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ABSTRACT

Abnormal default mode network (DMN) connectivity has been found in schizophrenia and other psychotic
disorders. However, there are limited studies on early onset psychosis (EOP), and their results show lack of
agreement. Here, we investigated within-network DMN connectivity in EOP compared to healthy controls (HC),
and its relationship to clinical characteristics.

A sample of 68 adolescent patients with EOP (mean age 16.53 + 1.12 [SD] years, females 66%) and 95 HC
(mean age 16.24 + 1.50 [SD], females 60%) from two Scandinavian cohorts underwent resting state functional
magnetic resonance imaging (rsfMRI). A group independent component analysis (ICA) was performed to identify
the DMN across all participants. Dual regression was used to estimate spatial maps reflecting each participant’s
DMN network, which were compared between EOP and HC using voxel-wise general linear models and
permutation-based analyses. Subgroup analyses were performed within the patient group, to explore associations
between diagnostic subcategories and current use of psychotropic medication in relation to connectivity
strength.

The analysis revealed significantly reduced DMN connectivity in EOP compared to HC in the posterior
cingulate cortex, precuneus, fusiform cortex, putamen, pallidum, amygdala, and insula. The subgroup analysis in
the EOP group showed strongest deviations for affective psychosis, followed by other psychotic disorders and
schizophrenia. There was no association between DMN connectivity strength and the current use of psychotropic
medication.

In conclusion, the findings demonstrate weaker DMN connectivity in adolescent patients with EOP compared
to healthy peers, and differential effects across diagnostic subcategories, which may inform our understanding of
underlying disease mechanisms in EOP.

1. Introduction

Health Organization 1992). Relative to adult-onset psychotic disorders,
EOP disorders are associated with greater negative symptom severity

Psychotic disorders in children and adolescents below the age of 18 and increased risk of poor outcomes (Ballageer et al., 2005; Joa et al.,
years, are defined as early-onset psychosis (EOP) disorders (World 2009; Diaz-Caneja et al., 2015). Only 11-18% of patients with
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schizophrenia and other psychoses experience their first psychotic
episode before the age of 18 years (Amminger et al., 2011; Fraguas et al.,
2017). EOP affects youth during a transformative period of the human
lifespan. The adolescent brain is characterized by protracted biological
and neurodevelopmental processes, including synaptic pruning and
myelination (Patel et al., 2020), supporting the acquirement of cognitive
and social skills and coping strategies required for social adjustment and
independence in early adulthood (Patel et al., 2020). Most brain imaging
studies in patients with severe mental illness have been performed in
adults, where it is often difficult to disentangle primary disease-related
effects from the correlates and consequences of long-term illness,
including institutionalization, alcohol or substance abuse or dependence
and long-term use of psychotropic medication. These factors are likely to
affect brain function and contribute to brain heterogeneity observed in
severe mental illness (Alnas et al., 2019; Wolfers et al., 2018). The
current EOP sample offers an opportunity to study neurodevelopmental
mechanisms which are hypothesized to play a pivotal role in the path-
ophysiology of psychosis (Patel et al., 2020).

Dysconnectivity in large-scale resting state networks has been
implicated in the development and clinical expression of psychotic
disorders (Satterthwaite and Baker, 2015; Dong et al., 2018; Pelletier-
Baldelli et al., 2018). Only a limited number of studies have measured
functional connectivity in EOP (Nair et al., 2020; loakeimidis et al.,
2020). Among the studied resting state networks, the default mode
network (DMN) is of particular interest, as it has been implicated in a
wide range of mental disorders, including psychosis (Hu et al., 2017).
The DMN is a set of functionally connected brain regions, comprising the
medial prefrontal cortex (MPFC), lateral posterior cortices, and the
posterior cingulate cortex (PCC)/precuneus. It shows increased spon-
taneous activation at rest and decreased activity during goal-directed
behavior (Raichle et al., 2001), and has been linked to emotion pro-
cessing, self-referential thought, and recall of prior experiences (Menon,
2011; Raichle, 2015). Group-level comparisons in DMN resting state
functional connectivity (RSFC) between adult patients with schizo-
phrenia/other psychotic disorders and healthy controls (HC) have
revealed mixed effects, with reports of both DMN hyper-connectivity
(Whitfield-Gabrieli et al., 2009; Zhou et al., 2007) and hypo-
connectivity (Mannell et al., 2010; Skudlarski et al., 2010; Pankow et al.,
2015) in patients. In youth with clinical high risk for psychosis,
decreased connectivity within the DMN and between DMN and other
networks has been found, compared to HC (Satterthwaite et al., 2015;
Hua et al., 2019). Among EOP patients, early-onset schizophrenia (EOS)
has been most studied. Several EOS studies have reported abnormal
DMN RSFC, identifying patterns of both decreased and increased con-
nectivity, see e.g. (Wang et al., 2018; Peng et al., 2020; Tang et al., 2013;
Wang et al., 2017; Zhang et al., 2020). A recent study reported altered
RSFC between key regions of the DMN using a seed-based approach,
with lower whole brain connectivity from a seed in the MPFC, and both
lower and higher whole brain connectivity from a PCC seed in EOS,
compared to HC (Peng et al., 2020). Another recent study used an
automated network homogeneity approach and reported significantly
higher within-DMN connectivity in the left MPFC, and significantly
lower connectivity in the bilateral PCC and precuneus in EOS compared
to HC (Zhang et al., 2020). In adolescents with bipolar disorder (BD), a
recent study showed aberrant within-network DMN connectivity in
several brain regions, including anterior cingulate cortex, medial pre-
frontal cortex, bilateral caudate nucleus, bilateral angular gyri, and left
middle temporal gyrus, in BD with psychotic symptoms, but not in non-
psychotic BD or HC, suggesting a more severe impact on brain function
associated with psychosis (Zhong et al., 2019). A recent meta-analysis on
first episode psychosis including adolescents and young adults, reported
robust hypoconnectivity within the DMN and between DMN and other
networks, compared to HC (O’Neill et al., 2019). Interestingly, a review
summarizing 14 DMN studies in EOP, found that six studies reported
DMN hypoconnectivity and five studies reported both hyper- and
hypoconnectivity in EOP (Nair et al., 2020). In sum, while abnormal
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DMN in youth with psychotic disorders has been observed across several
studies, both the specific anatomical regions involved and the direction
of the effects have been inconsistent. This can be due to a combination of
factors such as small sample sizes, variability in processing and analyt-
ical pipelines, and demographic and clinical heterogeneity including age
range (Hulvershorn et al., 2014; Jalbrzikowski et al., 2019), disease
severity and medication status (Lottman et al., 2017; Wang et al., 2019).

In order to address some of these inconsistencies, we combined
resting-state fMRI data from patients with EOP and HC from two inde-
pendent cohorts. Based on the literature reviewed above, we hypothe-
sized that EOP patients would demonstrate DMN abnormalities
compared to HC from the same age range. Due to inconsistent findings in
previous studies, we did not hypothesize on the direction of the potential
group difference. We used independent component analysis (ICA), a
hypothesis-free approach, to estimate resting-state networks, and dual
regression to derive individual level DMN spatial maps to compare
within-network connectivity in the DMN between EOP and HC. We
performed subgroup analyses within the patient group to explore DMN
differences between patients with EOS, affective psychosis (AFP) and
other psychoses (OTP), as well as for association between DMN con-
nectivity strength and psychotropic medication use.

2. Methods
2.1. Participants

This study includes data from two cohorts; the Thematically Orga-
nized Psychosis study for Youth (YTOP), part of the Norwegian Centre
for Mental Disorders Research (NORMENT), University of Oslo, Norway,
and the Stockholm Child and Adolescence Psychosis Study (SCAPS),
Karolinska Institutet, Stockholm, Sweden. The YTOP sample consisted of
36 EOP patients (20 EOS, 14 OTP, 2 AFP) and 43 HC. Patients were
recruited from the adolescent psychiatric inpatient units and outpatient
clinics in the Oslo region, and assessed by trained psychiatrists or clin-
ical psychologists. The SCAPS sample consisted of 32 EOP patients (15
OTP and 17 AFP) and 22 HC. Patients were recruited from the psychosis
and bipolar disorder unit, Child and Adolescent Psychiatry Clinic,
Stockholm, Sweden, and assessed by child- and adolescent psychiatry
specialists working in the clinic. Inclusion criteria for the patients in
both samples were: (1) early onset psychosis, EOS (schizophrenia,
schizophreniform disorder, schizoaffective disorder), AFP (bipolar I
disorder and major depressive disorder with psychotic features), and
OTP (psychotic disorder not otherwise specified and brief psychotic
disorder), (2) age between 12 and 18 years, (3) language abilities to
complete interviews and self-rating tests, and (4) written informed
consent. General exclusion criteria were IQ < 70 (IQ only assessed in
YTOP), previous moderate/severe head injury, a diagnosis of substance-
induced psychotic disorder, and organic brain disease. HC were invited
through the Norwegian population registry among individuals residing
in the Oslo area, ensuring that the controls were similar to the patient
group with regards to age and sex distribution. HC living in the Stock-
holm area were invited through the Swedish population registry and
ensured for similar demographic, age and sex distributions for the
controls. In both samples, HC were excluded if they had been in contact
with child and adolescent mental health care units, or if they currently
met the criteria of a psychiatric Axis I disorder, according to the DSM-IV
(Diagnostic and Statistical Manual of Mental Disorders, 4th edition).

2.2. Diagnostic and clinical assessment

The Norwegian patients were recruited between 2013 and 2019, and
diagnosed in accordance with the DSM-IV criteria using the Norwegian
version of the Schedule for Affective Disorders and Schizophrenia for
School Aged Children (6-18 years): Present and Lifetime Version (Kid-
die-SADS) (Kaufman et al., 1997). The Positive and Negative Syndrome
Scale (PANSS) (Kay et al., 1987) was used to assess the presence and
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severity of psychotic symptoms, see Table 1. The Swedish patients were
recruited between 2013 and 2019. Research diagnoses, according to the
DSM-1V, were established in agreement by two clinical experts (EGJ;
DA) based on the patients’ medical records.

2.3. Medication

Information regarding use of psychotropic medication in the Swedish
sample was retrieved from the patients’ medical records. For the Nor-
wegian sample, current use of medication was collected from medical
records or patients and/or their legal guardians using structured in-
terviews. Medication classes of interest were first- and second-
generation antipsychotics (FGA/SGA), lithium, antidepressants and
antiepileptic medication. For antipsychotics, chlorpromazine equiva-
lents (CPZ) was calculated using previously published formulas (Woods,
2003).

2.4. MRI acquisition

All participants underwent protocols for rsfMRI and T1-weighted
structural MRI at 3 T General Electric scanners, either in Oslo (Oslo
University Hospital) or Stockholm (MR-Centre, Karolinska University
Hospital, Solna). In the YTOP study, there was a scanner upgrade during
the data collection period. Before the scanner upgrade (YTOP1), a Signa
HDxt 3 T MRI scanner was used with an 8-channel head coil and the
following parameters: a T2*-weighted 2D gradient echo planar imaging
(EPI) sequence with 203 volumes [repetition time (TR) = 2638 ms; echo
time (TE) = 30 ms; flip angle (FA) = 90°; field of view (FOV) 256 mmz,

Table 1

Means and standard deviations or percentage within each sample. Statistical
tests are based on univariate analysis of variance. EOS; Early-onset schizo-
phrenia spectrum disorder, OTP; Early-onset other psychoses, AFP; Early-onset
affective psychosis, PANSS; Positive and Negative Syndrome Scale, CPZ;
Chlorpromazine equivalents (mean calculated only from patients using anti-
psychotic drugs), FGA; First generation antipsychotics, SGA; Second generation
antipsychotics. Polypharmacy; current use of > 1 of the medication classes. *IQ
and PANSS were only assessed in the Norwegian sample (mean/SD based on 36
patients and 73 HC). IQ was assessed with the Wechsler Abbreviated Scale of
Intelligence (WASI. Wechsler Abbreviated Scale of Intelligence. Stockholm,
Sweden: Harcourt Assessment, Inc.; 2007.)

EOP (68) HC (95) F Sig
Age, years (SD) 16.53 (1.12) 16.24 (1.50) 1.796  0.182
Sex, females (%) 45 (66) 57 (60) 0.65 0.42
Parental education, years 14.38 (2.94) 17.30 (16.82) 1.002 0.319
(SD)
1Q (SD)* 99.63 (13.02) 104.07 2.660 0.106
(12.70)
Age of onset, years (SD) 15.01 (1.82) - - —
Duration of illness, years 1.51 (1.58) - - -
(SD)
Diagnoses
EOS (%) 20 (29) - - -
OTP (%) 29 (42) - - -
AFP (%) 19 (27) - - -
Symptoms
PANSS positive* (SD) 16.67 (4.64) - - -
PANSS negative* (SD) 19.14 (6.99) - - -

PANSS total* (SD) 74.09 (16.35) - - -

Current medication status

FGA (%) 5(7) - - -
SGA (%) 42 (61) - - -
CPZ (SD) 163.22 - - -
(210.86)
Lithium (%) 15 (22) - - -
Antiepileptics (%) 10 (14) - - -
Antidepressants (%) 13 (19) - - -
Polypharmacy (%) 25 (36) - - -
No medication (%) 15 (22) - - -
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number of slices 45; voxel size = 4x4x3mm]. A sagittal T1-weighted
FSPGR sequence was collected [TR = 7800 ms; TE = 2.956 ms; FA =
12°; FOV = 256 mm?; number of slices = 170; voxel size = 1x1x1.2].
After the scanner upgrade (YTOP2), a 750 Discovery 3 T MRI scanner
was used with a 32-channel head coil, and the following parameters:
BOLD-sensitive gradient EPI sequence with 200 volumes, [TR = 2250
ms, TE 30 = ms, flip angle = 79°, FOV 256 rnrnz, voxel size = 4 mm?,
number of slices = 40;]. T1-weighted images were acquired using a 3D
IR-prepared BRAVO sequence [TR = 8.16 ms; TE = 3.18 ms; flip angle =
12°; FOV = 256 mm?; voxel size = 1 mm? number of slices = 188].

The SCAPS study collected data on a 3 T Discovery MR750. The EPI-
sequence had 200 volumes [TR = 2000 ms; TE = 27 ms; FA = 90°; FOV
= 240 mm?, number of slices = 40; voxel size = 1.875 mm?], and T1-
weighted images were collected with a BRAVO-sequence; [TR = 7904
ms; TE = 3.06 ms; flip angle = 12°; FOV = 240 mm?, voxel size = 0.94
mm?; number of slices = 146]. At both sites, participants were instructed
to lay still with their eyes open during the rsfMRI scan, and the head was
fixated with foam pads to reduce motion.

2.5. rsfMRI analysis

rsfMRI analysis was performed using the FMRI Expert Analysis Tool
(FEAT) from the FMRIB Software Library FSL; (Smith et al., 2004). The
initial first five volumes of the rsfMRI scans were removed before
analysis. The procedure included brain extraction, motion correction
(MCFLIRT; (Jenkinson et al., 2002), spatial smoothing (Gaussian kernel,
full-width at half-maximum = 6 mm), high pass filtering (90 s), and
single-session ICA (MELODIC). FSL’s MCFLIRT was used to compute
estimated mean relative in-scanner head motion (volume-to-volume
displacement). To automatically classify noise components and regress
them out of the data, FMRIB’S ICA-based Xnoiseifier (FIX) was applied
with a threshold of 60 (Griffanti et al., 2014; Salimi-Khorshidi et al.,
2014), and the cleaning step also included regression of the estimated
motion parameters. FIX has shown to improve temporal signal to noise
(tSNR) ratio significantly (Kaufmann et al., 2017; Skatun et al., 2016).
tSNR was computed before and after FIX (Roalf et al.,, 2016). T1-
weighted structural images were used for registration to standard
space (MNI-152) with FLIRT, normal search, 12 degrees of freedom
(affine). The included participants did not have head translation
movements > 2 mm or rotations > 2°.

2.6. Group ICA on rsfMRI data

The MNI-conformed and cleaned rsfMRI datasets were submitted to
temporal concatenation group independent component analysis (gICA)
using FSL’s MELODIC. Based on (Ray et al., 2013), model order was set
to 20. The resulting group-level components were subsequently used as
spatial predictors against each participant’s rsfMRI-data to derive
individual-level component time series and associated spatial maps
(dual regression) (Filippini et al., 2009). To account for differences due
to a scanner upgrade, the Norwegian study was treated as two samples.
To integrate rsfMRI data from the Stockholm and Oslo scanners, we
utilized a meta-ICA approach (see e.g. Biswal et al., 2010; Skatun et al.,
2016) using three separate sub-group ICA’s (Norwegian sample pre- and
post-scanner upgrade and the Swedish sample). Each sub-group ICA was
based on individual level spatial maps, and concatenated into one single
meta-ICA before dual regression. The spatial maps and frequency pro-
files were assessed according to previous recommendations (Kelly et al.,
2010). The canonical DMN was identified as a network comprising the
PCC, precuneus and MPFC (see Fig. 1). Group analysis was performed to
investigate differences in functional connectivity within the DMN be-
tween EOP patients and HC. FSL Randomise was run with 5000 per-
mutations, and site, each individual’s in-scanner motion, age, sex and
were modelled as covariates. The clusters from the difference maps were
determined using threshold-free cluster enhancement (TFCE), corrected
for multiple comparisons across voxels for the independent component
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X=36 Y=4 Z=-14

X=14 Y=-56 Z=20

X=30 Y=-3 Z=3.5

Min 0.975

Fig. 1. A: DMN connectivity HC > EOP group difference. Statistical map is thresholded at 1-p > 0.975 (TFCE-corrected), comparison was corrected for age, sex,
scanner and motion in scanner. B: The DMN component resulting from the group ICA step carried out on the concatenated dataset across all 163 participants.

of interest (Winkler et al., 2014). Between-group differences were
considered statistically significant at p < 0.025. FSL’s Harvard-Oxford
cortical and subcortical structural atlases to identify regions of the
DMN from the meta-ICA analysis, and group difference results.

2.7. Subgroup analyses on DMN connectivity strength related to
diagnostic subcategory and psychotropic medication

We used FSL’s fslmeants to extract the mean individual DMN con-
nectivity strength, using the group-level clusters as mask. Analysis of
covariance (ANCOVA) was used to analyze diagnostic subcategory as-
sociations with DMN connectivity. Multiple regression was used to
examine the effect of medication type on DMN connectivity. Current use
of psychotropic medication was modelled as a binary variable (yes/no)
for each subject for the following medication classes: first generation
antipsychotics (FGA), second generation antipsychotics (SGA), antiepi-
leptics, lithium and antidepressants. A linear regression analysis was
performed to investigate the possible effect of CPZ equivalents on DMN
connectivity. An interaction model was performed to see whether there
was an effect of sex on DMN connectivity. All subgroup analyses were
done in R, version 4.0.3 and IBM SPSS Statistics, version 27, and co-
varied for age, sex and scanner.

3. Results

Permutation testing revealed a significant DMN connectivity group
difference between patients with EOP and HC, see Fig. 1 (see Fig. S1 for
mask computed by dual regression). The EOP group had significantly
lower connectivity in brain areas comprising the bilateral PCC and
precuneus, left lingual gyrus/fusiform cortex, right precentral gyrus,
right central opercular cortex and right insula, right putamen, right
pallidum and right amygdala. We tested for potential group by sex in-
teractions for DMN connectivity, which showed no significant effect, see
Table S4.

Fig. 1 Voxel-wise group comparisons.

3.1. DMN functional connectivity across diagnostic subcategories

An ANCOVA with mean individual DMN connectivity as dependent
variable [F 1 163 = 19.76, n2 =0.29, p < 0.01] and age, sex and scanner
as covariates, showed that the HC had the strongest connectivity 21.49
(6.81), followed by EOS; 17.85 (3.91), OTP 14.22 (5.07) and AFP 11.72
(6.47) (Fig. 2). A multiple comparisons analysis (Table S4) with diag-
nostic subgroup and DMN scores showed that all groups differed
significantly from each other (p < 0.05), except OTP and AFP, which
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Fig. 2. Distribution of connectivity strength z-scores from the DMN group difference map, in each diagnostic subcategory and in healthy controls. The values are
presented in mean (standard deviation) DMN connectivity strength, covaried for age, sex and scanner. EOS; early onset schizophrenia, OTP; other psychosis, AFP;

affective psychosis, HC; healthy controls.

were not statistically different. A post-hoc within group analysis showed
that effect of diagnostic subcategory was present both in the Norwegian
sample [F 1199 = 7.58, 12 =0.17, p < 0.01] and the Swedish sample [F
154 = 5.25, 12 = 0.20, p < 0.01].

3.2. Psychotropic medication and DMN functional connectivity

A multiple regression model with the binary variables FGA, SGA,
lithium, antiepileptics and antidepressants, accounting for sex, age and
scanner, revealed no significant associations between medication class
and DMN connectivity strength (see Table 2). CPZ scores were not
associated with DMN connectivity (See Table S3).

4. Discussion

The main finding of the current study was significantly lower DMN
connectivity in patients with EOP, in regions encompassing the bilateral
PCC and precuneus, left lingual gyrus and fusiform cortex, right pre-
central gyrus, right central opercular cortex and right insula, right pu-
tamen, right pallidum and right amygdala compared to HC. While both
hyper- and hypoconnectivity relative to HC have been reported previ-
ously (Nair et al., 2020), the current finding is in line with studies

Table 2
Multiple regression model with medication class, age, sex and scanner, using
DMN connectivity strength as the dependent variable.

DMN
Predictors Estimates CI p
(Intercept) 33.02 14.44 to 15.61 0.001
FGA —0.69 —5.95 to 4.57 0.794
SGA —0.39 —3.07 to 2.28 0.769
Lithium -3.09 —6.58 to 0.40 0.081
Antiepileptics —2.22 —6.09 to 1.64 0.255
Antidepressants —2.48 —5.77 t0 0.82 0.138
Sex 2.22 —0.51 to 4.96 0.109
Age —-0.87 —1.96 to 0.22 0.116
Scanner -1.73 —3.49 t0 0.03 0.054
Observations 68
R%/R? adjusted 0.365/0.279

reporting DMN hypoconnectivity in patient groups with psychotic dis-
orders (Skudlarski et al., 2010; Pankow et al., 2015; Satterthwaite et al.,
2015).

The DMN is thought to support internal mental states, such as
remembering the past, thinking about the future, and envisioning sce-
narios in the present (Menon, 2011). In task-based fMRI studies, dy-
namic suppression of the DMN has been linked to better performance on
attention-demanding tasks (Kelly et al., 2008; Murphy et al., 2020). On
group level, cognitive impairment is a core feature in schizophrenia
(Kuperberg and Heckers, 2000; Sheffield et al., 2018), and inefficient
suppression of the DMN have been attributed to impairments in atten-
tion and working memory in psychosis (Fryer et al., 2013; Anticevic
et al., 2012; Zhou et al., 2016). Moreover, the DMN is central for self-
relevance, self-referential thought (Raichle, 2015) and mind-
wandering (Godwin et al., 2017), and thus aberrant DMN connectivity
has been linked to excessive self-referential and introspective processing
in psychosis (Holt et al., 2011; Kiihn and Gallinat, 2013; van der Meer
et al., 2010).

The PCC and precuneus represent core brain areas of the posterior
node of the DMN (Raichle, 2015; Buckner et al., 2008). The PCC is
known to integrate bottom-up implicit attention with information from
memory and perception (Leech and Sharp, 2014). The precuneus is an
area within the association cortices, important for episodic memory
retrieval and self-referential processing (Cavanna and Trimble, 2006).
Lingual gyrus and fusiform cortex are involved in higher order visual
processing, and are important in the identification of faces, word
recognition and reading (Kanwisher et al., 1997; Weiner and Zilles,
2016; Wandell et al., 2012; Grill-Spector and Weiner, 2014). Supra-
marginal gyrus and angular gyrus have been associated with a variety of
functions, including language and number processing, memory and
attention (Seghier, 2013). The putamen and pallidum are part of the
basal ganglia, and play a key role in facilitating movement and motor
learning, but are also found to be important for learning and memory in
general (Packard and Knowlton, 2002). Dopaminergic abnormalities
within the basal ganglia are consistently found and thought to be
implicated in the pathophysiology of schizophrenia (Di Sero et al., 2019;
Jorgensen et al., 2016) , and show plasticity with use of antipsychotic
medication (Horga et al., 2016; McCutcheon et al., 2019). The insula
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and amygdala are central parts of an emotion processing circuitry,
specifically involved in identifying emotional stimuli, initiating affective
states, and automatic forms of emotion regulation (Phillips et al., 2003;
Janak and Tye, 2015), and are key nodes of the salience network (SN),
thought to have a function in filtering bodily, cognitive and emotional
information (Menon and Uddin, 2010). In sum, the observed pattern of
lower DMN connectivity in patients with EOP compared to HC in this
study, may be associated with difficulties integrating external and in-
ternal stimuli (Scheibner et al., 2017), abnormalities in the motor system
(Packard and Knowlton, 2002), impaired memory and attention func-
tion (Bortolato et al., 2015; Deng et al., 2018), and dysfunctional
emotion processing (Phillips et al., 2003; Rowland et al., 2013).

The analysis of DMN functional connectivity strength across diag-
nostic subcategories showed that patients with AFP deviated most from
the HC group, compared to EOS and OTP (Fig. 2). We know little about
differences in DMN connectivity in affective psychosis compared to non-
affective psychosis, in adults or adolescents. In the current sample, a
majority of the AFP patients were diagnosed with BD (See Table S1).
There are studies in adult samples investigating DMN dysconnectivity
that have made direct comparisons between groups with schizophrenia
and BD. For instance, Liu et al. (Liu et al., 2014) found lower connec-
tivity between the amygdala and dorsolateral PFC in SCZ, likely asso-
ciated with difficulties with higher order emotional and cognitive
integration, while lower connectivity between amygdala and ventral
PFC in BD was associated with impaired emotion regulation and
inhibitory control. A recent study in adolescents with BD showed that
individuals with psychotic symptoms exhibited patterns of both
increased and decreased DMN connectivity, compared to both HC and
non-psychotic BD (Zhong et al., 2019). A recent systematic review on
rsfMRI in BD during remission (Syan et al., 2018), reported results from
two studies of BD with a history of psychosis. Brady and colleagues
(Brady et al., 2017) used an a-priori seed-based approach to compare
manic and euthymic BD and HC. Connectivity between frontal nodes
and the rest of the DMN differentiated both diagnostic group and mood
state. Interestingly, the euthymic state showed hypo-connectivity, while
mania demonstrated connectivity patterns more similar to the HC group.
This is in accordance with the results in this study, as AFP patients in this
study were not in a manic or psychotic state at scan time. The other
study by Kadhka and colleagues (Khadka et al., 2013) used an ICA-based
method with a sample of SCZ, BD, first degree relatives and HC. The
study reported results in the posterior part of the DMN in patients
relative to controls, with greatest hypoconnectivity in the left and right
cingulate gyrus and left and right precuneus. This is in line with the
observed group difference in PCC and precunes in the current study.
These studies reporting DMN hypoconnectivity, has led to the sugges-
tion of a potential neural phenotype of psychosis in BD (Syan et al.,
2018). In recent years, there has been an increased awareness on over-
lapping pathology in SCZ and BD. This can be seen in common clinical
features (Murray et al., 2004), neurocognitive (Reichenberg et al., 2009;
Bora et al., 2010) and social cognitive deficits (Montag et al., 2010;
Sparks et al., 2010), and shared genetics (Lichtenstein et al., 2009). One
important difference in the clinical presentation of SCZ and BD is seen in
the expression of emotions. Individuals with BD show dysregulated
mood states reflected in manic or hypomanic and depressive periods
(Malhi et al., 2004; Malhi et al., 2004). In SCZ spectrum disorders,
emotionality is often characterized by inadequate or blunted affect, or
emotional expressions that seem detached from the context (Gur et al.,
2006). This known difference in emotionality between diagnostic
groups, could possibly contribute to the observed differential effect in
emotion processing regions including the amygdala and insula, in the
current study.

When we investigated the role of psychotropic medication on DMN
connectivity strength, we found no significant relationship. To date,
there are no systematic investigations of putative effects of psychotropic
medication on DMN connectivity in EOP. In studies of adults with af-
fective disorders including BD, medication has shown to normalize
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aberrant connectivity patterns, specifically in emotional tasks (Phillips
et al., 2008; Hafeman et al., 2012). In adult patients with SCZ, there is
evidence that the use of antipsychotic medication can normalize dys-
regulated connectivity patterns within the DMN, which in turn has been
associated with symptom improvement (Guo et al., 2017; Wang et al.,
2017; Sambataro et al., 2010; Surguladze et al., 2011). Reports of
increased DMN functional connectivity after treatment with olanzapine
(Guo et al., 2017; Sambataro et al., 2010), and risperidone (Zong et al.,
2019), indicate that individuals with SCZ spectrum diagnoses may show
connectivity patterns more similar to HC as an effect of successful
treatment with antipsychotic medication. Studies that report normalized
RSFC patterns as an effect of antipsychotic medication (Guo et al., 2017;
Wang et al., 2017; Sambataro et al., 2010; Surguladze et al., 2011), have
suggested a possible ameliorating role of medication on DMN connec-
tivity in SCZ spectrum disorders, an effect that would not be expected in
individuals with AFP using mood stabilizing medication. However, such
medication effects were not confirmed in the current study.

4.1. Strengths

The current study adds to the literature by using a well characterized
clinical group of young patients with EOP, with representative sub-
groups. The sample size is relatively large compared to previous rsfMRI
studies in similar groups (Nair et al., 2020; O’Neill et al., 2019). Most
previous studies have focused on EOS, see e.g. (Wang et al., 2018; Peng
etal., 2020; Tang et al., 2013; Wang et al., 2017; Zhang et al., 2020), and
rsfMRI studies in adolescents with EOP, especially studies including AFP
are scarce. The current study used a well-defined age range (12-18
years), which is developmentally more homogenous than studies that
include children < 12 years (Watsky et al., 2018) and studies including
both adolescents and young adults (Nair et al., 2020; O’Neill et al.,
2019).

4.2. Limitations

A limitation to the current study was that the MRI images were ob-
tained from two different scanners, whereas one of the scanners had an
upgrade during the data collection period. Scan time, especially in the
Swedish sample, was relatively short, which is suboptimal. The inclusion
procedures between the Norwegian and Swedish cohorts were slightly
different, and the distribution of diagnostic subcategories within each
scanner/cohort were unequal, however the patient and controls groups
were balanced across the two samples. The current study used adoles-
cents with EOP which includes different diagnostic subcategories.
Future studies with larger samples should focus on distinct patient
groups and possible medication effects, to confirm and extend the effects
observed in this study. Moreover, cognitive and clinical variables would
be useful to further interpret the results in this study.

5. Conclusion

The current study revealed significantly lower DMN connectivity in
adolescent patients with EOP compared to HC in regions encompassing
the posterior cingulate cortex, precuneus, fusiform cortex, putamen,
pallidum, amygdala and insula. The effect was strongest in patients with
AFP, but was also present in EOS and OTP. EOP encompass several di-
agnoses, and the observed differential effect of diagnostic subcategory
may offer important cues to understand mechanisms in psychosis
development.
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