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Network analysis was used to examine how densely in-
terconnected individual negative symptom domains are,
whether some domains are more central than others, and
whether sex influenced network structure. Participants
included outpatients with schizophrenia (SZ; n = 201), a
bipolar disorder (BD; » = 46) clinical comparison group,
and healthy controls (CN; n = 27) who were rated on the
Brief Negative Symptom Scale. The mutual information
measure was used to construct negative symptom networks.
Groups were compared on macroscopic network properties
to evaluate overall network connectedness, and microscopic
properties to determine which domains were most central.
Macroscopic analyses indicated that patients with SZ had
a less densely connected negative symptom network than
BD or CN groups, and that males with SZ had less densely
connected networks than females. Microscopic analyses
indicated that alogia and avolition were most central in
the SZ group, whereas anhedonia was most central in BD
and CN groups. In addition, blunted affect, alogia, and
asociality were most central in females with SZ, and alogia
and avolition were most central in males with SZ. These
findings suggest that negative symptoms may be highly
treatment resistant in SZ because they are not very densely
connected. Less densely connected networks may make
treatments less likely to achieve global reductions in nega-
tive symptoms because individual domains function in iso-
lation with little interaction. Sex differences in centralities
suggest that the search for pathophysiological mechanisms
and targeted treatment development should be focused on
different sets of symptoms in males and females.
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sis/schizophrenia/bipolar disorder

Introduction

In his seminal conceptualization of “dementia praecox”,
Kraepelin' described individuals with psychotic disorders
as demonstrating: “a weakening of those emotional ac-
tivities which permanently form the mainsprings of voli-
tion ...”. He ascribed considerable importance to the role
of avolition in contributing to the characteristic decline
in functional outcome that occurs in schizophrenia (SZ).
Bleuler? proposed a similarly central role for avolition in
SZ, observing that “Indifference seems to be the external
sign of their state .... The will ... disturbed in a number
of ways, but above all by the breakdown of the emotions
... The patients appear lazy and negligent because they no
longer have the urge to do anything either of their own ini-
tiative or at the bidding of another.” More modern concep-
tualizations also propose that avolition is t/e key symptom
that leads to the emergence of all other negative symptoms.®
For example, reductions in the quantity of speech (alogia),
outward expression of emotion (blunted affect), seeking
out pleasurable activities (anhedonia), and engaging in so-
cial interactions (asociality) may all stem from reductions
in motivation that prevent the initiation of these behaviors.
The capacity to perform each of these behaviors may be
spared in SZ; however, the level of motivation needed to in-
itiate them may not cross the threshold necessary for behav-
ioral initiation. Although conceptualizations of negative
symptoms postulating a central role of avolition are intui-
tively appealing, they have never been formally tested using
sophisticated mathematical approaches capable of address-
ing the question empirically. Determining whether one in-
dividual negative symptom domain (eg, avolition) is most
central and drives global increases in the other domains
has critical treatment implications. If this notion is correct,
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regardless of which symptom is most central, it would sug-
gest that the search for pathophysiological mechanisms and
targeted treatment development should be focused on that
most central symptom, with the expectation of improve-
ment in the entire constellation of negative symptoms if it
is effectively treated.

In this study, we used network analysis to evaluate
which of the 5 domains (anhedonia, avolition, asociality,
alogia, and blunted affect) identified in the 2005 NIMH
Consensus Conference on Negative Symptoms* were most
central to the negative symptom construct. Network anal-
ysis is a mathematical approach from the field of complex
systems science that evaluates interconnections among
variables and how they influence each other.’ Recently,
there has been increasing interest in taking a network
approach to evaluating psychiatric symptoms.® The un-
derlying theory behind this approach is that psychiatric
disorders arise from the interactions among symptoms in
a network.” Disorders are thought to result from a spread-
ing activation within the symptom network, whereby the
emergence of one symptom increases the probability that
an interconnected set of symptoms also arises. Symptom
networks can be characterized in terms of their den-
sity.® Highly dense networks are more interconnected.
Once active, dense networks tend to coactivate, forming
tightly coupled clusters of psychopathology that main-
tain each other and become self-sustaining. Sometimes
one individual symptom is more “central” to a network
than others, having very strong interconnections with the
other symptoms in the network that cause those symp-
toms to emerge whenever the central symptom is present.
In strongly connected networks, the activation of a cen-
tral symptom may lead to the continued activation of
other symptoms, even after the factors that triggered that
symptom have disappeared.” This may be how symptoms
become chronic, forming self-sustaining feedback loops
because a central symptom is driving a global increase in
psychopathology. There is debate as to whether more or
less densely connected symptom networks are more re-
sponsive to treatment, with evidence for both outcomes
in the literature.”!° One possibility is that densely con-
nected networks are difficult to treat because symptoms
are tightly coupled. In this instance, a treatment must
effectively target the most central symptom and lead to
a spreading effect on the global symptom network that
yields improvement across other domains to be effective.
Alternatively, less dense networks may be very difficult to
treat because symptoms have little interaction with one
another. In this instance, even if a central symptom is
successfully impacted, the lack of interconnection among
symptoms makes it difficult for spreading effects to occur
because symptoms function as their own islands of pa-
thology with little interaction.

Taking a network approach to evaluating negative symp-
toms offers a novel means of addressing questions about
density and centrality. We adopted a standard approach of
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evaluating symptom networks by calculating macroscopic
and microscopic network properties. Macroscopic proper-
ties (eg, network density, average clustering coefficient, and
average shortest path length) provide information about
the overall connectedness of the network as a whole (see
table 2 for descriptions). Networks with a higher density,
average clustering coefficient, and lower average shortest
path length are tightly connected (ie, symptoms are highly
interdependent). In contrast, microscopic properties (eg,
degree centrality and betweenness centrality) provide in-
formation about which individual symptoms are most in-
fluential and interconnected with other symptoms in the
network. Networks were evaluated using a cross-sectional
dataset of outpatients with SZ and a clinical comparison
group consisting of euthymic outpatients with bipolar
disorder (BD) who display negative symptoms of clinical
significance that are comparable to SZ in some domains.!!
We also compared these groups to a sample of healthy
controls (CN) who do not show severe levels of negative
symptoms, but do show some variability in negative symp-
toms across participants, even in the absence of psychiatric
diagnosis.!"'? All participants were rated on a common
measure, the Brief Negative Symptom Scale (BNSS),!>14
which was designed to assess the 5 domains identified
in the 2005 NIMH Consensus Conference according to
modern conceptualizations. The following specific aims
and hypotheses were evaluated:

(1) To determine whether patients with SZ differ from
CN and BD on global network connectivity by evaluating
multiple macroscopic properties. We hypothesized that SZ
patients’ global negative symptom networks would be
less densely connected than CN and BD, as indicated by
lower scores on measures of network density, modular-
ity, and average clustering coefficient, as well as higher
average shortest path length. This hypothesis was based
on evidence indicating that negative symptoms are highly
resistant to treatment,' and that treatment resistant net-
works in psychotic disorder patients are characterized by
lower density of connections.”!®

(2) To identify negative symptom domains that are most
central within the networks of SZ, BD, and CN by evaluating
multiple microscopic network properties. In line with clinical
conceptualizations proposing a key role for motivational
deficits,' we hypothesized that avolition would be the most
central negative symptom domain in SZ and that this would
be evident across a range of microscopic measures of cen-
trality, including degree centrality, closeness centrality,
betweenness centrality, and clustering coefficient. Given
that anhedonia tends to be a prevalent symptom of mood
disorders and a trait that occurs in the general nonclinical
population with some frequency,'”'® we hypothesized that
anhedonia items would be most central in BD and CN.

(3) To evaluate sex differences in macroscopic and micro-
scopic properties in individuals with SZ. Given that men are
more likely to have greater severity of negative symptoms
and to be more resistant to treatments than women with



SZ.,"5 we also evaluated sex differences in macroscopic and
microscopic network properties within the SZ sample. We
hypothesized that males would display less densely con-
nected networks than females given that males are less re-
sponsive to treatment and less dense networks are more
treatment resistant in SZ.>'¢ Exploratory analyses were also
conducted to evaluate sex differences in centrality measures.

Methods

Participants

Participants included 201 outpatients meeting Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition" criteria for SZ or schizoaffective disorder, 46
individuals with BD in an euthymic mood state (ie, no
current manic, mixed, or depressive episode at the time
of interview and had symptoms below cutoffs on the
Young Mania* and Hamilton Depression®' scales), and
27 psychiatrically CN. Patients with SZ were recruited
from two sites: (1) the outpatient research clinics at the
Maryland Psychiatric Research Center and commu-
nity mental health clinics in the Baltimore metropolitan
area (n = 146); (2) the State University of New York at
Binghamton, including community outpatient mental
health clinics in upstate New York (n = 55). Patients with
BD were recruited from outpatient psychiatric clinics in
southern Nevada (n = 46). All patients were evaluated
during periods of clinical stability as determined by a
minimum of 4 weeks of consistent medication dose and
type. Consensus diagnosis was established via a best esti-
mate approach based on psychiatric history and subse-
quently confirmed using the Structured Clinical Interview
for DSM-IV (SCID).2> The study was approved by the
ethics committees of each institution.

CN subjects were recruited at the University of Nevada
through online/print advertisements and word of mouth
among enrolled participants. All CNs underwent a
screening interview, including the SCID-I and SCID-II*
and did not meet lifetime criteria for a psychotic disorder
or any current Axis I or II disorder. CN also had no fam-
ily history of psychosis.

The SCID was used to determine that both SZ and CN
participants did not meet DSM-IV criteria for substance
abuse or dependence over the past 6 months, and lack of
recent substance use was confirmed by urine toxicology at
the time of testing. All participants were also screened for
lifetime neurological disorders and were free from neuro-
logical conditions (eg, traumatic brain injury and epilepsy).

SZ, BD, and CN groups differed significantly in sex and
ethnicity but not in age or parental education (table 1).

Procedures

The BNSS" is a 13-item negative symptom rating scale
designed in response to recommendations from the 2005
NIMH Consensus Development Conference.* The BNSS

Negative Symptom Networks

includes 6 subscales: anhedonia, asociality, avolition,
blunted affect, alogia, and lack of normal distress. All
items are rated on a 7-point (0-6) scale, with anchors gen-
erally ranging from absent (0) to severe (6). It has demon-
strated excellent psychometric properties in the original
and translated versions, 3142427

In both studies, the BNSS" was administered as part
of larger protocols. Before the start of the study, raters at
each site were trained via an in-depth review of the BNSS
manual, workbook, and scoring procedures. Raters were
required to meet minimum reliability standards (inter-
rater agreement > 0.80) on gold-standard training videos
before conducting assessments. All raters had a bach-
elor’s degree or higher and 1 or more years of clinical
experience.

Measures

Data Analysis

Analyses were conducted using the NetworkX package
in Python. The BNSS symptom network was constructed
using the association between BNSS variables calculated
using mutual information (MI). MI is a simple method to
calculate both linear and nonlinear relationships between
variables using the following equation:

MI(X;Y)=H(Y)-H(Y | X)

H(Y)==Y.P(y)log, P(y)

yeY

H(Y|X)=Y P(x)H(Y|X =x),
xeX

where X and Y are BNSS variables, H(Y) is the entropy
of Y, H(Y|X) is the entropy of Y conditioned on X,
and P(x) and P(y)are the marginal probability distri-
butions of X and Y, respectively.

The MI values were normalized between 0 and 1 as
follows:

MI

JH(X)*H(Y)

where 0 represents no mutual information between vari-
ables and 1 represents the perfect correlation.

Details regarding macroscopic and microscopic prop-
erties are presented in supplementary materials and sum-
marized in table 2. Groups were compared on microscopic
properties using ANOVA. Inclusion of sex and ethnicity
as covariates did not alter the pattern of results.

NMI(X;Y)=

Results

Aim 1: Macroscopic Properties

Consistent with hypothesis 1, patients with SZ had lower
scores on measures of network density, and average clus-
tering coefficient, as well as higher scores on harmonic
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Table 1. Participant Demographic and Clinical Characteristics

BD (n = 46)

CN (n =27) Test statistic, P value

SZ (n=201)
Demographics

Age 41.59 (12.07)
Parent education 13.20 (2.71)
% Male (n) 72.6
Race % (n)

Caucasian 60.7

African American 31.8

American Indian 1.0
Asian 1.5
Hispanic/Latino 0.5
Mixed-race 4.5
Hawaiian/Pacific Islander 0

BNSS Item Severity Scores

1. Intensity of pleasurable activities 1.68 (1.61)
2. Frequency of pleasurable activities 2.28 (1.69)
3. Intensity of future pleasure 1.01 (1.54)
4. Lack of normal distress 0.79 (1.62)
5. Asociality behavior 2.20(1.73)
6. Asociality internal experience 1.66 (1.72)
7. Avolition behavior 2.40 (1.80)
8. Avolition internal experience 2.13(1.84)
9. Facial expression 2.28 (1.79)
10. Vocal expression 1.88 (1.93)
11. Body gestures 1.99 (1.83)
12. Quantity of speech 1.08 (1.56)
13. Spontaneous elaboration 1.26 (1.67)

38.89 (12.69)

36.67 (15.26) F(2,273) = 2.39, .09

13.52 (2.50) 13.58 (2.58) F(2,249) = 0.42, .66
37.0 48.1 y2 = 24.12, <.001
2 =41.97, <.001
78.3 48.1
6.5 25.9
0 0
2.2 3.7
6.5 7.4
6.5 7.4
0 7.4
1.15 (1.48) 0.19 (0.56) F(2,273) = 12.54, <.001
1.54 (1.72) 0.26 (0.76) F(2,273) = 20.12, <.001
0.89 (1.43) 0.19 (0.48) F(2,273) = 3.82, <.02
0.35 (0.74) 0.00 (0.00) F(2,273) = 4.84, < .01
1.65 (1.91) 0.56 (1.16) F(2,273) = 11.77, <.001
1.27 (1.50) 0.19 (0.56) F(2,272) = 10.36, <.001
1.30 (1.62) 0.19 (0.48) F(2,273) = 25.37, <.001
1.24 (1.65) 0.04 (0.19) F(2,272) = 20.40, < .001
0.89 (1.32) 0.26 (0.66) F(2,272) = 27.44, <.001
0.89 (1.37) 0.19 (0.62) F(2,273) = 14.92, <.001
0.74 (1.16) 0.19 (0.62) F(2,273) = 21.77, <.001
0.30 (0.84) 0.07 (0.27) F(2,273) = 10.52, <.001
0.30 (0.87) 0.11 (0.42) F(2,273) = 12.98, <.001

Note: Eighty-nine percent of the schizophrenia sample was prescribed an antipsychotic medication (5% first generation, 75% second
generation, 9% both, 11% stably unmedicated). BD, bipolar disorder; SZ, schizophrenia, CN, healthy controls; BNSS, Brief Negative

Symptom Scale.

mean shortest path length and modularity compared
with CN and BD groups. These results support the hy-
pothesis that negative symptom networks are less densely
connected in SZ (figure 1).

Aim 2: Microscopic Properties

Clustering coefficient (figure 2), betweenness centrality
(figure 3), and degree centrality (figure 4) were evaluated
to determine which negative symptom domains are most
central to the negative symptom networks of CN (A pan-
els), BD (B panels), and SZ (C panels) (see figure 5 for
summary). Statistical comparisons between SZ, BD, and
CN on microscopic properties are presented in table 3.
There were significant group differences in degree cen-
trality and clustering coefficient, but not on betweenness
centrality.

Clustering Coefficient. The most central items in SZ
were quantity of speech, avolition internal experience,
avolition behavior, and asociality inner experience, with
low scores for intensity of expected pleasure from future
activities and lack of normal distress. In BD, intensity of
pleasure during activities and frequency of pleasurable
activities were the most central items and lack of normal
distress and spontaneous elaboration had the lowest
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clustering coefficient values. In CN, intensity of pleasure
during activities, frequency of pleasurable activities, and
intensity of expected pleasure from future activities (an-
hedonia items) had the highest centrality values and lack
of normal distress had the lowest centrality values.

Betweenness Centrality. The most central items for SZ
were quantity of speech and spontaneous elaboration
(alogia). All other items had low centralities. In BD,
facial expression had the highest betweenness centrality
value. In CN, intensity of expected pleasure from future
activities and avolition inner experience had the highest
centrality values.

Degree Centrality. The most central item for SZ was
quantity of speech (alogia), with low centralities for lack
of normal distress and intensity of expected pleasure
from future activities (anhedonia). In BD, intensity of
pleasure during activities, frequency of pleasurable activ-
ities, and vocal expression were the most central items,
whereas lack of normal distress had the lowest degree
centrality score. In CN, intensity of expected pleasure
from future activities, frequency of pleasurable activi-
ties, and intensity of pleasurable activities, vocal expres-
sion, and expressive gestures were the most central items,



Table 2. Summary of the Network Measures for Weighted Networks

Negative Symptom Networks

Type Measure Definition Clinical meaning Equation
Macroscopic Density Average of all the To what extent symptoms 2*2 W
edge weights in the in the network are - injev ¥
network interconnected N(N -1)
Harmonic mean Average shortest path Level of information L= NN -1)
shortest path length between all efficiency in the network 2 1
length nodes LV d(i, )
Average clustering Overall clustering in To what extent symptoms z C
coefficient the network tend to cluster together Avg CC == i
N
1
_ W, )}
1 k (k 1) !lVXE‘V( “V)
Modularity Partitioning networks To what extent symptoms 1 kik;
into a collection of can be separated into 0= m Wi T 6(61’61)
modules (groups) distinct groups ey
Microscopic Degree centrality Sum of the edge Level of connectivity of a szVw,.j

Betweenness
centrality

Clustering
coefficient

weights connected to
anode

# of shortest paths
between pairs of
nodes that pass-
through node i

How well the
neighborhoods of a
node connect to each
other

symptom in the network k=
N -1

How frequently a

symptom emerges as part =

of interactions among

other symptoms

To what extent symptoms

tend to cluster together C=

8(j,u.i)
j.keV g(]! u)

Z(

u vel

k(k W )3

Note: i,j,u,v = Node (Brief Negative Symptom Scale symptom) Index; N = total number of nodes; V is the set of all nodes in the

network; Wy, Wy s

w, = weight between nodes 7 and j ,

i

iandu, i andv; d,

= 1/w, = distance between nodes i andj; k, and

k; = degrees of nodes i and j; g(j,u,i) = the number of shortest paths from node] to node u that go through node i; and g(] u)=
the total number of shortest paths from node j to node .

l CN

Bl BD

M sz

SZ Male SZ Female

Density

Avg. Clustering Coefficient

Avg. Shortest Path Length Modularity

Fig. 1. Macroscopic properties of Brief Negative Symptom Scale network in schizophrenia (SZ) males vs females.

whereas lack of normal distress had the lowest degree

centrality value.

Collectively, these findings provide modest support for
Hypothesis 2, which proposed that avolition would be the

most central variable in SZ. Rather, across microscopic
properties, alogia appears to be most central. Anhedonia
items tended to be most central in BD and CN groups, as
hypothesized.
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Fig. 2. (A) Clustering coefficient results for controls. The nodes in the network represent the Brief Negative Symptom Scale (BNSS)
symptoms; the node shades represent clustering coefficients; the edges represent connection between nodes. (B) Clustering coefficient results
for bipolar disorder. The nodes in the network represent the BNSS symptoms; the node shades represent clustering coefficients; the edges
represent connection between nodes. (C) Clustering coefficient results for schizophrenia. The nodes in the network represent the BNSS
symptoms; the node shades represent clustering coefficients; the edges represent connection between nodes. (D) Clustering coefficient results
for male patients. The nodes in the network represent the BNSS symptoms; the node shades represent clustering coefficients; the edges
represent connection between nodes. (E) Clustering coefficient results for female patients. The nodes in the network represent the BNSS
symptoms; the node shades represent clustering coefficients; the edges represent connection between nodes.

Aim 3: Sex Differences in Macroscopic and
Microscopic Properties

Macroscopic and microscopic properties were compared
in males and females with SZ to evaluate sex differences
in network structure. For macroscopic properties, females
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had lower scores in average shortest path length and mod-
ularity, as well as higher scores in density and average
clustering coefficient (figure 1). Collectively, these results
indicate that females have more dense (ie, interconnected)
negative symptom networks than males.
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For microscopic properties, there were significant sex
differences in degree centrality and clustering coefficient;
males and females with SZ did not differ on betweenness
centrality (see table 3 and figures 2-5 panels D and E). For
men, the most central items fell within the domains of:

alogia (betweenness centrality, clustering coefficient, degree
centrality). In females, the most central items were asocial-
ity inner experience and blunted facial affect. Collectively,
these results indicate differences in BNSS centralities in
women (blunted affect, asociality) and men (alogia).
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Discussion and patients with BD in global network density; (2) To
identify negative symptom domains that are most central
within the networks of SZ patients compared to BD and
CN; (3) To evaluate sex differences in macroscopic and
microscopic properties in SZ.

This study examined negative symptoms from a network
perspective by evaluating macroscopic and microscopic
network properties. The study had 3 primary aims: (1)
To determine whether patients with SZ differ from CN
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Negative Symptom Networks

Table 3. ANOVA Results for Sex Differences in Microscopic Properties

SZ vs CN SZ vs BD BD vs CN SZ male vs female
Betweenness centrality 0.54* 0.31 0.46 0.07
Clustering coefficient 0.77%* 1%* 0.38 1.0%*
Degree centrality 0.85%* 1** 0.46 1.0**
Note: Values represent K-S values.
*P <.05; ¥* P <.001
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Fig. 5. (A) Microscopic network properties of controls. (B) Microscopic network properties of bipolar disorder. (C) Microscopic
network properties of patients with schizophrenia. (D) Microscopic network properties of male patients with schizophrenia. (E)
Microscopic network properties of female patients with schizophrenia. 1 = Intensity of past week pleasure; 2 = frequency of past week
pleasure; 3 = intensity of expected future pleasure; 4 = lack of normal distress; 5 = asociality behavior; 6 = asociality inner experience;
7 = avolition behavior; 8 = avolition inner experience; 9 = blunted facial affect; 10 = blunted affect vocal expression; 11 = blunted affect
body gestures; 12 = alogia quantity of speech; 13 = alogia spontaneous elaboration.

Macroscopic properties that were analyzed indicated
that compared to CN and patients with BD, patients with
SZ had negative symptom networks that were less densely
connected. Less dense networks have been shown to be
more treatment resistant in the Clinical Antipsychotic
Trials of Intervention Effectiveness (CATIE) study
trial,>'® which is consistent with the limited progress on
effectively treating negative symptoms to date.’® From a
macroscopic level, limited treatment effects may result
from individual negative symptom domains not being

tightly coupled, allowing individual symptoms to func-
tion in isolation and become self-sustaining. Less dense
networks have little interaction among domains, making
spreading effects that are necessary for global improve-
ment within the network less tenable. To achieve an effect
on the overarching negative symptom construct in SZ,
it may be necessary to apply a series of treatments that
target mechanisms underlying each of the 5 domains,
rather than a treatment focusing on the construct as a
whole. Indeed, there is growing evidence that negative
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symptoms are not a unitary construct, but rather 5 sep-
arate domains that may have distinct pathophysiolog-
ical mechanisms.?*? Global improvements in the broad
construct may therefore not be a realistic goal given the
loosely interconnected network structure of negative
symptoms and the relative independence of the indi-
vidual domains in the construct. Clinical trials may there-
fore benefit from shifting their approach from targeting
the broad construct, to targeting one of the individual
domains specifically.

Early and modern conceptualizations of negative
symptoms>** posited that avolition may be the most
core domain of negative symptoms, such that deficits in
motivation give rise to each of the other negative symp-
toms. Although clinically intuitive, this postulation had
not previously been empirically tested. Our network
approach provided an objective and systematic compari-
son of which negative symptom domains are most cen-
tral to test competing possibilities. Although there were
slight differences across individual microscopic network
indices, the global picture indicated modest support for
avolition being most central in SZ. Specifically, avolition
was highly central in only 1/3 of the microscopic prop-
erties evaluated. This is consistent with Foussias and
Remington’s® conceptualization and may suggest that
the psychological (eg, effort-cost computation, reinforce-
ment learning) and neural (eg, corticostriatal activation
and connectivity) processes associated with avolition
are important to the global negative symptom construct
in SZ.3'3? Interestingly, alogia was an even more highly
central negative symptom, with high values on all 3
microscopic indices. Mechanisms underlying alogia are
perhaps the least understood in terms of all of the nega-
tive symptoms. Shaffer et al** found evidence for differen-
tial neural correlates of negative symptom domains, with
alogia associated with decreased activity in the bilateral
thalamus, right caudate, and left pallidum. Reduced acti-
vation of these regions, which include key parts of the
basal ganglia, may suggest that alogia stems from prob-
lems generating voluntary motor behavior. Seen from this
perspective, the high centrality for alogia in patients with
SZ that was observed in this study may result from deficits
in initiating motor behavior, which are not only core to
speech production, but also initiating other motor behav-
iors needed for seeking out goal-directed activities, social
behaviors, pleasurable activities, and outward expres-
sion of emotion. These findings are consistent with what
behavioral neuroscientists have referred to as a deficit in
“behavioral initiation.” Patients with SZ are abnormal in
that they do not initiate motor behaviors (in relation to
facial, speech, social, pleasurable, or volitional behaviors)
as often as other people. They are usually capable of all
of these, but initiate them less frequently than is normal.

In contrast, anhedonia was the domain that gener-
ally had the highest centrality in BD and CN groups.
Anhedonia is a fundamental and frequent symptom of
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mood disorders, which also occurs in the general pop-
ulation.!” It is thought to reflect a latent vulnerability
for developing a range of psychiatric disorders.'”® From
a practical standpoint, it is intuitive as to why anhe-
donia might be central in CN and BD groups: individu-
als may not perform goal-directed activities, socialize,
express emotion, or produce large quantities of speech
because they do not anticipate that these behaviors will
be rewarding or experience them to be rewarding in the
moment. Dysfunction within corticostriatal circuitry is
thought to be key to anhedonia, resulting in dysfunction
in a range of reward processing domains (eg, hedonic
response, reinforcement learning, and effort-cost com-
putation) that are critical to decision-making processes
needed to initiate pleasurable activities.**

Macroscopic and microscopic properties were also
compared in males and females with SZ. Analyses exam-
ining macroscopic properties indicated that males had
higher scores in average shortest path length and mod-
ularity, as well as lower scores in density and average
clustering coefficient. Consistent with our hypotheses,
these results suggest that females have more dense (ie,
interconnected) negative symptom networks than males.
Our hypotheses were based on evidence indicating that
less dense networks are more treatment resistant in SZ°16
and that males tend be less treatment responsive than
females.”” Highly dense networks observed in females
could explain why females are typically more treatment
responsive.

Exploratory analyses of microscopic properties also
indicated that there were significant sex differences in the
centrality of negative symptom domains in SZ. The most
central variables in females were items from blunted affect
and asociality subscales. From an evolutionary perspec-
tive, high centralities among these symptoms would be
functional. Each of these variables involves social com-
munication, which was very instrumental to the survival
of females evolutionarily. In contrast, alogia was most
central in males. Following the motor circuitry explana-
tion earlier, these findings may suggest that mechanisms
underlying behavioral initiation are key to negative symp-
tom pathology in males. From an evolutionary perspec-
tive, the ability to initiate a range of motor behaviors
would be highly adaptive to males, perhaps influencing
general levels of behavioral activation needed to promote
survival. Future studies should attempt to map neural
circuitry onto symptom networks to evaluate this hypoth-
esis in men vs women.

Certain limitations should be considered. First, only
a single negative symptom measure was evaluated. It is
unclear whether these findings generalize to other mea-
sures that evaluate negative symptom domains differ-
ently than the BNSS, or whether alternative approaches
to symptom ratings, such as Ecological Momentary
Assessment, might produce different results. Second,
our patients were in the chronic phase of illness, and it is



unclear whether these results generalize to earlier phases
of psychosis. Third, negative symptoms can result from
both primary and secondary factors.® Future studies
should attempt to categorize patients based on clinical or
mathematical approaches®37 and test whether network
structures differ between primary and secondary nega-
tive symptom patients. Finally, in his symptom network
theory, Borsboom’ proposed that there are “environ-
mental” factors that influence symptom networks. These
environmental factors are external to the symptom net-
work and can reflect aspects internal to the individual
(eg, brain function and inflammation) or those from the
environment itself (eg, early life stress) that act on the
interconnections among symptoms. We were unable to
address the influence of such environmental factors in
this study, although this is a critically important future
direction.

Despite these limitations, these findings provide valu-
able insight into negative symptoms from a network per-
spective. Like other symptom constellations,” negative
symptoms have distinct patterns of interactions that allow
them to become self-sustaining and chronic. In SZ, nega-
tive symptom networks are characterized by low density,
which may make them difficult to treat. There are also sex
differences in network density in SZ, with greater density
in females than males, which may facilitate greater treat-
ment response in females. The sexes also differ regarding
which negative symptoms are most central, potentially
suggesting grounds for differential treatment targets
in males (alogia) vs females (asociality, blunted affect).
Taking a macroscopic network approach to analyzing
treatment effects could be a promising future direction, as
existing treatments may not result in an overall net reduc-
tion in symptom severity, but could still plausibly have an
effect on network structure that is clinically meaningful
by shifting density of symptom connections. In addition,
evaluating microscopic properties at baseline to deter-
mine which domain is most central may provide a valu-
able tool for clinical trials aiming to take a personalized
medicine approach to targeting specific symptoms (eg,
cognitive-behavioral therapy).*® Centrality measures may
offer a mathematical tool for selecting among available
treatments once these exist for the individual domains
defined in the 2005 NIMH consensus conference.* Given
that the link between negative symptoms and poor func-
tional outcomes is a key reason why negative symptoms
are important treatment targets, it will be important for
future studies that take a network approach to determine
which negative symptom domains are most central to
driving poor functional outcome, as this would further
highlight their relevance as treatment targets.

Supplementary Material

Supplementary data are available at Schizophrenia
Bulletin online.
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