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Abstract

Background Patients undergoing antipsychotic treatment for psychiatric disorders may experience challenges in functioning,
either stemming from the severity of the illness or from the tolerability issues of prescribed medications.

Objectives The aims of this cross-sectional study are to investigate the impact of adverse effects of antipsychotic drugs on
patients’ daily life functioning, comparing oral and long-acting injectable (LAI) antipsychotics, and further dividing antip-
sychotics by receptor-binding profiles based on recently defined data-driven taxonomy.

Methods This study involved patients with schizophrenia and bipolar spectrum disorders taking oral or LAI antipsychotics.
Disability and functioning levels were assessed using the World Health Organization Disability Assessment Schedule 2.0
(WHODAS), and the adverse effects of medications were evaluated using the Udvalg for Kliniske Undersogelser (UKU)
Side Effect Rating Scale and its subscales.

Results The total sample consisted of 126 participants with a diagnosis of schizophrenia-spectrum or bipolar disorder, and
included 54 males and 72 females ranging from 18 to 78 years of age (mean 45.1, standard deviation 14); 78 patients were
taking oral antipsychotics and 48 were taking LAI antipsychotics, with subcategories of muscarinic (31), adrenergic/low
dopamine (25), serotonergic/dopaminergic (23), dopaminergic (1), LAI muscarinic (15), LAI adrenergic (6), and LAI sero-
tonergic/dopaminergic (25). The UKU total score for adverse effects showed significant correlations with WHODAS total
score (p = 0.475; p < 0.001). Compared with oral antipsychotics, LAIs showed significantly lower scores in psychological
(»p =0.014), autonomic (p = 0.008), other (p = 0.004), and sexual adverse effects (p = 0.008), as well as the UKU total score
(»p = 0.002). The Kruskal-Wallis test showed a significant difference in adverse effects between LAI and oral muscarinic
subgroups, with LAIs having lower scores compared with antipsychotics binding to muscarinic receptors (p = 0.043).
Conclusion These findings indicate clinically relevant differences in adverse effects among formulations, warranting further
investigation for future observational studies.
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Significant correlations between adverse effects and dis-
ability levels were found.

Long-acting injectable (LAI) antipsychotics showed
fewer adverse effects across various domains compared
with oral formulations.

LAI medications targeting muscarinic receptors exhib-
ited significantly lower adverse effect scores, suggesting
potential benefits in reducing adverse effects associated
with this receptor subtype.

1 Introduction

The World Health Organization (WHO) recognizes dis-
ability as a complex construct that includes impairment,
activity limitation, and participation restrictions [1]. The
WHO adopted the International Classification of Function-
ing, Disability and Health (ICF) definition of disability,
acknowledging it as a complex construct that considers
the cultural context and varying living conditions across
different environments [2]. Untreated severe psychiatric
disorders or significant relapses may impact self-care and
daily functioning in critical domains [3], thus necessitat-
ing a holistic rehabilitation approach [4]. Antipsychot-
ics are essential for controlling psychiatric symptoms,
maintaining an acceptable quality of life and preventing
drug resistance after discontinuation; however, they often
cause adverse effects that can further impair functioning
already affected by the underlying pathology [5, 6]. While
effective, more recent antipsychotics have distinct adverse
effects such as metabolic disturbances, weight gain, and
increased cardiovascular risk [7]. Adverse effects require
vigilant monitoring through tools such as the UKU for
a comprehensive assessment [8]. The impact of adverse
effects on disability still warrants further investigation,
since the scope and extension of this relationship remain
unclear [9, 10]. Despite recognizing the impact of adverse
effects on disability, research lacks specific data across
diverse populations and domains [11-13], with limited
differentiation of disability proportions attributable to
adverse effects versus underlying illness or contextual
factors [14]. This study explores the link between antip-
sychotic-induced adverse effects and functional impair-
ments in daily life among psychiatric patients with a
diagnosis of schizophrenia-spectrum or bipolar disorder
using standardized tools. It examines variations in adverse

A\ Adis

effects and disabilities across different groups, identifying
unique patterns. By connecting medication adverse effects
to daily-life quality, this study aims to inform personalized
treatment plans, considering intolerable adverse effects
that cause distress and poor adherence, thus improving
patient care.

2 Materials and Methods
2.1 Patients and Methods

This retrospective study analyzed data collected between
May 2023 and December 2023 at the Clinical Hospital ‘Poli-
clinico G. Rodolico’ (Psychiatry Unit, University of Catania,
Catania, Italy). Inclusion criteria involved being diagnosed
with schizophrenia-spectrum or bipolar disorder in accord-
ance with the Diagnostic and Statistical Manual of Men-
tal Disorders, Fifth Edition (DSM-V), having been treated
with antipsychotics for at least 1 month (either as a primary
therapy for schizophrenia or as mood stabilizers for bipo-
lar disorder), and being clinically stable based on clinician
judgment. Exclusion criteria included intellectual disability,
major neurocognitive disorder, acute psychotic relapse, poor
understanding of the Italian language, and substance misuse
at the time of the assessment. The study size was defined
based on the available data for the time frame considered.
Sociodemographic, clinical, and test data were extracted
from psychiatric unit archives. Psychometric tests were
routinely administered and recorded for pharmacovigilance
purposes, and these records were subsequently obtained for
the study. Antipsychotics were categorized by administra-
tion route. Additionally, they were divided into muscarinic,
adrenergic/low dopaminergic, serotonergic/dopaminergic,
and dopaminergic antagonist categories based on recent
data-driven classification [15]. This taxonomy utilized an
algorithm to cluster 27 antipsychotics into four groups,
then employed a machine learning model to predict the
most common adverse effects for each group. Accordingly,
the muscarinic group is associated with metabolic and cho-
linergic adverse effects; the adrenergic group is associated
with a low overall adverse effect profile; the serotonergic/
dopaminergic group is associated with a moderate adverse
effect burden; and the dopaminergic group is associated with
extrapyramidal symptoms (EPS) and hyperprolactinemia.
All subjects provided informed consent for their scores to
be used for research, adhering to the Declaration of Helsinki.
During the preparation of this work, the authors used GPT-4
by OpenAI® in order to refine sentence structures and lin-
guistic style. After using this tool, the authors reviewed and
edited the content as needed and take full responsibility for
the content of the publication.
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2.2 Measures
2.2.1 Medication Treatment Adverse effects

The UKU Side Effect Rating Scale [8] was selected to evalu-
ate the adverse effects of drug treatment for its reliability
since it is regarded as a gold standard in the assessment of
medication-induced adverse effects [16]. Administered by
the clinician, the scale consists of 48 items, each rated by
the clinician on a 4-point Likert scale ranging from O to 3,
corresponding to the severity of the symptoms. These items
are grouped into four main categories: psychic, neurological,
autonomic, and other adverse effects. Additionally, genito-
sexual adverse effects from the ‘other’ subscale (considering
UKU items 4.7-4.16) were extracted because this category is
mixed and isolating these adverse effects can provide more
detailed and valuable information. Both total scores and sub-
scale scores are reported, with the scoring being done by
summing the severity ratings from the Likert scale.

2.2.2 Disability and Functioning

Functional disability was evaluated using the Italian lan-
guage-validated version of the World Health Organization
Disability Assessment Schedule 2.0 (WHODAS) [17],
which was developed to measure functioning and disability
in accordance with the ICF. The clinician-assisted version
of the scale was used, in which the researcher read each
question aloud and the patient rated their difficulty in spe-
cific functional areas on a 5-point visual analog scale (VAS),
ranging from O (no difficulty) to 4 (extreme difficulty). The
scale comprises 36 items referring to the previous 30 days.
These items are grouped into six life domains: cognition
(understanding and communication), mobility (getting
around), self-care (personal hygiene, dressing and eating,
etc.), getting along (interacting with others), life activities
(to carry out responsibilities), and participation in society
(be able to attend a community of people, attending recrea-
tional activities) [18]. Final scores were computed using the
scoring method outlined by the original authors of the scale,
yielding a percentage score for each domain and an aggre-
gate overall score; higher percentage scores correspond to a
higher level of disability. The tool has shown high internal
consistency (Cronbach’s alpha [a] 0.86) and high test—retest
reliability (intraclass correlation coefficient 0.98), and effect
sizes ranged from 0.44 to 1.38 [18].

2.3 Data Analysis
Spearman’s rank correlation coefficient was employed to

evaluate the monotonic relationship between the WHODAS
scale variables and the UKU variables. This non-parametric

approach is suitable for assessing correlation between vari-
ables measured on continuous or ordinal scales, particu-
larly when the distribution of the variables may not meet
the assumptions of parametric tests. To account for poten-
tial confounders, partial correlations were computed after
adjusting for pertinent sample characteristics, such as sex,
age, smoking, history of substance misuse, antipsychotic
administration, diagnosis, and other medical disease. The
Mann-Whitney U test was performed to compare levels of
disability and adverse effects across various groups, due to
the likely non-normal distribution of data and the probable
absence of homogeneity of variance. To avoid potential
source of bias, the groups were differentiated by sociode-
mographic and clinical factors, including age, sex, diagno-
sis, smoking, class of drugs, antipsychotics administration,
number of children, educational status, history of substance
misuse, and family history of psychiatric disorder [19]. A
conventional alpha threshold for significance was assumed
for all analyses (a = 0.05). Bonferroni correction was not
applied because each correlation has been treated as an
independent hypothesis with a single test, maintaining the
nominal alpha level for each without inflating the risk of
type II errors due to overcorrection; this approach is appro-
priate when hypotheses are independent and not subject to
the compounding type I error risk associated with multiple
related tests [20]. Cronbach’s alpha and McDonald’s omega
were calculated for each of WHODAS domains to confirm
internal reliability of the measures. Due to the non-normal
distribution of the scores, the Kruskal-Wallis test was used
to compare scores across groups of participants categorized
based on the type of antipsychotic medication taken (long-
acting injectables [LAI] and oral) and their respective phar-
macodynamic profiles. This test was chosen for its ability
to assess differences in central tendency across multiple
independent groups without assuming a normal distribu-
tion. Following a significant Kruskal-Wallis test result,
Dwass—Steel-Critchlow—Fligner pairwise comparisons were
conducted as post hoc analyses to identify specific group
differences. All statistical analyses were conducted using
the open-source software ‘Jamovi’ [21].

3 Results
3.1 Sociodemographic Features of the Total Sample

The total sample comprised 126 participants, including 72
males and 54 females. The mean age was 45.1 (standard
deviation [SD] 14), ranging from 18 to 78 years of age.
Eighty-four patients were diagnosed with schizophrenia-
spectrum disorders and 42 with bipolar disorders. Relevant
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Table 1 Sample characteristics

Characteristics Category Value [n (%)]
Sex Male 72 (57.1)
Female 54 (42.9)
Age, years Mean (SD) [Range] 45.1 (14)
[18-78]
Young (18-49 years) 71 (56.3)
Mature (>50 years) 55 (43.7)
Occupation No occupation 92 (73)
Occupation 34 (27)
Education Elementary school 10 (7.9)
Middle school 45 (35.7)
High school 56 (44.4)
University degree 15 (11.9)
Marital status Maiden/divorced 91 (72.2)
Married 35 (27.8)
Parental status Has children 51 (40.5)
No children 75 (59.5)
Smoking Yes 66 (52.4)
No 60 (47.6)
Diagnosis Schizophrenia-spectrum disorder 84 (66.7)
Bipolar disorder 42 (33.3)
History of substance misuse Yes 18 (14.3)
No 108 (85.7)
Family history of psychiatric disorders Yes 45 (35.7)
No 81 (64.3)
Antipsychotic administration Oral 78 (61.9)
LAI 48 (38.1)
Antipsychotic group LAI muscarinic 15 (11.9)
LAI adrenergic 6 (4.8)
LAI serotonergic/dopaminergic 25 (19.8)
Muscarinic 31 (24.6)
Adrenergic 25 (19.8)
Serotonergic/dopaminergic 23 (18.3)
Dopaminergic 1(0.8)
Antipsychotic dosage® Target (LAI) 46 (36.5)
Target (oral) 61 (48.4)
Low (oral) 19 (15.1)

LAI long-acting injectable, SD standard deviation

# Antipsychotics were divided into target and low, according to the dosage range recommended in recent literature [22]

characteristics of the sample are reported in Table 1, while
antipsychotic distribution is reported in Table 2.
The mean and SD of the Scales are reported in Table 3.

The alpha and omegas of the WHODAS scale were found to

be very high, affirming the reliability of this data collection

(see Table 4).
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3.2.1 Group Comparisons

3.2 Correlations and Partial Correlations

Tables 5 and 6 show comparisons between groups con-

ducted using the Mann—Whitney U test. History of sub-
stance misuse and smoking did not show significant differ-
ences; however, sex did show significant differences, with
women reporting higher adverse effects in the UKU global
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Table 2 Antipsychotic distribution

Antipsychotic medication Oral [n (%)] LAI [n (%)]

Muscarinic
Olanzapine 10 (7.9) 15(11.9)
Clozapine 6 (4.8) -
Quetiapine 13 (10.3) -
Levomepromazine 1(0.8) -
Promazine 1(0.8) -
Adrenergic/low DA
Aripiprazole 16 (12.7) 6 (4.8)
Lurasidone 54) -
Cariprazine 2(1.6) -
Brexpiprazole 2(1.6) -
Serotonergic/dopaminergic
Paliperidone 6 (4.8) 22 (17.5)
Risperidone 11 (8.7) 22 (17.5)
Zuclopenthixol 43.2) -
Haloperidol 2(1.6) -
Dopaminergic
Amisulpride 1(0.8) -

DA dopamine antagonist, LAI long-acting injectable

score (p = 0.002), psychological (p = 0.001), neurologi-
cal (p = 0.020), autonomic (p = 0.013) and other adverse
effects (p = 0.047). Younger patients (18—49 years of
age) reported higher adverse effects in the other subgroup
(p = 0.025) and sexual adverse effects (p = 0.049) com-
pared with older patients (>50 years of age). Educational
status showed a significant difference in neurological
adverse effects, showing higher scores in participants with
no education (p = 0.004). Married participants reported
higher scores in UKU total (p = 0.039), other adverse

Table 3 Scale measures

effects (p = 0.018), sexual adverse effects (p = 0.029), and
self-care (p = 0.012). Parental status showed significant
differences in neurological adverse effects (p = 0.048),
with higher scores reported by patients with children.
Occupational status showed a significant difference in
global disability (p = 0.043), mobility (p = 0.021), and
neurological adverse effects (p = 0.040), with subjects
without employment showing higher scores. Compari-
son based on diagnosis revealed significant differences in
WHODAS global score (p = 0.004), as well as in mobil-
ity (p = 0.017), life activities (p = 0.009), and participa-
tion (p = 0.008). In each of these domains, patients with
schizophrenia exhibited lower scores compared with those
with bipolar disorder. Antipsychotic administration (LAIs
vs. orals) showed a significant difference in the UKU total
score (p = 0.002), psychological (p = 0.014), autonomic
(p = 0.008), other (p = 0.004), and sexual subgroups
(p = 0.008) with LAIs resulting in lower scores in life
activities and adverse effects. Considering the results
shown by the comparison of orals versus LAIs, further
investigations were carried out. Patients treated with
LAIs reported significantly lower scores in inner unrest
(p = 0.012), reduced duration of sleep (p = 0.029), con-
stipation (p = 0.014), and itching (p = 0.046).

3.3 Group Comparison Based on Data-Driven
Taxonomy for Antipsychotics

The Kruskal-Wallis test comparing multiple administra-
tion routes and the antipsychotic receptor-binding pro-
file revealed significant differences in UKU total score
(p = 0.013) and autonomic adverse effects (p = 0.037), as
reported in Table 7. Dwass—Steel-Critchlow—Fligner pair-
wise comparisons (Table 8) revealed significant differences

Scale/subscale Sample [mean (SD)] Median IQR Internal reliability N

WHODAS total 2.43 (0.85) 0.310 0.310 a=0.951 126
w =0.953

Cognition 2.32(1.03) 0.292 0.375 a=0.884 126
w =0.885

Mobility 1.99 (0.992) 0.175 0.388 a=0.813 126
w =0.828

Self-care 1.73 (0.89) 0.125 0.297 a=0.755 126
w =0.799

Getting along 244 (1.24) 0.350 0.600 a=0.887 126
w =0.897

Life activities 2.77 (1.29) 0.438 0.469 a=0.932 126
w =0.933

Participation in society 2.81(0.893) 0.422 0.281 a=0.803 126
w = 0.808

IOR interquartile range, SD standard deviation, WHODAS World Health Organization Disability Assessment Schedule 2.0

A\ Adis



720

A.Rodolico et al.

Table 4 Correlation and partial correlation matrix®

UKU total Psychological Neurologi- Autonomic Other AEs  Sexual AEs 1.1 Concentra- 1.6 Tension/inner
AEs cal AEs AEs tion difficulties unrest
WHODAS p =0475%%*  p=0484%**% p=0.282%* p=0.201* p=0.241%* p=0.265%* p = 0.440%*:*
Total Moderate Moderate Weak Weak Weak Weak Moderate
pc = 0.456%**  pc=0.488*** pc=0.185*% pc = 0.249%*% pc = (0.315%** pc = 0.452%*%
Moderate Moderate Weak Weak Weak Moderate
Cognition p =0.386%*%% p=0435%** p=0277** p=0.211% pc =0.184* p = 0.436%*%*
Weak Moderate Weak Weak Weak Moderate
pc =0.376%%%  pc=0.443%+* pc=(.232% pc = 0.470%**
Weak Moderate Weak Moderate
Mobility p=0.281** p=0266%*  p=0.266%* p=0.188*
Weak Weak Weak Weak
pc =0.233% pc = 0.247%*
Weak Weak
Self-care  p = 0.275%* p =0.194* p =0.236%* pc =0.207*
Weak Weak Weak Weak
pc = 0.255%%
Weak
Getting p = 0.364** p = 0.304%*% p=0.285%*  p=0.307***
along Weak Weak weak weak
pc = 0.368%**  pc=0.42]1%** pc=0.277**%  pc=0.317**%*
Weak Moderate weak weak
Life activi- p=0.389%** p=0421%%  p=0215% p=0.186*  p=0.208% p = 0.425%**
ties weak Moderate Weak Weak Weak Moderate
pc=0.345%**  pc = (0.405%** pc = 0.202%* pc = 0.420%**
weak Moderate Weak Moderate
Participa- p =0.479%*%%  p=0491%*%* p=0.215% p =0.296%** p=0.361** p = 0.462%**
tion Moderate Moderate Weak Weak Weak Moderate
pc = 0437 pc = (0.458%** pc =0.258%* pc =0.356%%* pc = 0.433%%%
Moderate Moderate Weak Weak Moderate

AEs adverse effects, UKU Udvalg for Kliniske Undersogelser, WHODAS World Health Organization Disability Assessment Schedule 2.0, p
Spearman’s rho for correlation matrix, pc Spearman’s rho for partial correlation

*Partial correlations are controlled for 'sex’, 'age', 'smoking', 'history of substance misuse', 'antipsychotic administration', 'diagnosis’, 'children’,
‘educational status', 'group of drugs', and 'family history'. For the UKU total score and its subscales, only significant correlations are reported.
For UKU specific items, only those showing a moderate to strong correlation are reported. The complete table is available in the electronic sup-
plementary material (Table A and Table B). It was assumed that a p-value of >0.80 indicates a very strong relationship; values between 0.60 and
0.79 suggest a strong relationship; values between 0.40 and 0.59 indicate a moderate relationship; values between 0.20 and 0.39 indicate a weak
relationship; and values below 0.20 indicate a very weak or negligible relationship [23] *p < 0.05, **p < 0.01, ***p < 0.001. In the correlation

analysis, all 126 participants were considered

between LAIs that bind to muscarinic receptors and oral
muscarinic drugs (p = 0.043) in autonomic adverse effects.

The LAI muscarinic subgroup revealed significantly
lower scores (mean 2.33, SD 2.23) when compared with the
oral muscarinic subgroup (mean 5.00, SD 2.79) for auto-
nomic adverse effects.

3.4 Group Comparison Based on Dosage
The Kruskal-Wallis test was used to compare the doses
of antipsychotics (orals and LAIs). As shown in Table 9,

significant differences emerged in the UKU total score
(p = 0.013), autonomic adverse effects (p = 0.034), and
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other adverse effects (p = 0.014). Dwass—Steel-Critch-
low—Fligner pairwise comparisons (Table 10) revealed sig-
nificant differences in the UKU total score (p = 0.015) and
other adverse effects (p = 0.017) between LAIs at target
dosages and low dosages of oral antipsychotics.

The comparison between the group taking the target
dose of the LAI formulation and the low-dose oral group
revealed significant differences in both the UKU total score
(p = 0.015) and other adverse effects (p = 0.017). The
group taking the target dose of the LAI formulation had
lower scores, with a UKU total mean of 12.6 (SD 9.36) and
a mean of 3.24 (SD 3.14) for other adverse effects, compared
with the low-dose oral group, which had a UKU total mean
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Table 6 Comparison of orals versus LAls in specific adverse effects®
1.6 Inner unrest 1.8 Reduced duration of sleep 3.6 Constipation 4.2 Ttching
Antipsychotic 0.248; p = 0.012 0.164; p = 0.029 0.202; p =0.014 0.140; p = 0.046
administration
Oral Mean 0.974 SD 0.897 Mean 0.436 SD 0.815 Mean 0.487 SD 0.752 Mean 0.269 SD 0.527
LAI Mean 0.583 SD 0.739 Mean 0.167 SD 0.519 Mean 0.208 SD 0.582 Mean 0.146 SD 0.545

LAIs long-acting injectables, SD standard deviation, UKU Udvalg for Kliniske Undersogelser

#Only significant differences concerning individual UKU items are reported

Table 7 Kruskal-Wallis tests

Kruskal-Wallis

2

7 df p-value €
UKU total 16.07 6 0.013 0.1285
Psychological AEs 9.35 6 0.155 0.0748
Neurological AEs 241 6 0.878 0.0193
Autonomic AEs 13.43 6 0.037 0.1074
Other AEs 11.86 6 0.065 0.0949
Sexual AEs 7.63 6 0.266 0.0610
WHODAS total 6.95 6 0.325 0.0556
Cognition 4.78 6 0.573 0.0382
Mobility 441 6 0.622 0.0353
Self-care 5.92 6 0.432 0.0474
Getting along 5.62 6 0.467 0.0450
Life activities 7.51 6 0.276 0.0601
Participation 7.23 6 0.300 0.0578

UKU Udvalg for Kliniske Undersogelser, WHODAS World Health
Organization Disability Assessment Schedule 2.0, AEs adverse effects

of 19.3 (SD 10.7) and a mean of 5.21 (SD 2.76) for other
adverse effects.

4 Discussion
4.1 Findings and Interpretation of Results

The aim of this retrospective study was to investigate the
impact of adverse effects on patient functioning, distinguish-
ing antipsychotics by treatment route and binding profile.
Data suggest a potential role of psychological adverse effects
on global disability, cognition, life activities, and participa-
tion. Specific adverse effects that have an impact on func-
tioning include concentration difficulties and inner unrest.
Concentration difficulties were moderately correlated with
abnormal cognitive functioning. These results suggest that
pharmacological treatment may compromise patients’ cog-
nition when those treatments affect concentration, consist-
ent with other reports suggesting that antipsychotic drugs
may impair cognition [24]. Inner unrest exhibited strong

correlations with WHODAS global score, life activities,
and participation. Neurological adverse effects showed cor-
relations with disability and each subdomain except for the
subdomain on social interactions, which might suggest that
interpersonal relations remained relatively unaffected despite
other impairments. Autonomic adverse effects showed weak
correlations with WHODAS global score, cognition, and
mobility. The impact of antipsychotics on the autonomic
nervous system may be responsible for the cardiovascular
problems observed in some patients with schizophrenia,
although further studies are needed in this area [5]. Other
adverse effect subgroups showed weak correlations with
global disability, getting along, life activities, and participa-
tion. This subgroup includes a wide range of items, includ-
ing gynecological and dermatological symptoms, and also
weight changes, which are often associated with psychiatric
therapy [7]. Increased attention should be given to sexual
dysfunctions as they may profoundly affect patient quality
of life [25]; for this reason, adverse effects on sexuality have
been extracted from the respective subgroup and treated
independently. Sexual adverse effects, common in patients
treated with psychotropic medications [26], emerged as sig-
nificant in getting along, life activities, participation, and
global disability, thus highlighting the significant effect
that drug therapy might have on the relational aspect of the
patient's life. Patients with schizophrenia-spectrum disorders
showed lower levels of disability compared with those with
bipolar disorder. These findings differ from recent literature,
which has not shown significant differences between the two
diagnoses in terms of disability [27]. Additionally, patients
treated with LAIs developed fewer adverse effects overall,
including fewer psychological, autonomic, other, and sexual
adverse effects. Results from this study provide additional
information about the potential differences between oral and
LAI medications in terms of adverse effects [28]. Although
the literature has already shown robust results regarding the
superiority of LAIs in reducing the risks of hospitalization
and non-compliance, data are not always consistent when
comparing adverse effects [29, 30]. Patients treated with
muscarinic LAIs had fewer autonomic adverse effects than
those taking oral muscarinic medications. M1 receptors,
considered the most prevalent muscarinic receptors in the
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Table 8 Dwass—Steel-Critchlow—Fligner pairwise comparison based on autonomic adverse effects

w p-value
Oral muscarinic Oral adrenergic —2.644 0.501
Oral muscarinic Oral serotonergic/dopaminergic —2.156 0.730
Oral muscarinic Oral dopaminergic —1.544 0.931
Oral muscarinic LAI muscarinic —4.247 0.043
Oral muscarinic LAI adrenergic —2.696 0.476
Oral muscarinic LALI serotonergic/dopaminergic —2.675 0.486
Oral adrenergic Oral serotonergic/dopaminergic 0.693 0.999
Oral adrenergic Oral dopaminergic —1.052 0.990
Oral adrenergic LAI muscarinic —2.488 0.576
Oral adrenergic LAI adrenergic — 1.640 0.909
Oral adrenergic LALI serotonergic/dopaminergic —0.208 1.000
Oral serotonergic/dopaminergic Oral dopaminergic —1.347 0.964
Oral serotonergic/dopaminergic LAI muscarinic —2.969 0.353
Oral serotonergic/dopaminergic LAI adrenergic —1.925 0.823
Oral serotonergic/dopaminergic LAI serotonergic/dopaminergic —0.783 0.998
Oral dopaminergic LAI muscarinic 0.000 1.000
Oral dopaminergic LAI adrenergic —0.720 0.999
Oral dopaminergic LALI serotonergic/dopaminergic 0.859 0.997
LAI muscarinic LAI adrenergic —0.449 1.000
LAI muscarinic LALI serotonergic/dopaminergic 2.064 0.769
LAI adrenergic LALI serotonergic/dopaminergic 1.393 0.957

LAI long-acting injectable

Table 9 Kruskal-Wallis test comparing antipsychotic dosage

Table 10 Dwass—Steel-Critchlow—Fligner pairwise comparisons

Kruskal-Wallis w p-value

s df  p-value & UKU total
UKU total 8.62 ) 0.013 0.06898 Target (LAI) Target (oral)  2.68 0.140
Psychological AEs 5.90 2 0.052 0.04723 Target (LA Low (oral)  3.93 0.015
Neurological AEs 1.56 2 0.459 0.01247 Target (oral) Low (oral)  2.21 0262
Autonomic AEs 6.79 2 0.034 0.05433  Other adverse effects
Other AEs 8.56 2 0.014 0.06848 Target (LAI) Target (oral) -~ 2.07 0.308
Sexual AEs 493 2 0.085 0.03944 Target (LAI) Low (oral) - 3.88 0.017
WHODAS total 2.73 2 0256 0.02181 Target (oral) Low (oral) — 2.99 0.087
Cognition 2.40 2 0.301 0.01920 LATI long-acting injectable, UKU Udvalg for Kliniske Undersogelser
Mobility 1.76 2 0.414 0.01412
Self-care 2.04 2 0.361 0.01629 , ) . , )
Getting along 1.19 2 0.553 0.00949 peuronal lgss, is .spec1ﬁc.t0 schlzophregla and is not seen
Life activities 391 ) 0.141 0.03131 in de?pr6551or1., bipolar dlsorfier, AlZl’.ICIH.ICI".S disease, or
Participation 331 ) 0.191 0.02651 Parkinson's disease [34]. Animal studies indicate that M1

UKU Udvalg for Kliniske Undersogelser, WHODAS World Health
Organization Disability Assessment Schedule 2.0, AEs adverse effects

hippocampus and prefrontal cortex, are critical for learning
and memory [31]. Postmortem studies reveal a significant
reduction of M1 receptors in the brains of schizophrenic sub-
jects [32], and a decrease of M4 receptors is also involved
in cognitive dysfunctions [33]. This reduction, likely due to

A\ Adis

and M4 receptor dysfunction in the striatum leads to motor
hyperactivation, mirroring psychotic symptoms. Recent
findings suggest altered muscarinic receptors affect intra-
cortical communication, impairing external perception and
enhancing internal perception, contributing to psychosis
[35]. Therefore, it is important to carefully use drugs with
anticholinergic properties, selecting those with the lowest
anticholinergic burden, assuming equal efficacy. Indeed,
adverse effects have often limited the use of drugs that act on
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muscarinic receptors for the treatment of schizophrenia [36].
However, evidence that LAls in the same category might
limit such adverse effects represents a useful contribution
to future pharmacodynamic perspectives. These results are
supported by the finding that LAIs produced fewer adverse
effects compared with low-dose oral antipsychotics. The LAI
muscarinic subgroup included patients treated with the olan-
zapine LAI, showing significantly fewer autonomic adverse
effects, such as weight gain, and a lower risk of anticholiner-
gic adverse effects compared with its oral form, in line with
other recent studies [37]. These findings might encourage
the use of LAIs for patients with poor adherence or cognitive
dysfunction, aligning with existing literature [38]. Evidence
shows that LAIs effectively preserve cognitive functions,
improving verbal learning, memory, executive function, sus-
tained attention, and visuomotor speed when transitioning
from oral medication to LAIs [39, 40].

4.2 Future Research Suggestions

Future research should explore targeted interventions to
mitigate medication adverse effects, to ensure they do not
contribute to functional impairment. Incorporating real-
time monitoring through digital health devices and algo-
rithmic analysis might help distinguish adverse effects
from underlying psychiatric conditions, and may help to
discern associations with medication administration and
dosage adjustments [41]. In light of these results, future
clinical studies should expand data regarding possible sig-
nificant differences in terms of drug formulation, exam-
ining in a larger sample the extent to which LAIs might
lead to reduced adverse effects, both in the short- and
long-term. When choosing the best treatment option, the
pharmacological history of patients should be taken into
account, including past responses and tolerability, as well
as individual patient preferences [42]. It is advisable to use
psychotropic drugs judiciously, with the lowest dosage, to
maintain a reasonable quality of life without compromising
therapeutic efficacy, aligning with recent literature recom-
mendations [43, 44].

4.3 Limitations and Strengths

The present study has several limitations. One limitation is
that the clinician-administered scales used to evaluate dis-
ability and adverse effects may have introduced reporting
bias, despite aiding in item comprehension. Another limi-
tation is the naturalistic study design, which made it chal-
lenging to differentiate whether specific adverse effects were

caused by antipsychotics or other medications, even though
patient history and drug initiation were considered [45].
Additionally, the retrospective nature of the study limited
the ability to infer temporal relationships; future research
should incorporate longitudinal assessments. On the other
hand, this study also has strengths. Data collection utilized
gold-standard instruments, meticulously administered fol-
lowing manual instructions. All subjects completed the
scales entirely, ensuring data integrity. The recruitment of
patients from real-world psychiatric clinic settings enhanced
ecological validity. Furthermore, the use of a data-driven
taxonomy, which provides a scientifically sound classifica-
tion of antipsychotic drugs, offers a valuable alternative to
the chronological classification of antipsychotics used in
many other reports.

5 Conclusions

This observational, retrospective study found significant
correlations between disability and all adverse effect
subcategories, with psychological effects being the most
impactful. Patients taking LAIs had lower UKU total
scores and fewer psychological, autonomic, other, and sex-
ual adverse effects compared with those taking oral antip-
sychotics. Preliminary data suggest LAIs are superior in
reducing inner unrest, sleep duration issues, constipation,
and itching. Further analysis showed fewer autonomic
adverse effects in the LAI muscarinic subgroup than in the
oral counterpart. These findings suggest that both formula-
tion and pharmacodynamic profiles with receptor binding
affinity should be considered in antipsychotic selection to
minimise adverse effects and improve daily functioning
in patients with a diagnosis of schizophrenia-spectrum or
bipolar disorder.
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