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Schizophrenia significantly impairs daily functioning, requiring innovative, cost-effective treatments
beyond standard antipsychotics, and cognitive interventions. This study examined the individual

and combined effects of cognitive, music, and aerobic exercise interventions on depression, balance,
and mobility in patients with schizophrenia and severe depression. Eighty-four male patients with
schizophrenia and severe depression from an inpatient psychiatric centre participated in a 12-week,
single-blind, randomised active-controlled trial. Participants were systematically assigned to one

of seven equal groups (n=12 each): aerobic exercise (AerG), cognitive rehabilitation/treatment-as-
usual (CogG), music intervention (MusG), aerobic exercise + music intervention (A&MG), aerobic
exercise + cognitive intervention (A&CG), cognitive intervention + music intervention (C&MG), and

a comprehensive combination of all three modalities (ACMG). Each intervention was delivered over
60 min, three times weekly for 12 weeks. The study employed the Beck Depression Inventory Short
Form, Stork Balance Test, and modified Timed Up and Go Test to assess improvements in depression,
balance, and mobility. Statistical analyses were conducted using paired t-tests for within-group
comparisons and ANCOVA with Bonferroni post hoc tests for between-group differences, with
significance set at p=<0.05. Results showed significant improvements in depression, balance, and
mobility across all treatment groups. The CogG group outperformed both AerG and MusG in all
outcomes, establishing it as the gold-standard comparator. A&CG yielded greater benefits than other
single or dual-modality groups, while the multimodal ACMG group demonstrated the most substantial
improvements across all measures. These findings highlight the practical value of incorporating
multimodal interventions into standard care to improve both mental health and physical function,
offering a scalable, cost-effective approach to addressing the diverse needs of this population of
patients with schizophrenia and severe depression. Implementing such interventions in psychiatric care
settings could lead to more comprehensive and effective treatment strategies for improving patient
outcomes.

Keywords Cognition, Complementary therapy, Functional capacity, Neuropsychiatric disorders,
Psychopathology, Schizophrenia

Schizophrenia is a long-term mental health condition resulting from a combination of genetic and environmental
factors, characterised by chronic psychological symptoms. The World Health Organisation (WHO) reports that
over 26 million individuals worldwide are affected by schizophrenia. In Iran, the prevalence was reported at 17%
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in 2001! while a 2014 adult psychiatric morbidity survey (APMS) found that approximately 0.5% of individuals
aged 16 years or older in England had received a diagnosis of a psychotic disorder, including schizophrenia®.
These statistics indicate that schizophrenia’s prevalence is rising, making it a significant public health concern®.

Emotional disturbances are common in individuals with schizophrenia, with depression affecting 22-75% of
patients, depending on the diagnostic criteria used*°. This depression leads to increased recurrence or worsening
of the disorder, drug-related issues, decreased life satisfaction, mental dysfunction, poor social relationships,
and heightened risks of violence, arrest, victimisation, and suicide, which is a leading cause of death among
these individuals. Additionally, the depression associated with schizophrenia is linked to cognitive impairments,
such as decreased attention and reduced executive functions®. Therefore, treatment options must address the
effects of depression and cognitive function to provide comprehensive care for individuals with schizophrenia®.
Research is needed especially in patients with schizophrenia and severe depression because this population faces
significant challenges, including impaired mobility, poor balance, and when combined with their depressive
symptoms, meaningly contribute to reduced independence and quality of life.

The most debilitating issue associated with schizophrenia is impairments in everyday functioning, which
affect life, physical, and health maintenance’. The condition is also linked to a high incidence of neurological
symptoms and ongoing psychomotor dysfunction®. Research shows that schizophrenia can lead to increased
body sway due to structural disorders in the cerebellum, affecting balance, stability, and mobility®. Additionally,
medications prescribed for schizophrenia can alter brain areas like the basal ganglia, crucial for postural
stability!®!!. These impairments suggest accelerated aging in schizophrenia!?, which, when combined with low
physical activity, leads to poor functional capacity and higher rates of falls, hospitalisations, and mortality'>.
Furthermore, antipsychotic drugs increase the risk of comorbidities, such as reduced bone mass and fractures'®.

Typical treatments for schizophrenia include antipsychotic medications and cognitive behavioural
interventions. However, randomised trials on the efficacy of antidepressants for treating depression in this
population show limited results'. This has led to the advocacy for a combination of treatments, particularly
non-pharmacological interventions, to address the cluster of symptoms associated with schizophrenia®.
Additionally, rising costs of pharmacological treatments and limited financial resources in both low- and
middle-income countries (LMICs) like Iran and high-income countries like the UK highlight the urgent need
for cost-effective and scalable multimodal treatment options that address multiple symptoms and consequences
of schizophrenia!”!%.

In addition to evaluating cost-effective treatments that improve critical symptom areas, there is a need to
assess novel treatment methods, both in isolation and in combination with proven therapies!®. Aerobic exercise
has demonstrated benefits for schizophrenia, improving symptoms like depression'” and enhancing physical
performance, such as gait and balance®. Cognitive interventions have been shown to enhance cognitive function
through neuroplasticity, reduce depressive symptoms?!, and improve physical outcomes like balance and walking
speed, particularly in the elderly?’. Additionally, music interventions may serve as a valuable complementary
treatment, providing a non-verbal medium for emotional expression, fostering social interaction, stimulating
cognitive functions, and managing specific symptoms like auditory hallucinations and disorganised thinking by
redirecting attention from distressing experiences®.

Aerobic exercise, cognitive, and music interventions each improve depression, balance, and mobility
through distinct but complementary mechanisms. Aerobic exercise enhances neuroplasticity, and increases the
availability of neurotransmitters such as serotonin and dopamine, which are critical in mood regulation and
motor control?®. It also improves cardiorespiratory fitness, muscle strength, proprioception, and sensorimotor
integration, all of which contribute to better balance and mobility?. Cognitive interventions targets dysfunctional
thought patterns, and promotes cognitive restructuring, which not only alleviates depressive symptoms, but also
enhances executive functions like attention, and planning®. Improved executive function is crucial for postural
control, and safe mobility, particularly in individuals with schizophrenia who often suffer from cognitive
deficits®®. Meanwhile, music provides a safe space for emotional expression and can enhance mood-stabilising
neurochemistry?’. Music-based rhythmic stimulation has also been shown to improve gait, and balance by
enhancing auditory-motor synchronisation, and movement timing?®. Music-based training not only improves
motor performance, but also enhances perceptual timing, and adaptability to temporal changes®.

Our conceptual framework defines a successful endpoint in the treatment of schizophrenia as adequate
psychological and physical functioning in an in-patient setting. However, this has been a highly neglected
topic in the past®*-32. Given the challenges posed by schizophrenia, and especially when combined with severe
depression, a comprehensive multimodal treatment approach is crucial. While drug therapies come with
potential side effects, exploring multimodal drug and non-drug intervention strategies is essential to enhance
effectiveness and provide complementary benefits. In this context, this study’s objective was to investigate and
compare the individual and combined effects of cognitive, music, and aerobic exercise therapies on depression,
balance, and mobility in patients with schizophrenia and severe depression.

Materials and methods

Trial design

This study utilised a 12-week single-blinded, randomised active-controlled seven-arm trial (RAT) conducted
in the in-patient Psychiatric Centre of Urmia, Iran. Eighty-four male adults with diagnosed schizophrenia were
recruited and evaluated for eligibility based on medical records. A male-only sample was selected based on
the demographic composition of the inpatient psychiatric centre, which housed only male patients during the
recruitment period due to religious and cultural considerations. This approach also allowed for greater control
over sex-related confounding variables such as hormonal and physiological differences affecting depression,
balance, and mobility, with future studies planned to include female participants to enhance generalisability
through a stepwise research design. Participants were randomly allocated by the project coordinator using
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random allocation software to one of seven groups of equal numbers (n=12). Each cohort comprised 12 patients
who were blinded to the study protocol. The groups were an aerobic exercise (AerG), cognitive intervention
(CogG), music intervention (MusG), aerobic exercise + music intervention (A&MG), aerobic exercise + cognitive
intervention (A&CG), cognitive intervention+ music intervention (C&MG), and aerobic exercise + cognitive
intervention + music intervention (ACMG) group. This study followed the CONSORT guidelines (Fig. 1). A

12-week intervention duration was selected based on prior research indicating that this timeframe is sufficient

to elicit clinically meaningful changes in both psychological and physical outcomes in individuals with
schizophrenia®*-3>. Studies have shown that interventions such as aerobic exercise, cognitive rehabilitation,
and music interventions typically begin to produce measurable improvements in depression, balance, and
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1. Beck Depression Inventory Short Form
2. Stork Balance Test (with eyes open and closed)

3. Modified Timed Up and Go (TUG) Test

1. CogG: 12 weeks, 3 sessions per week: 60 minutes of rehabilitation exercises (treatment as usual)

2. AerG: 12 weeks, 3 sessions per week: 60 minutes of aerobic exercise.

3. MusG: 12 weeks, 3 sessions per week: 60 minutes of listening to music

4) ACR group: 12 weeks, 3 sessions per week: aerobic exercise (30 min) + cognitive rehabilitation (30 min)
5) A&CG: 12 weeks, 3 sessions per week, aerobic exercise (30 min) + music (30 min)

6) C&MG: 12 weeks, 3 sessions per week: cognitive rehabilitation (30 min) + music (30 min)

7) ACMG: 12 weeks, 3 sessions per week: aerobic exercise (20 min) + cognitive rehabilitation (20 min) +

music (20 min)
1. Beck Depression Inventory Short Form
2. Stork Balance Test (with eyes open and closed)
3. Modified Timed Up and Go (TUG) Test

Fig. 1. Flow chart of study design. CogG: cognitive rehabilitation/treatment-as-usual group; AerG: aerobic
exercise group; MusG: music intervention group; aerobic exercise + music intervention group (A&MG),

A&CG: aerobic exercise + cognitive rehabilitation group; C&MG: cognitive rehabilitation + music intervention
group; ACMG: aerobic exercise + cognitive rehabilitation + music intervention group.
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mobility within 10 to 12 weeks?3. In addition, a 12-week clinical intervention was chosen to balance the need for
sufficient observation time with practical considerations and statistical power. In this regard, 12 weeks provided
a sufficiently long period to observe changes or improvements in participants’ conditions or behaviours without
being so long that it becomes too resource-intensive and impractical for real-world applications. In addition, a
12-week period allowed for meaningful changes in health outcomes, making the results more clinically relevant.

This study employed a randomized active-controlled trial (RAT) instead of a traditional randomized
controlled trial (RCT) for several reasons. Primarily, it aimed to compare new interventions against the most
effective existing treatment, that of cognitive rehabilitation or treatment-as-usual®. This approach ensured
adherence to the ethical and legal standards of care by providing all inpatients with an established treatment,
thereby avoiding the ethical dilemma of withholding effective care or exposing patients to unnecessary risks.
Additionally, using an RAT maximized the benefits for all participants, ensuring they received a potentially
effective intervention rather than a placebo or inactive control®’. This design was in consideration with the World
Medical Association’s Declaration of Helsinki, as revised in 2013, which states that “the benefits, risks, burdens,
and effectiveness of a new intervention must be tested against those of the best proven intervention(s)”*® which
in the case of treatment for schizophrenia is a cognitive intervention. This study received ethical approval on
20/09/2023 from the Biomedical Research Ethics Committee of the Institute of Physical Education and Sports
Sciences, Urmia University (ID IR.SSRC.REC.1402.136). Final post-testing for this study took place 19/01/2024,
and the study was also retrospectively registered as a clinical trial on the Iranian Registry of Clinical Trials
(https://irct.behdasht.gov.ir/) (IRCT20190908044722N2) on 15/01/2024.

Participants

The study population comprised 263 male patients diagnosed with schizophrenia and high levels of depression
(i.e., BDI-SF scores of 16-39), residing in the in-patient Psychiatric Centre of Urmia, Iran. A preliminary power
analysis was used to avoid a type II error. Using a power analysis, the minimum sample size was determined
to be 60 patients using G*power software version 3.1.9.2 (Effect size F: 0/7; a err prob: 0/05; power: 0/95;
numerator: 10; number of groups: 7; number of covariate: 1). However, to allow for potential dropouts, a total of
84 participants (average age 39.12 +8.90 years) were selected for the study.

Inclusion criteria were (a) ability to complete and sign an informed consent, (b) at least one year of
hospitalisation, (c) stable medication and diet, (d) ability to perform aerobic exercises, (e) a score above 11 in
the Beck Depression Inventory Short Form (BDI-SF), (f) absence of cardiovascular diseases, glandular diseases,
or other physical disorders, and (g) no structured physical activity regime as defined by less than one hour of
physical activity per week. A BDI-SF score of > 11 was selected as this specific cutoff was selected since a BDI-
SF score of >11 has been recommended to balance sensitivity and specificity when screening for moderate
depression®***°, A score of 11 or higher has also been used in clinical and research settings as a conservative
threshold to identify individuals with meaningful depressive symptoms, distinguishing them from those
with transient or mild symptoms®. Exclusion criteria were (a) severe symptoms of schizophrenia requiring
hospitalisation, (b) unwilling to participate in exercise, (c) history of intellectual disabilities or dementia, (d)
presence of physical disabilities or other diseases, (e) participation in another study, and (f) participants who
were likely to miss more than three intervention sessions or expressed an unwillingness to adhere to the full
12-week protocol, as this could compromise data integrity and intervention consistency. Table 1 presents the
participant descriptive data for these participants.

Outcome assessments

The Beck Depression Inventory Short Form (BDI-SF) was utilised to assess depression in this study*!. This is a
self-report inventory consisting of 13 multiple-choice questions designed to measure the severity of depression.
Each question has four possible responses, ranging in intensity from 0 (do not feel sad) to 3 (I am so sad or
unhappy that I can't stand it). The BDI-SF score interpretation demonstrates that a score of 0-4 indicates
minimal or no depression, 5-7 suggests mild depression, 8-15 reflects moderate depression, and 16-39 signifies
severe depression.

The Stork Balance Test was performed in both eyes open and eyes closed conditions using each participant’s
preferred leg*?. The participants were asked to stand on one leg (bare feet) while the hands were in front of the
chest. The alternate leg was then raised up to a height of at least 5 centimetres (cm) above the ground. At this
point, a stopwatch was started and stopped when each patient was not able to keep the original position. The
time to maintain the balance was recorded, with a maximum score of 120 s.

AerG | CogG |MusG |A&MG | A&CG | C&MG | ACMG
Group (n=12) | (n=12) | (n=12) | (n=12) | (n=12) | (n=12) | (n=12)

35.33 36.25 37.25 42.08 39.08 42.00 41.83
+10.50 | +7.21 +9.92 +8.45 +8.49 +8.20 +8.44

33.33 33.92 31.58 32.92 31.25 31.58 35.58
+2.99 +2.50 +2.81 +1.97 +3.25 +3.20 +2.43

Age (years)

BDI-SF score

Table 1. Participant baseline characteristic data. *:significant difference p <0.05; Data are presented as

means + SD; AerG: aerobic exercise group; CogG: cognitive rehabilitation group; MusG: music intervention
group; A&MG: aerobic exercise + music intervention group; A&CG: aerobic exercise + cognitive rehabilitation
group; C&MG: cognitive rehabilitation + music intervention group; ACMG: aerobic exercise + cognitive
rehabilitation + music intervention group; BDI-SF: Beck Depression Inventory Short Form.
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The modified Timed Up and Go (TUG) Test was utilised to measure balance and mobility in this study*®. In
this assessment, each participant began by sitting on a chair with a height of 46 cm and a handle height of 63 cm.
Once hearing the ‘g0’ command, participants were required to stand and walk a 3 m (m) path. At the end of the
3 m path, each participant was to turn around and return to the chair and retake their seat. The fastest time of
two attempts was recorded and analysed.

Interventions

The CogG, A&CG, C&MG, and ACMG participated in the proven “gold-standard”, and comparator control
treatment of cognitive rehabilitation using the Attentive Rehabilitation of Attention and Memory (ARAM)
programme?? three times weekly for 12 weeks. The ARAM programme is a cognitive rehabilitation tool based
on the attention hierarchical model and Baddeley’s working memory model, aimed at improving the various
dimensions of attention (selective, sustained, transitive, and divided) and memory44. Patients were seated at a
personal computer (HP, i5 quad core desktop, Palo Alto, California) preloaded with the ARAM computerised
cognitive rehabilitation software programme and completed 10 graded progressive tasks. The software comprises
10 graded progressive tasks, adjusted according to the number of two-sided stimuli, their presentation speed,
complexity, and changing rules. The programme’s principles include: (1) hierarchical task organisation with
increasing difficulty based on user feedback, (2) immediate rewards for correct task completion, (3) task design
based on different dimensions of attention, (4) engaging tasks to enhance patient motivation, (5) task repetition
until the patient achieves a suitable level, and (6) patient performance-based progression without the need for
therapist intervention to advance the task level. Each ARAM session lasted approximately 45 min.

The AerG, A&MG, A&CG and ACMG performed aerobic exercise according to the American College of
Sports Medicine (ACSM) physical activity recommendations®’. Each session began with a 10-minute warm-up
using a cycle or treadmill (selected according to each patient’s preference and abilities), this was followed by
45 min of aerobic exercise, and concluded with a 5-minute cool-down, all under the supervision of a qualified
trainer. Each participant’s exercise intensity was set at 60-70% of the maximum heart rate (HRmax) for the
first three weeks, and ~75% HRmax for weeks 4-12. Predicted maximum heart rate was calculated as follows:
220 -age. Heart rate was monitored throughout the exercises using a Beurer Model PM15 heart rate monitor
(Beurer GmbH, Ulm, Germany).

The MusG, A&MG, C&MG, and ACMG participated in thrice-weekly music interventions. The music
intervention was delivered within a structured music therapy framework based on the clinical practice model?,
a well-established theoretical approach in music therapy that emphasises the use of music to support emotional,
psychological, and physiological well-being in individuals with cognitive impairments. This model advocates for
personalised and patient-centered interventions, utilizing music to music to reduce anxiety, alleviate stress, and
enhance relaxation-objectives that align with the therapeutic goals of our study. Although active participation
methods hold significant value, they were considered less feasible for this patient group due to the cognitive
challenges these individuals face, including limited capacity for engagement. As a result, our intervention
primarily employed a receptive music therapy approach. This method involved passive listening to music selected
based on individual preferences, as determined through questionnaires and interviews. The style of music
varied between patients and sessions, with an emphasis on choosing music related to personal experiences. The
researcher prepared a list of suggested music genres (e.g., classical, jazz, and world music) and allowed patients
to select tracks*”. During individual sessions, each standard music track, lasting 20 min, was divided into several
phases to gradually guide the patient into relaxation using the ‘U sequence’ method*. This method involved
reducing the musical rhythm, orchestral formation, frequency, and volume (downward U-phase), followed by a
recovery phase (upward ‘U’ segment). Music was delivered to each patient via personal headphones at a volume
selected by the participant. The sessions were facilitated by a licensed, and experienced music therapist with
formal training in music therapy, holding a PhD, and extensive clinical experience in delivering evidence-based
interventions tailored for neurological, and psychiatric populations. The therapist employed their professional
expertise to select and guide patients through the listening protocol.

Statistical methods

Data are presented as mean *standard deviation (SD) unless stated otherwise. The analytical design was
formulated to ensure robust and accurate statistical evaluation. First, the normality of data distribution was
assessed using the Shapiro-Wilk test, while the homogeneity of variances was verified using Levene’s F test.
Additionally, the homogeneity of regression slopes was examined using analysis of covariance (ANCOVA) to
ensure the appropriateness of the chosen statistical models. For intragroup comparisons, paired t-tests were
employed to evaluate the effects of the intervention on depression, cognitive function, balance, and mobility
within each group. To compare these variables between groups, an ANCOVA was conducted, with the pre-test
scores of the research variables included as covariates to control for baseline differences. Bonferroni’s post hoc test
was applied for multiple comparisons to adjust for Type I error inflation due to the simultaneous use of multiple
statistical tests. Statistical analyses also included effect size calculations (Cohen’s d) to verify the magnitude of
the result of the interventions on the analyzed variables, and were classified as “small” (<0.2), “medium” (0.2
to 0.8), and “large” (>0.8). The nominal level of significance was set at alpha<0.05, and all statistical analyses
were performed using the Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM, New York, USA).

Results

A total of 84 patients with schizophrenia with severe depression (i.e., BDI-SF scores of 16-39) participated in
this study (32% of the total population, and average age 39.12+8.90 years). No adverse effects were reported as
a consequence of the study. There were no statistically significant (p > 0.05) differences in baseline characteristics
between groups (Table 1). The results of Shapiro-Wilk, Levins F, and ANCOVA tests showed that when
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considering that the calculated significance value was more than five hundredths, the assumption of normality
of data distribution, homogeneity of variances and homogeneity of regression slope were met.

Within-group comparisons

Table 2 presents the results of the paired t-tests conducted across all treatment groups, evaluating changes in
BDI-SF scores, Stork Balance Test (eyes open and closed), and TUG Test from baseline to post-test. Significant
improvements were observed in all groups, including those receiving single-modality treatments (AerG, CogG,
MusG) and those undergoing combined or multimodal interventions (A&MG, A&CG, C&MG, ACMG). The
statistical analyses demonstrate consistent and meaningful significant changes across all outcome measures.

Main and interactive effects

In Table 3, the main effects of groups, pre-test, and the interaction effects between group and pre-test (Group x
Pre-test) were examined. The results showed that for the variables Stork Balance Test (eyes open and closed), the
main effect of group (F(6,63) =13.404 and F(6,62) =17.390) and pre-test (F(1,63) =117.959 and F(1,62) =30.601)
were significant (p <0.05). However, the interaction effect between group and pre-test was not significant in
these variables (F(6,63)=0.532, p=0.782 and F(6,62)=1.553, p=0.176). In the BDI-SF score variable, only

Group Variable Baseline Post-test P-value | Post-hoc
BDI-SF score 33.33+£2.99 | 30.80+2.04* | 0.001
AerG Stork Balance Test (eyes open) (seconds) 5.04+1.89 | 6.67+2.12% | 0.001
(n=12) Stork Balance Test (eyes closed) (seconds) | 3.34+2.37 | 4.49+2.07* | 0.001
TUG Test (seconds) 22.37+1.76 | 20.85+2.13* | 0.019
BDI-SF score 33.92+2.50 | 26.82+3.68* | 0.001 AerG: 0.003, MusG: 0.021

CogGt Stork Balance Test (eyes open) (seconds) 4.54+2.55 | 9.82+2.58*% | 0.001 AerG: 0.001, MusG: 0.001

(n=12) Stork Balance Test (eyes closed) (seconds) | 2.89+1.41 | 6.22+1.44* | 0.001 AerG: 0.032, MusG: 0.005

TUG Test (seconds) 21.75+£1.49 | 18.16+2.54* | 0.001 AerG: 0.018 MusG: 0.011

BDI-SF score 31.58+2.81 |29.54+4.03* | 0.039

MusG Stork Balance Test (eyes open) (seconds) 6.43+3.28 | 7.82+3.30* | 0.001

(n=12) Stork Balance Test (eyes closed) (seconds) | 3.10+1.70 | 4.35+1.07* | 0.001

TUG Test (seconds) 22.48+0.93 | 21.04+1.84% | 0.001
BDI-SF score 32.92+1.97 | 25.82+2.96* | 0.001
A&MG Stork Balance Test (eyes open) (seconds) 524+2.25 | 9.55+2.26% | 0.001
(n=12) Stork Balance Test (eyes closed) (seconds) | 2.94+1.43 | 5.59+1.31* | 0.001
TUG Test (seconds) 19.35+1.86 | 17.14+1.16* | 0.001
BDI-SF score 31.25+3.25 | 21.18+2.56* | 0.001 AerG: 0.001, CogG: 0.011, MusG: 0.001

A&CG'T | Stork Balance Test (eyes open) (seconds) 4.13+2.72 | 11.47+3.00* | 0.001 AerG: 0.001, CogG: 0.036, MusG: 0.001

(n=12) Stork Balance Test (eyes closed) (seconds) | 2.17+0.96 | 7.44+1.02* | 0.001 AerG: 0.001, CogG: 0.038, MusG: 0.001

TUG Test (seconds) 18.94+0.94 | 14.27+2.47* | 0.001 AerG: 0.001, CogG: 0.005, MusG: 0.001

BDI-SF score 31.58+3.20 | 25.54+2.25% | 0.001

C&MG Stork Balance Test (eyes open) (seconds) 5.61+3.60 | 8.91+3.74* | 0.001

(n=12) Stork Balance Test (eyes closed) (seconds) | 3.88+1.56 | 6.10+1.68* | 0.001

TUG Test (seconds) 20.06+2.18 | 17.71+£2.49* | 0.004

AerG: 0.001, CogG: 0.0001, MusG: 0.001,

BDI-SF score 35.58+2.43 | 18.42+1.56* | 0.001 A&MG: 0.001, C&MG: 0.002, A&CG: 0.001

AerG: 0.001, CogG: 0.001, MusG: 0.001,

Q Q *
ACMGHt Stork Balance Test (eyes open) (seconds) 3.48+2.42 | 14.26+2.72* | 0.001 A&MG: 0.001, C&MG: 0.001, A&CG: 0.001

(n=12) AerG: 0.001, CogG: :
" :0.001, CogG: 0.001, MusG: 0.001,
Stork Balance Test (eyes closed) (seconds) | 2.48+1.63 | 11.04+1.97*% | 0.001 A&MG: 0.001, C&MG: 0.001, A&CG: 0,001

AerG: 0.001, CogG: 0.001, MusG: 0.001,

TUG Test (seconds) 19.39+£2.10 | 11.54+1.41* | 0.001 A&MG: 0.001, C&MG: 0.001, A&CG: 0.006

Table 2. Effects of 12 weeks of aerobic exercise, cognitive, and/or music intervention on depression, cognitive
impairment, balance, and mobility in male patients with schizophrenia. Data are presented as means + SD;

*: significant difference p<0.05 from baseline to post-test; T: Most effective single-modality treatment as
determined by analysis of covariance (ANCOVA) with Bonferroni correction; '': Most effective dual-modality
treatment as determined by analysis of covariance (ANCOVA) with Bonferroni correction; T': Most effective
treatment overall as determined by analysis of covariance (ANCOVA) with Bonferroni correction; AerG:
aerobic exercise group; CogG: cognitive rehabilitation group; MusG: music intervention group; A&MG:
aerobic exercise + music intervention group; A&CG: aerobic exercise + cognitive rehabilitation group; C&MG:
cognitive rehabilitation + music intervention group; ACMG: aerobic exercise + cognitive rehabilitation + music
intervention group; BDI-SF: Beck Depression Inventory Short Form; TUG Test: modified Timed Up and Go
Test.

Scientific Reports |

(2025) 15:19939 | https://doi.org/10.1038/s41598-025-05024-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Variable Source Type III Sum of Squares | df | Mean Square | F P-value
Group 24.490 6 4.082 0.625 | 0/710
Pre-test 107.798 1 |107.798 16.508 | 0.001"
BDI-SF score
Group* Pre-test | 44.358 6 7.393 1.132 | 0.354
Error 411.387 63 6.530
Group 220.643 6 | 36.774 13.404 | 0.001"
Pre-test 323.629 1 |323.629 117.959 | 0.001"
Stork Balance Test (eyes open) (seconds)
Group* Pre-test 8.756 6 1.459 0.532 | 0.782
Error 172.845 63 2.744
Group 151.752 6 | 25292 17.390 | 0.001
Pre-test 44.505 1| 44.505 30.601 | 0.001"
Stork Balance Test (eyes closed) (seconds)
Group* Pre-test | 13.554 6 2.259 1.553 | 0.176
Error 90.170 62 1.454
Group 23.690 6 3.948 1.301 | 0/270
Pre-test 71.010 1| 71.010 23.398 | 0.001"
TUG Test (seconds)
Group* Pre-test | 32.681 6 5.447 1.795 | 0.115
Error 191.200 63 3.035

Table 3. Main and interactive effects of 12 weeks of aerobic exercise, cognitive, and/or music intervention on
depression, cognitive impairment, balance, and mobility in male patients with schizophrenia. *: significant
difference p <0.05; BDI-SF: Beck Depression Inventory Short Form; TUG Test: modified Timed Up and Go
Test.

the main effect of the pre-test was significant (F(1,63)=16.508, p=0.001), while the main effect of the group
(F(6,63)=0.625, p=0.710) and the interaction effect (F(6,63) =1.132, p=0.354) were not significant. In the TUG
Test variable, the main effect of the pre-test was significant (F(1,63) =23.398, p=0.001), but the main effect of
the group (F(6,63) =1.301, p=0.270) and the interaction effect (F(6,63)=1.795, p=0.115) were not significant.
Overall, the pre-test played an important role in predicting outcomes, while the interaction effects did not play
a significant role.

Between-group comparisons

The ANCOVA results and Bonferroni post hoc comparisons (Table 2) revealed significant effects for the BDI-SF
score, with the pretest (F (1, 69)=16.826, p=0.001) showing a moderate effect size (ES=0.196) and the group
(F (6, 69)=35.019, p=0.001) demonstrating a large effect size (ES=0.753). For the Stork Balance Test with eyes
open, both the pretest (F (1, 69)=151.353, p=0.001) and group (F (6, 69) =41.430, p=0.001) were significant,
with large effect sizes (ES=0.687) and (ES=0.783), respectively. Similarly, in the Stork Balance Test with eyes
closed, the pretest (F (1, 69)=43.178, p=0.001) had a moderate effect size (ES=0.385), while the group (F (6,
69)=44.664, p=0.001) exhibited a large effect size (ES=0.795). The TUG Test showed significant effects for the
pretest (F (1, 69)=29.525, p=0.001) with a moderate effect size (ES=0.300) and the group (F (6, 69) =30.740,
p=0.001) with a large effect size (ES=0.728). The ANCOVA results revealed statistically significant differences
in post-test scores across all outcome measures, including depression (F(6)=16.83, p=0.001), balance with
eyes open (F(6)=41.43, p=0.001), balance with eyes closed (F(6) =44.66, p=0.001), and mobility (F(6) =30.74,
p=0.001).

Bonferroni post hoc tests further detailed these differences that the MusG group had the highest level of
depression (P<0.05) and demonstrated the poorest performance in all functional tests (balance and TUG)
(P<0.05). In contrast, the ACMG group had the lowest level of depression (P<0.05) and exhibited the best
performance in all tests (P<0.05). The AerG group was more depressed compared to the A&CG, A&MG,
C&MG, and ACMG groups (P<0.05), but showed no significant difference with the MusG group (P=0.05). In
functional tests, this group also performed worse than the CogG, A&CG, A&MG, and ACMG groups (P<0.05),
but no significant difference was observed with the MusG group and, in some cases, with the C&MG group
(P=0.05). The CogG group was less depressed than the MusG group (P<0.05), but showed higher levels of
depression compared to the ACMG group (P<0.05) and had no significant difference with the A&MG and
C&MG groups (P=0.05). In functional tests, this group performed worse than the ACMG group and, in some
cases, worse than the A&CG and A&MG groups (P<0.05), but no significant difference was observed with the
MusG and C&MG groups (P>0.05). The A&CG group was less depressed than the A&MG and C&MG groups
(P<0.05), but had higher levels of depression compared to the ACMG group (P<0.05). In functional tests, this
group performed worse than the A&MG, C&MG, and ACMG groups (P<0.05), but performed better than the
MusG and AerG groups. Finally, no significant difference was observed between the A&MG and C&MG groups
in terms of depression and performance across all tests (P> 0.05). Overall, the MusG group had the highest level
of depression and the poorest performance, while the ACMG group showed the lowest level of depression and
the best performance.

The results demonstrated that the CogG group (active control group) had significantly lower levels of
depression and better performance in the Stork Balance Test (eyes open), Stork Balance Test (eyes closed), and
TUG Test compared to the MusG and AerG groups (P<0.05). However, the CogG group (active control group)
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exhibited higher levels of depression and weaker performance compared to the A&CG and ACMG groups
(P<0.05). Additionally, no significant differences were observed between the CogG group (active control group)
and the A&MG and C&MG groups in terms of depression and performance (P=0.05).

Discussion

This study compared the effects of cognitive, music, and aerobic interventions, both individually and in
combination, on depression, balance, and mobility in patients with schizophrenia with severe depression.
All interventions led to improvements in depression, balance, and mobility across, but cognitive intervention
alone proved superior to aerobic or music intervention when used as a sole modality. Furthermore, combining
cognitive and aerobic interventions was more effective than any sole or dual-modality treatment. Notably, the
triple-modality intervention (aerobic, cognitive, and music interventions) yielded the greatest improvements
across all outcomes. Importantly, no adverse events were reported among participants who completed the
treatments.

The finding that the cognitive intervention was the most effective sole modality aligns with its status as the
“gold standard” for treating schizophrenia®»**3%48, and it served as the active control in this study. A key insight
from this study is that any effective dual- or triple-modality intervention had to include cognitive intervention.
Large-scale studies have shown cognitive interventions benefits patients with schizophrenia, especially those
not fully responsive to medication®®, and early intervention may help prevent illness progression by boosting
self-confidence and reducing depression?*?2. Improving cognitive function can enhance balance in patients with
schizophrenia, as balance issues are linked to reduced cognitive performance and slower central information
processing®. Cognitive interventions, whether alone or combined with other modalities, may reduce fall risk
by addressing these deficits. Additionally, since cognitive interventions have been shown to alleviate depression,
which also increases fall risk®, its benefits extend beyond mental health. While this study uniquely highlights
improvements in mobility (as measured by the TUG test), previous research has shown cognitive interventions
enhance executive functions, aiding daily activities®'.

This study adds to the evidence that music interventions are a valuable adjunctive treatment for improving
depression, balance, and mobility in schizophrenia. Integrating music into clinical settings allows patients to
express emotions, reduce stress, and improve mood regulationsz. It also provides non-verbal communication,
aiding those with cognitive and emotional difficulties. Music interventions enhance socialisation, relaxation,
and empowerment, while its rhythmic components stimulate neural pathways linked to emotional processing,
potentially reducing depressive symptoms?">3. Research shows that music interventions can improve physical
performance, including balance, in various populations such as stroke patients, those with Parkinson’s disease,
the elderly, and healthy individuals®®. These improvements reduce postural issues and fall risk. Recent studies
support the present findings that music interventions enhance mobility, particularly through rhythmic auditory
stimulation and movement exercises that target motor control®>. Regular music intervention sessions improve
gait stability, balance, and mobility in schizophrenia®, highlighting its potential as a complementary treatment
to address both cognitive and physical aspects of the disorder.

Notably, this study successfully reduced high depression scores. The high depression scores observed in
this study can be attributed to several factors specific to the participant population and study setting. In this
regard, all participants were inpatients at a psychiatric facility, and all individuals displayed with more severe
and persistent symptoms, including higher levels of depression, when compared to those in outpatient or
community settings®’. This is because long-term hospitalization, social isolation, and reduced autonomy may
further contribute to elevated depressive symptoms®”. While severe depression (i.e., BDI-SF scores of 16-39)
are less common they can occur’®*, particularly in chronic cases with significant negative symptoms, poor
social support, or co-occurring affective disorders®. Additionally, the Beck Depression Inventory Short Form
(BDI-SF) used in this study, while a validated measure of depression especially for detecting depression in
chronic schizophrenia®!, it may yield higher scores in populations with cognitive impairments or flattened affect,
common in schizophrenia®?,

Several mechanisms may explain how non-physical activity-based interventions, such as cognitive, and
music-based interventions, can improve balance and mobility comparably to or even more than aerobic
exercise. Specifically, previous meta-analyses have demonstrated that the effects of traditional exercise on
improvement of functional performance in patients with schizophrenia tend to be limited®. This is because
cognitive interventions that enhance executive function, attention, and sensorimotor integration, are crucial
for postural control®, and gait adaptation®. Similarly, music-based interventions engage rhythm and auditory-
motor synchronisation, promoting gait stability and motor coordination®*. Moreover, these interventions may
reduce fall-related anxiety and enhance movement confidence, possibly even more so than the physical activity-
based interventions as demonstrated by this study, further supporting mobility improvements®>. While aerobic
exercise directly enhances physical fitness, the superior benefits of cognitive and music interventions likely
stem from their impact on neural plasticity, sensorimotor processing, and motor learning, all of which play a
fundamental role in balance and mobility®>¢”.

This study demonstrates that integrating aerobic exercise into treatment plans is promising for addressing
depression, balance, and mobility challenges in patients with schizophrenia, ultimately enhancing their well-
beingand treatment outcomes. Aerobic training has emerged as an effective intervention for alleviating depressive
symptoms, a common comorbidity that complicates schizophrenia and impairs functioning. It influences mood
regulation and cognitive function through neurobiological mechanisms, promoting neuroplastic changes in
the brain and upregulating key neurotransmitters like serotonin and dopamine®®. Additionally, aerobic exercise
releases endorphins and neurotrophic factors, which have antidepressant effects and improve emotional
resilience®. Research indicates that aerobic training significantly reduces depressive symptoms and improves
quality of life and functional outcomes, making it an accessible and cost-effective adjunctive treatment for
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individuals with schizophrenia, especially in those with moderte to severe depression. Balance impairments
are common in individuals with schizophrenia, increasing the risk of falls and functional limitations. Aerobic
exercise positively influences motor function, including balance control”’. It improves balance by strengthening
key muscles in the legs, hips, and core. Additionally, regular aerobic training promotes neuroplastic changes in
the central nervous system, enhancing sensorimotor integration, proprioception, and coordination’’.

This study contributes to the limited but growing body of literature supporting aerobic training as an effective
intervention for improving mobility in individuals with schizophrenia’>7%. Schizophrenia is frequently associated
with motor disturbances such as impaired gait, reduced muscle strength, and decreased physical fitness, which
collectively diminish functional independence, and quality of life’®. These impairments often emerge early and
persist throughout the illness, exacerbating sedentary behavior and increasing the risk of comorbid physical
conditions. Regular aerobic exercise has been shown to improve key components of physical functioning,
including cardiorespiratory fitness, muscular endurance, balance, and coordination, all of which are essential
for enhancing mobility and daily functioning in this population’*”>. Beyond physical benefits, aerobic training
also exerts neurobiological effects that may further support motor and cognitive improvements. Research
indicates that aerobic exercise promotes neuroplasticity, and neuroprotection within the central nervous system
by enhancing cerebral blood flow, stimulating neurogenesis, and supporting synaptic connectivity’>~”>. These
mechanisms contribute to improved movement control and psychomotor functioning, making aerobic training
a valuable adjunct to conventional treatment approaches.

This study demonstrates that the integration of a cognitive, and music intervention, along with aerobic
training yields cumulative benefits. It confirms that cognitive interventions are a critical component of any
multimodal intervention aimed at improving depression, balance, and mobility in patients with schizophrenia
and severe depression. The combination of these therapies offers a multifaceted and holistic approach to
alleviating depression, addressing cognitive, emotional, and physical dimensions simultaneously. Research
on combined treatments has shown significant reductions in depressive symptoms and improvements in
overall functioning and well-being, both as individual therapies and in the combination of cognitive and
aerobic exercise treatment’®. Balance impairments are common in schizophrenia, increasing the risk of falls
and functional limitations. This study demonstrated the synergistic benefits of combining cognitive, music,
and aerobic exercise therapies by addressing various aspects of balance impairment concurrently. Research
on individual and combined treatments, such as a cognitive intervention, and aerobic exercise’’, have shown
significant improvements in balance measures, surpassing the results achieved with cognitive interventions or
aerobic training in isolation’”. While cognitive, music interventions, and aerobic training have been explored
as potential interventions for improving functioning in individuals with schizophrenia, this study shows that
combining these approaches is a promising comprehensive treatment strategy to enhance mobility. Furthermore,
it demonstrates that a multimodal therapeutic intervention is superior to single- or dual-modality interventions.
The TUG test, commonly used to assess mobility and functional ability in various populations, including those
with schizophrenia, supports this finding. Although previous research have investigated the effects of cognitive’®,
music’®, and aerobic training®® on mobility impairments, this study uniquely confirms the individual positive
outcomes and highlights the significant improvements achieved through various dual-modalities and ultimately
as a triple-modality.

This study has several limitations to consider in that it exclusively involved a male population, which may
limit generalisability and overlook gender-specific phenomena. Additionally, participants with schizophrenia
were on personalised medication regimens, which may have varied in type, dosage, and timing, though this was
not assessed. The absence of a non-treatment control group could also be viewed as a limitation. However, the
study used a randomised active-controlled trial in accordance with the World Medical Association’s Declaration
of Helsinki, allowing for the comparative evaluation of each trial arm against the best proven intervention(s),
specifically the cognitive intervention or treatment-as-usual. This approach addressed a comparative effectiveness
research question rather than evaluating outcomes in a single treatment strategy cohort. Another potential
limitation of this study is the absence of psychosis-related outcome measures. This is because the study focused on
addressing key aspects of schizophrenia that significantly impact daily functioning, such as depression, balance,
and mobility, rather than directly measuring psychotic symptoms. This decision was based on several factors.
While psychosis is a core feature of schizophrenia, antipsychotic medications remain the standard treatment for
managing these symptoms, and all participants were on stable medication regimens. Therefore, the study aimed
to explore complementary interventions that could enhance well-being beyond pharmacological treatment. In
addition, assessing psychotic symptoms reliably requires structured clinical interviews, which can be influenced
by daily fluctuations, medication effects, and interviewer bias, making it challenging to measure consistent
outcomes. Instead, the study employed validated, objective tools to evaluate depression, motor function, and
mobility, areas that are often neglected but have a profound effect on quality of life. Additionally, cognitive
intervention, one of the interventions studied, has been shown to indirectly benefit cognitive deficits associated
with psychosis, such as executive dysfunction and attention impairments. Although music was incorporated as
a music-based activity intervention, it was not delivered within a structured music therapy framework led by a
credentialed music therapist. A further limitation of this study is the lack of equivalence in therapeutic intent
across conditions in that while TAU included access to psychotherapy, the aerobic and music-based interventions
were structured as physical and recreational activities rather than therapies specifically targeting psychological
symptoms, thereby limiting the comparability of depression outcomes across groups.

Given these considerations, the study prioritised practical and meaningful outcome measures while
acknowledging that future research could further explore whether these interventions also have secondary
effects on psychotic symptoms. A notable strength was the use of an inpatient population, which enabled
control over diet, activity, and adherence to treatment conditions. While aerobic exercise was implemented
in this study as a physical activity intervention rather than a form of psychotherapy, future research should
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explore the potential of physical activity (i.e., dance/movement therapy), which integrates structured physical
movement with a psychotherapeutic framework, as a complementary or alternative intervention for individuals
with schizophrenia, particularly given emerging evidence supporting its efficacy in this population. While the
interventions in this study differ in their therapeutic scope, future research should consider evaluating outcomes
across interventions with equivalent therapeutic frameworks (i.e., cognitive therapy, dance/movement therapy,
and music therapy) to more accurately assess differential effects on psychological and functional outcomes in
individuals with schizophrenia.

Conclusions

This single-blind randomised active-controlled trial investigated the effects of various treatment modalities on
depression, balance, and mobility in male patients with schizophrenia, even in those with severe depression.
Our findings revealed significant improvements across all treatment groups, highlighting the efficacy of aerobic
exercise, and cognitive, and music interventions in addressing both psychological and physical symptoms
associated with schizophrenia and severe depression. Notably, the multimodal approach, which combined
these three therapies, showed superior outcomes compared to single or dual-modality interventions, with
the comprehensive triple-modal intervention being the most effective for improving depression, balance, and
mobility. These results emphasise the need for a holistic and scalable treatment model for schizophrenia to
optimise patient outcomes. Furthermore, integrating diverse therapeutic modalities may enhance treatment
engagement and adherence, allowing patients to explore multiple avenues for symptom relief tailored to their
preferences and needs.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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