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Objective: To assess the interplay among psychopathological symptoms and 
real-life functioning, and to further detect their influence with violent behavior 
in patient with schizophrenia.

Methods: A sample of 1,664 patients with post-violence assessments and their 
propensity score–matched controls without violence from a disease registration 
report system of community mental health service in Guangdong, China, 
were studied by network analysis. Ising-Model was used to estimate networks 
of psychopathological symptoms and real-life functioning. Then, we  tested 
whether network properties indicated the patterns of interaction were different 
between cases and controls, and calculated centrality indices of each node to 
identify the central nodes. Sensitivity analysis was conducted to examine the 
difference of interaction patterns between pre-violence and post-violence 
assessments in violence cases.

Results: Some nodes in the same domain were highly positive interrelations, 
while psychopathological symptoms were negatively related to real-life 
functioning in all networks. Many symptom-symptom connections and 
symptom-functioning connections were disconnected after the violence. The 
network density decreased from 23.53% to 12.42% without statistical significance 
(p =  0.338). The network structure, the global network strength, and the global 
clustering coefficient decreased significantly after the violence (p  <  0.001, 
p =  0.019, and p =  0.045, respectively). Real-life functioning had a higher node 
strength. The strength of sleeping, lack of spontaneity and flow of conversation, 
and preoccupation were decreased in post-violence network of patients.

Conclusion: The decreasing connectivity may indicate an increased risk of 
violence and early warning for detecting violence. Interventions and improving 
health state based on nodes with high strength might prevent violence in 
schizophrenia patients.
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1 Introduction

While most patients with schizophrenia are never violent, they 
were found to have higher risk for violence compared with the general 
population (1–4). A systematic review of 20 studies reported a higher 
risk of violence in schizophrenia patients compared with the general 
population, with an odds ratio (OR) of 4.0 in man, and 7.9 in woman 
(1). Violence can result in not only public safety issue and increasing 
public health burden, but also negative impact on patients’ health. 
Over 75% of family caregivers experienced physical violence from 
their relative with schizophrenia, and schizophrenia patients with 
violence had longer hospital stay than those without violence (5, 6).

In order to prevent the violence and deliver mental health care for 
schizophrenia patients, the Chinese government has developed mental 
health surveillance and integrated mental health into the national 
primary public health care (7–9). It is along the same lines as the key 
recommendation of World Health Organization’s Comprehensive 
Mental Health Action Plan 2013–2030 that provide services in 
community-based settings (10). Specifically, patients with severe 
mental illness (schizophrenia, schizoaffective disorder, bipolar 
disorder, delusional disorder, psychotic disorder due to epilepsy, and 
intellectual disability) are diagnosed by psychiatrists and provided 
follow-up services by trained service providers in community health 
centers. The follow-up mainly includes violent behavior, 
psychopathological symptoms, real-life functioning, medication, and 
physical diseases. The risk assessment of violence for patients is based 
on violent behavior in the last follow-up period (11–13). In other 
words, patients with high risk of violence are identified based on the 
history of violent behavior.

To improve the development of risk assessment tools and to 
identify patients with high risk of violence earlier, it is essential to 
investigate the risk factors of violence. Among many risk factors that 
have been identified, a consistent finding is that the relationship 
between violence and schizophrenia is primarily caused by 
psychopathological symptoms (1, 14). A meta-analysis of 110 studies 
reported that violence was more likely to occur in patients with higher 
total Positive And Negative Symptom Scale scores (PANSS, OR = 1.5), 
and the psychopathological symptoms was more strongly associated 
with violence risk (OR = 2.8) in inpatients (14). Moreover, cognitive 
impairment is one of the core features in people with schizophrenia, 
and may be  associated with violence risk (15–17). However, 
psychopathological symptoms were insufficient to predict the violent 
behavior due to its complexity. On the other hand, real-life functioning 
also plays an important role in violence risk (18–20). For instance, 
schizophrenia patients with a history of violence had shorter working 
hours, poorer learning skills and less satisfactory sleep quality than 
those without violence (20–23). Their disability in real-life functioning 
resulted in difficulties managing interpersonal conflicts and thus 
increased the risk of violence (18, 24, 25).

Epidemiological evidence for the influence of psychopathological 
symptoms and real-life functioning on violence have been identified 

by analyzing the relationship between violent behavior and risk 
factors. However, the psychopathological symptoms and real-life 
functioning interact with each other, and their relationship is complex. 
For instance, schizophrenia patients are often classified into subgroups 
with predominantly positive or negative symptoms, and negative and 
positive symptoms are tightly related to each other (26–29). Symptoms 
were related to functioning, but the negative symptoms were more 
strongly associated with lower functional levels than positive 
symptoms (24, 30, 31). To date, yet the complex interplay between 
psychopathological symptoms and real-life functioning still remains 
unclear. As a result, to what extent such interplay could influence 
violent behavior is unknown, thus slowing down the development of 
risk assessment tools (32, 33).

In the recent years, network analysis becomes an effective method 
to investigate complex interactions between multiple variables (32, 
34–36). It provides insights into the interplay among different 
variables by including them as nodes in the same network and 
connecting to each other by edges that represent their relationships. 
For example, some researchers conducted a network analysis to 
examine the interactions among suicide risk factors, which was 
beneficial to understand the complexity of suicidal behavior (37–39). 
Other studies applied network analysis to interpret the relationships 
between psychopathological symptoms and real-life functioning in 
schizophrenia patients, and negative correlations between specific 
psychopathological symptoms and real-life functioning were found 
after accounting for the complex interaction between all nodes (i.e., 
psychopathological variables, social cognition, social functioning) in 
the network (40–43). Galderisi et al. found high interconnection in 
real-life functioning, but less interconnected pattern in 
psychopathological symptoms in the network included 
psychopathology, personal resources, context-related factors and real-
life functioning in schizophrenia (42).

Moreover, the network analysis provides the network properties 
(e.g., network structure and global strength) to estimate the overall 
patterns of relationship among variables. It allows us to investigate the 
influence of the patterns of relationship by comparing them between 
groups. Several studies found network properties was associated to 
some important clinical outcomes (i.e., stronger global strength 
contributed to maintain symptoms’ activation and disorder persistence) 
(42, 44–46). In addition, the node centrality, a crucial network 
characteristic to measure the importance of each node within the 
network, could suggest potential valuable targets for the prediction and 
prevention. For example, Gijzen et al. found loneliness and sadness were 
the most central variables in the depression symptoms network with a 
relatively high central index strength and expected influence (47). Hu 
et al. reported that the motivation and pleasure could be served as the 
potential intervention targets to improve social functioning in 
schizophrenia patients because of its high strength centrality among 
negative symptoms, social functioning and other psychopathology (43).

In light of the advantages in terms of interpreting relationships 
among a large number of variables, network analysis might 
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be consequently employed to address the complex interplay between 
psychopathological symptoms and real-life functioning, and thus to 
provide new insights of their influence on violence under real-world 
setting. However, yet few studies have been focused on this aspect, to 
the best of our knowledge. Here, we  aimed to examine the 
interdependency patterns among risk factors, and to further detect 
their connection and influence with violent behavior. Additionally, the 
target risk factors to provide intervention evidence were also 
identified. Based on earlier studies (40–42, 47, 48), we hypothesized 
that there is a weaker interconnected network after violent behavior, 
with real-life functioning play a more crucial role rather than 
psychopathological symptoms in the network.

2 Methods

2.1 Participants

Data for this network analysis were drawn from Guangdong 
Mental Health Center Network Medical System (GDMHS), a disease 
registration report system of community mental health service in 
Guangdong, China. This system was established to report the 
epidemiological characteristics and follow-up health records of six 
categories of severe mental illnesses defined by the National Health 
Commission of the People’s Republic of China, including 
schizophrenia, schizoaffective disorder, bipolar disorder, delusional 
disorder, psychotic disorder due to epilepsy, and intellectual disability 
(9, 11). Primarily, the system engaged patients who were referred from 
health institutes or screened quarterly by local Community Health 
Service Centers as required by the government’s health laws and 
regulations (7). Further confirmation of diagnosis for patients with 
severe mental illnesses was conducted by psychiatrists. Then, public 
health services were provided to patients by the regular follow-ups by 
the community health care staff (7, 49). Patients were followed at least 
once every 3 months. In each follow-up, the community health care 
staff should evaluate patients’ disease condition (e.g., violent behaviors, 
self-harm, psychopathological symptoms, real-life functioning, 
adverse drug reactions, serious physiological diseases). In addition, 
they were responsible for providing medication prescriptions and 
guidance on treatment and rehabilitation.

We included schizophrenia patients with the International 
Classification of Diseases, Tenth Revision code F20* in 
GDMHS. Patients with at least one physical violence against others 
during the period from January 1, 2019, to December 31, 2020 were 
identified as violence cases. Another inclusion criterion in violence 
cases was at least six-month follow-up before their first follow-up 
assessment after the first violent behavior. Patients without any 
record of violence between January 1, 2019, and December 31, 2020, 
were identified as controls. General exclusion criteria were: (1) 
present or history of severe neurological diseases (e.g., 
neurodegenerative diseases, cerebrovascular diseases, neurological 
tumors, neurological infectious diseases); (2) with 
psychopathological comorbidities, including intellectual disability, 
major depressive disorder, and bipolar disorder; and (3) presence or 
history of alcohol or substance abuse.

The research ethics committee of the Guangdong Mental Health 
Center in China approved the study (authorization 
No.GDMHR2019201H) on 13th Oct. 2019.

2.2 Assessment

Psychopathological symptoms and real-life functioning were 
evaluated following Instructions on the Assessment of Psychopathological 
Symptoms and Real-life Functioning in Patients with Severe Mental 
Illnesses published by the Chinese Center for Disease Control and 
Prevention (see Supplementary Table S1). The PANSS, Modified Overt 
Aggression Scale (MOAS), and Specific Level of Functioning Scale 
(SLOF) were referenced in the development of instructions. 
Psychopathological symptoms include eleven binary-coded (Present 
symptom =1, Absent/Questionable pathology =0) symptoms: 
hallucinatory behavior, suspiciousness and persecution, excitement, 
lack of spontaneity and flow of conversation, passive apathetic social 
withdrawal, mannerisms and posturing, depression, wandering, 
preoccupation, affective lability, aggression. Real-life functioning were 
also binary data (Totally self-sufficient = 1, Needs help or totally 
dependent = 0) and includes seven items: sleeping, eating, personal 
care skills, household management, work skills, study skills, 
interpersonal relationships. Community public health service workers 
or family doctors in community health clinics were responsible for the 
assessment based on the instructions after appropriate training.

2.3 Statistical analysis

Propensity score matching was completed based on age, sex, year 
of services delivered, and history of violence against self or others to 
select 2 controls per violent case. We used data collected from violence 
cases at the first follow-up assessment after their first violence, and 
randomly selected one follow-up assessment from controls.

Demographics, clinical characteristics, symptoms, and 
functioning were described using means and standard deviations (SD) 
for continuous variables and as frequencies and percentages for 
categorical variables. Two-sample t-test and Chi-square test were used 
to examine differences in clinical characteristics, symptoms and 
functioning between violence cases and controls, respectively. A phi 
coefficient was calculated to measure the strength of association 
between each pairwise combination of psychopathological symptoms 
and real-life functioning.

Psychopathological symptoms and real-life functioning were 
included as nodes in network analysis. We used the Ising-Model to 
estimate the networks for cases and controls, separately (50). The 
network represents the correlations between all pairs of nodes after 
controlling the influence of all the variables. To control spurious 
correlations, we used Least Absolute Shrinkage and Selector Operator 
(LASSO) regularization with the Extended Bayesian Information 
Criterion (EBIC) model selection. A hyperparameter γ is used to 
control the sparsity of the network in EBIC. Lower γ values lead to 
models with more edges and higher sensitivity. We  set the 
hyperparameter γ of EBIC to 0.5 (51, 52). To explore the influence of 
the hyperparameter γ to the networks, we computed the EBIC based 
on γ from 0 to 0.5 with 0.1-intervals, and the result show that the 
higher hyperparameter γ indicated fewer edges but varying γ changed 
the results slightly (see Supplementary Figure S1 and 
Supplementary Table S2).

In this study, we focused on five network properties (53) and three 
centrality indices (54, 55). Details regarding them are summarized in 
Table  1. Differences in network properties were assessed using 
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resampling-based permutation testing (with 1,000 permutations) (56). 
For each centrality indices, z-transformation was performed to 
facilitate comparisons. A Higher value indicates the higher centrality 
of a node. In addition, we assessed the stability of the centrality indices 
by the case-dropping bootstrap method (with 1,000 samples). The 
correlation stability coefficient (CS-coefficient) was used to evaluate 
the stability of centrality estimates. The CS-coefficient indicates the 
maximum percentage of samples that can be dropped to preserve 95% 
probability a correlation of at least 0.7 between original centrality 
indices and subsamples’ centrality indices. Epskamp et.al 
recommended the CS-coefficient should not be lower than 0.25, and 
preferably above 0.5 (57).

All statistical analyses were conducted using R version 4.1.0. 
Networks were created and visualized using the R-package bootnet 
and qgraph (57, 58). The R-package bootnet and qgraph were also 
used to estimate centrality indices and assess network stability (56, 
59).The R-package NetworkComparisonTest and NetworkToolbox 
were used to test the difference in network properties among 
networks (56, 59).

To provide additional insights into the understanding of the 
pattern of the complex interplay among variables, network analysis 
was performed in pre-violence and post-violence assessments in case 
group. We used data collected from violence cases at the first follow-up 
assessment after their first violence (T), three-month (T-3), and 
six-month(T-6) follow-up assessments before their first violence to 
compare differences in network properties and centrality indices 
before (3 and 6 months before: T-3 and T-6) and after (T) the violence.

3 Results

There were 342,806 schizophrenia patients with at least one 
follow-up in the study period (January 1, 2019 to December 31, 2020), 
and 4,860 of them had at least one violent behavior record. A total of 
1,667 patients had at least a six-month follow-up before their first 
follow-up assessment after the first violence. Propensity score 
matching with 1:2 ratio resulted in 1664 violence cases and 3,327 
controls in the present study.

3.1 Sample characteristics

Violence cases were predominantly observed in males (67.1%), 
with a mean age of 43.8 years (SD = 13.4). In violence cases, the mean 
onset age was 27.8 years (SD = 12.0), and the mean duration of illness 
was 16.1 years (SD = 10.5). Among two groups, 61.4% had history of 
violence against self and others. Both groups were well balanced in 
clinical characteristics. Incidences of psychopathological symptoms in 
violence cases were significantly higher than controls, except for the 
incidence of passive apathetic social withdrawal. Similarly, all real-life 
functioning significantly deteriorated in violence cases compared with 
that in controls. The demographic and clinical characteristics, and 
network variables were shown in Table 2.

The phi coefficient between each pairwise combination of 
psychopathological symptoms and real-life functioning in each group 
was positive. However, the correlation between psychopathological 
symptoms and the correlation between psychopathological symptoms 
and real-life functioning were very low (i.e., phi coefficient < 0.3). 
Relatively high positive relationship (e.g., phi coefficient > 0.5) were 
found between real-life functioning. The correlation matrices are 
shown in Supplementary Figure S2.

3.2 Network estimation

Figure 1 shows the networks in two groups. Visual inspection 
showed several similarities between two networks. For example, there 
were highly positive interrelations between real-life functioning, and 
some positive connections between psychopathological symptoms 
(i.e., hallucinatory behavior with suspiciousness and persecution, 
affective lability with aggression). In addition, some negative 
connections between psychopathological symptoms and real-life 
functioning were also identified. On the other hand, there were also 
pronounced differences between the control network and the post-
violence network. Psychopathological symptoms were less 
interconnected after violence compared to the control network. More 
specifically, a large number of links between psychopathological 
symptoms and real-life functioning (i.e., personal care skills with 

TABLE 1  Summary of the network properties and centrality indices.

Measure Metrics Definition Practical meaning

Network 

properties

Network structure Distribution of edge weights How the level of connectivity of each node is distributed 

in the network

Global network strength The weighted sum of the absolute connections Level of connectivity of the network

Network density The fraction of edges presents over all possible edges To what extent nodes in the network are interconnected

Global clustering coefficient, CC The ratio of the number of closed triplets to the 

number of paths of length two in network

To what extent nodes in the network tend to cluster 

together

Global average shortest path 

length, ASPL

Average length along the shortest weighted path 

lengths for all possible pairs of network nodes

Level of information efficiency in the network

Centrality indices Strength The weighted sum of the absolute connections of one 

node to all other nodes

Level of connectivity of a node in the network

Closeness The inverse of the weighted sum of shortest path 

lengths from one node to all other nodes

Level of speed of a node connected to other nodes

Betweenness The frequency of one node lies on all the shortest path 

length between other nodes

Degree to which the node acts as a bridge between 

other nodes

https://doi.org/10.3389/fpsyt.2023.1324911
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Chen et al.� 10.3389/fpsyt.2023.1324911

Frontiers in Psychiatry 05 frontiersin.org

mannerisms and posturing, household management with affective 
lability) disappeared while some negative connections (Aggression 
with depression, aggression with personal care skills) emerged in the 
post-network. Adjacency matrixes (including value of edge weights of 
adjacent nodes) of networks can be found in Supplementary Table S3.

3.3 Network properties

Table 3 shows network properties and comparisons between two 
groups. The network structure was a significant difference between the 
violence cases and controls (p < 0.001), which means the differences 
in the distribution of edge weights were significant. The global 
network strength and the global clustering coefficient significantly 
decreased in the violence cases (p = 0.019 and p = 0.045, respectively). 
The network density and the global average shortest path length 
decreased in the violence cases, but not significantly.

3.4 Network centrality

In terms of centrality measures, we  only compared strength 
between two groups because of their reliable estimations. The 

CS-coefficients for strength were 0.75 in violence cases and controls, 
while the CS-coefficients for betweenness and closeness were below 
0.05 in both groups. The results of the stability analysis of centrality 
indices are shown in Table 4, and other similar results for different γ 
values are shown in Supplementary Table S4. Figure  2 shows the 
centrality measures in two groups. Nodes belonging to real-life 
functioning had higher strengths in most cases. Sleeping and 
household management had a lower strength in violence cases. 
Concerning psychopathological symptoms, excitement, lack of 
spontaneity and flow of conversation, wandering and preoccupation 
had lower strength in the post-violence network.

3.5 Sensitivity analysis

In the sensitivity analysis, 1,667 violence cases with pre-violence 
and post-violence follow-up assessments were included. The results of 
the network comparison between pre-violence and post-violence were 
very similar to those reported above. However, differences in the 
network structure were not statistically significant while network 
density were significantly decreased after violence. For more detailed 
information on the sensitivity analysis, see Supplementary Tables S5–S8 
and Supplementary Figures S3, S4.

TABLE 2  Demographic and clinical characteristics, and network variables in violence cases and controls.

Characteristics Violence cases (N =  1,664) Propensity score-matched 
controls (N =  3,327)

p

Sex

 � Male, n (%) 1,116 (67.1) 2,232 (67.1) –

 � Female, n (%) 548 (32.9) 1,095 (32.9) –

Age (years), mean ± SD 43.8 ± 13.4 43.2 ± 13.4 –

Age at onset (years), mean ± SD 27.8 ± 12.0 27.9 ± 12.3 0.711

Duration of illness (years), mean ± SD 16.1 ± 10.5 15.8 ± 10.6 0.346

History of violence against self and others, n (%) 1,022 (61.4) 2044 (61.4) –

Hallucinatory behavior, n (%) 354 (21.3) 85 (2.6) <0.001

Suspiciousness and persecution, n (%) 347 (20.9) 141 (4.2) <0.001

Excitement, n (%) 215 (12.9) 108 (3.2) <0.001

Lack of spontaneity and flow of conversation, n (%) 396 (23.8) 308 (9.3) <0.001

Passive apathetic social withdrawal, n (%) 211 (12.7) 356 (10.7) 0.042

Mannerisms and posturing, n (%) 665 (40.0) 317 (9.5) <0.001

Depression, n (%) 31 (1.9) 12 (0.4) <0.001

Wandering, n (%) 161 (9.7) 46 (1.4) <0.001

Preoccupation, n (%) 260 (15.6) 169 (5.1) <0.001

Affective lability, n (%) 681 (40.9) 155 (4.7) <0.001

Aggression, n (%) 825 (49.6) 19 (0.6) <0.001

Sleeping, n (%) 170 (10.2) 1795 (54.0) <0.001

Eating, n (%) 335 (20.1) 1917 (57.6) <0.001

Personal care skills, n (%) 183 (11.0) 1,450 (43.6) <0.001

Household management, n (%) 83 (5.0) 1,098 (33.0) <0.001

Work skills, n (%) 35 (2.1) 722 (21.7) <0.001

Study skills, n (%) 49 (2.9) 636 (19.1) <0.001

Interpersonal relationships, n (%) 27 (1.6) 661 (19.9) <0.001

Sex, age, and history of violence against self and others were used to perform propensity score matching.
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4 Discussion

Our study examined the pattern of relationships between 
psychopathological symptoms and real-life functioning in patients 
with schizophrenia using real-world data, suggesting that post-
violence network was weaker connected than the PS controls. Real-life 
functioning played a critical role in influencing global network 
strengths, and some symptoms or functioning featured to decrease in 
strength in the post-violence network.

Several connections presented unanimously in violence cases and 
their PS controls. Positive interconnections of some symptoms, 
especially those in the same domain (i.e., hallucinatory behavior with 

suspiciousness and persecution, affective lability with aggression), 
were stable regardless of the period of violence and the occurrence of 
violent behavior. It suggested these symptoms had reliable patterns of 
co-activation. For instance, aggression was likely to occur when 
affective lability was occurred, while others were not. These results 
were consistent with the previous studies, in which the symptoms in 
the same domain were more related with each other (60). Realizing 
the co-activation of symptoms may improve the efficacy of assessment 
provided by community health care staff. They can pay more attention 
on the occurrence of these co-activation symptoms during the 
assessment, thereby reducing recall bias. Similarly, real-life functioning 
was likely to have a strong positive relationship between each other, 

FIGURE 1

Networks of Psychopathological symptoms and real-life functioning. Solid edges indicate positive relationships, and dashed edges are negative 
relationships. The thickness of an edge represents the magnitude of the relationship. PS, propensity score–matched.

TABLE 3  Network properties and comparisons in violence cases and propensity score–matched controls.

Network properties Violence cases Propensity score–
matched controls

Propensity score–matched controls 
vs violence cases

Test statistic p

Network structure NA NA 2.151 <0.001

Global network strength 25.665 42.234 16.568 0.019

Network density 12.42% 23.53% 11.11% 0.338

CC 0.294 0.539 0.245 0.045

ASPL 1.561 2.111 0.550 0.016

NA, not applicable; CC, global clustering coefficient, ASPL, global average shortest path length.
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suggesting they can influence each other to a greater degree. From a 
network perspective, the tightly connected real-life functioning 
features implied another opportunity, namely improving one or some 
functioning may contribute to functional recovery comprehensively. 
In addition, psychopathological symptoms were negatively related to 
real-life functioning, being consistent with previous network analysis 
studies (41–43, 61). Our findings of the pattern of interaction in 
psychopathological symptoms as well as in real-life functioning were 
consistent with the network theory of mental disorders, in which 
heterogeneous nature of psychopathology and causal interactions are 
present (33, 62).

We found that the network was less interconnected after violence. 
The number of symptom-symptom connections was decreased after 
violence. Some functioning- symptom connections (i.e., personal care 
skills with mannerisms and posturing, household management with 
affective lability) were vanished in the network of schizophrenia 
patients after violence. We may hypothesize that the disappearance of 
these connections indicates the deteriorated real-life functioning as 
well as psychopathological symptoms. A similar finding was also 
reported in the study by Galderisi S et  al., who found that the 
emergence of direct connections between cognition variables and real-
life functioning domains in subjects with schizophrenia reflected the 

slight improvements observed in social cognition and neurocognition 
variables (42). Moreover, the frequency increase was larger in positive 
and aggressive symptoms compared with other symptoms, which may 
make relatively weak connections disappear but maintain the 
interactions that are strong enough (14, 33, 62). Those disappearance 
of connections reflected the complex dynamics of the interplay of risk 
factors. However, verifying these hypotheses is out the scope of in this 
study, and further exploration will be carried out in the future study.

The sparser network and weaker connections between 
psychopathological symptoms and real-life functioning after the 
violence contributed to the significant decline of some network 
properties, suggesting decreased network connectivity and increased 
violence risk. The global network strengths decreased significantly 
after violent behavior. Although significant differences were not 
always found in network structures and network density, we can see 
the descending trend after violence. Weaker global network strengths 
in the post-violence network suggests that less connectivity of 
interplay among risk factors increased the risk for violence. In other 
words, our finding indicates that a weaker connected pattern of 
psychopathological symptoms and real-life functioning may predict a 
higher risk of violence. Then, we could develop risk measurement 
tools to predict violence using this network property (63, 64). 

TABLE 4  The correlation stability coefficients for centrality indices.

Group Strength Betweenness Closeness

Violence cases 0.750 0 0

Propensity score–matched 

controls

0.750 0.050 0

FIGURE 2

The standardized centrality measures of networks. Closeness is missing because some nodes are isolate in post-violence network. PS, propensity 
score–matched.
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Moreover, network interventions, changing the network strengths, 
maybe another way to prevent violence in schizophrenia patients (33, 
35, 65, 66). For example, community rehabilitation for improving real-
life functioning and timely intervention (i.e., modification of 
treatment regimens, a referral to a psychiatric hospital, strengthened 
follow-up) of deteriorated symptoms may decrease the risk of violence 
in patients with schizophrenia (7, 67).

We found that the variables of real-life functioning showed high 
values of strength centrality, indicating important roles in network. 
Moreover, the decrease of strengths for some nodes (i.e., sleeping, lack 
of spontaneity and flow of conversation, preoccupation) may result in 
weaker global network strengths and higher risk of violence. The stage 
of these nodes might have relatively great impact on network properties 
and thus occurrence of violence. The assessment of these nodes needs 
more concern by community health care staff during the follow-up 
period. Furthermore, changing the stage of these variables may prevent 
the decline of global network strengths, as well as the risk of violence. 
Therefore, these nodes may be a potential intervention target to decrease 
the risk of violence in schizophrenia patients. Since concentration 
networks in our study were weakly connected (i.e., having some 
unconnected variable) and had multiple shortest paths connecting real-
life functioning and psychopathological symptoms, closeness and 
betweenness centrality indices cannot provide more evidence about 
node importance. However, the previous studies suggested that strength 
was the most suitable parameter in psychological networks and had the 
highest prediction value (35, 68–70).

This study holds significant clinical implications for the treatment and 
management of patients with schizophrenia. Firstly, clinicians can 
leverage the decreased connection between psychopathological symptoms 
and functioning to identify patients at a higher risk of violence. Our 
finding suggested that a reduction in connectivity may indicate an 
increased likelihood of violent behavior. For example, the negative 
relationships between psychopathological symptoms and functioning 
were diminished. Secondly, our study highlighted the importance of real-
life functioning within the network, aligning with recovery-oriented 
approaches to schizophrenia (41, 71). This emphasizes achieving a 
meaningful life for patients beyond symptom management. In other 
words, treatments beyond antipsychotic drugs are essential to decrease 
the risk of violence. Finally, the identification of central symptoms, 
including sleeping, lack of spontaneity and flow of conversation, and 
preoccupation, as potential intervention targets can enhance efficiency in 
routine clinical practice, especially in resource-constrained settings.

Strengths of this study are the relatively large sample size to ensure 
a stable network estimation (57). We  included both the real-life 
functioning and psychopathological symptoms under the real-world 
setting to explain the complexity of violent behavior via 
network analysis.

However, there are some limitations in this study. First, we used 
self-developed questionnaire instead of scales to measure 
psychopathological symptoms and real-life functioning in this study. 
It is infeasible to implement scales in the present study because there 
are lack of workforce and training for raters in community health 
clinics. To reduce measure bias and improve the feasibility in the real-
world setting, the self-developed questionnaire with simple instruction 
and direction were used. Future research should implement scales to 
replicate the network structure. Second, we did not include insight 
and cognitive impairment to our network because there is lack of 
suitable assessment tool and trained mental health care staff in 

community setting. We included psychopathological symptoms and 
real-life functioning, which can be predicted by insight or cognitive 
impairment and be easier to evaluate and intervene (72, 73). In future 
studies, feasible measurements of insight and cognitive impairment 
should be considered to enhance our understanding of the occurrence 
of violence. Finally, our between-subjects design may preclude the 
representability of our present network properties to individuals. 
Longitudinal studies (i.e., experience sampling) are required to 
examine how the change in the complex interplay between 
psychopathological symptoms and real-life functioning would 
influence violent behavior at the level of the individual patient.

In conclusion, our study advances our knowledge on complex 
interplay among psychopathological symptoms and real-life 
functioning, and their influence on violent behavior in patient with 
schizophrenia under the real-world setting. Many connections were 
stable while some were disconnected after violence. Both the number 
and strengths of the connections decreased after violence, which results 
in significant decrease in network connectivity (i.e., network structure, 
global network strength). Further, real-life functioning had relatively 
high strength centrality, and strengths for some variables (i.e., sleeping, 
lack of spontaneity and flow of conversation, preoccupation) decreased 
after violence. The changes in network connectivity and centrality 
indices indicated a promising line of the development of risk assessment 
tools. Further, our findings highlighted the potential of real-life 
functioning, mannerisms and posturing, and affective lability as the 
intervention target for preventing violence.
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