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ARTICLE INFO ABSTRACT

Keywords: Background: Evidence is limited for the associations between use of psychotropic medications and overactive,
SChiZOPmenia aggressive, disruptive or agitated behavior (OADA)' in clinical practice.

Agg,ressmn . Aims: To investigate the associations between risk of readmission with OADA and use of antipsychotics, anti-
:223?;:::;1 depressants, mood stabilizers and benzodiazepines in patients with schizophrenia.

Mood stabilizers Method: A consecutive total cohort diagnosed with schizophrenia (N = 663) after admission to the Haukeland
Benzodiazepines University Hospital psychiatric acute unit in Bergen, Norway, was followed from discharge over a 10-year period.

At every following readmission, the level of OADA was assessed using the first item of the Health of the Nation
Outcome Scale (HONOS). Periods of use versus non-use of antipsychotics, antidepressants, mood stabilizers and
benzodiazepines were recorded as time-dependent variables in each patient and compared using Cox multiple
regression analyses.

Results: A total of 161 (24.3 %) patients were readmitted with OADA, and the mean (SD) and median times in
years to readmission with OADA were 2.8 (2.6) and 2.1, respectively. We found that the risk of readmission with
OADA was negatively associated with use of antipsychotics (adjusted hazard ratio (AHR) = 0.33, p < 0.01, CL:
0.24-0.46) and antidepressants (AHR = 0.57, p = 0.03, CI: 0.34-0.95), positively associated with use of ben-
zodiazepines (AHR = 1.95, p < 0.01, CI: 1.31-2.90) and not significantly associated with use of mood stabilizers.
Conclusions: Use of antipsychotics and antidepressants is associated with reduced risk of readmission with OADA
whereas benzodiazepines are associated with an increased risk of readmission with OADA in patients with
schizophrenia.

1. Introduction

Overactive, aggressive, disruptive or agitated behavior (OADA) can
pose major challenges to some patients with schizophrenia, their fam-
ilies and carers. These behaviors represent obvious risks of injury, and
even death, and an odds ratio close to 20 for homicide has been found in
patients with psychosis compared to the general population (Fazel et al.,
2009). A systematic review and meta-analysis by Whiting et al. (2021)
also found that the risk of perpetrating intrapersonal violence, including
homicide, was significantly higher in patients with schizophrenia

compared to the general population. Adding to this, acts of violence in
the psychiatric population also significantly increase the stigma of
mental illness (Torrey, 2011). Perhaps less obvious is that physical
aggression has also been identified as a risk factor for sudden cardiac
death in people with schizophrenia (Hou et al., 2015) and that agitation
is associated with risk of suicide in this population (Stephens et al.,
1999; McGirr and Turecki, 2008; Pompili et al., 2009). OADA may,
accordingly, be highly pertinent as a contributor to the premature
mortality in people with severe mental illness. The etiology behind
OADA in people with schizophrenia is heterogeneous, and aggressive
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behavior might be directly linked to positive psychotic symptoms,
increased impulsivity or substance abuse (Fazel et al., 2009; Volavka
and Citrome, 2008). OADA is a common cause of hospitalization and
often requires longer inpatient treatment and more staff resources
(Volavka, 2013).

Antipsychotic medications, and clozapine in particular, remain the
treatment of choice for the management of persistent aggression in
schizophrenia (Correll et al., 2017; Serper, 2011; Frogley et al., 2012).
Although some studies have indicated that the drug adherence is slightly
better in users of clozapine compared to users of other antipsychotic
medications (Takeuchi et al., 2020; Kroken et al., 2014), non-adherence
to antipsychotic medications remain a major challenge, with non-
adherence rates of 50-75 % reported (Leucht and Heres, 2006). A
recent study by Wu et al. (Wu et al., 2018) found that non-adherence
was one of the most important risk factors associated with aggression
in schizophrenia, hence, optimized medication use and patient adher-
ence are important factors in preventing aggression and violence. On the
other hand, akathisia, which commonly accompanies antipsychotic drug
use, may contribute to agitation (Lohr et al., 2015).

Antipsychotic medicines are the only drug class specifically targeting
symptoms of psychosis in schizophrenia but, depending on the clinical
picture, antidepressants, mood stabilizers and benzodiazepines are
frequently co-prescribed to mitigate comorbid symptoms of depressed
mood and anxiety. Despite limited evidence, many of these medications,
including zolpidem and most antidepressants, contain warnings to cli-
nicians and patients about the possibility of aggressive or violent acts
[Summary of product characteristics | European Medicines Agency
(europa.eu)]. In particular, there is an ongoing debate on the relation
between risk of violence and the use of antidepressants (Bouvy and
Liem, 2012). An analysis of adverse events reported to the U.S. Food and
Drug Administration (FDA) showed that people using antidepressants
were more often involved in cases of violence (Moore et al., 2010).
However, a systematic review and meta-analysis by Sharma et al. (2016)
reported no increased aggression in adults using antidepressants, and
another review by Walsh and Dinan (2001) actually reported a negative
association between the use of antidepressants and aggression/violence.
Mood stabilizers were recommended as augmentation treatment in cases
of clozapine-resistant aggression in schizophrenia in a recent interna-
tional expert survey (Wagner et al., 2020). Despite limited evidence,
systematic reviews have suggested that anticonvulsants may be associ-
ated with reduced aggression (Huband et al., 2010; Wang et al., 2016).
However, a cross-sectional study by Fond et al. (2016) reported no
significant association. It is well known that lithium reduces impulsive-
aggressive behavior in patients with bipolar disorder (Benard et al.,
2016) but little is known about the use of lithium for aggression in pa-
tients with schizophrenia. Benzodiazepines are often used as an add-on
medication in acute situations of violent behavior and the need for ur-
gent pharmacological tranquilization. The scientific evidence behind the
use of benzodiazepines as an add-on medication is limited and of poor
quality, but so far such treatment has not been associated with any major
advantages, only the risk of adverse events when the use extends beyond
the acute situation (Zaman et al., 2018).

Taken together, OADA is a major problem in the treatment of
schizophrenia and may contribute to premature mortality. However,
evidence is limited for associations between the use of psychotropic
medications and OADA in clinical practice. Accordingly, in a consecu-
tive total cohort of all patients with schizophrenia admitted to a psy-
chiatric acute unit, the study aimed to explore how the use and non-use
of antipsychotic medications, antidepressants, mood stabilizers and
benzodiazepines might be related to increased risk of psychiatric read-
mission with OADA.

2. Material and methods

The material and methods have been partly described in two previ-
ous papers by Stromme et al. (2021, 2022), based on the same cohort.
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2.1. Sample

Participants were eligible for the study if they were admitted to the
psychiatric acute unit at Haukeland University Hospital, Bergen, Nor-
way, between 1 May 2005 and 15 June 2014 and met the ICD-10 criteria
(https://icd.who.int/browse10/2019/en) for schizophrenia
(F20.0-F20.9) (Uysal, 2019). The follow-up ended on 1 May 2015,
which is the period of available data. The hospital serves a catchment
area population of approximately 400,000 and receives 95 % of acute
psychiatric hospital admissions in the area. A total of 762 patients were
admitted over the 10-year period (Fig. 2) but 99 could not be included
because they were discharged after the end of the study period or post-
discharge data on psychotropic medication use were missing. The net
sample therefore comprised 663 patients.

2.2. Procedure

The first admission for each patient during the study period was
termed the index admission. Follow-up started at discharge of the index
admission and ended on 1 May 2015 or at the date of first psychiatric
readmission with the presence of OADA (the primary endpoint) or the
date of censoring. Missing OADA assessment at psychiatric readmissions
resulted in censoring of the patients (n = 141), as did moving out of the
hospital catchment area (n = 16), death (n = 17) or loss to follow-up for
other reasons (n = 63).

Drug prescriptions during follow-up were registered retrospectively
based on medical records, whereas all available information from pa-
tients, families, medical records and serum-level measurements (when
available) was used to evaluate drug adherence. M.F-S. and M.K. carried
out all the data extraction and any questions were continuously logged
and resolved within the research team. In cases of doubt, predefined
algorithms were used, and uncertainty regarding the use of medications
resulted in censoring of the patient. Periods of non-use of medication
lasting up to two weeks were not registered as terminations as long as
the drug was restarted thereafter. If information was missing for medi-
cation use, the patients were censored after the last day of obtained
information.

2.3. Variables

The first item of the Health of the Nation Outcome Scale (HoNOS)
(Wing et al., 1998); is a clinician-rated instrument that measures the
level of OADA on a five-point scale from ‘no problems’ to ‘severe to very
severe problems’. The scale is presented in Fig. 1. The level of OADA was
assessed for all patients at every readmission to the psychiatric acute
unit. We defined the presence of OADA as a score of 2 (mild problem) or
higher.

In individual patients, to capture periods with and without the use of
each psychotropic drug, respectively, a dichotomous time-dependent
variable was applied, separating ‘use’ from ‘non-use’. The category
‘non-use’ of psychotropic medications included both patient non-
adherence and clinician-guided drug discontinuation. We classified the
medications according to the Anatomical Therapeutic Chemical (ATC)
system and counted only antipsychotics primarily given and indicated
for psychosis: amisulpride, aripiprazole, clozapine, flupentixol, halo-
peridol, olanzapine, paliperidone, perphenazine, pimozide, quetiapine,
risperidone, sertindole, ziprasidone and zuclopenthixol. The antide-
pressants included were amitriptyline, bupropion, citalopram, clomip-
ramine, doxepin, duloxetine, escitalopram, fluoxetine, fluvoxamine,
mianserin, mirtazapine, moclobemide, nortriptyline, paroxetine, phe-
nelzine, reboxetine, sertraline, trimipramine and venlafaxine. The group
of mood stabilizers included carbamazepine, gabapentin, lamotrigine,
lithium and valproic acid. The benzodiazepines included were alprazo-
lam, diazepam, flunitrazepam, nitrazepam, oxazepam, zolpidem and
zopiclone.

The Alcohol Use Scale (AUS) and Drug Use Scale (DUS) are single-
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Level of severity
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Description

0  No problem

1 Minor problem requiring no formal action

2 Mild problem

3 Problem of moderate severity

4 Severe to very severe problem

No problems of this kind during the period rated

Irritability, quarrels, restlessness, etc., not
requiring action

Includes aggressive gestures, pushing or pestering

others, threats or verbal aggression, lesser
damage to property (e.g. broken cup or window),
marked overactivity or agitation

Physically aggressive to others or animals (short of
rating 4), threatening manner, more serious
overactivity or destruction of property

At least one serious physical attack on others or
on animals, destruction of property (e.g. fire-
setting), serious intimidation or obscene behavior

Fig. 1. Health of the Nation Outcome Scale (HoNOS); first item: overactive, aggressive, disruptive or agitated behavior (Wing et al., 1998).

Eligible patients Excluded

atients
(N=762) ’zN=99)
Final sample
(N=663)
Censored patients Patients with completed data
(N=237) (N=426)
Moved out of Died No HoNOS- Lost to
catchment area (N=17) score at follow-up

(N=16) readmission (N=63)

(N=141)

Fig. 2. Flow of patients through the study.

item clinician-rated indexes of alcohol and drug use that measure use on
a five-point scale from ‘no problems’ to ‘extremely severe problems’
(Drake et al., 1996). Referring to previous literature (Van Wormer and
B., 2009), excessive use was defined as a score of 3 or higher. If a patient
had more than one readmission before censoring or the end of the study,
we used the highest given score on the AUS and DUS in the analyses. If
values were missing, the AUS (N = 77) and DUS (N = 69) scores were set
to zero by default.

2.4. Statistics

In each patient, periods of use versus non-use of antipsychotic
medications, antidepressants, mood stabilizers and benzodiazepines
were recorded as time-dependent variables, reflecting periods on and off

Use of antipsychotic drugs

psychotropic drugs. The Cox regression model can handle time-
dependent variables and, accordingly, was used in our main statistical
analysis. We analyzed associations between the use of different classes of
psychotropic medications and the risk of readmission with OADA, which
is the primary outcome. Use and non-use were compared in a between-
individual analysis, and non-use was used as reference. Univariate and
multivariate analyses were conducted, mutually adjusted for the use of
antipsychotic medications, antidepressants, mood stabilizers and ben-
zodiazepines, as well as gender, age at index admission and excessive
use of alcohol and illicit substances. In the models, censored patients
contributed with time from inclusion until the date of censoring.
Furthermore, a multivariate sensitivity analysis was carried out, where
patients with missing AUS/DUS scores were excluded instead of having
the AUS/DUS score set to zero, and also a sensitivity analysis, where
multiple imputation was used to estimate the missing AUS/DUS scores.
Moreover, we conducted a sensitivity analysis where we distinguished
between short-term (<4 weeks) and long-term (>4 weeks) use of
benzodiazepines.

Chi-square and t-tests were conducted, comparing clinical and soci-
odemographic characteristics between the total group (n = 663) and the
group that was censored because the level of OADA was not reported at
readmission (n = 141). Corresponding analyses were also conducted
between the total group and the group with the presence of OADA (n =
161).

We used R 4.0.2 (https://www.r-project.org/) for the statistical an-
alyses and checked the Cox proportional hazard assumption by using the
cox.zph() function.

Use of antidepressants
Use of mood stabilizers
Use of benzodiazepines

[ | [
0.25 0.35

0.50

0.71 1.0 1.41 20 2.83
Adjusted hazard ratio

Fig. 3. Use of psychotropic drugs and risk of unplanned psychiatric readmission with overactive, aggressive, disruptive or agitated behavior (OADA).
The forest plot from the multivariate Cox regression analysis, displaying the adjusted hazard ratio and the corresponding 95%CI bounds. For reference: non-use of
antipsychotic medications, antidepressants, mood stabilizers and benzodiazepines = 1.
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2.5. Ethics

The study was approved by the Norwegian Directorate of Health, the
Norwegian Centre for Research Data and the Regional Committee for
Medical Research Ethics (Approval no. REK 46004), which also autho-
rized the use of patient information without informed consent.

3. Results

Clinical and sociodemographic characteristics at baseline are pre-
sented in Table 1. A total of 410 patients (61.8 %) were readmitted at
least once during the follow-up period. Of these, 161 were readmitted
with OADA, and the mean (SD) and median times in years to read-
mission with OADA were 2.8 (2.6) and 2.1, respectively. Throughout the
follow-up period, 17 (2.6 %) patients died, 16 (2.4 %) moved out of the
hospital's catchment area, 63 (9.5 %) were censored due to post-
discharge missing data on psychotropic drug use and 141 (21.3 %)
were censored because the level of OADA was not reported at
readmission.

The main results are presented in Fig. 3 and the complete results of
the Cox multivariate and univariate analyses are presented in Table 2. In
the multivariate analyses, there were statistically significant negative
associations between readmission with OADA and the use of antipsy-
chotic medications [adjusted hazard ratio (AHR) = 0.33, p < 0.01, CI =
0.24-0.46] and antidepressants (AHR = 0.57, p = 0.03, CI = 0.34-0.95),

Table 1
Characteristics of the sample at first discharge (N = 663).”
n Percentage
Gender
Male 411 62.0 %
Female 252 38.0 %
Receiving social benefits at index admission (n = 644) 564 87.6 %
Non-Norwegian ethnicity 80 12.1 %
Highest completed education (n = 587)
Primary school, 7-9 years 317 54.0 %
Secondary school, 12 years 199 339 %
University or college 71 12.1 %
Previous treatment contact
Outpatient care only 40 6.0 %
Inpatient care 591 89.1 %
No previous treatment contact 32 4.8 %
Schizophrenia diagnosis at discharge from index admission
F20.0 503 75.9 %
F20.1 49 7.4 %
F20.2 7 1.1%
F20.3 38 5.7 %
F20.4-9 66 10.0 %
Comorbid alcohol or drug problem at index admission
AUS score > 3 (n = 586) 64 10.9 %
DUS score > 3 (n = 594) 90 15.2 %
Comorbid ICD-10 diagnosis, F10.0-F19.9 94 14.2 %
Use of medications
Antipsychotics 618 93.2 %
Antidepressants 128 19.3 %
Mood stabilizers 90 13.6 %
Benzodiazepines 112 16.9 %
Mean (range) SD
Age at index admission 40.8 (16-92) 14.4

N = number; SD = standard deviation; AUS = Alcohol Use Scale; DUS = Drug
Use Scale.

ICD-10 diagnoses: F20.0 = paranoid schizophrenia; F20.1 = hebephrenic
schizophrenia; F20.2 = catatonic schizophrenia; F20.3 = undifferentiated
schizophrenia; F20.4-9 = post-schizophrenic depression, residual schizo-
phrenia, simple schizophrenia, other schizophrenia and unspecified schizo-
phrenia; F10.0-F19.9 = mental and behavioral disorders due to psychoactive
substance abuse.

# Where values are missing, the total n is presented in parentheses.
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Table 2
Risk of unplanned psychiatric readmission with overactive, aggressive, disrup-
tive or agitated behavior (N = 663).

Multivariate analysis Univariate analysis

AHR 95 % CI P AHR 95 % CI P

Age at index 1.00  0.99-1.01 0.76  1.00  0.99-1.01 0.56
admission, per
year

Gender 0.59 0.41-0.84 <0.01 0.57 0.40-0.81 <0.01

Use of 0.33 0.23-046 <0.01 0.31 0.22-0.43  <0.01
antipsychotic
medications

Use of 0.57  0.34-0.95 0.03 0.47 0.28-0.77 <0.01
antidepressants

Use of mood 0.98 0.59-1.65 0.95 0.82 0.49-1.35 0.42
stabilizers

Use of 1.95 1.31-2.90  <0.01 1.75 1.19-2.55  <0.01
benzodiazepines

Excessive use of 0.97 0.58-1.63 0.91 1.35 0.83-2.18 0.22
alcohol®

Excessive use of 1.59 1.02-2.45 0.04  2.09 1.41-3.11 <0.01

illicit
substances”

AHR = adjusted hazard ratio. The multivariate analysis is mutually adjusted for
all the listed variables.
For reference: male gender = 1; and non-use of psychotropic medications,
alcohol and illicit substances = 1.

2 The Alcohol Use Scale (AUS) score is >3.

b The Drug Use Scale (DUS) score is >3.

meaning that compared to periods of non-use, the risk of readmission
with OADA at any timepoint was reduced by 67 % and 43 % for the use
of antipsychotics and antidepressants, respectively. A significant nega-
tive association was found between readmission with OADA and female
gender (AHR = 0.59, p < 0.01, CI = 0.41-0.84), meaning that the risk of
readmission with OADA at any timepoint was 41 % lower for women
compared to men. A significant positive association was found between
readmission with OADA and the use of benzodiazepines (AHR = 1.95, p
< 0.01, CI = 1.31-2.90) and excessive use of illicit substances (AHR =
1.59, p = 0.04, CI = 1.02-2.45). This means that compared to periods of
non-use, the risk of readmission with OADA at any timepoint was
increased by 95 % and 59 % for the use of benzodiazepines and excessive
use of illicit substances, respectively. No significant associations were
found between readmission with OADA and age, use of mood stabilizers
or excessive use of alcohol. Results of the univariate analyses were in
accordance with those in the main analysis. Moreover, the results from
the two sensitivity analyses (one where missing AUS/DUS scores were
excluded and one where multiple imputation was used to estimate the
missing AUS/DUS scores) were also similar to those in the main analysis.
However, although the effect sizes were unchanged, use of antidepres-
sants was no longer significantly associated with readmission with
OADA in the sensitivity analysis where patients with missing AUS/DUS
scores were excluded (p = 0.06). The complete results of these sensi-
tivity analyses are presented in Tables A.1 and A.2 in the Appendix. In
the sensitivity analysis, where short-term and long-term use of benzo-
diazepines were analyzed separately, we found a positive association
between readmission with OADA and both short-term (AHR = 2.92, p <
0.01, CI = 1.51-5.63) and long-term use of benzodiazepines (AHR =
1.82, p =0.01, CI = 1.15-2.89). This means that compared to periods of
non-use, short-term (<4 weeks) and long-term (>4 weeks) use of ben-
zodiazepines are associated with 192 % and 82 % increased risk of
readmission with OADA, respectively. The complete results of this
sensitivity analysis are presented in Table A.3 in the Appendix.

A total of 141 patients were censored because the level of OADA was
not reported at readmission. However, analyses comparing clinical and
sociodemographic characteristics at first discharge found no differences
between the total group (n = 663) and the censored group (n = 141). In
accordance with our main results, corresponding analyses between the
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total group and the group with the presence of OADA (n = 161) showed
that the proportion of men in the group with the presence of OADA was
significantly higher (p = 0.01) than in the total group. Otherwise, no
differences in clinical and sociodemographic characteristics were found
between the groups. The complete results of the sensitivity analyses are
presented in Tables A.4 and A.5 in the Appendix.

4. Discussion

We found that the use of antipsychotic medications and antidepres-
sants was associated with 67 % and 43 % lower risk of readmission with
OADA, respectively. Use of benzodiazepines was, in contrast, associated
with a 95 % increased risk of readmission with OADA, whereas no as-
sociation was found between the use of mood stabilizers and the risk of
readmission with OADA. As far as we know, this is the first study to
analyze the association between readmission with OADA and use versus
non-use of different psychotropic drug classes in a time-dependent
manner and a clinically relevant setting, representing patients with
schizophrenia admitted to a university hospital's general psychiatric
acute unit.

Antipsychotic medications remain an important ingredient in the
treatment of persistent aggression in patients with schizophrenia (Cor-
rell etal., 2017; Serper, 2011; Frogley et al., 2012). A review by Volavka
(2013) reported that clozapine was the most effective treatment of
aggressive behavior in patients with schizophrenia and suggested that
olanzapine may be the second-line treatment. In line with these findings,
large nationwide studies from Sweden have found that compared to non-
use, use of antipsychotics is associated with reduced risk of violent crime
(Fazel et al., 2014; Sariaslan et al., 2021), and that clozapine, olanzapine
and risperidone were associated with lower arrest and conviction risks
than other antipsychotics (Sariaslan et al., 2021). A high level of positive
symptoms is associated with increased risk of aggression (Wu et al.,
2018) and this may at least partly explain the anti-aggressive effect of
antipsychotic medications. In a study by Wu et al. (2018) it was reported
that non-adherence to antipsychotic medications was the most impor-
tant risk factor for aggression, with an odds ratio of 2.92. Thus, our
finding of an association between the use of antipsychotic medications
and reduced risk of OADA is in line with previous literature.

Antidepressants are commonly used as an adjuvant medication in
schizophrenia in cases of depression or persistent negative symptoms
(Puranen et al., 2020; Ballon and Stroup, 2013; Baandrup, 2020).
However, the role of antidepressants in the treatment of OADA is rather
controversial. Most antidepressants contain warnings to clinicians and
patients about the possibility of aggressive or violent acts, and antide-
pressants have previously been reported to be disproportionally
involved in violent incidents (Moore et al., 2010). Despite this, no as-
sociation between aggression and the use of antidepressants in adults
has been reported in systematic reviews (Sharma et al., 2016) or in large
studies based on nationwide registry data (Bouvy and Liem, 2012). As
mentioned above, a review by Walsh and Dinan (2001) found a negative
association between the use of antidepressants and aggression, sug-
gesting that the anti-aggressive effect is caused by positive effects on the
serotonergic dysfunction that is implicated in aggressive behavior. In
accordance with these findings, we found a significantly lower risk of
readmission with OADA in periods with the use of antidepressants.

Mood stabilizers, and lithium in particular, are important in the
treatment of impulsive-aggressive behavior in patients with bipolar
disorder (Benard et al., 2016). However, the scientific evidence for the
effect of mood stabilizers on aggression is sparse (Huband et al., 2010;
Wang et al., 2016). Studies have suggested that anticonvulsants, such as
valproate, may reduce aggression in schizophrenia (Huband et al., 2010;
Wang et al., 2016). Although there is no firm evidence to support this,
the use of mood stabilizers were recently recommended as augmentation
in cases of clozapine-resistant aggression in schizophrenia in an inter-
national expert survey (Wagner et al., 2020). A cross-sectional study by
Fond et al. (2016) found no significant association between aggression
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and the use of mood stabilizers. In line with this, we found no significant
association between the use of mood stabilizers and risk of readmission
with OADA in the present study.

Benzodiazepines can provide urgent pharmacological tranquiliza-
tion and are often used in acutely agitated and aggressive patients
(Wlodarczyk et al., 2017). A recent systematic review by Zaman et al.
(2018) aimed to examine whether benzodiazepines are an effective
treatment for psychosis-induced aggression. They concluded that the use
of benzodiazepines as an add-on medication did not seem to confer clear
advantages, and underlined the potential for adding unnecessary
adverse effects. Moreover, a cross-sectional study by Fond et al. (2016)
reported that patients who received benzodiazepines had higher
aggressiveness scores than patients who did not, and a large observa-
tional study by Tiihonen et al. (2015) found that the use of benzodiaz-
epines was associated with increased risk of homicide in patients with
schizophrenia. Corresponding well with these previous studies, we
found that the use of benzodiazepines was associated with a higher risk
of readmission with OADA. In the sensitivity analysis, where short-term
(<4 weeks) and long-term (>4 weeks) use of benzodiazepines were
analyzed separately, we found that both short-term and long-term use
were significantly associated with increased risk of readmission with
OADA. However, an important limitation in the interpretation of our
results is that it is not possible to determine the causal direction of the
association between the use of different classes of psychotropic drugs
and the risk of readmission with OADA. Theoretically, the use of ben-
zodiazepines may be a direct reflection of high levels of OADA. On the
other hand, the use of benzodiazepines may induce agitation and
aggressive behavior as a consequence of addiction and withdrawal
symptoms.

4.1. Limitations and strengths

In the present study, readmission with OADA was the primary
endpoint but OADA was only measured on the first day of every read-
mission. Hence, episodes with OADA in-between readmissions were not
recorded if they did not lead to rehospitalization. However, it is a
common clinical experience that episodes of severe aggression or violent
behavior very often lead to readmission. A total of 141 patients (21.3 %)
were censored because the level of OADA was not reported at read-
mission. However, analyses comparing clinical and sociodemographic
characteristics at first discharge found no differences between the total
group (n = 663) and the censored group (n = 141).

Although data collection always involves elements of subjectivity,
we ensured transparent and rigorous methods of data collection by using
predefined algorithms in cases of doubt, and also censoring patients if
doubt remained regarding medication use. Information on doses was not
registered, which is a limitation of the study. Furthermore, we were not
able to distinguish between periods of non-use related to non-adherence
or drug discontinuation guided by a clinician, respectively. If discon-
tinuation of antipsychotic medications is through a supervised taper, the
risk of OADA and readmission may theoretically be lower, but based on
our data we are unable to elaborate any further on this. It is possible that
the adherence to antipsychotic medications was lower than that regis-
tered in patients using oral medications. In these cases, ‘use’ is actually a
mix of use and non-use, and the differences found between use and non-
use may represent underestimations. Periods of non-use of medication
lasting up to two weeks were not registered as discontinuations as long
as the drug was restarted thereafter (Mullins et al., 2008). Accordingly,
the differences found between use and non-use of the different psy-
chotropic medications are probably conservative estimates. Studies such
as ours are always limited by residual confounding and it is likely that
other environmental factors, such as living conditions, psychosocial
strains and conflicts, may be associated with both risk of OADA and non-
use of antipsychotic medications. However, these data were not
available.

Our study benefits from the large and clinically representative
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sample. Results of antipsychotic drug trials in general, and randomized
controlled trials specifically, have been accused of limited generaliz-
ability because of risk of selection bias, short durations and restricted
sample sizes (Leucht et al., 2008). In the present study, due to its design
and authorizations, all patients admitted with schizophrenia were
eligible, securing the representation of even the most gravely ill. To this
end, the sample is skewed towards patients with relapsing courses and
previous readmissions, primarily representing those in need of at least
one hospitalization. To what extent the results might be applicable to
patients with schizophrenia treated on an outpatient basis remains un-
known. Generalizability is further strengthened by the real-life data
acquisition, mirroring the usual experience of patients using psycho-
tropic medications in some periods but not in others. Confounding fac-
tors, such as alcohol and substance abuse, of high relevance to the
primary outcome were accounted for.

5. Conclusion

In the present study, we have provided evidence that the use of
antipsychotic medications and antidepressants was associated with 67 %
and 43 % lower risk of readmission with OADA, respectively. Use of
benzodiazepines was, on the contrary, associated with a 95 % increased
risk of readmission with OADA, whereas no association was found be-
tween the use of mood stabilizers and risk of readmission with OADA.
These findings emphasize the importance of the use of antipsychotic
medications and antidepressants, and may indicate the need for more
restrictive use of benzodiazepines in patients with schizophrenia after
hospital discharge.
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