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Abstract

Background. Better understanding of interplay among symptoms, cognition and functioning
in first-episode psychosis (FEP) is crucial to promoting functional recovery. Network analysis
is a promising data-driven approach to elucidating complex interactions among psychopatho-
logical variables in psychosis, but has not been applied in FEP.
Method. This study employed network analysis to examine inter-relationships among a wide
array of variables encompassing psychopathology, premorbid and onset characteristics, cogni-
tion, subjective quality-of-life and psychosocial functioning in 323 adult FEP patients in Hong
Kong. Graphical Least Absolute Shrinkage and Selection Operator (LASSO) combined with
extended Bayesian information criterion (BIC) model selection was used for network con-
struction. Importance of individual nodes in a generated network was quantified by centrality
analyses.
Results. Our results showed that amotivation played the most central role and had the stron-
gest associations with other variables in the network, as indexed by node strength.
Amotivation and diminished expression displayed differential relationships with other
nodes, supporting the validity of two-factor negative symptom structure. Psychosocial func-
tioning was most strongly connected with amotivation and was weakly linked to several
other variables. Within cognitive domain, digit span demonstrated the highest centrality
and was connected with most of the other cognitive variables. Exploratory analysis revealed
no significant gender differences in network structure and global strength.
Conclusion. Our results suggest the pivotal role of amotivation in psychopathology network
of FEP and indicate its critical association with psychosocial functioning. Further research is
required to verify the clinical significance of diminished motivation on functional outcome in
the early course of psychotic illness.

Introduction

Psychotic disorders are a group of severe mental disorders characterized by the presence of
multiple psychopathological dimensions such as positive, negative, disorganization and
depressive symptoms as well as impairment in cognition and psychosocial functioning. The
disorders constitute one of the leading causes of disability worldwide and incur huge societal
costs (Global Burden of Disease Study, 2013; Collaborators, 2015; Jin and Mosweu, 2017).
Although specialized early intervention services have been shown to improve outcomes of
first-episode psychosis (FEP) (Correll et al., 2018), evidence has consistently demonstrated
that a significant proportion of FEP patients exhibit persistent functional disability even in
the presence of clinical remission (Chang et al., 2012, 2018a; Verma et al., 2012). A recent
meta-analytic review further revealed that only 38% of FEP patients have attained functional
recovery over a mean follow-up of 7.2 years (Lally et al., 2017), thereby indicating functional
impairment as an unmet treatment need in the early stage of psychotic illness.

Recently, network analysis of psychopathology has been increasingly applied in psychiatric
research (Borsboom, 2017; Fried et al., 2017). This novel psychometric approach conceptua-
lizes mental disorders as complex dynamic systems of interacting and possibly self-reinforcing
symptoms (Borsboom and Cramer, 2013; McNally, 2016). This is in sharp contrast with the
traditional disease model which assumes co-occurrence of psychiatric symptoms and other
illness-related deficits emerge from an underlying latent common cause (Borsboom and
Cramer, 2013). Network approach confers several methodological advantages on psychopatho-
logical investigation. First of all, this is an atheoretical, data-driven approach which requires no
a priori model of cause-effect relationships among variables (Borsboom and Cramer, 2013).
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The inter-relationships among variables can be constructed, esti-
mated and visualized in the form of network structure. Most
importantly, the analysis provides information on the relative
importance of different variables in the network (Borsboom and
Cramer, 2013; McNally, 2016). This facilitates identification of
the most central symptoms in the network which are pivotal in
influencing other symptoms and illness-related variables, and
may thus represent as potential therapeutic targets for effective
intervention. In fact, network analysis has been regarded as a
promising approach in elucidating complex interplay among a
broad range of clinical and cognitive variables associated with
psychotic disorders (Isvoranu et al., 2017a), in particular their dif-
ferential relationships with functional outcome (Galderisi et al.,
2018).

Until now, there have been relatively few studies using network
approach to examine psychopathology and other illness-related
variables in psychotic disorders (Levine and Leucht, 2016;
Isvoranu et al., 2017b; van Rooijen et al., 2017, 2018; Galderisi
et al., 2018; Hasson-Ohayon et al., 2018; Klippel et al., 2018;
Strauss et al., 2018a). Several methodological issues pertinent to
previous network analytic studies have also been noted. First, all
of these past studies focused on patients with chronic illness.
Network structure and the differential degrees of centrality
among clinical, cognitive and functional variables manifested in
the early stage of psychotic illness remain to be clarified.
Second, prior reports were over-represented by male patients,
with a proportion ranging between 65.3% and 100% of the entire
study sample. Third, most studies limited their network analysis
to psychopathology without taking into consideration cognitive
deficits which are, nonetheless, a core feature of psychotic disor-
ders. Thus far, only one past study has incorporated psychosocial
functioning in network analysis (Galderisi et al., 2018). Given that
better understanding of the inter-relationships among symptoms,
cognition and functioning in the initial stage of illness is crucial to
early intervention for psychosis, applying network analysis in FEP
samples will facilitate identification of treatment targets and
development of effective interventions to promote early func-
tional recovery.

To this end, we employed network approach to investigate the
inter-relationships among a wide array of variables encompassing
symptom dimensions, premorbid adjustment, duration of
untreated psychosis (DUP), cognitive functions, subjective
quality-of-life (QoL) and psychosocial functioning in a large, rep-
resentative cohort of Chinese adult patients presenting with FEP
to a specialized early intervention program. Specifically, the cur-
rent study aimed to (1) construct a network structure and exam-
ine interactions among the aforementioned clinical, cognitive and
functional variables; and (2) identify the most central variables
within the generated network, especially in relation to their asso-
ciations with psychosocial functioning. Owing to an increasing
concern and debate about the limited reliability of network mod-
els on psychopathology (Borsboom et al., 2017; Forbes et al.,
2017a, 2017b; Steinly et al., 2017), we performed a series of
recommended statistical tests (Epskamp et al., 2018a) to evaluate
network stability and accuracy.

Methods

Participants

This study was conducted as part of the Jockey Club Early
Psychosis (JCEP) project (Hui et al., 2014), which was a territory-

wide early intervention service aiming to provide phasic-specific
case management to individuals aged 26–55 years presenting
with first-episode DSM-IV (American Psychiatric Association,
1994) schizophrenia, schizophreniform disorder, schizoaffective
disorder, brief psychotic disorder, delusional disorder, or psych-
otic disorder not otherwise specified (NOS) in Hong Kong. A
total of 355 patients were recruited from publicly-funded generic
adult psychiatric outpatient units between June 2009 and August
2011. Patients with intellectual disability, substance-induced
psychosis or psychotic disorder due to general medical condition
were excluded. Data of this study were derived from baseline
assessments [conducted with a mean of 119.7 days (median: 88
days) after treatment initiation] of a JCEP 4-year follow-up
study, and findings regarding rate and risk factors of depressive
symptoms, correlates of duration of untreated psychosis (DUP)
and primary negative symptoms have been reported elsewhere
(Chang et al., 2015, 2016a; Hui et al., 2015). The study was
approved by local institutional review boards and all of the sub-
jects gave written informed consent before participation.
Among 355 FEP patients recruited, 323 had complete data on
16 study variables used for network analyses and thus constituted
as the study sample for the current investigation. Comparison
between patients with complete data and those without (n = 32)
revealed no significant differences in age at entry, gender, educa-
tional level and diagnostic categories.

Assessments

Diagnosis of each subject was ascertained by research psychiatrists
using all available information including Chinese-bilingual
Structured Clinical Interview for DSM-IV (CB-SCID-I/P; So
et al., 2003) administered at intake, informant histories and med-
ical records. Premorbid functioning on social (sociability, peer
relationships and social-sexual aspects of life) and academic
(scholastic performance and adaptation to school) domains across
childhood, early and late adolescence stages was measured with
the Premorbid Adjustment Scale (PAS; Cannon-Spoor et al.,
1992). An overall premorbid adjustment score was computed by
averaging the ratings for the relevant subscales across develop-
mental stages (score range 0–1, higher score indicates lower func-
tioning). Interview for Retrospective Assessment of the Onset of
Schizophrenia (IRAOS; Hafner et al., 1992) was employed to con-
firm the first-episode status and to determine DUP which was
defined as the time interval between the onset of psychotic symp-
toms and initiation of antipsychotic treatment. Psychopathology
was assessed using the Positive and Negative Syndrome Scale
(PANSS; Kay et al., 1987). Separate symptom dimension scores
(positive symptoms, disorganization and excitement) were
derived by summing the ratings of respective PANSS items
(please refer to footnotes in Table 1) based on previous factor-
analysis conducted in first-episode psychosis (Emsley et al.,
2003). Negative symptoms were examined by the Scale for the
Assessment of Negative Symptoms (SANS; Andreasen, 1984).
As the negative symptom construct is consistently shown to com-
prise two distinct factors of amotivation and diminished expres-
sion (DE) (Messinger et al., 2011; Liemburg et al., 2013), we
thus derived amotivation and DE scores based on the method
applied by previous research (Foussias et al., 2009; Chang et al.,
2016b). Amotivation score was the sum of SANS items in
avolition-apathy and anhedonia-asociality subscales (excluding
global items), while DE score was the sum of SANS items in
Affective flattening subscale (excluding global item) and poverty
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of speech item in Alogia subscale. Calgary Depression Scale for
Schizophrenia (CDSS; Addington et al., 1992) was employed to
assess depressive symptom severity (indexed by CDSS total
score). Global psychosocial functioning was measured by the
total score of Role Functioning Scale (RFS; Goodman et al.,

1993). Short form-12 Health Survey (SF-12; Ware et al., 1996)
was used to evaluate subjective QoL (indexed by SF12 total
score). A brief battery of cognitive assessments including digit
span and digit symbol subtests of Wechsler Adult Intelligence
Scale Revised (WAIS-R; Hong Kong Psychological Society,
1989a), logical memory and visual reproduction subtests of
Wechsler Memory Scale Revised (WMS-R; Hong Kong
Psychological Society, 1989b), category verbal fluency and
Modified Wisconsin Card Sorting Test (MWCST; Nelson, 1976)
was administered.

Statistical analysis

Network construction and analyses
Sixteen variables encompassing premorbid and onset characteris-
tics, psychopathology, cognition, psychosocial functioning and
subjective QoL were selected for network analyses. In a network,
each variable was represented as a node and associations between
nodes were represented as edges. Zero-order correlations were
conducted to provide general representation of the pairwise asso-
ciations among variables (online Supplementary Table S1). A
non-paranormal transformation was performed prior to network
estimation as the data were not normally distributed (Liu et al.,
2009). We then constructed a partial correlation network, in
which the relationship between two nodes was estimated after
controlling for the influence of all the other variables in the net-
work (i.e. conditional independence associations), using the
graphical Least Absolute Shrinkage and Selection Operator
(LASSO) (Friedman et al., 2008) in combination with extended
Bayesian information criterion (EBIC) model selection (Chen
and Chen, 2008). Graphical LASSO is an L1-regularization tech-
nique which limits the number of spurious (false-positive) edges
by assigning penalties to shrink small correlations to exactly zero,
and thereby generating a more interpretable and sparse network
(Friedman et al., 2008; Epskamp and Fried, 2018). EBIC is a
goodness-of-fit measure for model selection and uses hyperpara-
meter γ to control its degree of preference for more parsimonious
models with fewer edges (Chen and Chen, 2008). Following the
recommendation by Foygel and Drton (2010), we set hyperpara-
meter γ = 0.5 which was shown to yield accurate network estima-
tions with a good balance between sensitivity and specificity of
identifying true edges. The network layout was derived from the
Fruchterman–Reingold algorithm (Fruchterman and Reingold,
1991), which places nodes with stronger and more numerous
associations more centrally within the network and weakly con-
nected nodes on the periphery.

To assess and quantify the importance of individual nodes in a
generated network, we computed three centrality indices of
strength, closeness and betweenness for each node (Barrat et al.,
2004; Boccaletti et al., 2006; Opsahl et al., 2010). Node strength
is calculated as the sum of edge weights connected to a node,
quantifying how well a node is directly connected to other
nodes. Closeness is the inverse of the sum of the shortest paths
from a node to all other nodes, measuring how well a node is
indirectly connected to other nodes. Betweenness measures the
number of times a node lies on the shortest paths between two
other nodes, quantifying how important a node is in connecting
other nodes. Network construction and visualization, and central-
ity analyses were implemented in R-package (version 3.5.2; R Core
Team, 2018) qgraph (version 1.6.1; Epskamp et al., 2012).

In addition, we conducted exploratory analysis comparing net-
works of male and female FEP patients with respect to overall

Table 1. Demographic, clinical, functional and cognitive characteristics of
patients

Variables Mean (S.D.)/N (%)

Demographics

Age at entry 38.0 (8.4)

Male gendera 140 (43.3)

Years of education 10.9 (3.7)

Premorbid, onset and illness characteristics

PAS overall score 0.18 (0.17)

Age at onset of psychosis 36.3 (8.7)

Duration of untreated psychosisb, days 536.7 (1124.5)

Psychiatric diagnosisa,c

Schizophrenia-spectrum disorder 205 (63.5)

Other non-affective psychoses 118 (36.5)

Symptom dimensions

PANSS positive symptom dimensiond 8.8 (4.0)

PANSS disorganization dimensiond 8.5 (2.7)

PANSS excitement dimensiond 4.3 (1.1)

SANS amotivation 4.0 (5.5)

SANS diminished expression 2.3 (4.8)

CDSS score 2.2 (3.5)

Functioning and subjective quality of life

RFS overall score 20.1 (4.4)

SF12 overall score 125.3 (45.8)

Cognitive functions

Digit symbol coding 7.7 (3.0)

Digit span 10.3 (3.0)

Logical memory 7.8 (4.5)

Visual reproduction 27.0 (8.6)

Category verbal fluency 15.6 (5.4)

MWCST perseverative errors 4.4 (5.8)

Treatment characteristics

Use of second-generation antipsychotica 229 (70.9)

Chlorpromazine equivalents, mg 168.5 (136.9)

CDSS, Calgary Depression Scale for Schizophrenia; MWCST, Modified Wisconsin Card Sorting
Test; PANSS, Positive and Negative Syndrome Scale; PAS, Premorbid Adjustment Scale;
SANS, Scale for Assessment of Negative Symptoms; SF12, Short-Form 12 Health Survey; RFS,
Role Functioning Scale.
aData on gender, psychiatric diagnosis and use of second-generation antipsychotic are
presented in N (%). All other data are presented in mean and standard deviations.
bMedian DUP was 93 days. Interquartile range (i.e. 25–75 percentile) was 20 to 366 days.
cSchizophrenia-spectrum disorder included schizophrenia, schizoaffective disorder and
schizophreniform disorder. Other non-affective psychoses included brief psychotic disorder,
delusional disorder and psychotic disorder not otherwise specified (NOS).
dPANSS positive symptom dimension score was the sum of PANSS items P1, P3, P5, P6, G9
and G12; PANSS disorganization dimension score was the sum of PANSS items P2, N5, N7,
G5, G10, G11 and G15; PANSS excitement dimension score was the sum of PANSS items P4,
P7, G8 and G14 (Emsley et al., 2003).
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network structure (i.e. distribution of edge weights) and global
strength (i.e. weighted sum of the absolute connections). We per-
formed Network Comparison Test (NCT; van Borkulo et al.,
2017), a permutation test which assesses differences between
two networks by randomly regrouping subjects from each net-
work repeatedly (1000 iterations). The NCT was implemented
in R-package NetworkComparisonTest (version 2.0.1; van
Borkulo, 2016).

Estimation of network accuracy and stability
We examined network accuracy and stability as recommended by
Epskamp et al. (2018a), using R-package bootnet (version 1.2).
First, we estimated accuracy of edge-weights by calculating their
95% confidence intervals (CIs) derived from 1000 non-parametric
bootstrap samples. Second, we evaluated stability of centrality
indices using case-dropping subset bootstrap procedure, in
which centrality indices are repeatedly calculated from subsets
of data with an increasing proportion of subjects dropped.
Stability was quantified by calculating the correlation stability
(CS) coefficient which is the maximum proportion of cases that
can be removed from the sample to retain, with 95% certainty,
a correlation of at least 0.7 between the original centrality indices
(full sample) and those derived from subsamples. It is recom-
mended that CS coefficient >0.25 is regarded as a minimum
threshold for index stability, while indices with CS coefficient
>0.5 are considered as sufficiently stable (Epskamp et al.,
2018a). Third, we performed bootstrapped difference tests for
edge-weights and node strength, using 1000 bootstrap samples
and α = 0.05, to assess whether two edge-weights or two node
strengths differ significantly from one another.

Results

Characteristics of the sample

Of the 323 subjects, 43.3% were male. The mean age of the sample
was 38.0 years (S.D. = 8.4) and the median DUP was 93 days
(interquartile range: 20–366 days). The majority (63.5%) were
diagnosed with schizophrenia-spectrum disorder (schizophrenia:
n = 144; schizophreniform disorder: n = 58; schizoaffective dis-
order: n = 3). For other non-affective psychoses, 12.4% (n = 40)
of the cohort had brief psychotic disorder, 18.6% (n = 60) had
delusional disorder and 5.6% (n = 18) had psychotic disorder
NOS. Data on demographics, baseline clinical characteristics,
functioning and cognitive performance of the sample are sum-
marized in Table 1.

Network structure and analyses

The generated network showed that nodes within the domain of
cognitive functions were generally highly interconnected and clus-
tered more closely together than those belonged to other domains
(Fig. 1). Within the psychopathology domain, strong links were
found between amotivation and DE, positive symptoms and dis-
organization, as well as positive symptoms and excitement.
Moreover, we observed that several psychopathological variables
had important connections to non-psychopathological nodes:
amotivation was strongly (and inversely) correlated to psycho-
social functioning, and also linked to premorbid adjustment; posi-
tive symptoms were connected with DUP; depression was
negatively associated with subjective QoL; and disorganization
was connected with cognitive variables of digit symbol and

WCST perseverative errors. Alternatively, apart from a strong
association with amotivation, psychosocial functioning was mod-
erately linked to positive symptoms and was only weakly con-
nected to other psychopathological variables and several nodes
of other domains.

Regarding centrality analyses (Fig. 2), amotivation showed the
highest node strength and relatively high closeness and between-
ness indices. Amotivation was connected to all of the other psy-
chopathological variables as well as nodes of psychosocial
functioning and premorbid adjustment. In the cognitive domain,
digit span demonstrated the highest centrality and was connected
to most of the other cognitive variables. Disorganization and digit
symbol showed the highest closeness and betweenness among all
variables in the network, mainly bridging other cognitive variables
to psychopathology domain and psychosocial functioning.
Exploratory analysis comparing networks between genders by
NCT revealed no significant group differences in both global
strength (strength difference: S = 2.12, p = 0.11) and structural
invariance (maximum difference in edge-weights: M = 0.22, p =
0.42).

Network stability and accuracy

As shown in online Supplementary Fig. S1, bootstrapped 95% CIs
were quite narrow, indicating that edge-weight estimates were reli-
able and accurate. Regarding stability of centrality indices (online
Supplementary Fig. S2), node strength had CS coefficient of 0.51
and was thus considered as sufficiently stable. However, the rela-
tively low CS coefficients for closeness (0.28) and betweenness
(0.28) (albeit still above a recommended minimum threshold
for index stability, i.e. 0.25) suggested that both indices may
have inadequate stability and should be interpreted with caution.
Inspection of bootstrapped difference test results (online
Supplementary Figs S3 and S4) revealed that a large proportion
of the comparisons among edge-weights and node strengths
were statistically significant (i.e. reliably different from one
another) in the generated network.

Discussion

In the current analysis, we employed network approach to exam-
ine complex inter-relationships among a broad range of variables
including symptom dimensions, premorbid adjustment, cognitive
functions, subjective QoL and psychosocial functioning in
patients presenting with FEP. To the best of our knowledge,
this is the first report to investigate psychopathology and other
illness-related measures in FEP populations using network ana-
lysis. Generally, our results confirm, as anticipated, that cognition
represents an independent construct, with highly interconnected
nodes within the domain. Comparatively, psychopathological
variables were spatially more diverse and had more connections
with nodes that belonged to other domains. This is in fact consist-
ent with the heterogeneous nature of psychopathology associated
with psychotic disorders, and underscores the importance of
incorporating symptom-dimensional approach instead of solely
focusing on categorical-diagnostic perspective in psychosis
research (Russo et al., 2014).

Our network analysis revealed several important findings in
relation to negative symptoms, in particular amotivation. First,
amotivation was found to play the most central role and had
the strongest associations with other nodes (as indexed by node
strength) in the constructed network. In addition, we observed
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differential patterns of connections of amotivation and DE with
other variables, lending support to the validity of the two-factor
structure of negative symptoms (Messinger et al., 2011;
Liemburg et al., 2013). For instance, in line with the literature
(Strauss et al., 2013; Chang et al., 2017), our results showed
that premorbid adjustment was linked to amotivation but not
DE. Critically, we found that psychosocial functioning was most
strongly connected to amotivation in the network, and was only
weakly related to DE. In fact, a growing body of research has con-
sistently indicated the critical role of negative symptoms, espe-
cially amotivation, in the early course of psychotic illness.
Negative symptoms are frequently observed in FEP and the sever-
ity of early-stage negative symptoms is found to robustly predict
long-term clinical and functional outcomes (Ventura et al.,
2015; Chang et al., 2018b). Recent studies demonstrated that,
among the two factors of negative symptoms, amotivation is
more prevalent and persistent over time (Fervaha et al., 2015;
Lutgens et al., 2019), and a much stronger predictor of psycho-
social functioning than DE in FEP patients (Fervaha et al.,
2015; Chang et al., 2016b, 2018c). Accumulating data has further
shown that amotivation independently predicts functional out-
come above and beyond other symptom dimensions and cogni-
tive impairment in FEP (Fervaha et al., 2015; Chang et al.,
2016b) and chronic schizophrenia (Foussias et al., 2009;
Konstantakopoulos et al., 2011). The fact that there is conver-
gence of evidence, based on different methodological strategies,
indicating the significant relationship between amotivation and
psychosocial functioning in FEP highlights network analysis as
an informative (and complementary) approach in disentangling
complex interplay among psychopathological and other illness-
related variables in psychotic disorders. It should, however, be

acknowledged that our interpretation of node centrality was pri-
marily based on strength index estimation. Our network stability
analyses revealed that node strength was sufficiently stable, while
closeness and betweenness had relatively low stability and hence
results regarding these two indices should be treated with caution.
Nonetheless, our findings are consistent with a recent psychomet-
ric study examining network accuracy and reliability which also
found that node strength exhibited much greater stability than
the other two centrality indices (Epskamp et al., 2018a). It is
also suggested that strength may be theoretically more relevant
and clinically more useful relative to two other indices for psycho-
pathology network (McNally, 2016) as it reflects the probability
that activation of a specific symptom will be followed by activation
of its neighboring symptoms, and symptom with high strength
may be identified as potentially useful treatment target for overall
outcome improvement. Alternatively, owing to the paucity of
existing data, further studies are warranted to verify our findings
on the significance of amotivation in the psychopathological net-
works of first-episode populations.

Our results that depression was directly linked to subjective
QoL and positive symptoms were strongly connected with DUP
accord well with the literature in FEP (Renwick et al., 2012;
Penttilä et al., 2014; Kwong et al., 2017). Our finding of a negative
association between positive symptoms and real-world function-
ing is, however, at odds with a recent network study which
revealed a lack of direct connection between these two variables
in schizophrenia (Galderisi et al., 2018). Yet, as the study exam-
ined chronic patients who were clinically-stable with treatment
(Galderisi et al., 2018), the effect of positive symptoms on func-
tioning might be significantly less pronounced than that observed
in FEP patients shortly after their initial presentation.

Fig. 1. Network of premorbid, clinical, functional and cognitive variables in patients. Note: This is a network structure of 16 study variables. Each node represents a
study variable and each edge represents a significant association between two nodes. Edge thickness reflects the magnitude of an association (thicker lines indi-
cate stronger associations). Green lines denote positive associations, while red lines denote negative associations.
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Alternatively, our network analysis showed that digit span and
digit symbol played the most central roles in the cognitive domain.
In particular, digit span was directly connected with most of the
cognitive variables. Digit span and digit symbol are regarded as
a measure of working memory and processing speed, respectively.
It is well recognized that these two cognitive processes serve as
fundamental cognitive functions influencing the execution of
many higher-order cognitive operations and represent core cogni-
tive deficits in psychotic disorders (Dickinson et al., 2007; Forbes
et al., 2009). In fact, our results concur with the only two previous
studies (Galderisi et al., 2018; Hasson-Ohayon et al., 2018) which
also incorporated cognitive measures in network analysis for
schizophrenia and found that working memory and processing
speed are highly central variables (as indexed by node strength)
within the community of cognitive functions.

Contrary to the literature which generally indicates a signifi-
cant relationship between cognitive impairment and functional
outcome in schizophrenia, most of the individual cognitive vari-
ables were not directly connected to psychosocial functioning in
our generated network. Further inspection of the network struc-
ture suggested a bridging role of disorganization which linked
cognition to other psychopathological variables and psychosocial
functioning. This is consistent with a recent network study dem-
onstrating that PANSS cognitive dimension (akin to PANSS dis-
organization in the current study) bridged cognitive functions
with other symptom dimensions in chronic schizophrenia
(Hasson-Ohayon et al., 2018). Our results are also partially in

keeping with Galderisi et al. (2018) which showed no direct con-
nections between cognitive measures and functional variables in
patients with chronic schizophrenia. In that study, cognition
and psychosocial functioning nodes (especially everyday life
skills) were bridged by functional capacity, which was also indir-
ectly connected to work functioning and everyday life skills via
disorganization (Galderisi et al., 2018). Conversely, in line with
some (Alptekin et al., 2005; Ritsner, 2007; Woon et al., 2010),
but not all previous studies (Tolman and Kurtz, 2012), our results
revealed positive associations between subjective QoL and a num-
ber of cognitive variables, especially working memory (digit
span). We also failed to find any significant differences between
male and female FEP patients with respect to network structure
and global strength in our exploratory analysis. Although gender
differences have been frequently reported in the literature on FEP
(Cotton et al., 2009; Chang et al., 2011; Thorup et al., 2014), evi-
dence appears to be less consistent regarding psychopathology at
initial presentation than at follow-up outcomes (Ochoa et al.,
2012). Additionally, potential gender differences in terms of inter-
relationships among clinical, cognitive and functional variables in
psychotic disorders have rarely been investigated. However, it
should be noted that our preliminary findings of lack of gender
differences in network comparison analyses might be attributable
to limited statistical power owing to our relatively small sample
size for each gender. Further research with a larger sample size
is thus needed to clarify gender differences in psychopathological
networks of FEP patients.

Fig. 2. Centrality indices of study variables within
the network. Note: Centrality indices of node
strength, closeness and betweenness are shown
as standardized z-scores.

2024 W. C. Chang et al.

https://doi.org/10.1017/S0033291719002113 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291719002113


Several study limitations need to be acknowledged. First, the
cross-sectional nature of the current study precludes us from
establishing causality among variables in the network. Second,
we did not measure functional capacity and social cognition,
which are found to be impaired in patients with psychotic disor-
ders and are related to both cognitive deficits and psychosocial
functioning (Bowie et al., 2006; Savla et al., 2013). Third, the
potential treatment effect including pharmacological or other psy-
chosocial interventions on the psychopathology network of FEP
sample could not be estimated due to our cross-sectional analysis.
Fourth, although SANS has been the most widely used scale spe-
cifically assessing negative symptoms, it may not well align with
the modern conceptualizations for negative symptoms recognized
by the NIMH-initiated Consensus Development Conference on
Negative Symptoms in 2005 (Kirkpatrick et al., 2006). It is also
noteworthy that recent data (Strauss et al., 2018b) has suggested
that the latent structure of negative symptoms might be better
captured by five- rather than a two-factor model. Application of
next-generation negative symptom scales (Strauss and Gold,
2016) developed according to the recommendations of consensus
conference should be considered in future network-analysis
research for a more comprehensive evaluation of negative symp-
toms in FEP. Fifth, our sample size was modest. Further studies
with larger sample size are required to confirm our findings.
Sixth, the study examined adult FEP patients within the context
of a territory-wide early psychosis service for individuals aged
26–55 years (Hui et al., 2014), therefore our results may not gen-
eralize to other first-episode cohorts with younger age of illness
onset.

In conclusion, the current study is the first to examine inter-
relationships among psychopathology, premorbid adjustment,
cognition and psychosocial functioning in FEP using network
analysis approach. Our results reveal the central role of amotiva-
tion in psychopathology network and indicate its significant asso-
ciation with psychosocial functioning in first-episode populations.
Replication of our findings in other FEP samples using network
analysis is necessary to affirm diminished motivation as a poten-
tially important therapeutic target for promoting functional
enhancement in the early course of psychotic illness. More research
is also required to clarify the neurobiological underpinnings of
amotivation in early psychosis, for instance impaired reward pro-
cessing (Strauss et al., 2014; Chang et al., 2016c) and suboptimal
effort-based decision-making (Gold et al., 2015; Chang et al.,
2019), so as to facilitate development of effective treatments to
ameliorate motivational deficits. Additionally, future research
using time-series data to construct personal-level psychopathology
networks (Epskamp et al., 2018b) in FEP patients will help eluci-
date temporal dynamics between clinical, cognitive and functional
variables on an individual basis, and hence facilitate provision of
personalized treatment to improve illness prognosis.
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