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Objective: This study used network analyses to examine network structures reflecting interactions between specific do-
mains of social functioning in schizophrenia (SZ) and bipolar disorder (BD).

Methods: We used the World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) to assess six
domains of social functioning (‘cognition’, ‘mobility’, ‘self-care’, ‘getting along’, ‘life activities’, and ‘participation’) in
143 patients with SZ, 81 patients with BD, and 106 healthy subjects. We constructed regularized partial correlation
networks, estimated network centrality and edge strength, tested network stability, and compared SZ and BD network
structures.

Results: Patients with SZ showed a significantly higher level of functional disability than patients with BD. In the net-
works we constructed, ‘cognition’ was the most central domain of social functioning in both SZ and BD. The ‘cognition’
domain was primarily associated with the ‘getting along’ domain in the SZ network and the ‘life activities’ domain
in the BD network. We found no significant group-level differences in network structures for SZ vs. BD.
Conclusion: Our results suggest that cognition may play a pivotal role in social functioning in both SZ and BD. In
addition, domains of social functioning in SZ and BD have similar network structures despite the higher level of dis-
ability in SZ compared to BD.
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INTRODUCTION

Impairment of social functioning is a common feature
of severe mental illnesses and is the leading contributor to
disease burden in patients and their families [1,2].
Schizophrenia (SZ) is characterized by functional deficits,
including lack of self-care, social isolation, and an inabil-
ity to work [3,4]. These deficits are typically present from
the early stages of the illness, and become more pro-
nounced with repeated relapses [5]. Patients with bipolar
disorder (BD) have historically been thought to retain a
standard level of function between episodes and to have
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better outcomes than SZ patients. However, recent stud-
ies have suggested a significant degree of social dysfunc-
tion in patients with BD, even during periods of clinical
remission [6,7].

Social functioning is a complex concept, consisting of
the capacity to work, study, live independently, and en-
gage in recreational activities and interpersonal relation-
ships [8]. Thus, impairment of social functioning could be
defined as the inability of an individual to fill their social
roles (e.g., worker, homemaker, student, family member,
or friend). A person with mental illnesses experiences
functional difficulties at the physical, personal, or societal
level in one or more domains [9]. Individual domains of
social functioning may interact with each other to collec-
tively determine the patient’s overall level of function.
Impairment in one domain may lead to functional deterio-
ration in other domains. By contrast, relatively healthy
function in one domain can compensate for challenges in
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other domains. Therefore, it is necessary to obtain a com-
prehensive picture of a patient’s functional disabilities to
develop targeted clinical interventions to improve their
social functioning.

Little is known about the relationships between in-
dividual domains of social functioning in patients with SZ
and BD, although several factors have been associated
with poor functional outcomes (e.g., neurocognitive im-
pairment, persistent negative symptoms, subsyndromal
mood symptoms, and side effects of pharmacological
treatment). Therefore, this study used network analysis to
explore patterns of connectivity between individual do-
mains of social functioning in patients with SZ and BD.
We assessed individual domains of social functioning us-
ing the World Health Organization Disability Assessment
Schedule 2.0 (WHODAS 2.0) [10] in patients with SZ and
BD. Network analysis is a powerful methodological ap-
proach that can be used to estimate complex patterns of
interconnected variables and obtain visual depictions of
system-level relationships [11]. This approach has the po-
tential to show how individual domains of social func-
tioning influence each other and which domains play a
pivotal role in the functioning of patients with SZ and BD.
We also compared estimated network structures and
overall level of social functioning in SZ and BD by identi-
fying qualitative and quantitative differences in patients’
social functioning.

METHODS

Subjects

We recruited subjects for the present study via offline
advertisements at the National Center for Mental Health
between July 2017 and August 2019. Inclusion criteria for
patients were as follows: 1) aged 20 —50 years; 2) meeting
all diagnostic criteria for SZ or BD type | or Il, as defined in
the Diagnostic and Statistical Manual of Mental Disorders
IV (DSM-1IV); 3) having a duration of illness greater than
one year; and 4) appearing clinically stable, defined as no
exacerbation of psychotic symptoms and no change in
general clinical state and medication in the three months
preceding the assessment. Patients with other psychiatric
disorders, neurological diseases, or physical conditions
that would affect social functioning were excluded. To
determine the level of functional disability in patients with
SZ and BD compared to healthy people, we also recruited

healthy subjects in the same age range with no history of
psychiatric disorders. As in our patient sample, we ex-
cluded people with other psychiatric disorders, neuro-
logical diseases, or physical conditions that would affect
social functioning. In total, 330 subjects (143 patients
with SZ, 81 patients with BD, and 106 healthy people)
were found to be eligible for the present study.

This study was initiated after receiving the approval of
the Institutional Review Board of the National Center for
Mental Health (IRB approval no. 116271-2017-26).
Written informed consent was obtained from all subjects.

Measurements

Mini-International Neuropsychiatric Interview

All subjects were interviewed by psychologists using
the Korean version of the Mini-International Neuropsy-
chiatric Interview (MINI). The MINI is a structured diag-
nostic interviewing tool based on the DSM-IV and the
International Classification of Diseases 10th Revision [12].

WHO Disability Assessment Schedule 2.0

We assessed the patients” social functioning using a
Korean translation of the 36-item interviewer-administered
version of WHODAS 2.0. The WHODAS 2.0 is a multi-
dimensional instrument designed to assess functioning in
life and community activities over six sub-domains:
‘cognition’, ‘mobility’, ‘self-care’, ‘getting along’, ‘life ac-
tivities’, and ‘participation’ [10,13]. The WHODAS 2.0
has high internal consistency, high test-retest reliability,
and good concurrent validity compared to other recog-
nized disability measurement instruments. Respondents
were asked to respond to each of 36 items based on their
recollection of the previous 30 days, using a five-point
Likert scale ranging from one (no disability) to five
(extreme disability or unable to do). The WHODAS 2.0
provides simple and complex options for computing sum-
mary scores. In this study, we employed the complex op-
tion by converting the sum of all six domain scores into a
score ranging from 0 to 100, with a higher score indicat-
ing greater disability.

18-item Brief Psychiatric Rating Scale

An experienced psychiatrist evaluated the overall se-
verity of patients’ psychopathology using the 18-item
Brief Psychiatric Rating Scale (BPRS-18) [14]. The BPRS-18
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consists of 18 items that are scored on a seven-point Likert
scale, with higher scores indicating more severe psycho-
pathological symptoms.

Network Analyses

Network construction

We assumed a network consisting of the six sub-do-
mains of the WHODAS 2.0, with individual domains of
social functioning represented as nodes (D1 to D6) and
associations between them represented as edges. For the
edges, we calculated partial correlations between two no-
des after controlling for all other relations in the network.
We estimated the network using the Gaussian graphical
model (GGM) [15], in which undirected edges indicate
conditional dependence relations between nodes. To lim-
it the number of spurious correlations, we applied the
graphical least absolute shrinkage and selection operator
(LASSO) to the GGM [16]. This statistical regularization
technique shrinks edges and sets small edges to zero,
leading to a sparse network structure that balances parsi-
mony with explanatory power. We carried out this proc-
ess using the R package ‘qgraph’, which automatically im-
plements graphical LASSO regularization in combination
with Extended Bayesian Information Criterion (EBIC) model
selection [17]. We set the value of the hyperparameter vy,
which denotes the strength of the EBIC’s preference for
sparser models, to 0.5 [18]. This reflects a balance be-
tween a spurious network (y = 0) and a more parsimo-
nious network (y = 1). The nodes were positioned using
the Fruchterman—Reingold algorithm [19]. This algo-
rithm calculates the optimal layout for placing nodes with
strong connections close to each other while placing those
with weaker and fewer connections farther apart. The
thickness of the edges represents the strength of the asso-
ciation, with thicker lines representing stronger associations.

In addition, we used the R package ‘igraph’ to calculate
macroscopic properties of the SZ and BD networks and
obtain information about the overall connectedness of the
network. The average shortest path length is an important
measure of a network’s overall connectedness [20]. The
diameter of a network corresponds to the longest shortest
path length [21], and the density of a network is the actual
number of edges as a proportion of the total possible num-
ber of edges [20]. Finally, the average clustering coeffi-
cient, which indicates the extent to which nodes tend to

cluster together, is an average of the local clustering co-
efficients and the ratio between triangles connected to the
vertex and triples centered on the vertex [22]. A network
with a higher density, a higher average clustering co-
efficient, and a lower average shortest path length can be
regarded as tightly interconnected [23].

Centrality estimation

Centrality indices provide insight into the relative im-
portance of a node in the context of the other nodes in the
network [24,25]. To identify which domains of social
functioning measured by the WHODAS 2.0 were most
central to the network, we used the R package ‘qgraph’ to
assess three centrality indices for each node within the
network: strength, closeness, and betweenness. Node
strength indicates the strength of a node’s direct con-
nections to other nodes, and is calculated as the sum of
the weighted number and strength of all connections of a
specific node relative to all other nodes [26]. Node close-
ness represents the average distance from a node to all
other nodes in the network, with high closeness indicating
a short average distance between a given node and the re-
maining nodes in the network [25]. Node betweenness
measures the number of times that a node lies on the
shortest path between two other nodes, and provides in-
formation on how important a node is in the average path-
way between another pair of nodes [27]. In addition, we
tested for significant differences between nodes in central-
ity indices using the bootstrapped difference tests.

Network stability and accuracy

We examined the stability and accuracy of the network
using the R package ‘bootnet’. The stability of the central-
ity indices was examined using the case-dropping subset
bootstrap (2,500 iterations), which determines how many
samples can be removed from the network before the re-
sults become unstable [28]. This measure is quantified by
the correlation stability (CS) coefficient. The CS coeffi-
cient represents the maximum proportion of cases that
can be dropped while retaining a correlation of 0.7 be-
tween original centrality indices and centrality based on
subset [28]. It is suggested that the CS coefficient be at
least 0.25, and preferably above 0.5 [29]. To assess the
accuracy of the edge weights, we drew 2,500 boot-
strapped confidence intervals (Cls) of the edge weights.
Smaller Cls indicate more accurate estimates of the edge
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weights. A Cl that crosses zero indicates that the edge
weight on which the Cl is based is not significantly differ-
ent from other edge weights. We confirmed significant
differences between edge weights using the bootstrapped
difference test.

Network comparison

We compared SZ and BD networks of social function-
ing using the R package ‘NetworkComparisonTest’, a per-
mutation-based hypothesis test in which the difference
between networks of two groups is calculated repeatedly
for randomly regrouped individuals [30]. We performed
2,500 iterations to assess the difference between the two
networks through comparisons of network structure,
global strength, and edge invariance.

RESULTS

Sample Characteristics

Table 1 summarizes the demographic and clinical
characteristics of the study sample. There were no sig-
nificant difference in sex for the SZ, BD, and healthy sub-
jects groups. However, healthy subjects were significantly
older and better educated than patients with SZ and BD.
Duration of illness and treatment doses of antipsychotic
drugs were significantly higher in the SZ group than in the
BD group. Patients with SZ showed significantly higher
total scores on the BPRS-18 than patients with BD. Total
scores on the WHODAS 2.0 were significantly higher for

Table 1. Demographic and clinical characteristics

patients with SZ vs. patients with BD and healthy subjects,
and significantly higher for patients with BD vs. healthy
subjects. In particular, even after controlling for duration
of illness and doses of antipsychotic drugs as covariates,
the difference in total scores on the WHODAS 2.0 between
the SZ and BD groups was still significant (B= —6.83, B =
—0.34, p < 0.001). In addition, the BD group included
67 patients with BD type | (82.72%) and 14 patients with
BD type Il (17.28%). Fifty patients with BD (61.73%) had
a history of psychotic features.

Network of Social Functioning Domains

The SZ and BD networks of the six domains of social
functioning are presented in Figure 1. All nodes within the
networks were positively connected. The SZ network had
an average shortest path length of 1.33, a diameter of
0.52, a density of 0.67, and an average clustering co-
efficient of 0.81. Similarly, the BD network had an aver-
age shortest path length of 1.53, a diameter of 0.71, a den-
sity of 0.53, and an average clustering coefficient of 0.70.

Figure 2 depicts the standardized centrality indices of
the networks. The centrality indices indicated that node
D1 (‘cognition’) was the most central domain of social
functioning in both the SZ network and the BD network.
All nodes other than node D1 showed relatively lower
centrality indices in the SZ network. In the BD network,
node D5 ('life activities’) showed node strength and close-
ness comparable to node D1. In the SZ network, the boot-
strap significance test revealed that node D1 differed sig-

Healthy control

Schizophrenia

Bipolar disorder

Variables (n = 106) (n = 143) (n = 81) Statistics®
Age (yr) 31.38£8.92 36.69 + 8.24 34.57 +8.93 F=11.55, p < 0.001
Sex (male/female) 45/61 76/67 39/42 x> =279, p=0.248
Education (yr) 14.54 + 2.50 12.55 +2.56 13.96 = 1.89 F=22.68, p < 0.001
Duration of illness (yr) - 15.56 = 8.04 13.19 £ 8.02 t=213,p=0.034
Medication
Antipsychotics - 143 71 ¥ =18.48, p < 0.001
Chlorpromazine equivalent dose (mg) - 813.80 + 501.14 344.49 + 316.64 t=7.61,p <0.001
Mood stabilizers - 44 62 x> =43.46, p < 0.001
Valproate/lithium/lamotrigine - 31/16/2 39/26/9 -
Antidepressants - 31 16 x’=0.12, p=0.734
BPRS-18 total score - 38.13£9.19 28.17 £7.80 t=8.21, p < 0.001
WHODAS 2.0 total score 0.80 = 1.30 19.94 +9.55 11.03 £ 7.01 F=214.12, p < 0.001

Values are presented as mean =+ standard deviation or number only.

BPRS-18, 18-item Brief Psychiatric Rating Scale; WHODAS 2.0, World Health Organization Disability Assessment Schedule 2.0; -, not available.

*ANOVA, chi-square test, or independent ¢ test.
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A Schizophrenia B Bipolar disorder

D3

Fig. 1. Regularized partial correlation networks of the six domains of the WHODAS 2.0. Green edges denote positive correlations. The thickness
of the edges represents the magnitude of the correlation.

D1, cognition; D2, mobility; D3, self-care; D4, getting along; D5, life activities; D6, participation; WHODAS 2.0, World Health Organization
Disability Assessment Schedule 2.0.

A Schizophrenia B Bipolar disorder
Strength Closeness Betweenness Strength Closeness Betweenness
D6 D6
D5+ D5+
D41 D4
D3 D3
D2+ D2+
D1 D1
-1 0 1 -1 0 1 2 0 1 -1.0-05 0.0 05 10 -10-0.5 0.0 05 1.0 0 1

Fig. 2. Centrality indices of the six domains of the WHODAS 2.0. Centrality indices are shown as standardized z-scores.
D1, cognition; D2, mobility; D3, self-care; D4, getting along; D5, life activities; D6, participation; WHODAS 2.0, World Health Organization
Disability Assessment Schedule 2.0.

nificantly from D2 (‘mobility’) in node strength and close- and D3 (‘cognition’ and ‘self-care’, 0.31). The Cls for
ness and from D4 (‘getting along’) in node strength in the these edges did not contain zero. Bootstrap significance
SZ network. There were no significant differences in cen- tests confirmed that the edge between D1 and D4 had a
trality measures for the nodes in the BD network. significantly stronger edge weight than the edge between
Figure 3 shows the stability of centrality indices. The re- D4 and D6 (‘getting along’ and ‘participation’). In the BD
sults of the case-dropping subset bootstrap revealed low network, the strongest edge was between nodes D1 and
CS coefficients (below 0.25) for all centrality indices in D5 (‘cognition” and ‘life activities’, 0.28), followed by the
both the SZ and BD networks, suggesting that the results edge between D1 and D2 (‘cognition’ and ‘mobility’,
should be interpreted with caution. 0.26). However, the Cls for these edges contained zero.
Figure 4 presents the accuracy of the edge weights with The comparison of the SZ and BD networks showed no
95% Cls. The strongest edge in the SZ network was found significant difference in network structure (test statistic =
between nodes D1 and D4 (‘cognition’ and ‘getting 0.25, p=0.925) or global strength (test statistic = 0.56, p=

along’, 0.37), followed by the edge between nodes D1 0.218). Since there was no significant difference in net-
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Fig. 4. Accuracy of edge weights with 95% confidence intervals.
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D1, cognition; D2, mobility; D3, self-care; D4, getting along; D5, life activities; D6, participation.

work structure, we did not perform further testing of spe-
cific edge invariances.

DISCUSSION

The present study constructed network structures for SZ
and BD based on the six domains of social functioning
measured by the WHODAS 2.0. Networks were created
using regularized partial correlation and estimates of the
central indices of nodes and the strength of edges within
the networks. The results showed that ‘cognition” was the
core domain of social functioning. In both SZ and BD,

‘cognition” was the domain that was most often directly or
indirectly connected with other domains. We found no
significant differences in the network structures of func-
tional domains in SZ and BD, although total scores on the
WHODAS 2.0 showed that patients with SZ had more se-
vere functional disability than patients with BD. To our
knowledge, this is the first study to describe relationships
between specific domains of social functioning in SZ and
BD using the network approach.

In both the SZ and BD networks, we found that
‘cognition” was the sub-domain of the WHODAS 2.0 with
the highest centrality indices, including node strength,
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closeness, and betweenness. In terms of edge strength,
this domain had a significant association with the ‘getting
along’ domain in the SZ network. The ‘cognition” domain
of the WHODAS 2.0 does not directly represent neuro-
cognitive functions (e.g., attention, memory), but consists
of items asking about understanding and communicating
in everyday life [10,13]. These items are closely linked to
neurocognitive functions. Cognitive impairment is a sub-
stantial clinical problem among patients with BD and pa-
tients with SZ, although it is more severe among patients
with SZ [31]. Cognitive deficits may cause difficulties in
acquiring and deploying social skills and life skills, and
consequently impede functional recovery in patients with
SZ and BD. Our findings are compatible with previous re-
search showing that neurocognitive functions are asso-
ciated with functional outcomes in both SZ and BD
[32,33]. The present study suggests that cognitive impair-
ment should be considered a potential target in the treat-
ment of functional disabilities in patients with SZ and BD,
and that cognitive rehabilitation could be an effective in-
tervention in these patients.

In this study, comparisons of total scores on the
WHODAS 2.0 showed that patients with SZ and BD all
had significant impairment in social functioning com-
pared to healthy subjects, and that patients with SZ expe-
rienced more severe disability than patients with BD.
However, network analysis revealed that networks based
on functional domains were similar for SZ and BD. As
stated above, ‘cognition” was the salient domain of social
functioning in both the SZ and BD networks. Moreover, a
direct comparison of network structures did not reveal
any significant differences between the two disorders. In
other words, the relationships between domains of social
functioning were similar for SZ and BD. These findings
suggest a common process leading to functional impair-
ment in SZ and BD, although patients with SZ have more
pronounced impairment of social functioning than pa-
tients with BD.

In this study, we sought to understand social function-
ing in patients with SZ and BD as a system of inter-
connected domains using the network approach. From a
network perspective, human behaviors and outcomes can
be conceptualized as emergent phenomena from a sys-
tem of reciprocal interactions of relevant variables [29].
Network analysis is a promising method for examining the
complex patterns of these relationships and generating

graphical representations that conventional statistical
methods cannot provide. Network analysis is applied in-
creasingly often in the fields of psychopathology, person-
ality, and health psychology [34-37]. This study demon-
strates that network analysis may offer novel insights into
social functioning in patients with SZ and BD.

The present study has some methodological limitations.
First, the study subjects were heterogeneous in their dem-
ographic and clinical characteristics, which might have
influenced their functional status. Patients with SZ and BD
showed a wide range in the duration of illness and type of
medication. In addition, we included patients with all
types of BD, regardless of whether they were type I, type
I1, or had a history of psychosis. Second, the network anal-
ysis in this study did not account for functional deterio-
ration over time in patients with SZ and BD; we assessed
social functioning only at the cross-sectional level. Third,
we could not generate a network of social functioning for
healthy subjects because their domain scores on the
WHODAS 2.0 were too low to be correlated with each
other. Fourth, bootstrapping tests for stability and accu-
racy indicated that the network structures modeled in this
study should be interpreted with caution. The CS co-
efficients were lower than recommended and numerous
Cls for edge weight contained zero, suggesting that the
stability of the central indices and the accuracy of edge
strengths might be unreliable [29]. Therefore, the results
of the present study should be considered preliminary
findings. In psychology networks, centrality indices tend
to reach the threshold for reliable estimation in large sam-
ples [38]. Therefore, further studies with larger sample
sizes are needed.

Despite these limitations, the present study shows that
cognition plays a key role in social functioning in both SZ
and BD. This suggests that cognitive rehabilitation should
be considered as a method for improving functional out-
comes and reducing disability in patients with SZ and BD.
In addition, we found that the social functioning domains
in SZ and BD share similar network structures. We could
hypothesize that common mechanisms contribute to
functional impairment in the two disorders. Future studies
of the network of social functioning and its relationship to
psychopathology and clinical outcomes are warranted.
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