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Introduction: Schizophrenia is a severe psychiatric disorder with a large symptomatic

heterogeneity. Moreover, many patients with schizophrenia present with comorbid

psychiatric symptoms or disorders. The relation between depressive symptoms and

negative symptoms, such as blunted affect, alogia, anhedonia, asociality and avolition, is

particularly intriguing. The negative symptoms can be primary or secondary of depression

or overlapping with depressive symptoms. The aim of the present network analysis

was to better understand the interactions between depressive symptoms and the

different symptoms of schizophrenia and to investigate whether negative symptoms and

depressive symptoms can be better delineated.

Methods: A network analysis on the baseline item scores of the Positive and Negative

Syndrome Scale (PANSS) and Calgary Depression Scale for Schizophrenia (CDSS) from

the cariprazine-risperidone study in patients with predominant negative symptoms (PNS)

was performed. The connections between all these symptoms (PANSS and CDSS) were

investiged: node strength and network centrality were estimated and the Mohr 5-factor

model of the PANSS was applied to test the validity of its different symptoms clusters.

Results: Across 460 patients with schizophrenia and PNS, the most central symptom

(largest node strength) was depression (PANSS) followed by depression (CDSS), anxiety,

lack of judgment and insight and tension. The PANSS negative symptom cluster together

and was only poorly connected with CDSS depresson symptoms. The Mohr 5 factor

model was clearly recognized in the overall clustering of symptoms.

Conclusion: This network analysis suggests that depression and anxiety symptoms

are the most central in this PNS patient population, despite the baseline low depression

scores, and that negative symptoms are a clearly independent symptom cluster that can

be delineated from depressive symptoms.

Keywords: cariprazine, risperidone, schizophrenia, negative symptoms, Positive and Negative Syndrome Scale

(PANSS), Calgary Depression Scale for Schizophrenia (CDSS)
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INTRODUCTION

Schizophrenia is a severe mental disorder with heterogeneous
symptom constellations involving cognitive, behavioral and
emotional symptoms but with no single symptom being
pathognomonic of the disorder (1, 2). How to best address
this heterogeneity or how to best rank the importance of
individual symptoms has been cause of much debate and much
confusion in the literature, as well regarding the classification
systems as regarding the assessment tools. Moreover, many
patients with schizophrenia present with comorbid psychiatric
symptoms or disorders: an increased prevalence of anxiety,
depressive and substance use disorders has been documented
(3) and comorbidity results in higher suicidality rates (4).
Schizophrenia without psychiatric comorbidity has also been
shown to be associated with better overall mental health but
also with poorer illness and treatment insight compared to those
patients with anxious and depressive disorder comorbidity (5).
Depressive symptoms as well as full mood episodes are common
in schizophrenia but should be present for only a relatively brief
period (hence differentiating schizophrenia from schizoaffective
disorder). Depressive symptoms show a modal prevalence of
about 25% and they may occur in all phases of schizophrenia (3).

Regarding diagnostic criteria, the 5th edition of the Diagnostic

Manual of Mental Disorders (DSM-5), in an attempt to better

delineate different symptom clusters in schizophrenia, dropped

the subtyping approach and chose for a dimensional approach
suggesting a severity rating based on a quantitative assessment
of the 5 primary symptom domains of psychosis including
delusions, hallucinations, disorganized speech, abnormal
psychomotor behavior, and negative symptoms while adding
that the assessment of 3 other domains (cognition, depression
and mania symptom domains) is also vital (2). The importance
of depressive symptoms is therefore explicitly recognized. The
understanding of the relation between these different domains is
still suboptimal.

Regarding the assessment tools, the original Positive and
Negative Syndrome Scale (PANSS) comprised a positive
symptom subscore, a negative symptom subscore and a general
psychopathology subscore (the latter including items such as
guilt feelings, depression, poor attention and motor retardation
all referring to standard depressive disorders). Later, several
other dimensional models (based on factor analysis) of the
PANSS have been suggested. The 5-factor structure, which
generally includes positive, negative, cognitive/disorganization,
depression/anxiety, and excitability/hostility domains, is the basis
of most models, including the Lindenmayer, Marder, Mohr and
the latest Wallwork models. Although several factor analyses
studies have suggested that a 5-factor model captures PANSS
structure better than the original PANSS subscales, no single
model has achieved broad consensus, and the 3 original subscales
are still widely used. In a recent paper, a network analysis
illustrated the validity of the Mohr model (6).

Regarding the depressive symptoms in the PANSS, the
anhedonia symptom which is a core depressive symptom is
remarkably absent in the PANSS and therefore also in the
more recently proposed 5-factor models like in the Mohr

depression/anxiety factor of the PANSS (which has 5 items:
G1 being somatic concern; G2 being anxiety, G3 being
guilt feelings, G4 being tension and G6 being depression).
A more recently developed depression scale for patients
with schizophrenia [the Calgary Depression Rating Scale for
Schizophrenia (CDSS) (3, 7, 8)] also omits anhedonia (as
well as the psychomotor symptoms retardation/agitation) as
depressive symptom. The reason for these omissions could well
be their possible overlap with other schizophrenia symptoms:
anhedonia can be a depressive symptom or a schizophrenia
negative symptom, psychomotor retardation can be a depressive
symptom or a schizophrenia negative symptom (withdrawal),
psychomotor agitation can be a depressive symptom or a
schizophrenia excitement/hostility symptom. On the other hand,
suicidality as a depressive symptom is included in the CDSS
but absent in the PANSS (8, 9). Again, the link between
depressive symptoms and the other schizophrenia symptom
domains (especially the positive symptoms, the primary negative
symptoms, the cognitive symptoms and the depression/anxiety
symptoms) or the differentiation between depressive symptoms
and antipsychotic side effects (including dysphoria, akinesia and
akathisia) are insufficiently understood (10).

The relation between depressive symptoms and negative
symptoms is particularly intriguing. Negative symptoms (11)
such as blunted affect, alogia, anhedonia, asociality and avolition
can indeed be primary or secondary and it is widely believed
that most of the currently available treatments are more
efficacious on secondary than on primary negative symptoms
(12). Secondary negative symptoms can be the consequence
of positive symptoms (withdrawing because of persecutory
delusions, or withdrawing as a coping strategy when feeling
unable to process overwhelming external stimuli associated with
psychotic experiences), or of cognitive symptoms (avolition and
withdrawal because of impaired executive function or impaired
retrieval of information), or of antipsychotic medication (side
effects), or of environmental deprivation (social isolation and
hospitalization). The negative symptoms can also be secondary
of depression or overlapping with depressive symptoms (13). The
relation between negative symptoms and depressive symptoms is
not fully understood.

Recently, network analyses have been introduced in psychiatry
research in an attempt to better understand the relations
and interactions between the symptoms of a given psychiatric
disorder: here symptoms are seen as a network, or as a
system of entities that have connections with each other and
that can influence one another (14, 15). It allows for a new
conceptualization of mental disorders where symptoms can be
ranked according to their centrality (number and strength of
connections with the other symptoms of the disorder) and where
a visualization of the relations enables to see which symptoms are
more or less closely related.

The present paper reports on a centrality network analysis
that was performed on the PANSS and the CDSS items in
patients with “predominantly negative symptoms” (PNS) of
schizophrenia that were enrolled in a double-blind trial with
cariprazine or risperidone, where treatment with cariprazine
resulted in a greater reduction of negative symptoms that was
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statistically significant and clinically meaningful (16). The first
aim of the analysis was to better understand the interactions
between depressive symptoms and the different symptoms of
schizophrenia and to investigate whether negative symptoms and
depressive symptoms can be better delineated. The second aim
was to investigate whether the validity of the Mohr 5-factor
model (re-organizing the PANSS items) can be illustrated in a
network analysis.

MATERIALS AND METHODS

Participants
The analyses were performed on patient data (N = 460) from the
26 week randomized, double-blind trial with long-term (>2year),
stable schizophrenia and predominant negative symptoms: i.e.
patients needed to be to in a stable condition (i.e., no psychiatric
hospital admissions, acute exacerbations, or imprisonments) for
at least 6 months before screening and they were required to
suffer from predominant negative symptoms for at least 6months
with a PANSS factor score for negative symptoms of 24 or
more, and a score of 4 or more on at least two of three core
negative PANSS items (blunted affect, passive or apathetic social
withdrawal, lack of spontaneity and flow of conversation) at
screening and during a lead-in period (17). To ensure that it
were not secondary negative symptoms, patients with a PANSS
factor score for positive symptoms of more than 19 or with
a score or 4 or more on two or more positive PANSS items
(delusions, hallucinatory behavior grandiosity, suspiciousness, or
unusual thought content) were ineligible as were patients with
moderate or severe depressive symptoms (CDSS total score >

6) or patients with clinically relevant parkinsonism (investigator
judged or score > 3 on the sum of the first eight items of
the Simpson-Angus Scale) (8, 9, 17). In order to maximize the
amount of information, all patients with baseline values (even
those without post-baseline data) were included in the performed
network analyses in both groups. Since only one patient had a
CDSS suicidality item score different from 0, this one item was
not integrated in the analysis.

Statistical Analysis
The network structure was estimated for all the items (30 items
of the PANSS and 9 items of the CDSS). A network is a
representation of a system of nodes that are connected in one
way or another (14, 15). In a network analysis edges connect
the different nodes. For this study the nodes were the different
items of the PANSS and the CDDS and the edges were the partial
correlation coefficients between the different items. Therefore,
the relationship between items is represented by an edge after
controlling for all the other connections in a network. A weighed
undirected network was constructed by using the R package
qgraph, according to the guidance form Epskamp et al. (18) where
the strength of the correlation between two items was represented
by the thickness of a connecting line. Controlling for false
positive edges was done by using the least absolute shrinkage and
selection operator (lasso), which was coupled with the extended
Bayesian information criterion (EBIC) for model selection,. This
causes very small edges to be set to zero, therefore pushing

TABLE 1 | Baseline sociodemographic and clinical characteristics of the study

population (mean ± SD).

Age 40.5 ± 10.9

Duration of illness 12.5 ± 8.7

Sex, male/female (%) 57/43

PANSS-FSPS 8.7 ± 2.7

PANSS-FSNS 27.6 ± 2.5

PANSS-GPPFS 36.2 ± 5.5

CDSS 0.8 ± 1.3

PANSS-FSPS, PANSS factor score for positive symptoms; PANSS-FSNS, PANSS factor

score for negative symptoms; PANSS general psychopathology factor score; CDSS,

Calgary Depression Scale for Schizophrenia.

them out of the network estimation. Every item’s importance
in the network was investigated using three measures, namely
node strength (sum of all weighted connections), closeness (the
multiplicative inverse of the sum of the length of the shortest
paths between all other nodes and the node) and betweenness
(number of times a node lies on the shortest path between two
other nodes). The results were graphically represented with nodes
that have stronger and/or more connections between each other
being placed closer together.

Afterwards, node centrality was assessed based on node
strength. Node centrality can be used to look at the structural
importance of each node in a network (14, 15). Node strength
was chosen as it stands for the direct influence of a node on the
entire network.

Stability of the network was investigated by using the bootnet
R package, by creating random subsamples with decreasing size
from the whole population.

RESULTS

The baseline clinical and sociodemographic characteristics are
given in Table 1 and describe this patient population with
“persistent and predominantly negative symptoms.”

Figure 1 visualizes the results of the network analysis of the
individual PANSS and CDSS symptom items, while Figure 2

quantifies each of their ranking regarding node strength,
closeness and betweenness.

The five items with the largest node strength, i.e., the items
with the most frequent and the most intense connections with all
the other CDSS and PANSS symptoms, are depression (PANSS),

depressedmood (CDSS), anxiety, lack of judgment/insight and
tension. The five items with the smallest node strength are lack of
spontaneity and flow of conversation, motor retardation, blunted
affect, difficulty abstract thinking and early wakening. The 5
negative symptoms according to the Mohr model all have a very
low node strength: blunted affect (N1) comes in the 36th position.

The original PANSS negative symptoms cluster closely
together (except N5 –difficulty in abstract thinking) and all are
poorly connected with other items and therefore have all a small
node strength (ranking: N1 in 36th position, N2 in 25th position,
N3 in 23rd position, N4 in 32nd position, N5 in 37th position and
N6 in 31st position.
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FIGURE 1 | Network of PANSS symptoms and CDSS symptoms in patients with persistent and predominant negative symptoms (red, positive symptoms; blue,

negative symptoms; pale green, general symptoms; dark green, CDSS symptoms).
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FIGURE 2 | Network of PANSS symptoms and CDSS symptoms in patients with persistent and predominant negative symptoms (colors illustrating the Mohr 5-factor

model of the PANSS; orange, positive symptom factor; yellow, hostility factor; blue, negative symptom factor; pink, cognitive symptom factor; pale green mood factor;

dark green, CDSS symptoms).

Figure 2 illustrates that the on factor analysis based Mohr 5
factor model of the PANSS is easily recognizable which is a kind
of indirect validation.

Node strength is overall low for the Mohr negative factor

(N1 being blunted affect; N2 being emotional withdrawal;
N3 being poor rapport; N4 being passive/apathetic social
withdrawal; N6 being lack of spontaneity and flow of
conversation; G7 being motor retardation; G16 being
active social withdrawal), with G16 having the highest
strength in this group (but still only in the 16th position on
the ranking).

The Mohr hostility/excitement symptoms of the PANSS
overall have an intermediate node strength (G8 being
uncooperativeness; G14 being poor impulse control; P4
being excitement; P7 being hostility), G14 having the highest
strength in this group.

Of the Mohr positive symptoms, P1 (delusions), P6
(suspiciousness/persecution) and G9 (unusual thought
content) have a larger centrality than P3 (hallucinations)
and P5 (grandiosity).

Regarding the Mohr cognitive factor (N5 being difficulty
in abstract thinking; N7 being stereotyped thinking; G5 being
mannerisms and posturing; G10 being disorientation; G11 being
poor attention; G 12 being lack of judgment and insight; G 13
being disturbance of volition; G15 being preoccupation and P2
being conceptual disorganization), N5 and N7 show the lowest
node strength.

Four (G2, G3, G4, G6) out of five items (G1 being somatic
concern; G2 being anxiety; G3 being guilt feelings; G4 being
tension; G6 being depression) of the Mohr mood factor show
high node strength, with G6 showing the highest overall
node strength.
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DISCUSSION

An important finding of this network analysis is that four of
the five items with the highest node strength were anxiety and
depressive symptoms, which suggests that these had the most
and the strongest connection with all the other symptoms. This is
remarkable since this analysis was performed in a population of
patients with schizophrenia with low baseline depression scores.
This finding suggests that clinicians should probably, at least in
a population with predominant negative symptoms, pay more
attention to these symptoms and not only focus on the more
socially disturbing positive symptoms and the more functionally
impairing negative symptoms. It is hence understandable that the
World Federation of Societies of Biological Psychiatry considers
a “regular assessment of depressive symptoms” as mandatory for
Good Clinical Practice (10). Depression indeed influences overall

quality of life and life satisfaction. Moreover, subjective recovery

in patients with schizophrenia is to a larger extend predicted
by negative (depressive and anxious) emotion, self-esteem and
hopelessness than by PANSS symptoms or by functioning (19).
Depression is also related to suicidality: the lifetime risk of suicide
and suicide attempt is patients with schizophrenia are 5 and 25–
50%, respectively. A meta-analysis showed that amongst other
variables depressive symptoms are higher in patients with suicide
ideation, and that history of depression and depressive symptoms
are associated with suicide attempts and that hopelessness is
associated with suicide (20).

When looking at the negative symptoms, all except one (N5
difficulty in abstract thinking) cluster together and are poorly
connected with other symptoms (apart from N7 stereotyped
thinking and G15 preoccupation, which can be all be considered
as cognitive symptoms). In a population with predominantly
negative symptoms, the negative symptoms appear to be well
distinguishable from depressive symptoms.

This partially contradicts previously published data suggesting
that depressive and negative symptoms considerably overlap
and that it is hence difficult to differentiate between both (21).
The association between negative symptoms and depressive
symptoms has not been sufficiently investigated and results are
inconsistent (22). It should be remembered that in patients with
schizophrenia negative symptoms can be primary or secondary
and while in our selected population the negative symptoms are
primary (6). This problem of differentiation between negative
symptoms and depressive symptoms was already suggested in
DSM-IV where it was stated that negative symptoms are difficult
to evaluate and that a more phenomenological understanding
can be helpful: depressive symptoms are considered to be
associated with intense painful affect while negative symptoms
are associated with diminution of affect and emptiness (23).
Other studies suggested that low mood, suicidal ideation and
pessimism have more specificity for depression while alogia and
blunted affect may have more specificity as negative symptoms
and while anhedonia, anergia and avolition may be common
to both (24). Along the same lines, it has also been suggested
that blunted affect (in the sense of inappropriate affect is
a symptom of schizophrenia while decreased sponteaneous
movements are regarded as unspecific and more relevant to

the assessment of depression (11). As it has been suggested
that anticipatory anhedonia is present in depression while
consummatory anhedonia is present as well in depression as
in schizophrenia (11). Another approach to differentiate is
comparing depressive symptoms in depression with depressive
symptoms in schizophrenia: it has been suggested that sleep
disturbances and guilty ideas of reference are more typical for
depression in patients with schizophrenia (25). The presently
investigated patient population (stabilized with predominant
negative symptoms, and without depression) makes it probably
easier to differentiate between negative symptoms and depressive
symptoms: one could assume that in other populations,
the differentiation between primary negative symptoms and
secondary negative symptoms (e.g., secondary to depression)
could be more difficult and that a network analysis could
well show a different constellation in a population with acute
exacerbation of schizophrenia.

Another key question is of course whether the assessment
of depressive and negative symptoms with the CDSS and
with the PANSS depression/anxiety subscale are satisfactory.
Anhedonia/lack of positive affect is a core depressive symptom
and a core negative symptom despite being completely absent
in the CDSS and in the PANSS. Indeed, anhedonia is indeed
probably the most specific depressive symptom, i.e., best
differentiating between depression and other psychopathological
states (including amongst others somatic complaints, anxiety,
paranoia, schizophrenia, borderline features, etc. . . . .) (26).
In a medically ill population, anhedonia was also shown to
be the best screening symptom for depression, better than
depressed mood or than fatigue (27). Anhedonia is also one
of the five key constructs in negative symptoms (together with
blunted affect, alogia, avolition and asociality) (13). The fact
that anhedonia is absent in the CDSS and in the PANSS could
well be because the authors found it difficult to disentangle
the anhedonia as a depressive symptom and the anhedonia
as a negative symptom. Addington indeed wrote that the
“CDSS was meant to have only a single dimension with
less sensitivity to overlap with other schizophrenia symptom
dimensions” (8). Anhedonia indeed is a complex phenomenon
including anticipatory and consummatory as well as sensory
and social aspects. While in depression all aspects of the
hedonic tone are impaired, the situation is more complex
in schizophrenia where two anhedonia paradoxes have been
described (28). The first is that schizophrenia patients seem
to have a normal consummatory hedonic tone (liking, taking
pleasure) while having an impaired anticipatory hedonic tone
(wanting, seeking for, looking for); the second is that in
contrast to patients with schizophrenia where the consummatory
hedonic tone is normal, patients with prodromal phases or
with schizotypy have an impaired hedonic tone (28). Since
anhedonia is a core depressive symptom as well as a core
negative symptom and since anhedonia seems to be intimately
linked to suicidality, the complexity of the phenomenon
should of course not result in deleting anhedonia from
the assessment tools that are used in schizophrenia. It is
therefore welcomed that newer scales like The Brief Negative
Symptom Scale (BNSS) or the Clinical Assessment Interview

Frontiers in Psychiatry | www.frontiersin.org 6 April 2022 | Volume 13 | Article 795866

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Demyttenaere et al. Depression and Schizophrenia Symptoms

for Negative symptoms (CAINS) do assess anhedonia and
pleasure (29, 30).

Another important finding is that the network analysis,
including both the PANSS and the CDSS items, clearly
confirms the Mohr 5-factor model of the PANSS: the
negative symptom factor, the hostility/excitement factor,
the positive symptom factor, the cognitive factor and
the mood factor are visually easily recognizable (7). This
confirms a recently published study where this structure
was also easily recognizable in both an acute patient
population and in a population with predominant negative
symptoms (6).

In conclusion, the present network analysis suggests that
depressive symptoms (assessed with the CDSS or with the
anxiety-depression subscale of the PANSS) and anxious
symptoms (assessed with the anxiety-depression subscale of the
PANSS) are the most central symptoms and that they are only
poorly associated with negative symptoms in this population
and hence are well distinguishable. Moreover, our network
analysis shows clusters of symptoms that clearly support the
Mohr 5 factor model. In the investigated population of stabilized
patients with predominant negative symptoms depression (both
assessed with CDSS and PANSS), anxiety, lack of judgment
and insight and tension are the most central symptoms,
suggesting that these symptoms should clinically well be taken
into account.
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