Wang et al., 2017).

Childhood trauma is associated with alterations in functional con
nectivity (Cassiers et al., 2018) and is extremely prevalent in people with 
psychosis (Trauelsen et al., 2015). Emerging research suggests child
hood trauma exposure moderates DMN connectivity among people with 
psychosis (Dauvermann et al., 2021; King et al., 2021). Research has yet 
to explore whether functional connectivity in people who experience 
psychosis may also be moderated by post-traumatic sequelae, including 
post-traumatic stress disorder (PTSD). Like childhood trauma, PTSD is 
associated with reduced connectivity within and between the DMN, 
SAL, and CEN (Misaki et al., 2018; Zandvakili et al., 2020), and is very 
common among people with psychosis (Hardy & Mueser, 2017). The 
complex trauma histories typical of people with psychosis suggest 
complex PTSD (cPTSD) – a recent classification in the latest Interna
tional Classification of Disease (ICD-11 (Karatzias et al., 2017)) – may be 
a common comorbidity in this population (Hyland et al., 2020; Karatzias 
et al., 2019). cPTSD includes core PTSD symptoms alongside ‘distur
bances of self-organisation’ (DSOs; i.e., emotional dysregulation, inter
personal difficulties and negative self-concept (Cloitre, 2020)). It seems 
to be more prevalent than PTSD in people with psychosis (Panayi et al., 
2022). Thus, neuroimaging research exploring the effects of 
post-traumatic sequelae on functional connectivity in psychosis ought to 
consider cPTSD.

Despite a wealth of evidence surrounding the neurofunctional un
derpinnings of PTSD, relatively few neuroimaging studies have exam
ined cPTSD specifically. Altered activation in the anterior cingulate, 
dorsomedial prefrontal and orbitofrontal cortices and hippocampus has 
been demonstrated among people with cPTSD compared to trauma- 
unexposed controls (Thomaes et al., 2009, 2013). Without the applica
tion of validated diagnostic tools to identify ICD-11 cPTSD, it remains 
unclear whether these findings apply to transdiagnostic post-traumatic 
sequelae now considered associated with, but not endemic in, cPTSD 
(e.g., dissociation (Ford, 2017)). Overall, there is a dearth of literature 
directly comparing neuroanatomical structure and function between 
PTSD and cPTSD, making it difficult to draw firm conclusions about 
neural underpinnings of the latter (Stopyra et al., 2023). Understanding 
these underpinnings could be used to establish mechanisms of action in 
trauma-focussed therapies (Charquero-Ballester et al., 2022).

This is the first study to our knowledge to examine the contribution 
of post-traumatic sequelae to functional connectivity in people with 
psychosis. Given the lack of identified functional connectivity correlates 

of cPTSD, we were guided by the triple network model, and aimed to 
identify whether cPTSD moderated functional connectivity within and 
between the DMN, SAL and CEN. We compared two samples of people 
meeting psychotic spectrum diagnostic criteria (N = 106); one group 
met ICD-11 diagnostic criteria for comorbid cPTSD (n = 56), whereas 
the other did not meet criteria for any comorbid post-traumatic stress 
diagnosis (psychosis controls; PCs). Region of interest (ROI) analysis was 
applied to assess functional connectivity differences among pre-defined 
DMN, SAL and CEN network seeds between groups. Post-hoc correla
tions were used to assess whether functional connectivity of these seeds 
related to cPTSD symptom severity.

2. Methods and materials

2.1. Study design

This study employed a between-subjects design, combining fMRI 
data collected from a subsample of participants in the Study of Trauma 
and Recovery (STAR trial (Peters et al., 2022)), a randomised controlled 
trial testing the efficacy of trauma-focused cognitive-behavioural ther
apy for psychosis, and a subsample from the open UCLA Consortium for 
Neuropsychiatric Phenomics (CNP) dataset (Poldrack et al., 2016).

2.2. Participants

STAR trial participants completing the fMRI study at baseline (N =
70) who met ICD-11 diagnostic criteria for cPTSD (n = 57) were invited 
to take part in the study. One participant declined to complete the 
resting-state functional scan and as such n = 56 were included in the 
comorbid-cPTSD group. These data were combined with resting-state 
fMRI data from UCLA CNP participants meeting DSM-IV criteria for 
schizophrenia but no post-traumatic stress diagnosis (n = 50), leading to 
a combined N = 106. The comorbid cPTSD group was predominantly 
female (57.9 %) whereas the UCLA sample was predominantly male (76 
%). The groups did not significantly differ on age (t(101.15)= 1.14; p =
.26) or rates of antipsychotic prescription (χ2(1)= .91; p = .34). Scores 
on psychotic symptom severity (described in Supplementary Material 1) 
were transformed into standardised Z-scores which indicated the groups 
did not differ on severity of hallucinations (t(86)= 0.02; p = .98) or 
delusions (t(87)= -0.02; p = .98).

31 % of the comorbid cPTSD group were recruited from Early 
Intervention for Psychosis services in England, where best practice 
guidance advises against the use of potentially stigmatizing labels (e.g. 
schizophrenia, schizoaffective disorder) among those experiencing first- 
episode psychosis. Instead, ICD-10 F28 (other nonorganic psychotic 
disorder) or F29 (unspecified psychotic disorder) categories are 
routinely applied. Clinical characteristics of each group are presented in 
Tables 1 and 2, respectively.

Inclusion criteria of parent studies are documented in full elsewhere 
(Peters et al., 2022; Poldrack et al., 2016). These broadly included adults 
registered with mental health services who had a diagnosis of 
schizophrenia-spectrum disorder (or those who satisfied diagnostic 
criteria) with capacity to consent at the time of recruitment. STAR trial 
exclusion criteria included primarily-organic aetiology of psychosis or 
PTSD, primary diagnosis of substance misuse, requirement of an inter
preter and receipt of trauma-focussed therapies within the three months 
preceding referral. Participants were excluded from the UCLA CNP 
schizophrenia subgroup if they had a lifetime diagnosis of substance 
misuse, bipolar, depression, anxiety disorders (including PTSD) or 
attention-deficit and hyperactivity disorder (though participants met 
criteria for additional diagnoses on the SCID-I, listed in Table 1). Both 
studies excluded participants with clinical contraindications for an MRI 
scan (e.g., metal in the body, possibility of pregnancy).
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2.3. Clinical assessment measure

The International Trauma Questionnaire (ITQ (Cloitre et al., 2018)) is a 
12-item self-report scale assessing the presence and severity of PTSD and 
DSOs within the past month. Each subscale comprises 3 symptom clus
ters, themselves composed of 2 items each, and 3 items capturing the 
functional impact of the cluster. All items are scored on a 5-point Likert 
scale from 0 (‘Not at all’) to 4 (‘Extremely’). The ITQ diagnostic algo
rithm was used here to identify participants meeting criteria for ICD-11 
cPTSD. The algorithm identifies a probable diagnosis of PTSD when a 
participant scores ≥2 on at least one item in each PTSD cluster, plus ≥2 
on at least one functional impairment item associated with these 
symptoms. The cPTSD threshold includes that of PTSD plus a score of ≥2 
on at least one item in each DSO cluster and of ≥2 on at least one 
functional impairment item associated with these symptoms. PTSD and 
DSO items were totalled to derive continuous severity scores, with 
higher scores indicating higher severity. Both subscales demonstrate 
high internal consistency (all α’s = ≥ .79 (Cloitre et al., 2018)).

2.4. Resting-state paradigm

The STAR fMRI study involved an 8-minute structural scan, followed 
by a pre-task 5-minute resting-state scan, a 10-minute fMRI task, post- 
task resting-state scan, and another 10-minute fMRI task. This study 
analysed pre-task resting-state functional scan data. Participants were 
fitted with a respiration belt and were asked to keep as still as possible as 
they lay supine in the MRI scanner. The scanner was fitted with a mirror 
reflecting a screen onto which the tasks were projected, enabling par
ticipants to view the screen for the duration of the scan. A white fixation 
cross was presented on a plain black background for 5 minutes, with 
participants instructed to relax and keep their eyes open and fixed on the 
cross.

This study involves data collected from a subsample of STAR trial 
participants who provided fully-informed consent to the use of their data 
for future research. The authors assert that all procedures contributing 
to this work comply with the ethical standards of the relevant national 
and institutional committees on human experimentation and with the 
Helsinki Declaration of 1975, as revised in 2008 (NHS Research Ethics 
committee ref: 20/LO/0853).

2.5. Image acquisition

Scans were collected across three sites: the University of Manchester 
(3T Intera, Philips, Best, Netherlands), King’s College London (3T Dis
covery MR750, General Electric Medical Systems, Milwaukee, WI, USA), 
and the University of Newcastle (3T Achieva dStream, Philips, Best, 
Netherlands). T2-weighted MR images of the blood oxygen level- 
dependent (BOLD) signal were acquired using a 2D echo planar 

Table 1 
. Clinical characteristics of the sample (N = 106).

Group Characteristic %

Comorbid 
cPTSD 
(n = 56)

ICD-10 Psychotic 
Spectrum 
Diagnosis

Schizophrenia 19.30
Schizoaffective disorder 3.51
Persistent delusional disorder 12.28
Other nonorganic psychotic 
disorder

24.56

Unspecified nonorganic 
psychosis

40.36

Other diagnoses Anxiety disorders (Generalized 
anxiety, OCD and other anxiety 
disorders)

22.81

Autism 8.77
Bipolar 14.04
Depression (with or without 
psychotic features)

73.68

Personality disorders (including 
borderline and other personality 
disorders)

43.86

Substance-related disorders 8.77
Other (e.g., ADHD, eating 
disorders, severe stress and 
adjustment disorder)

14.04

Hears voices ​ 75.44
Psychosis 

controls (n =
50)

DSM-IV 
Psychotic 
Spectrum 
Diagnosis

Paranoid Schizophrenia 42.00
Disorganised Schizophrenia 2.00
Residual Schizophrenia 12.00
Schizoaffective disorder 22.00
Undifferentiated Schizophrenia 22.00

Other DSM-IV 
diagnoses

Depression 26.00
Bipolar 4.00
Attention Deficit and 
Hyperactivity Disorder

18.00

Any substance misuse or 
dependence

60.00

​ M(SD)
Comorbid 

cPTSD 
(n = 56)

ITQ-PTSD ​ 17.93 
(3.64)

ITQ-DSO ​ 18.95 
(3.37)

PSYRATS-Delusions 17.63 
(3.01)

PSYRATS-Voices 31.00 
(5.05)

Psychosis 
controls (n =
50)

SAPS-Hallucinations 2.30 
(1.75)

SAPS-Delusions 2.54 
(1.47)

Note: M = Mean; SD = Standard Deviation; PTSD = Post-traumatic Stress Dis
order; DSO = Disturbances of Self-Organisation; ITQ = International Trauma 
Questionnaire (Cloitre et al., 2018); PSYRATS = Psychotic Symptom Rating 
Scales (Drake et al., 2007) SAPS = Scale for the Assessment of Positive Symp
toms; SANS = Scale for the Assessment of Negative Symptoms

Table 2 
Test statistics of significant differences in functional connectivity between spe
cific ROIs of each cluster.

Connection T p-FDR

Cluster 1: DMN-SAL ​ ​
PCC-ACC 4.47 <.001
PCC-Anterior Insula (R) 4.19 <.001
LP (R)-ACC 4.14 .001
mPFC-Anterior Insula (R) 3.63 .001
mPFC-ACC 3.59 .001
LP (L)- Anterior Insula (L) 3.82 .002
Cluster 2: DMN-CEN ​ ​
PCC-lPFC (L) 6.23 <.001
mPFC-lPFC (R) 6.08 <.001
PCC-lPFC(R) 4.39 <.001
mPFC-lPFC (L) 4.51 <.001
Cluster 3: Intra-DMN ​ ​
PCC-LP (L) 4.49 <.001
mPFC-LP (R) 3.97 .001
mPFC-PCC 3.85 .001
mPFC-LP (L) 3.66 .001
Cluster 4: Intra-SAL ​ ​
ACC-Anterior Insula (R) 4.82 <.001
ACC-Anterior Insula (L) 4.34 <.001
rPFC (R)-Anterior Insula (R) 4.28 .001
Anterior Insula (R)-SMG (L) 3.47 .002
Anterior Insula (R)-SMG (R) 3.28 .003
Cluster 5: SAL-CEN ​ ​
lPFC(R)-ACC 4.78 <.001
lPFC(L)-ACC 4.03 .001
pPC (L)-Anterior Insula (L) 4.12 .001
lPFC(R)-Anterior Insula (R) 3.73 .001
Cluster 6: Intra-CEN ​ ​
PPC (L)-lPFC (L) 2.94 .004
PPC (L)-lPFC (R) 2.91 .004

Note: DMN = Default Mode Network; SAL = Salience Network; CEN = Central 
Executive Network; L = Left; R = Right; ACC = Anterior Cingulate Cortex; PCC =
Posterior Cingulate Cortex; mPFC = Medial Prefrontal Cortex; rPFC = Rostral 
PFC; lPFC = Lateral PFC; LP = Lateral Parietal Cortex; SMG = Supramarginal 
gyrus
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sequence (TR = 2s, TE = 30 ms, flip angle = 75◦, slice thickness = 3 mm, 
interslice gap = 3.3 mm). Details of the UCLA CNP scanning paradigm 
and image acquisition protocol are documented fully elsewhere 
(Poldrack et al., 2016).

3. Preprocessing

Images were loaded into Matlab R2018a (The Mathworks Inc, 2018) 
for analysis using Statistical Parametric Mapping (SPM12 v7771 (The 
Wellcome Centre for Neuroimaging, 2020)). Functional scans were first 
spatially realigned to correct for motion during the scan and unwarped 
to correct for field inhomogeneities. A slice timing correction was then 
used to account for the delay between slices in each volume. The mean 
of unwarped functional images was then co-registered with 
skull-stripped bias-corrected T1-weighted images before being normal
ised to MNI space. Normalised images were then spatially smoothed 
with a 12mm Full Width at Half Maximum (FWHM) Gaussian kernel.

3.1. Functional connectivity analysis

Due to complexities involved in statistically modelling network 
connectivity, there are no agreed-upon gold-standard power calcula
tions developed for functional connectivity research (Helwegen et al., 
2023). We note our sample size was comparable to or larger than other 
clinical samples in prior network connectivity studies (Cancel et al., 
2017; Dauvermann et al., 2021; Patton et al., 2025).

The CONN functional connectivity toolbox (v22) was used to com
plete ROI-based functional connectivity analyses (Whitfield-Gabrieli & 
Nieto-Castanon, 2012). ROIs included 15 pre-defined seeds of intrinsic 
functional networks determined by the CONN toolbox according to the 
Harvard-Oxford Cortical and Subcortical Atlas. DMN seeds included the 
medial prefrontal cortex (mPFC), posterior cingulate cortex (PCC), and 
bilateral lateral parietal cortices. SAL seeds included the anterior 
cingulate cortex (ACC), bilateral anterior insula, rostral PFC (rPFC) and 
supramarginal gyri (SMG). CEN seeds included the bilateral lateral PFC 
(lPFC) and posterior parietal cortices. MNI coordinates of each network 
seed are presented in Supplementary Table 1. ROI-to-ROI connectivity 
matrices were estimated characterizing the functional connectivity be
tween each pair of ROIs. Functional connectivity strength was repre
sented by Fisher-transformed bivariate correlation coefficients from a 
general linear model (Nieto-Castanon, 2020), estimated separately for 
each pair of ROIs, characterizing the association between their BOLD 
signal timeseries. Group-level analyses were then performed using a 
General Linear Model for each individual connection, with first-level 
connectivity measures at this connection as dependent variables (one 
independent sample per subject), and group membership (i.e., comorbid 
cPTSD or no-cPTSD) as the independent variable. Age, sex and anti
psychotic prescription were entered as covariates of no interest. Since 
site uniquely varied in the comorbid cPTSD group, inclusion as a co
variate would have resulted in non-estimable contrasts with PCs. 
Sensitivity analyses in the comorbid group did not demonstrate signif
icant differences in functional connectivity among the DMN, SAL and 
CEN between scanning sites (see Supplementary Table 2). Findings were 
considered significant at a conservative combined threshold of p-un
corrected < 0.001 at the connection level and p-FDR < 0.005 at the 
cluster level to mitigate Type I error (Woo et al., 2014; Eklund et al., 
2016). FDR corrections were applied using the Benjamini-Hochberg 
(1995) method.

4. Results

4.1. ROI-to-ROI analysis

ROI analysis was conducted for 15 seeds comprising the DMN, SAL 
and CEN, revealing six differing clusters between groups. Three reflected 
reduced functional connectivity within the DMN (F [3,99] = 8.83, p-FDR 

< .001), SAL (F [3,99] = 7.63, p-FDR < .001) and CEN (F [3,99] = 2.85, 
p-FDR = .041) in the comorbid cPTSD group. The three remaining 
clusters demonstrated negative hyperconnectivity between the SAL and 
CEN in the cPTSD group (F [3,99] = 4.48, p-FDR = .007), as well as 
decreased negative connectivity of the DMN with the SAL (F [3,99] =
15.75, p-FDR = <.001) and CEN in PCs (F [3,99] = 13.74, p-FDR =
<.001). The specific ROIs comprising each cluster presented alongside 
test statistics in Table 2.

4.2. Post-hoc correlations

In the comorbid cPTSD group, Fisher-transformed connectivity co
efficients between all 15 ROIs were extracted and entered into Pearson 
correlations with cPTSD symptom subscales. No relationships survived 
correction for multiple comparisons (corrected p < .002). We therefore 
identified trends that survived adjustment for age, sex and antipsychotic 
prescription at a more liberal threshold (p < .01). These suggested intra- 
SAL connectivity and DMN-SAL dysconnectivity positively related to 
PTSD symptoms, whereas DSOs positively related to intra-SAL dyscon
nectivity and reduced negative DMN-CEN connectivity. Test statistics 
are presented in Table 3 and correlations presented graphically in Fig. 1.

5. Discussion

In the first functional neuroimaging study to consider post-traumatic 
sequelae among people with psychosis, we found differences in resting- 
state functional connectivity in people with psychosis who did and did 
not meet ICD-11 diagnostic criteria for cPTSD. The comorbid cPTSD 
group demonstrated reduced functional connectivity within the DMN, 
SAL and CEN, as well as negative SAL-CEN hyperconnectivity. The 
psychosis group displayed decreased DMN-SAL and DMN-CEN connec
tivity. Post-hoc correlation analyses suggested intra-SAL connectivity 
and DMN-SAL dysconnectivity may correlate positively with PTSD 
symptoms, whereas DSOs may positively correlate with intra-SAL dys
connectivity and reduced DMN-CEN connectivity.

Meta-analyses of resting-state fMRI among people with psychosis 
have demonstrated reduced functional connectivity within and between 
the DMN, SAL and CEN (Brandl et al., 2019; Dong et al., 2018; Li et al., 
2019; O’Neill et al., 2019). Given connectivity within these networks 
was lower in the comorbid cPTSD group compared to PCs, we extend 
prior findings by suggesting cPTSD may contribute to functional dys
connectivity in people with psychosis. Concordantly, functional dys
connectivity of the DMN and CEN are consistently implicated in PTSD 
(Akiki et al., 2017; Fenster et al., 2018). That said, our findings are 
somewhat surprising in that intra-SAL hyperconnectivity is typically 
implicated in PTSD, especially post-traumatic hyperarousal (Breukelaar 
et al., 2021; Patel et al., 2012). We partially replicated this previous 
finding, in that SAL connectivity related to PTSD symptom severity at 

Table 3 
. Pearson correlation coefficients between functional connectivity and symptom 
severity.

Networks ROIs r

PTSD DSO

Intra-SAL rPFC (L)-ACC .364 -
rPFC (L)-Anterior Insula (R) - -.370

DMN-SAL LP (R)-Anterior Insula (R) .360 -
mPFC-rPFC (L) .371 -

DMN-CEN LP (R)-lPFC (R) - .413
mPFC-lPFC (R) - .393

Note: DMN = Default Mode Network; SAL = Salience Network; CEN = Central 
Executive Network; L = Left; R = Right; ACC = Anterior Cingulate Cortex; mPFC 
= Medial Prefrontal Cortex; rPFC = Rostral PFC; lPFC = Lateral PFC; LP =
Lateral Parietal Cortex; PTSD = Post-traumatic Stress Disorder; DSO = Distur
bances of Self-Organisation
All p’s < .01
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trend-level. Yet, intra-SAL connectivity was lower overall in the co
morbid cPTSD group compared to controls. SAL dys/connectivity may 
differentiate between PTSD/cPTSD, as hyperarousal is less central to 
complex post-traumatic presentations that are characterised instead by 
emotional numbness and dissociation (Frewen & Lanius, 2006; Levin 
et al., 2021; McElroy et al., 2019). Psychological experiences of this kind 
are related to anterior insula deactivation (Fenster et al., 2018; Lanius 
et al., 2010), which contributed to all SAL dysconnectivity in the co
morbid cPTSD group. Further neuroimaging research comparing PTSD 
and cPTSD is required to understand whether insula-related SAL dys
connectivity is a distinguishing feature of cPTSD.

Negative SAL-DMN connectivity and positive SAL-CEN connectivity 
is associated with ‘dynamic switching’ from self-referential, 

spontaneous thought (i.e., DMN activation) to focussed attention on 
external stimuli (i.e., CEN activation; Goulden et al., 2014). Similarly, 
the DMN and CEN are negatively connected in healthy controls, owing 
to their competing functions (Sherman et al., 2014). Disintegration of 
these networks is associated with cognitive difficulties in psychosis as 
well as alterations in socio-emotional processing (Nekovarova et al., 
2014). In turn, our results broadly align with prior research supporting 
the triple network model of psychopathology, in that PCs demonstrated 
SAL-DMN and SAL-CEN dysconnectivity as well as reduced negative 
DMN-CEN connectivity (Menon, 2011). The comorbid cPTSD group, on 
the other hand, displayed negative SAL-CEN hyperconnectivity. Given 
PCs did not meet criteria for post-traumatic stress diagnosis, our findings 
may therefore hint at disparate neural underpinnings of pathways to 

Fig. 1. Trends between functional connectivity and cPTSD symptom severity in the comorbid group. A. Core PTSD severity relates to SAL hyperconnectivity and 
DMN-SAL dysconnectivity. B. DSO severity relates to SAL dysconnectivity and reduced negative DMN-CEN connectivity.
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psychosis differentiated by their trauma-relatedness (Howes & Murray, 
2014). Indeed, connectivity biotypes have been identified in people with 
psychosis, one characterised by hypoconnectivity and another by 
hyperconnectivity (Fernández-Linsenbarth et al., 2021; Liang et al., 
2021). The characterisation of trauma-related and -unrelated psychoses 
by resting-state functional connectivity guided by the triple network 
model is a potential avenue for future replication studies, as this could 
provide neurobiological evidence for differential psychosis pathways 
that indicate targeted treatments (e.g., trauma-informed or -focussed 
interventions versus cognitive remediation).

The findings of our post-hoc correlations are consistent with the 
triple network model: disintegration of the DMN-SAL related positively 
to PTSD severity, and reduced DMN-CEN modulation related to DSO 
severity. The tripartite model may therefore provide a neural basis of 
cPTSD in people with psychosis. Notably, however, DMN-SAL dyscon
nectivity and DMN-CEN connectivity was significantly more pro
nounced in PCs. Given the absence of post-traumatic sequelae 
sufficiently severe to warrant a PTSD diagnosis in PCs, triple network 
dysconnectivity likely incurs wider, transdiagnostic, cognitive conse
quences. Consistently, Menon’s model argues that DMN-SAL-CEN dys
connectivity underpins a variety of psychopathological difficulties via 
various processes (e.g., aberrant salience detection and engagement of 
adaptive, goal-directed cognition (Menon, 2011)). Future research 
exploring psychophysiological interactions will be helpful in this respect 
to uncover the mechanism by which functional connectivity may give 
rise to symptoms of cPTSD in people with psychosis. Conversely, 
within-network dysconnectivity was evident in the comorbid cPTSD 
group but did not correlate with symptom severity. This may be due to 
the use of composite core PTSD and DSO scores, rather than symptom 
subscale scores, given differential cPTSD symptoms are associated with 
reduced connectivity in disparate networks (Tursich et al., 2015). Thus, 
another important avenue for future research is the understanding of 
symptom-specific underpinnings of cPTSD in psychosis.

Discrepancies between parent datasets of this study pose significant 
limitations, as disparities in data acquisition (e.g., scanners; scanning 
protocol) may underlie group differences. For one, we cannot rule out 
differences due to scanner site in these analyses. We performed scanner 
harmonisation, acquiring the same sequences at each site, and 
confirmed via sensitivity analysis that functional connectivity did not 
differ systematically by site. Yet, group differences should be interpreted 
tentatively as they may be influenced by ‘batch’ shifts (location/scale) in 
imaging features. Controlling for site differences should be prioritised in 
future multisite MRI studies to evaluate the validity of our results. 
Another important limitation is that, whilst PTSD was ruled out, trauma 
exposure was not measured in the control group. Though reduced 
functional connectivity within the DMN has been consistently impli
cated in PTSD, DMN dysconnectivity is also evident among trauma- 
exposed controls (Bao et al., 2021; DiGangi et al., 2016). Likewise, 
childhood trauma has been shown to moderate DMN connectivity in 
people with psychosis (Dauvermann et al., 2021). As such, differences in 
DMN connectivity in our study may reflect increased trauma exposure in 
the cPTSD group as opposed to cPTSD caseness, consistent with the 
elevated risk of developing cPTSD following prolonged and/or repeated 
trauma (Karatzias et al., 2017). Concordantly, we did not uncover sig
nificant relationships between DMN connectivity and cPTSD symptom 
severity. Controlling for trauma exposure is therefore of paramount 
importance for replication studies to isolate the neural underpinnings of 
post-traumatic sequelae rather than trauma exposure itself.

Despite no agreed-upon method, statistical innovations allow for 
power calculations in functional connectivity studies, such as 
simulation-based power estimation (Bi et al., 2024). Empirical estima
tion based on reliability studies may also be used to guide sample size 
(Helwegen et al., 2023). Future studies may apply such techniques to 
ensure acceptable levels of statistical power are achieved. Further, 
though we opted for commonly-used metrics to allow comparability to 
other studies, the application of Pearson correlations to address this 

research question may have posed another limitation, given recent ad
vances in statistical modelling of functional connectivity which uncover 
more robust neurocognitive biomarkers (e.g., tangent analysis; Abbas 
et al., 2023). The application of static functional connectivity analysis 
may have further restricted our findings, given dynamic connectivity 
analysis has demonstrated robustness against statistically noisy data like 
that used in our study (Chow et al., 2025). Future studies characterising 
the resting-state functional underpinnings of cPTSD in people with 
psychosis may find novel statistical approaches reveal more nuanced 
findings that harmonise those presented here.

An alternative explanation for the differences uncovered in this study 
is the disparity of sexes between groups: the cPTSD group primarily 
female and PCs primarily male. Though prior studies have uncovered 
sex differences in functional connectivity within the DMN, SAL and CEN, 
the directions of these differences are opposite to those uncovered here 
(i.e., typically increased intra-network connectivity in females and inter- 
network connectivity in males (Allen et al., 2011; Tunç et al., 2016)). 
Combined with the inclusion of sex as a covariate in analyses, it is 
therefore unlikely our findings represent sex differences between 
groups.

The dearth of research characterising resting-state functional con
nectivity in cPTSD led us to identify ROIs using a transdiagnostic model. 
Restricting our analyses to the DMN, SAL and CEN may have overlooked 
important differences in additional functional networks. For instance, 
altered affective network connectivity among the amygdala, orbito
frontal cortex and temporal poles may give rise to emotional dysregu
lation in cPTSD (Lanius et al., 2011), and altered functional connectivity 
in somatosensory networks (e.g., auditory, motor, language networks) 
may play a role in hallucinatory experiences in psychosis (Li et al., 
2019). Thus, future research characterising functional connectivity dif
ferences in psychosis subgroups may explore the relative contributions 
of intrinsic networks aside from the DMN, SAL and CEN, especially since 
other networks may be associated with more specific functions and, by 
extension, symptomatology.

In the first functional neuroimaging study to consider cPTSD, we 
uncovered complex differences in resting-state connectivity among 
subgroups of people with psychosis; subgroups that did and did not meet 
ICD-11 criteria for comorbid cPTSD. Our findings suggest that cPTSD 
may contribute to intra-network functional dysconnectivity in psycho
sis, but not inter-network dysconnectivity. Further multimodal research 
is required to contextualise these differences and their neurocognitive 
consequences to truly elucidate the neural underpinnings of cPTSD in 
psychosis.
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Koutsouleris, N., Leucht, S., Sorg, C., 2019. Specific substantial dysconnectivity in 
schizophrenia: a transdiagnostic multimodal meta-analysis of resting-State 
functional and structural Magnetic resonance imaging studies. Biol. Psychiatry 85 
(7), 573–583. https://doi.org/10.1016/J.BIOPSYCH.2018.12.003.

Breukelaar, I.A., Bryant, R.A., Korgaonkar, M.S., 2021. The functional connectome in 
posttraumatic stress disorder. Neurobiol. Stress 14, 100321. https://doi.org/ 
10.1016/j.ynstr.2021.100321.

Cancel, A., Comte, M., Boutet, C., Schneider, F.C., Rousseau, P.-F., Boukezzi, S., Gay, A., 
Sigaud, T., Massoubre, C., Berna, F., Zendjidjian, X.Y., Azorin, J.-M., Blin, O., 
Fakra, E., 2017. Childhood trauma and emotional processing circuits in 
schizophrenia: A functional connectivity study. Schizophrenia Res. 184, 69–72. 
https://doi.org/10.1016/j.schres.2016.12.003.

Cassiers, L.L.M.M., Sabbe, B.G.C.C., Schmaal, L., Veltman, D.J., Penninx, B.W.J.H.J.H., 
Eede, F.Van Den, Van Den Eede, F., 2018. Structural and functional brain 
abnormalities associated with exposure to different childhood trauma subtypes: a 
systematic review of neuroimaging findings. Front. Psychiatry 9 (AUG). https://doi. 
org/10.3389/fpsyt.2018.00329.

Charquero-Ballester, M., Kleim, B., Vidaurre, D., Ruff, C., Stark, E., Tuulari, J.J., 
McManners, H., Bar-Haim, Y., Bouquillon, L., Moseley, A., Williams, S.C.R., 
Woolrich, M.W., Kringelbach, M.L., Ehlers, A., 2022. Effective psychological therapy 
for PTSD changes the dynamics of specific large-scale brain networks. Hum. Brain 
Mapp. 43 (10), 3207–3220. https://doi.org/10.1002/hbm.25846.

Chow, W.W., Seghouane, A.K., Seghier, M.L., 2025. A Statistical Characterization of 
Dynamic Brain Functional Connectivity. Human brain mapp. 46 (2), e70145. 
https://doi.org/10.1002/hbm.70145.

Cloitre, M., 2020. ICD-11 complex post-traumatic stress disorder: simplifying diagnosis 
in trauma populations. Br. J. Psychiatry 216 (3), 129–131. https://doi.org/10.1192/ 
bjp.2020.43.

Cloitre, M., Shevlin, M., Brewin, C.R., Bisson, J.I., Roberts, N.P., Maercker, A., 
Karatzias, T., Hyland, P., 2018. The International Trauma Questionnaire: 
development of a self-report measure of ICD-11 PTSD and complex PTSD. Acta 
Psychiatr. Scand. 138 (6), 536–546. https://doi.org/10.1111/acps.12956.

Cocchi, L., Zalesky, A., Fornito, A., Mattingley, J.B., 2013. Dynamic cooperation and 
competition between brain systems during cognitive control. Trends Cogn. Sci. 17 
(10), 493–501. https://doi.org/10.1016/J.TICS.2013.08.006.

Dauvermann, M.R., Mothersill, D., Rokita, K.I., King, S., Holleran, L., Kane, R., 
McKernan, D.P., Kelly, J.P., Morris, D.W., Corvin, A., Hallahan, B., McDonald, C., 
Donohoe, G., 2021. Changes in default-mode network associated with childhood 
trauma in schizophrenia. Schizophr. Bull. 47 (5), 1482–1494. https://doi.org/ 
10.1093/schbul/sbab025.

DiGangi, J.A., Tadayyon, A., Fitzgerald, D.A., Rabinak, C.A., Kennedy, A., Klumpp, H., 
Rauch, S.A.M., Phan, K.L., 2016. Reduced default mode network connectivity 
following combat trauma. Neurosci. Lett. 615, 37–43. https://doi.org/10.1016/j. 
neulet.2016.01.010.

Dong, D., Wang, Y., Chang, X., Luo, C., Yao, D., 2018. Dysfunction of large-scale brain 
networks in schizophrenia: a meta-analysis of resting-State functional connectivity. 
Schizophr. Bull. 44 (1), 168–181. https://doi.org/10.1093/schbul/sbx034.

Drake, R., Haddock, G., Tarrier, N., Bentall, R., Lewis, S., 2007. The psychotic symptom 
rating scales (PSYRATS): their usefulness and properties in first episode psychosis. 
Schizophr. Res. 89 (1–3), 119–122. https://doi.org/10.1016/j.schres.2006.04.024.

Eklund, A., Nichols, T.E., Knutsson, H., 2016. Cluster failure: Why fMRI inferences for 
spatial extent have inflated false-positive rates. Proceedings of the National Acad. 
Sci. United States America 113 (28), 7900–7905. https://doi.org/10.1073/ 
pnas.1602413113.

Fenster, R.J., Lebois, L.A.M., Ressler, K.J., Suh, J., 2018. Brain circuit dysfunction in 
post-traumatic stress disorder: from mouse to man. Nat. Rev. Neurosci. 19 (9), 
535–551. https://doi.org/10.1038/s41583-018-0039-7.
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