
Schizophrenia Research 193 (2018) 232–239

Contents lists available at ScienceDirect

Schizophrenia Research

j ourna l homepage: www.e lsev ie r .com/ locate /schres
A state-independent network of depressive, negative and positive
symptoms in male patients with schizophrenia spectrum disorders
Geeske van Rooijen a,⁎, Adela-Maria Isvoranu b, Olle H. Kruijt a, Claudia D. van Borkulo b,c, Carin J. Meijer a,
Johanna T.W. Wigman c, Henricus G. Ruhé a,d, Lieuwe de Haan a, GROUP investigators:

Genetic Risk and Outcome of Psychosis investigators Richard Bruggeman 2, Wiepke Cahn 3, Lieuwe de Haan 1,
René S. Kahn 3, Carin Meijer 1, Inez Myin-Germeys 6, Jim van Os 4,5, Agna A. Bartels-Velthuis 2

1 University of Amsterdam, Academic Medical Center, Department of Psychiatry, Meibergdreef 5, 1105 AZ Amsterdam, The Netherlands
2 University of Groningen, University Medical Center Groningen, University Center for Psychiatry, Hanzeplein 1, 9700 RB, Groningen, The Netherlands
3 Department of Psychiatry, Rudolf Magnus Institute of Neuroscience, University Medical Center Utrecht, Utrecht, The Netherlands 1
4 South Limburg Mental Health Research and Teaching Network, EURON, Maastricht University Medical Center, Maastricht, The Netherlands 2
5 King's College London, King's Health Partners, Department of Psychosis Studies, Institute of Psychiatry, London, United Kingdom
6 KU Leuven, Department of Neuroscience, Research Group Psychiatry, Center for Contextual Psychiatry, Leuven, Belgium3

a University of Amsterdam, Academic Medical Center, Department of Psychiatry, Meibergdreef 5, 1105 AZ Amsterdam, The Netherlands
b University of Amsterdam, Department of Psychology, Psychological Methods, Nieuwe Achtergracht 129-B, 1018 WT Amsterdam, The Netherlands
c University of Groningen, University Medical Center Groningen, University Center for Psychiatry, Hanzeplein 1, 9700 RB Groningen, The Netherlands
d Warneford Hospital, Department of Psychiatry, University of Oxford, United Kingdom
⁎ Corresponding author.
E-mail addresses: g.vanrooijen@amc.uva.nl (G. vanRoo

c.j.meijer@amc.uva.nl (C.J. Meijer), j.t.w.wigman@umcg.n
1 w.cahn@umcutrecht.nl; r.kahn@umcutrecht.nl.
2 j.vanos@maastrichtuniversity.nl.
3 inez.germeys@kuleuven.be.

http://dx.doi.org/10.1016/j.schres.2017.07.035
0920-9964/© 2017 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 30 May 2017
Received in revised form 14 July 2017
Accepted 15 July 2017
Available online 23 August 2017
Depressive symptoms occur frequently in patients with schizophrenia. Several factor analytical studies investi-
gated the associations between positive, negative and depressive symptoms and reported difficulties differenti-
ating between these symptom domains. Here, we argue that a network approach may offer insights into these
associations, by exploring interrelations between symptoms. The aims of current study were to I) construct a
network of positive, negative and depressive symptoms in male patients with schizophrenia to investigate
interactions between individual symptoms; II) identify the most central symptoms within this network and
III) examine group-level differences in network connectivity between remitted and non–remitted patients.
We computed a network of depressive, positive and negative symptoms in a sample of 470 male patients
diagnosed with a psychotic disorder. Depressive symptoms were assessed with the Calgary Depression Rating
Scale for Schizophrenia, while psychotic symptoms were assessed with the Positive and Negative Syndrome
Scale. Networks of male patients who fulfilled remission criteria (Andreasen et al., 2005) and non–remitters
for psychosis were compared.
Our results indicate that depressive symptoms are mostly associated with suicidality and may act as moderator
between psychotic symptoms and suicidality. In addition, ‘depressedmood’, ‘observed depression’, ‘poor rapport’,
‘stereotyped thinking’ and ‘delusions’ were central symptoms within the network. Finally, although remitted
male patients had a similar network structure compared to non-remitters the networks differed significantly in
terms of global strength. In conclusion, clinical symptoms of schizophrenia were linked in a stable way, indepen-
dent of symptomatic remission while the number of connections appears to be dependent on remission status.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Patients with schizophrenia may present with a wide variety of
symptoms: positive and negative symptoms are considered core fea-
tures of schizophrenia, but depressive symptoms are also common,
with a modal prevalence rate of 25% (Buckley et al., 2009; Siris, 2000).
In order to study the associations between symptoms, a network ap-
proach might be advantageous - in comparison to traditional factor-an-
alytic approaches, network models offer the possibility to study
potential interactions between individual symptoms (Borsboom,
2017; Borsboom and Cramer, 2013). Specifically, within a network per-
spective, it is presumed that mental health problems result from com-
plex interactions between individual symptoms, which influence and
reinforce each other, instead of originating from an underlying latent
disorder (Borsboom and Cramer, 2013).

In the past years the network approach has been increasingly ap-
plied to study psychopathology ((Isvoranu et al., 2016; Isvoranu et al.,
2017; van Rooijen et al., 2017); for a review see (Fried et al., 2016)).
For instance, Wigman and colleagues (2015) showed that the networks
of individuals with a psychiatric diagnosis contained positive feedback
loops, whichmay explain a ‘downward spiral of negativemental states’,
which are clinically recognizable in the way symptoms of psychosis can
enhance each other. Isvoranu et al. (2017) have moved beyond symp-
tom-symptom associations, integrating environmental risk factors into
network models; they found that childhood trauma was associated
with symptoms of general psychopathology and not directly to positive
or negative symptoms. The network approach is therefore not bound to
‘traditional’ diagnostic categories – psychopathology is conceptualized
as a complex system and the ‘overlap’ between symptoms and risk fac-
tors of different disorders is a source of valuable information rather than
a problem to overcome.

Notably, a recent network paper using the baseline symptoms of the
‘Genetic Risk and Outcome of Psychosis’ (GROUP) study (Korver-
Nieberg et al., 2012) showed that in male patients with schizophrenia
the symptoms assessed by the Comprehensive Assessment of Symp-
toms and History (CASH; (Andreasen et al., 1992)) displayed strong
within-and between- cluster interactions and formed a network with
central symptoms such as ‘loss of interest’, ‘chaotic speech’, ‘inability
to enjoy recreational interest in activities’, ‘inability to form or maintain
relationships with friends’ and ‘poverty of content of speech’ (van
Rooijen et al., 2017). Central symptoms have been argued to be relevant
as targets for treatment interventions, as these symptoms aremost like-
ly to influence the other symptoms in the network. In addition, relations
between suicidality, depressive and positive symptomswere investigat-
ed and based on the strong associations between depressive symptoms
and suicidality and between delusional and depressive symptoms, but
in the absence of a direct relationship between delusional symptoms
and suicidality, it was hypothesized that delusional symptoms may ac-
tivate depressive symptoms and influence suicidal thoughts via this
pathway.

However, the CASH is limited in addressing current depressive
symptoms, since within the CASH the DSM-IV criteria are investigated;
these are known to show overlapwith other symptoms in patients with
schizophrenia (i.e., negative and extrapyramidal side effects; (Siris,
2000)).We therefore aimed to expand on the previous study and inves-
tigate the association between positive, negative and depressive symp-
toms further by constructing a networkmodel that includes the Calgary
Depression Rating Scale for Schizophrenia (CDSS; (Addington et al.,
1990)), which is a validated instrument for assessing depression in pa-
tients diagnosed with schizophrenia (Lako et al., 2012). The CDSS was
administered at first follow-up. We combined data from the CDSS and
the Positive and Negative Syndrome Scale (PANSS; (Kay et al., 1987))
assessed at follow-up. In addition, the latter questionnaire was used to
assess psychotic remission status. A previous study in depression
showed that different severity symptom networks in depressed pa-
tients (at baseline) were associated with varying illness courses (van
Borkulo et al., 2015). In order to apply this type of profiling, first the sta-
bility (i.e., state-independence) of a network structure is required. How-
ever, this has not been investigated in patients with schizophrenia and
was therefore the secondary aim of this study.

In summary, network analysis has been shown to help disentangle
the interactions between individual symptoms of a disorder and as
such we have employed this methodology in the current study in
order to investigate the association between psychosis and depressive
symptoms. The aims of current study were as follows: I) to construct a
network of symptoms in male patients with a schizophrenia spectrum
disorder in order to investigate how negative, positive and depressive
symptoms interact, by using a validated questionnaires to asses depres-
sive symptoms; II) to identify the most central symptoms within this
network and III) to examine potential group-level differences in net-
work connectivity between remitted and non–remitted patients. This
might reveal important profiling information for prognosis.

2. Methods

2.1. Subjects

Data was collected as part of the longitudinal multicentre GROUP
study, described in detail elsewhere (Korver-Nieberg et al., 2012).
Here we used data from a GROUP subsample, consisting of male pa-
tients with non-affective psychotic disorders, diagnosed according to
the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV;
(American Psychiatric Association, 2000)). Of note, we chose to include
only male patients, given the known gender differences in symptom-
atology and the relatively small number of included female patients in
GROUP (Hill, 2016; Morgan et al., 2008). Measurements of the GROUP
study were collected at baseline, at 3 and 6-year follow-up. Because
the CDSS was obtained in a large subsample at 3-year follow-up, we
used data from this wave only.

2.2. Symptom assessment

The CDSS (Addington et al., 1990) was used to assess depressive
symptoms. The CDSS is a nine-item structured interview, in which
every item is rated on a scale ranging from 0 (absent) to 3 (severe)
(Supplementary Table S1). The PANSS (Kay et al., 1987) was used to
measure the severity of positive and negative symptoms. The PANSS
consists of 30 items (Supplementary Table S1) in which each item is
scored on a scale ranging from 1 (absent) to 7 (extreme) and it is divid-
ed into three subscales: positive, negative and general psychopathology
(e.g., depression, anxiety and somatic concern) symptoms. The general
psychopathology subscale was not included in our network, since inclu-
sion of this subscale would have created a substantial overlap between
with the items of the CDSS. In addition, we used the Andreasen et al. re-
mission criteria (Andreasen et al., 2005) to assesswhether a patientwas
in symptomatic remission at the timeof assessment (i.e., during the sec-
ond assessment of the GROUP-cohort). The Andreasen criteria consti-
tute a symptom severity and a time criterion. The symptom severity
criterion was determined by a score of 3 or lower on all of the following
items: P1 (delusions), P2 (disorganization), P3 (hallucinatory behavior),
G5 (mannerisms/posturing), G9 (unusual thought content), N1
(blunted affect), N4 (passive socialwithdrawal), andN6 (lack of sponta-
neity). For the time criterion we assessed whether a symptomatic re-
mission had been maintained for 6 months or longer prior to the time
of assessment (i.e., 6 months before the assessment).

2.3. Statistical analysis

2.3.1. Network construction
We constructed a symptom network as previously described

(Borsboom and Cramer, 2013; Epskamp et al., 2017; van Rooijen et al.,
2017) of positive, negative and depressive symptoms. In the generated
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network model, individual items (i.e., symptoms) were represented as
nodes and associations between them as edges.

A non-paranormal transformation (i.e., a tool for relaxing the nor-
mality assumption) was performed prior to the analysis, since current
data were not normally distributed (Liu et al., 2009). For constructing
the generated network, the R package qgraph was used ((Epskamp et
al., 2012); R (Core Team, 2016)). The network structure was based on
L1-regularized partial correlations (Friedman et al., 2008; Tibshirani,
1996). For estimating the relations between symptoms, partial correla-
tions are chosen over zero-order correlation (i.e., correlation between
two variables), since zero-order correlations can be spurious (i.e.,
resulting from indirect interactions). Moreover, L1-regularization guar-
antees an optimal balance between parsimony and goodness of fit of the
network model. A specific form of L1-regularization, LASSO regulariza-
tion, encompasses model selection with the Extended Bayesian Infor-
mation Criterion (EBIC), which uses a so-called hyperparameter γ
(Chen and Chen, 2008; Foygel and Drton, 2015; Foygel and Drton,
2010; van Borkulo et al., 2014). The details of the influence of γ on the
network have been published earlier (van Borkulo et al., 2015). In the
generated network the hyperparameter was set to 0.5, which showed
an optimal balance between a network with many connections (γ =
0) and a network with minimal connections (γ = 1). The layout used
when computing the networks was derived from the Fruchterman-
Reingold algorithm, which computes the optimal layout so that nodes
with stronger and/ormore connections are placed closer andmore cen-
tral to each other (Fruchterman and Reingold, 1991). We primarily
displayed the correlation results in a figure as the applied
Fruchterman-Reingold algorithm simultaneously shows the strength
of associations between different symptoms (thickness of the connec-
tions) as well as the direction of these associations (i.e., positive or neg-
ative association) in the network.
Table 1
Demographics and clinical characteristicsc.

Male
participants
(n = 470)

Males
remissiona

(n = 150)

Males non –
remissiona

(n = 316)

Age at inclusion, years (mean ± SD) 26.9 (6.6) 25.99 (6.60) 27.2 (6.59)
Number of episodes (mean ± SD) 2.21 (1.41) 1.94 (1.33) 2.36 (1.44)
CDSS total (mean ± SD) 2.1 ± 2.9 1.07 (2.04)b 2.5 (3.1)b

CDSS (%), no depression (score ≤ 5) 407 (86.6) 142 (94.7)b 262 (82.91)b

PANSS (Mean, SD)
Positive symptoms 1.68 (0.70) 1.87 (0.75) 1.27 (0.31)
Negative symptoms 1.75 (0.76) 1.93 (0.83) 1.37 (0.39)

Diagnosis
2.3.2. Network analysis
Based on earlier network studies, we expected that some symptoms

would cluster strongly. Therefore, in our results we will use the term
‘communities’ (i.e., a part of the total network that contains strongly con-
nected items). At first, a symptomnetworkwas constructed for the total
sample ofmale subjects. Communities and important symptom interac-
tions were described, with a specific focus on the relations between de-
lusional and depressive symptoms (including suicidality). Moreover,
we analysed the importance of each node by investigating the following
centrality measures: ‘node strength’, ‘closeness’ and ‘betweenness’
(Barrat et al., 2004; Boccaletti et al., 2006; Opsahl et al., 2010). For a de-
scription on centrality measures see Supplementary Methods. In the
second step of the analyses, the symptom network of male patients
who were in remission (based on the PANSS-remission tool) was com-
pared to the network of male patients who were not in remission. In
order to compare networks of remitted andnon-remittedmale patients,
we used a network comparison test (NCT; (van Borkulo et al., 2017)),
which is a permutation test (1000 iterations) in which the difference
between networks of two groups (i.e., remitters and non–remitters) is
calculated repeatedly for randomly regrouped individuals. The NCT is
implemented in the R package ‘NetworkComparisonTest’(R (Core
Team, 2016; van Borkulo, 2016)). By using theNCT it is possible to com-
pare two (independent) networks based on i) network structure and ii)
overall global strength. For details on the NCT see Supplementary
Methods.
Schizophrenia (%) 371 (78.9) 110 (73.33) 259 (81.96)
Schizoaffective disorder (%) 83 (17.7) 27 (18.0) 54 (17.09)
Schizophreniform disorder (%) 16 (3.4 13 (8.67) 3 (0.95)
Use of antipsychotic medication,
n (% yes)c

366 (77.9) 110 (73.3) 254 (80.4)

a Remission criteria based on the PANSS remission tool (Andreasen et al., 2005).
b Mean differences between remission and non – remission was significant (p b 0.001)

for both CDSS score and percentage of depressed patients.
c Data were missing for 52 patients.
2.3.3. Additional analyses
Weperformed a stability check to investigate the stability of the gen-

erated networks (Epskamp et al., 2017). Moreover we used Exploratory
Graph Analyses (EGA) to detect highly connected clusters of symptoms
(i.e., communities; (Golino and Epskamp, 2016)). For a detailed descrip-
tion of both analyses see the Supplementary Methods.
3. Results

3.1. Study sample

After removingmissing data, 470male patients were included in the
analyses (from which 32% were in remission; see Table 1). Mean and
median scores of positive, negative and depressive symptoms are pre-
sented in Supplementary Table S1. Moreover, the derived correlation
matrix between the different items is presented in Supplementary
Table S2. The (overall) mean score of the CDSS was 1.07 (SD = 2.04)
for patients in symptomatic remission from psychosis and 2.5 (SD =
3.1) for patients not in remission, respectively. A commonly used cut–
off value of the CDSS of ≥6was used (Sarró et al., 2004), 17.1% of the pa-
tients in the psychotic group suffered from depression. In the non-psy-
chotic (remission) group this was 5.3% (Table 1). The time criterion of
the psychotic remission criteria was lacking in 4 patients (of whom 3
were in symptomatic remission). We therefore excluded these patients
from the comparisons between remission and non–remission.

3.2. Network including all patients (Fig. 1)

The network of negative, positive and depressive symptoms is pre-
sented in Figure 1; symptoms from the original subscales (depressive,
positive and negative symptoms) are shown in different colours. In gen-
eral, all symptomswithin the networkwere connected. Of note, the sta-
bility check showed considerable overlap between bootstrapped
confidence intervals (CIs), indicating that the generated network should
be interpreted with caution regarding the differences between edge-
weights (see Supplementary Material Figs. S1-S3). Of note, fit indices
(e.g., RMSEA/BIC indices) to contrast for parsimony can be extracted
from the qgraph package ‘ggmFit’. However, there are currently several
problems with such fit indices in network models and this method has
not been validated. Consequently, we decided to not report these fit
indices.

3.2.1. Communities
We used EGA to identify 3 highly connected clusters of symptoms

(i.e., communities) within the original three subscales (i.e., positive and
negative subscales of the PANSS and the depressive symptoms as de-
rived from the CDSS; see Supplementary Fig. S4). The depressive symp-
toms formed 1 community; within this community strong connections
between D2 (hopelessness) and D8 (suicide), as well as between D9
(observed depression) and D1 (depressed mood) were prominent.
The second community was formed of all positive symptoms, including



Fig. 1. Network structure of psychotic symptoms and depressive symptomsmale participants (n= 470). The partial correlations are either positive (colored green) or negative (colored
red), with thicker lines representing stronger correlations. D1 indicates depressedmood; D2, hopelessness; D3, self-deprecation; D4, guilt ideas of reference; D5, pathological guilt: D6,morning
depression; D7, early wakening; D8, suicide; D9, observed depression; N1, blunted affect; N2, emotional withdrawal; N3, poor rapport; N4, passive social withdrawal; N5, difficulty in abstract
thinking; N6, lack of spontaneity; N7, stereotyped thinking; P1, delusions; P2, disorganization; P3, hallucinatory behavior; P4, excitement; P5, grandiosity; P6, suspiciousness; P7, hostility.
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the negative symptoms N5 (difficulty in abstract thinking) and N7 (ste-
reotyped thinking).Within this community, clustering between P1 (de-
lusions) and P6 (suspiciousness), and P3 (hallucinatory behavior) and
P5 (grandiosity) were the strongest. The last community was formed
by the remaining negative symptoms: N1 (blunted affect), N2 (emo-
tional withdrawal), N3 (poor rapport), N4 (passive social withdrawal)
and N6 (lack of spontaneity).

3.2.2. Interrelatedness between depressive and delusional symptoms
There was one association between depressive and positive symp-

toms, namely between D8 (suicide) with P6 (suspiciousness). Of note,
between suicide (D8) and delusions (P1) was no direct connection.
However, P1 (delusions) was connected with (other) depressive symp-
toms, including D2 (hopelessness), D3 (self-deprecation) and D4 (guilt
ideas of reference).

3.3. Centrality measures

D1 (depressedmood), D9 (observed depression), N3 (poor rapport),
N7 (stereotyped thinking) and P1 (delusions) showedhighest centrality
measures (Fig. 2), indicating that these symptoms may be important
symptoms within this network.

3.4. Differences between remitters and non-remitters (Fig. 3A + B)

The NCT analysis comparing the symptom network of male patients
in remission of psychosis (based on the PANSS remission tool) versus
the network of male patients not in remission of psychosis showed sig-
nificant differences in global strength (P = 0.04), but not in terms of
network structure (P = 0.39). The fact that the test about network
structure invariance yielded no significant differences indicates that
the null hypothesis cannot be rejected because there are no edges that
differ more than can be expected. The fact that the overall global
strength did differ significantly might be due to more and/or stronger
edges. Combining both findings (i.e., no significant difference between
network structure indicating no difference in edges, but significant dif-
ferences regarding global strength), it is more plausible that the signifi-
cant difference regarding the overall global strength is driven by more
edges, rather than a few strong edges. Since there were no significant
differences between the networks regarding network structure, we
did not pursue with further testing of specific edges (i.e., further testing
could lead to Type I errors) (van Borkulo et al., 2017). These results of
theNCTmay be explained by the fact that in the network of the remitted
patients less edges were present compared to the network of the non-
remitted patients (of note, this may be, in part, due to sample size differ-
ences). For example, a community (i.e., highly connected cluster of
symptoms) was no longer present within the symptoms of the positive
subscale of the remitters. The association between P1 (delusions) and
other depressive symptoms disappeared in the network of the remitted
patients. Interestingly, in the network of the remitted psychotic pa-
tients, no associations existed between symptoms originating from
the positive and depressive subscales. This was also the seen between
the negative and depressive subscales.

4. Discussion

This study investigated the interrelatedness of positive, negative and
depressive symptoms in male patients with non-affective psychosis,
using a network approach. As a first main finding, we identified the
symptoms ‘depressedmood’, ‘observed depression’, ‘poor rapport’, ‘ste-
reotyped thinking’, ‘delusions’ and ‘suspiciousness’ as being important
central symptoms with strong associations with other symptoms. The
secondmainfinding is that the networks of remitters and non-remitters
are comparable regarding network structure, although the networks
differed regarding overall global strength. Symptoms with high central-
ity measuresmay be important symptoms as potential targets for treat-
ment interventions, while the differences in global strength indicate
that the number of connections between symptoms seems to be depen-
dent on illness state. Furthermore, we identified important interactions
between individual symptoms, for example, between depressive symp-
toms and delusions. Based on these associations we hypothesize that
depressive symptoms might be able to activate suicidality, while posi-
tive symptoms may trigger depressive symptoms and hereby influenc-
ing suicidality. This interrelatedness of symptoms may further increase
our understanding of psychopathology and provides important infor-
mation for profiling.



Fig. 2.Centralitymeasures of all symptomswithin the network (n=470). Figure showing the centralitymeasures (i.e., betweenness, node strength and closeness) of all symptomswithin
thenetwork. Thehighest betweenness index (i.e., P1) reflects thenode, that is themost involved in the informationflow through thenetwork, since it is calculated by counting howoften a
symptom is passed on the shortest path between any combinations of two nodes. The nodeswith the highest ‘node strength’ (i.e., P1 andD1) reflect the nodeswith themost and strongest
connections, since node strength is calculated as the sumof theweighted number of all connections that are incident in a specific node. Lastly, the highest closeness index (i.e., P1) reflects
the node that is most easy to reach, since it is calculated as the inverse of the mean shortest distance to all other nodes. For the abbreviations of the items, see Fig. 1.

Fig. 3. Networkmodel of remitted (n=150) (A.) and non-remitted (n=316) (B.) male participants. Network structure of positive, negative and depressive symptoms in remission (A)
and non-remission (B) male patients. The difference between the two networks was statistically significant (P= 0.04) for global strength, but not in terms of edge-weight (P=0.39) or
individual edges (all P = 1). The green colored edges indicate positive partial correlations, with thicker lines represent stronger partial correlations. D1 indicates depressed mood; D2,
hopelessness; D3, self – deprecation; D4, guilt ideas of reference; D5, pathological guilt: D6, morning depression; D7, early wakening; D8, suicide; D9, observed depression; N1,
blunted affect; N2, emotional withdrawal; N3, poor rapport; N4, passive social withdrawal; N5, difficulty in abstract thinking; N6, lack of spontaneity; N7, stereotyped thinking; P1,
delusions; P2, disorganization; P3, hallucinatory behavior; P4, excitement; P5, grandiosity; P6, suspiciousness; P7, hostility.
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4.1. Symptoms networks and remission of psychotic symptoms

Remission status of psychosis influenced only the overall global
strength between symptoms; the remitted patients showed a network
that was not significantly different in structure, but had fewer connec-
tions than the network in non-remitted psychotic patients. To the best
of our knowledge, no earlier study investigated the influence of state
on networks in patients with non-affective psychosis. Of note, our re-
sults are based on group-level data and it is important to acknowledge
that group-level results may not be generalizable to individual net-
works (earlier discussed by (Bos and Wanders, 2016; van Borkulo et
al., 2016)). It is currently unknown to what degree networks of an indi-
vidual match the network at group level (Fried et al., 2016).

If we assume that our group-level results are representative for indi-
viduals, our finding that non-remitted patients showed a stronger con-
nected network supports the hysteresis principal of the network theory
(Borsboom, 2017). This idea posits that mental disorders should be
interpreted as complex dynamical systems in which symptoms are
able to influence each other, ultimately creating self-reinforcing feed-
back loops. The hysteresis principal implies that the self-reinforcing na-
ture of symptom activation is more likely to take place in more strongly
connected networks (i.e. networks with more and/or stronger edges;
(Borsboom, 2017)). Therefore, the observed difference in global
strength but not in structure between the remitted psychosis and
non-remitted psychosis, may be explained by the presence of a more
strongly connected network during an active psychosis, possibly due
to self-reinforcing loops of symptom activation, which might play an
important role in the maintenance of psychopathology.

Interestingly, both groups suffered from depressive symptoms (al-
though the remitted patients showed significantly less depression i.e.,
5.3% versus 17.1% respectively). In the network of the remitted psychot-
ic group no associations existed between depressive symptoms and
symptoms of the other subscales, while in the non-remitted group sev-
eral edges connected the depressive symptoms with symptoms of the
other subscales. This suggests that especially in the non-remitted
group symptoms of different subscales co-occur and might activate
each other. However, future longitudinal studies are required to investi-
gate how symptom networks change, first to a different state (e.g. from
absence of symptoms towards manifest psychosis or vice versa), and
second in relation to external stimuli (e.g., after stressful events and/
or discontinuation of treatment) and thirdwhether patterns of network
connectivity are also related to the course of illness, as shown in de-
pressed patients (van Borkulo et al., 2015). This is also important to pur-
sue given the differences in sample size between our two groups, which
make it difficult to disentangle whether edge absence is dependent on
the sample size or remission criterion.

4.2. Centrality measures

The symptoms ‘depressed mood’, ‘observed depression’, ‘poor rap-
port’, ‘stereotyped thinking’ and ‘delusions’ showed to have high cen-
trality within our network. This implies that these symptoms might be
relevant as targets for treatment interventions, as these symptoms are
most likely to influence several other symptoms. Although comparing
between different network studies is challenging, due to the use of dif-
ferent questionnaires measuring different constructs of symptoms, cur-
rent results are in concordancewith results fromprevious studies (Fried
et al., 2016; Levine and Leucht, 2016; Madhoo and Levine, 2016; van
Rooijen et al., 2017). In our earlier performed network analysis in the
same sample using different questionnaires and at a different time
point, central symptoms included, among others, items reflecting the
social participation of patients (i.e., loss of interest, inability to enjoy rec-
reational activities and inability to maintain relationship with friends;
(van Rooijen et al., 2017)). In the current study, centrality of the symp-
tom ‘poor rapport’ underlines the importance of symptoms reflecting
the social participation of patients. Although measured by a different
questionnaire, Levine and Leucht (Levine and Leucht, 2016) constructed
a network of only negative symptoms and showed in their baseline net-
work that ‘poverty of content speech’ had, among others, one of the
highest closeness indexes from which there is overlap with the central
symptom ‘stereotyped thinking’ in current study. Additionally, in de-
pressed patients the most frequently reported centrality symptoms
are ‘depressed and loss of interest/pleasure’ and ‘energy/fatigue’ (Fried
et al., 2016; Madhoo and Levine, 2016), from which the first symptom
is also in line with our results, suggesting that depressive symptoms
have an important role in maintaining symptoms across different psy-
chiatric disorders; these may be important transdiagnostic targets for
treatment interventions across different psychiatric disorders. Future
research should elaborate on these findings by investigating whether
targeting these central symptomsmight indeed lead to better outcomes,
as the importance of central symptoms is currently only theoretically
based (Wichers et al., 2017).

4.3. The relations between suicide, depressive and delusional symptoms

As highlighted above, in our previous network study in the same
sample but with different symptom scales and a different point of
time (van Rooijen et al., 2017) we found no direct connection between
delusional symptoms and ‘recurrent thoughts of suicide’ but instead
several connections between delusional and depressive symptoms.
Based on these findings we suggested that delusional symptoms seem
to activate depressive symptoms and via this pathway influenced sui-
cidal thoughts. In the current study, which including a validated ques-
tionnaire to measure depressive symptoms in psychotic-patients, we
found similar results since ‘suicide’was connected to several depressive
symptoms, however, only one associationwas presentwith the positive
symptom ‘suspiciousness’. Moreover, the symptom ‘delusions’was con-
nectedwith several (other) depressive symptoms. This finding is also in
line with an earlier study, where Bornheimer (Bornheimer, 2016)
showed that depressive symptoms were moderated by positive symp-
toms in predicting suicidal ideation. Thus, it could be hypothesized
that depressive symptoms are linked to suicidality, while positive
symptoms especially trigger depressive symptoms and hereby influ-
ence suicidality. Of note, this hypothesis is based on the assumption
that our resulting network displays potential causal relationships and
that it is representative for the network structure within individual
patients.

4.4. Limitations

As the network approach is developing there are several issues of de-
bate. Some limitations are also applicable to current study; firstly, re-
sults of the performed stability check indicated that the generated
network should be interpretedwith caution due to the overlapping con-
fidence intervals, especially when investigating differences in edge-
weights of the network. As a result further studies with larger datasets
are needed to replicate our findings. Secondly, as discussed in-depth
in comments on earlier published network studies we should be careful
with generalizing results to individuals since the generated networks
are based on group-level analysis (Bos and Wanders, 2016; Fried et al.,
2016). This is especially important in the interpretation of centrality
measures for treatment interventions: ideally, within-person network
should be investigating to help determine the central symptomswithin
these networks; this may help guide personalized treatment interven-
tions. Thirdly, the naturalistic study design does not allow a control for
the effect of differences in current treatment; for example the differ-
ences in overall global strength between remitters and non-remitters
could be due to differences in medication use or compliance. Fourthly,
it could be hypothesized that the difference in global strength is a result
of reduced severity of symptoms in those who are in remission, repre-
sented by decreased mean sum-scores of positive, negative and to a
lesser extent depressive symptoms in remitted patients. However, van
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Borkulo et al. (van Borkulo et al., 2015) argued that the level of mean
scores does not necessarily influence the generated network. Likewise,
a lower score of items does not automatically lead to weaker associa-
tions between these items. Nevertheless, factors that are related to se-
verity, such as variance in symptom scores (i.e., due to a floor/ceiling
effect) in one of the groupsmight still lead to different levels of network
connectivity. Afifth limitation is that due to a lownumber of female par-
ticipants, there was insufficient data to perform separate analyses in fe-
male participants and compare male-female networks. Given known
differences betweenmen and women in terms of onset, course and na-
ture of psychotic symptomatology (Leung and Chue, 2000), extrapola-
tion of our results to women should be done with caution. Lastly,
based on the cross-sectional design of our studywe are unable to estab-
lish causality, which makes our conclusions regarding interactions be-
tween individual symptoms hypothesis driven. In line with this
limitation, remission status was assessed at 3-years of follow-up after
baseline and the 6-months time criterion was assessed retrospectively.
Consequently, a recall bias could have taken place with patients having
difficulties with remembering symptom severity up to 6 months prior
to assessment. Moreover, the items G5 (mannerisms/posturing) and
G9 (unusual thought content) are both part of the Andreasen et al. re-
mission criteria (Andreasen et al., 2005), however, we did not include
all symptoms of the general psychopathology scale in our network anal-
yses. Given the wide application of the Andreasen et al. criteria
(Andreasen et al., 2005) in current literaturewe chose to apply the orig-
inal and complete criteria.

In conclusion, in the current studywe constructed a network to high-
light interrelations between psychotic and depressive symptoms and
identified symptoms with high centrality measures, indicating that
these symptoms are importantwithin the network andmight be poten-
tial targets for treatment interventions. In addition,we replicated in part
that depressive symptoms may moderate the relation between psy-
chotic symptoms and suicidality, and in addition we showed that the
number of connections between symptoms differed between remitted
versus non-remitted psychotic male patients. These findings on symp-
tom level may be informative to generate hypotheses regarding the
maintenance and development of psychopathology.
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