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ABSTRACT

Background. Adults with schizophrenia may experience gait and postural control problems, which increase fall risk, 
limit community participation, and contribute to cardiometabolic comorbidity. Exercise-based interventions are 
increasingly used in multidisciplinary care; however, the extent and characteristics of programs targeting postural 
control and gait outcomes in this population are unclear. 

Objective. This scoping review aimed to map the available evidence on interventions addressing gait and postural 
control problems in adults with schizophrenia.

Methods. A scoping review was conducted using the Arksey and O’Malley framework and reported in accordance with 
PRISMA-ScR guidance. PubMed, PEDro, and CINAHL were searched for studies published from 2012 to 2023 that 
examined exercise or physical activity interventions in adults with schizophrenia or related psychotic disorders and 
reported outcomes related to gait and/or postural control. Data were charted on study characteristics, intervention 
dose (frequency, intensity, type, time), setting and personnel, outcome measures, limitations, and recommendations.

Results. Eighteen (18) studies (n = 591 participants) met the inclusion criteria. Interventions were categorized as 
technology-based programs (e.g., exergaming/virtual reality), mind–body and dance-based approaches (e.g., yoga, 
Baduanjin, dance movement therapy, Greek traditional dance), structured aerobic and strength training, and multi-

modal programs. Postural control was most commonly 
assessed using center-of-pressure metrics, the One-Leg 
Balance Test, and the Timed Up and Go (TUG) test; gait 
outcomes frequently included the TUG, walking-capacity 
measures such as the Six-Minute Walk Test, and walking-
efficiency outcomes. Most interventions were reported 
as feasible and generally safe; however, substantial 
heterogeneity in protocols and outcomes, as well as 
variable attrition, limited cross-study comparability.

Conclusion. Evidence on exercise interventions 
to improve gait and postural control in adults with 
schizophrenia remains limited but is growing. However, 
heterogeneity in study designs, outcome measures, and 
intervention protocols limits cross-study comparisons. 
Future research should prioritize rigorous, adequately 
powered randomized controlled trials and the validation 
of schizophrenia-appropriate outcome measures to 
support evidence-based intervention development and 
improve mobility and quality of life.
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INTRODUCTION

Schizophrenia is a severe mental health condition 
associated with symptoms, including motor problems, that 
may affect the cognitive functioning, social participation, and 
quality of life of people living with the illness.1-4 The global 
prevalence of schizophrenia was 23.6 million as of 2019.5 
In the Philippines, an estimated 300 per 100,000 people 
(0.3%) are living with schizophrenia.6 The burden of this 
condition has increased because of inadequate quality of care, 
inaccessible mental health services, and stigma.5,7

The symptoms of schizophrenia include negative and 
positive symptoms. Negative symptoms reflect a decline in 
motivation or expression (e.g., avolition or decreased emotional 
expressiveness), while positive symptoms are experiences that 
go beyond typical functioning (e.g., delusions, hallucinations, 
and disorganized behavior).2 Individuals with schizophrenia 
may also exhibit motor symptoms such as dyskinesias, 
neurological soft signs (NSS) (e.g., motor incoordination and 
impaired sensory integration), catatonia, parkinsonism, and 
psychomotor slowing. These symptoms have been linked to 
structural changes in cortical-basal ganglia, thalamocortical, 
and cerebellar sensorimotor systems.1,8-10

Postural control and gait abnormalities may be intrinsic 
to individuals with schizophrenia.11-13 Existing literature 
indicates that individuals with schizophrenia exhibit 
significantly greater postural sway than healthy controls.13-15 
This may be caused by difficulties estimating the location and 
movement of their center of mass, impaired sensory-motor 
integration, or cerebellar abnormalities.16-19 It could also be 
linked to self-disorder (e.g., impaired bodily experiences, 
loss of self-demarcation) and severity of the condition (e.g., 
positive and negative symptoms, anxiety, extrapyramidal 
symptoms).11,15,20 Other factors such as visual input and 
medications are also associated with postural control 
impairments; however, evidence of these associations is 
conflicting.12,13,15,21-24 Impaired postural control has been 
identified as a factor in causing falls among individuals with 
schizophrenia, which predisposes them to fractures.25-27

Individuals with schizophrenia often exhibit altered gait 
profiles characterized by reduced gait velocity, increased vari-
ation in gait regularity, rigid walking, increased lateral sway, 
reduced adjustment and integration of limb movements, 
decreased goal-directed movements, slumped posture, and 
an ataxic pattern.28,29 The reduction of gait velocity is largely 
attributed to shorter stride length.28,30,31 These altered gait 
performances have also been associated with a range of 
factors, including reduced lower limb muscular force, impaired 
dynamic balance, compromised executive function (such 
as dual-tasking), the severity of the condition’s symptoms 
(e.g., positive and negative symptoms, psychomotor slowing, 
parkinsonism, and NSS), and self-disorders (e.g., abnormal 
bodily experiences, weakened self-demarcation, disrupted 
first-person viewpoint).15,28,32-36 Although medications may 

exacerbate these deficits, their precise impact remains a 
subject of debate in the literature.13,15,30-32

The consequences of these gait impairments are 
significant and can contribute to poor health, as reduced 
gait speed is the key feature of frailty.37 This frailty status 
is associated with falls and reduced quality of life among 
individuals with schizophrenia.38-41 Furthermore, these gait 
impairments can decrease their functional walking capacity 
and increase their likelihood of developing metabolic 
syndromes, further influencing their overall functioning, 
quality of life, and muscular fitness.42-48

Physical therapy interventions, such as balance training, 
resistance training, and aerobic exercise with external cues, 
have been shown to address gait and postural control issues 
in older adults and people with neurologic conditions.49-55 
Similar benefits have also been reported for Traditional 
Chinese Medicine exercises, Pilates, yoga, and exergaming 
(e.g., Wii, Kinect, and virtual reality), as well as combined 
exercise programs, Square Stepping Exercises, and High-
Intensity Functional Exercises.56-68 These effects have 
been attributed to training specificity and neuroplasticity, 
improved sensorimotor integration, and increased muscular 
strength and coordination.49,62,63 Therefore, these exercises 
may also improve postural control and gait in individuals 
with schizophrenia, potentially reducing fall risk, helping 
prevent metabolic syndrome, and improving quality of life 
and functional walking capacity.

The role of the physical therapist, as part of a multi-
disciplinary team in psychiatry, has been recognized by 
national physical therapy organizations.69,70 The roles identi-
fied include addressing the physical health of patients with 
mental health conditions using traditional musculoskeletal 
treatment and a mind–body approach, as well as promoting 
physical activity and a healthier lifestyle through supervised 
exercise.69,70 However, physical therapy is underutilized 
because of a lack of confidence in working with patients 
with mental illness, a limited understanding of the relevance 
of physical therapy in psychiatry, limited referrals, and 
patient-specific barriers (such as cost, transportation, and 
insufficient knowledge about physical therapy services).71,72 
Despite these barriers, the literature generally agrees that 
physical therapy interventions, such as moderate-to-vigorous 
aerobic exercise, yoga, and strengthening exercises, improve 
psychiatric symptoms, cardiopulmonary fitness, cognition, 
and quality of life in people with schizophrenia.73,74  Further- 
more, progressive muscle relaxation reduces psychological 
stress and anxiety and enhances subjective well-being.73 Yet, 
there is no synthesized literature on exercises specifically 
for motor impairments, particularly gait and postural control.

Thus, this study aimed to map the available evidence 
on exercise interventions that address postural control and 
gait impairments in adults with schizophrenia. The review 
addressed the following research question: What evidence 
is available on exercise interventions targeting gait and 
postural control in adults with schizophrenia?
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MATERIALS AND METHODS

The methodology of this scoping review was guided 
by the Arksey and O’Malley framework (Figure 1) and 
reported in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses Extension for 
Scoping Reviews (PRISMA-ScR) by Tricco et al.75,76 This 
scoping review was granted ethics review exemption by the 
University of the Philippines Manila Research Ethics Board 
(UPMREB No. 2024-0037-EX).

Identifying the Research Question
This scoping review examined exercise interventions 

for improving gait and postural control in adults with 
schizophrenia and addressed the following questions: (1) 
What types of exercise interventions have been studied 
for improving gait and postural control in adults with 
schizophrenia? (2) What outcome measures for postural 
control and gait have been used in the included studies? (3) 
What evidence gaps remain and warrant further research?

Identifying Relevant Studies
The following databases were searched for relevant 

studies: PubMed, a biomedical database covering health and 
allied disciplines; PEDro, a database of interventional studies 
and evidence-based clinical practice guidelines relevant to 
physical therapy; and CINAHL, a database that includes 
journals for nursing and allied health professionals.77-79 
Searches were conducted from December 2023 to February 
2024. The following Boolean terms were used across 
databases: (schizophrenia) AND (exercise OR intervention 
OR “physical activity” OR training) AND (gait OR walking 
OR balance OR “postural control” OR “balance control” 
OR “postural sway”) (Appendix). After the database search, 
reference-list screening of relevant studies was conducted 
until no additional articles were identified. Records were 
exported to Google Sheets and checked for duplicates.

Eligibility Criteria
The scoping review used the PICO framework 

(population, intervention, comparator, and outcome measures) 
to select relevant studies. The population included adults 
(>18 years) with schizophrenia or related psychotic disorders 

(ICD-10 F20–F29).80 Interventions included any exercise or 
physical activity program used as a physical therapy approach 
to address the physical health of individuals with mental 
health conditions.69,70 Studies could include a comparator 
group or none. Outcomes were related to gait performance 
and postural control. Gait performance outcomes included 
spatiotemporal parameters, functional mobility, functional 
walking capacity, and components of gait analysis. These 
components included observational gait analysis, joint or 
segment range of motion (kinematics), forces acting on the 
body (kinetics), muscle activity, foot pressure, and energy 
expenditure during walking (energetics).81 Postural control 
outcomes were defined using the Systems Framework for 
Postural Control: biomechanical constraints (functional 
stability limits, strength, static stability), orientation in space 
(verticality), movement strategies (reactive and anticipatory 
postural control), control of dynamics (dynamic stability), 
sensory strategies (sensory integration), cognitive processing 
(dual-tasking), and emotional influences (fear, confidence, 
and self-efficacy).82,83

In addition, journal articles were eligible if they: (1) 
were published from 2012 to December 2023 to capture 
recent evidence; (2) were written in English; and (3) used 
an interventional study design (e.g., experimental or quasi-
experimental studies, single-subject designs, or case reports). 
Articles were excluded if the full text was unavailable.

Study Selection
The eligibility criteria were applied to the final search 

results using a screening form. The first author and an 
external reviewer, a licensed physical therapist with research 
experience, independently screened article abstracts. The 
external reviewer underwent an orientation on the study 
procedures and the screening form. To ensure consistency, 
reviewers pilot-tested the form and assessed agreement by 
independently screening the same three abstracts. Upon 
achieving 80% inter-rater agreement, the first author screened 
the remaining abstracts, with results subsequently verified by 
the external reviewer. If eligibility could not be determined 
from the abstract, the full text was screened by the first author 
and verified by the external reviewer. The second author 
resolved any remaining discrepancies.

Figure 1.	 Diagram of the stages of a scoping review according to the framework of Arksey and O’Malley.75
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Figure 2. Study flow diagram.

Data Charting
The following data were collected and charted from 

eligible studies: (1) author(s), year of publication, study 
location, and study design; (2) study objectives; (3) 
participant characteristics (e.g., total number of participants, 
sex, diagnosis, and medication status); (4) intervention 
characteristics (frequency, intensity, type, and time [FITT], 
comparator, progression, and personnel delivering the 
intervention); (5) outcome measures for gait performance and 
postural control and balance; and (6) study limitations (e.g., 
methodological limitations, adverse events, attrition rate, 
and reasons for dropout) and recommendations.

The data-charting process began with pilot testing to 
calibrate the reviewers and assess the reliability of the data-
charting form.76 The same individuals who screened the 
articles independently charted data from three eligible studies 
using the form. The reviewers then discussed the results and 
revised the form as needed to ensure that it captured all 
relevant information. Once at least 80% agreement across 
the form items was achieved, the first author charted the 
remaining studies, and the external reviewer verified the 
extracted data for accuracy and credibility.

Synthesis
This stage involved assembling, summarizing, and 

reporting findings to address the research questions.75 

Screening results, including the number of included and 
excluded studies and reasons for exclusion, were summarized 
in a flow diagram. Data describing each article, outcome 
measures used, the number of studies examining each 
intervention for each outcome, and the evidence mapped 
for each outcome were synthesized in tables and figures. 
In accordance with scoping review methodology, a formal 
critical appraisal of the included studies was not conducted.

RESULTS

A total of 667 records were identified through database 
and reference-list searches. Following the removal of 
duplicates, 370 records were screened by title and abstract, 
and 336 were excluded. Full-text assessment was performed 
for 34 articles, of which 16 were excluded (e.g., non-English, 
missing relevant outcomes, or insufficient participant data; 
Figure 2). Ultimately, 18 studies met the inclusion criteria 
for this scoping review.

Study Characteristics and Participants
The 18 included articles comprised eight randomized 

controlled trials (RCTs), four pilot or feasibility studies, 
three quasi-experimental studies, two clinical trials, and 
one single-subject design.84-101 Most studies were conducted 
in Asia (e.g., Taiwan (n = 3), Japan (n = 2), South Korea 
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Figure 3.	 Map of studies included in the scoping review, by country of origin.

(n = 2), and China (n = 1)) and Europe (e.g., Denmark 
(n = 1), Greece (n = 1), Norway (n = 3), Portugal (n = 1), 
and Sweden (n = 1)), while three studies were conducted 
in North America (United States)96,97,101 (Figure 3).84-101 
Ten studies were conducted in hospitals, five in outpatient 
facilities/clinics or community-based rehabilitation centers, 
one in a laboratory, and two in mixed settings.84-101 Across 
the included studies, 591 participants with schizophrenia 
were enrolled, with ages ranging from 19 to 80 years. 
Sixteen studies reported that participants were receiving 
antipsychotic medication.84-86,88-95,97-101  Table 1 summarizes 
key study characteristics, including participant descriptions 
and study objectives.

Exercise Interventions
An overview of interventions from the included studies 

is presented in Table 2. Interventions were grouped into 
four domains: technology-based programs (n = 5) (e.g., 
exergaming/virtual reality); mind–body (n = 4) and dance-
based approaches (n = 2) (e.g., yoga, Baduanjin, dance 
movement therapy, and Greek traditional dance); structured 
aerobic and strength training (n = 9) (e.g., maximal strength 
training using a leg-press machine, elastic-band resistance 
training, speedwork training using a stationary recumbent 
bicycle, aerobic treadmill training, stationary bicycle 
ergometer training, and walking); and multimodal programs 
(n = 2) (e.g., circuit training with functional movements and 
physical activity combined with basic body awareness therapy 
and cognitive psychotherapy89).84-101 Across the included 
studies, interventions were most often delivered twice per 
week (n = 9) or three times per week (n = 6), with three 
studies reporting once-weekly sessions.84-101 Session duration 
typically ranged from 20 to 60 minutes (n = 13), although 

one study reported 90-minute sessions.84-88,91-98,101 Most 
interventions lasted 8 to 12 weeks (n = 12), two studies lasted 
6 weeks, and four studies lasted 6 to 12 months.84-101

Intervention intensity was not explicitly reported 
in many studies (n = 10).84,86-89,91-93,96,98 When reported, 
strength training was commonly prescribed using one-
repetition maximum (1RM) (85%–90%) (n = 3), while 
aerobic intensity was described using target heart rate (e.g., 
Karvonen method) or maximum heart rate (50%–90%) (n = 
6).90,94,95,97,99-100 Borg’s rating of perceived exertion scale was 
used for strengthening, and Baduanjin exercise (moderate 
to hard) (n = 2), and one study reported resistance intensity 
in watts.85,95,101 Interventions were delivered by a range of 
professionals, most commonly exercise physiologists and 
trained personnel.84-86,90,93,94,96-101 Most studies compared 
interventions with treatment as usual (TAU) or routine 
medical/psychosocial care (n = 6), while five studies had no 
control group.84,86-89,91-94,98,101 Active comparators included 
self-administered exercise, brisk walking, balance exercises, 
stretching, recreation, and non-active/computer video 
games.85,90,95-97,99,100

The review identified a range of tools used to evaluate 
intervention effects on postural control and gait, including 
performance-based measures, objective laboratory assess-
ments, and self-report scales (Table 3). Across studies, postural 
control outcomes aligned most often with the postural 
control systems framework domains of biomechanical 
constraints, movement strategies, control of dynamics, 
and sensory strategies. The Timed Up and Go (TUG) test 
was the most frequently used performance-based measure 
(n = 4), followed by the One-Leg Balance Test/Unipedal 
Stance Test (n = 3), the Berg Balance Scale (BBS) (n = 2), 
and the Foot Up-and-Go test from the Senior Fitness Test 
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Table 1.	Summary of the Characteristics of Included Articles
Author, Year of 

Publication, Country
Study design, 

Setting Objectives Participants

Campos, Mesquita, 
Marques, Trigueiro, 
Orvalho, Rocha84 

2015

Portugal

Quasi-
experimental trial

Socio-occupational 
center

“To evaluate the feasibility and 
acceptability of an exergame 
intervention as a tool to promote 
physical activity in outpatients with 
schizophrenia.”

Diagnosis: Schizophrenia (DSM-IV)
Total = 32 participants (IG: n = 16; CG: n = 16)
IG:

●	 Age: 39.77 y.o. (±9.2) 
●	 Sex: M (n = 10); F (n = 3); not mentioned (n = 3)

CG:
●	 Age: 39 y.o. (±5.60)
●	 Sex: M (n = 11); F (n = 5)

(+) Antipsychotic medications

Chen, Huang, Lee, Hsieh, 
Lee, and Lin85

2022

Taiwan

RCT

Hospital

“To examine the efficacy of Baduanjin 
exercise vs. brisk walking on physical 
fitness, cognitive function, and dual-
task performance in middle-aged 
patients with schizophrenia.”

Diagnosis: Schizophrenia (DSM-V)
Total = 48 participants (IG: n = 24; CG: n = 24)
IG:

●	 Age: 50.63 y.o. (±6.11) 
●	 Sex: M (n = 12); F (n = 12)

CG:
●	 Age: 50.92 y.o. (±7.81)
●	 Sex: M (n = 12); F (n = 12)

(+) Antipsychotic medications

Chen, Yeh, Tsai, Chang, Yu, 
Hsu86

2016

Taiwan

Exploratory study

Community-based 
setting

“To examine the efficacy of a group 
participating in Baduanjin on the 
health of individuals with SMI and 
the feasibility/acceptability of using 
short message service (SMS) reminder 
strategies to prompt continued exercise 
during a follow-up period.”

Diagnosis: Schizophrenia (DSM-IV)
Total = 16 participants

●	 Age: 38.9 y.o. (±9.6) 
●	 Sex: M (n = 8); F (n = 3); not mentioned (n = 5)

(+) Medications

Chien, Chern, Wang, Yang87

2022

Taiwan

Quasi-
experimental study

Hospital

“To examine the effects of combining 
traditional multitask training (TMT) and 
video games--a new form of multitask 
training (video game multitask training, 
VGMT) --on cognition and motor 
control performance in people with 
SSD.”

Diagnosis: Schizophrenia or schizoaffective disorder 
(DSM-IV)
Total = 28 participants 

●	 Age: 59.61 y.o. (±11.46) 
●	 Sex: M (n = 12); F (n = 13); not mentioned 

(n = 3)
Medications were not mentioned

Guan, Zhou, Li, Pan, Zou, 
Meng, Guan, Zhang, Li, 
LiWei, Zhang, Li, Han, Li, 
and Xiu88

2023

China

RCT

Hospital

“To investigate the efficacy of a 12-
week DMT intervention in bone 
mineral density and balance ability in 
patients with SZ.”

Diagnosis: Schizophrenia (DSM-V)
Total = 60 participants (IG: n = 30; CG: n = 30)
IG:

●	 Age: 55.4 y.o. (±3.7) 
●	 Sex: M (n = 30); F (n = 0)

CG:
●	 Age: 55.3 y.o. (±3.9)
●	 Sex: M (n = 30); F (n = 0)

(+) Medications

Jo, Rossow-Kimball, Park, 
Lee93

2018

South Korea

Single-subject 
design

Hospital

“To examine the effects of virtual reality 
exercise (VRE) using Nintendo Wii-Fit 
on physical fitness.”

Diagnosis: Schizophrenia
Total = 2 participants 

●	 Age: 61 y.o. (pt. A) and 53 y.o. (pt. B)
●	 Sex: M (n = 2); F (n = 0)

(+) Received medical routine

Kaltsatou, Kouidi, 
Fountoulakis, Sipka, 
Theochari, Kandylis, and 
Deligiannis94

2015

Greece

RCT

Sports medicine 
laboratory

“To examine the effects of an eight-
month exercise training programme 
with Greek traditional dancing on 
functional capacity and quality of life in 
patients with schizophrenia.”

Diagnosis: Schizophrenia (DSM-IV)
Total = 31 participants (IG: n = 16; CG: n = 15)
IG:

●	 Age: 59.5 y.o. (±19.6) 
●	 Sex: M (n = 14); F (n = 2)

CG:
●	 Age: 60.4 y.o. (±8.6)
●	 Sex: M (n = 11); F (n = 4)

(+) Antipsychotic medications
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Table 1.	Summary of the Characteristics of Included Articles (continued)
Author, Year of 

Publication, Country
Study design, 

Setting Objectives Participants

Kim, Song, So, Lee, Song, 
Kim95

2014

South Korea

Pilot study

Hospital

“To investigate the effect of a combined 
exercise program on circulating BDNF 
expression and the relationship 
between BDNF and improvements in 
physical fitness.”

Diagnosis: Schizophrenia (DSM-IV)
Total = 40 participants (IG: n = 25; CG: n = 15)
IG:

●	 Age: 48.7 y.o. (±9.9) 
●	 Sex: not mentioned

CG:
●	 Age: 50.7 y.o. (±12.0)
●	 Sex: not mentioned

(+) Stable medications

Leutwyler, Hubbard, 
Cooper, Dowling96

2018

United States of America

RCT

An outpatient 
community 
treatment center, 
a transitional 
residential facility, 
and a locked 
inpatient facility.

“To describe the impact of a 
videogame-based physical activity 
program using the Kinect for Xbox 
360 game system on walking speed in 
adults with schizophrenia.”

Diagnosis: Schizophrenia or schizoaffective disorder
Total = 40 participants (IG: n = 20; CG: n = 20)
IG:

●	 Age: 37 y.o. (±6.8) 
●	 Sex: M (n = 11); F (n = 9)

CG:
●	 Age: 38 y.o. (±11.6)
●	 Sex: M (n = 13); F (n = 7)

Medications were not mentioned

Massa, Alrohaibani, 
Mammino, Bello, Taylor, 
Cuthbert, Fargotstein, 
Coulter, Boatright, Nocera 
and Duncan97

2020

United States of America

Randomized 
parallel group 
clinical trial

Hospital or 
surrounding 
community center

“Assessed cognitive and physical 
function change as well as a change 
in BDNF among SCZ after aerobic 
exercise.”

Diagnosis: Schizophrenia
Total = 38 participants (IG: n = 21; CG: n = 17)
IG:

●	 Age: 52.52 y.o. (±6.66) 
●	 Sex: M (n = 16); F (n = 5)

CG:
●	 Age: 53.18 y.o. (±10.27)
●	 Sex: M (n = 15); F (n = 2)

(+) Antipsychotic medications

Nygård, Brobakken, 
Lydersen, Güzey, Morken, 
Heggelund, Wang99

2023

Norway

RCT

Hospital

“To investigate effects of strength 
training with adherence support in a 
collaborative care model.”

Diagnosis: Schizophrenia or related psychotic 
disorder (F20-F29)
Total = 48 participants (IG: n = 25; CG: n = 23)
IG:

●	 Age: 34 y.o. (±10) 
●	 Sex: M (n = 17); F (n = 8)

CG:
●	 Age: 36 y.o. (±12)
●	 Sex: M (n = 11); F (n = 12)

(+) Antipsychotic medications

Nygård, Brobakken, Taylor, 
Reitan, Güzey, Morken, 
Lydersen, Vedul-Kjelsås, 
Wang, Heggelund100

2021

Norway

RCT

Hospital

“To investigate whether 12 weeks 
of maximal strength training (MST) 
could (a) restore FGC and functional 
performance to the level of healthy 
references, (b) increase patient 
activation and quality of life, and 
(c) explore associations between 
symptom severity, defined daily dose 
of medication, illness duration, level of 
patient activation, and improvements in 
FGC and functional performance.”

Diagnosis: Schizophrenia or related psychotic 
disorder (F20-F29)
Total = 48 participants (IG: n = 25; CG: n = 23)

●	 Age: 35 y.o. (±11) 
●	 Sex: M (n = 28); F (n = 20)

(+) Antipsychotic medications

Uygur and Dinzeo101

2021

United States of America

A single-group 
repeated-measures 
design

Community mental 
health agency

(1) To evaluate the adherence and 
acceptability of speedwork training 
in individuals with schizophrenia; (2) 
to assess the test–retest reliability of 
motor assessments that are novel to 
schizophrenia research; (3) to evaluate 
the effectiveness of speedwork 
training in improving parkinsonian 
motor symptoms; and (4) psychiatric 
symptoms in individuals with 
schizophrenia.

Diagnosis: Schizophrenia or schizoaffective disorder
Total = 13 participants

●	 Age: 45.4 y.o. (±14) 
●	 Sex: M (n = 8); F (n = 5)

(+) Antipsychotic medications

IG – intervention group; CG – control group; DSM – Diagnostic and Statistical Manual of Mental Disorders; M – male; F – female; y.o. – years old; 
± – standard deviation; RCT – randomized controlled trial; pt – patient.
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Table 2.	Overview of Interventions
Author Frequency Intensity Type Time Comparator Facilitator

Campos et al.84 2x/week Not mentioned Exergame using 
Microsoft Kinect

20 minutes 
for 8 weeks

TAU Researcher with a 
background in OT

Chen, Huang, 
et al.85

2x/week 10-item Borg 
rating scale- 

Moderate to Hard

Baduanjin exercise 
+ usual medical and 

psychosocial treatment

60 minutes 
for 12 weeks

Brisk walking + 
usual medical and 

psychosocial treatment

OT and nurses

Chen, Yeh, et al.86 2x/week Not mentioned Baduanjin exercise 
+ SMS reminder 

(home-based)

90 minutes 
for 8 weeks

None Researcher with 
experience in 

teaching Baduanjin 
exercise

Chien et al.87 2x/week Not mentioned Multitasking training 
(Stage 1: real-world and 

goal-oriented tasks; 
Stage 2: exergame 
using Xbox-Kinect)

40 minutes 
for 12 weeks 
(each stage)

None OT

Guan et al.88 2x/week Not mentioned Dance Movement 
Therapy

60 minutes 
for 12 weeks

TAU Dance movement 
therapist

Gyllensten et al.89 1x/week Not mentioned Physical activity, 
basic body awareness 
therapy, walking, and 
strength training with 

structured exercise 
motivation + cognitive 
psychotherapy and/or 
supportive counselling, 
and skills training and 
daily activity balance

Duration was 
not mentioned; 

6 months

None PT, OT, nurse, social 
worker

Heggelund et al.90 3x/week 85-90% of 1RM MST using a leg 
press machine + 

Traditional therapy

4 sets of 4 
repetitions 
for 8 weeks

Playing computer games 
(Xbox) for 36 minutes 
+ Traditional therapy

Exercise physiologist

Ikai, Uchida, 
Mizuno et al.91

2x/week Not mentioned Chair yoga + routine 
treatment

20 minutes 
for 12 weeks

TAU Hatha yoga therapist 
and OT

Ikai, Uchida, 
Suzuki, et al.92

1x/week Not mentioned Yoga therapy + 
ambulatory treatment

60 minutes 
for 8 weeks

TAU One of the investi-
gators has a master's 

degree in yoga

Jo et al.93 3x/week Not mentioned Virtual reality exercise 
using the Nintendo 

Wii-Fit software

35 minutes 
for 8 weeks

None Primary researcher 
and two graduate 

students

Kaltsatou et al.94 3x/week 60%–70% 
of individual 

maximum heart 
rate (220-age)

Greek traditional 
dancing

60 minutes 
for 8 months

psychotherapy and 
continue the usual 
sedentary lifestyle

Physical exercise 
instructor

Kim et al.95 3x/week Strengthening: 
Borg's RPE (12-13/ 

somewhat hard); 
Aerobic: 60% of 

the individual 
VO2 max (THR)

Combined aerobic 
(walking) and 

strengthening using 
an elastic band

60 minutes 
for 12 weeks

continue their routine 
daily activities and 
perform stretching 

(static and dynamic), 
dancing, and recreation 

activity once a 
week for 1 hour

Not mentioned

Leutwyler et al.96 1x/week Not mentioned Active video game using 
Kinect for the Xbox 
360 game system

30 minutes 
for 6 weeks

non-active video games 
using the Xbox 360 
system (without the 
Kinect sensor) using 

remote controls

The principal 
investigator and her 

research staff
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Author Frequency Intensity Type Time Comparator Facilitator

Massa et al.97 3x/week Karvonen method 
of THR (50-80%)

Aerobic exercise 
using a stationary 
bicycle ergometer

20-45 minutes 
for 12 weeks

Stretching and 
balance exercise

Instructor with a 
degree in exercise 
physiology and/or 
Personal Training 

certification 
through ACSM

Midtgaard et al.98 3x/week Not mentioned Group-based, 
multifaceted exercise 

training (circuit training 
with functional 

movements)

60 minutes 
for 8 weeks

TAU Trained PT and 
exercise physiologist

Nygård, 
Brobakken, 
Lydersen et al.99

2x/week ~90% of 1RM 
(strength) and 

~85-90% of peak 
heart rate (aerobic)

Supervised aerobic 
interval training (AIT) 
using a treadmill and 
MST using a leg press

4 sets of 4 
repetitions 

(MST); 4 series 
of 4 minutes 

(AIT) for 1 year

Self-administered 
AIT and MST using 

a leg press

Experienced 
personnel at the 

training clinic and/or 
exercise physiologists

Nygård, 
Brobakken, Taylor 
et al.100

2x/week ~90% of 1RM 
(strength) and 

~85-90% of peak 
heart rate (aerobic)

Supervised AIT using 
a treadmill and MST 

using a leg press

4 sets of 4 
repetitions 

(MST); 4 
series of 4 

minutes (AIT) 
for 12 weeks

AIT and MST using a leg 
press (two supervised 

sessions, with the 
remaining sessions 
self-administered)

Experienced 
personnel at the 

training clinic and/or 
exercise physiologists

Uygur and 
Dinzeo101

2x/week Lowest resistance 
(power of <100 

watts), speed was 
as fast as possible 

(comfort level)

Speedwork training 
using a stationary 
recumbent bicycle

30 minutes 
for 6 weeks

None Experienced trainer

TAU – treatment-as-usual; OT – occupational therapist/therapy; PT – physical therapist/physiotherapist; SMS – short message service; 1RM – one 
repetition maximum; MST – maximal strength training; THR – target heart rate; VO2 max – maximal oxygen consumption; ACSM – American College 
of Sports Medicine; RPE – rate of perceived exertion

Table 2.	Overview of Interventions (continued)

Table 3.	Overview of Outcome Measures
Postural Control

Tool (n, number of studies) Psychometric properties
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Center of pressure (COP)-related measures 
with eyes open, eyes closed, Romberg ratio, 
and Functional reach test using force plate and 
clinical stabilometric platform (n = 4)84,87,91,92

Not mentioned    

Timed Up & Go Test (TUG) (n = 4)84,85,87,101 Moderate to excellent relative 
and good absolute test–re-
test reliability among adults 

with schizophrenia.101 

  

One-leg balance test or Unipedal stance test 
(with eyes open and eyes closed) (n = 3)86,95,100

Not mentioned  

Single-leg flamingo test (n = 1)98 Not mentioned 

Senior Fitness Test (SFT) (Foot Up and Go) 
(n = 2)84,93

Reliable and valid among 
older adults93

  

Berg Balance Scale (BBS) (n = 2)88,94 Reliable and valid among 
older adults88

   

Timed Up & Go Test (TUG) with motor & cogni-
tive dual task (n = 1)85

Not mentioned    
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Table 3.	Overview of Outcome Measures (continued)
Postural Control

Tool (n, number of studies) Psychometric properties
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Activities-specific Balance Confidence Scale 
(n = 1)87

Excellent test-retest reliabil-
ity, internal consistency, and 
construct validity in commu-
nity-dwelling older adults.87



Four Square Step Test (4SST) (n = 1)101 Moderate to excellent relative 
and good absolute test–re-
test reliability among adults 

with schizophrenia.101

  

Functional Reach Test (FRT) (n = 1)101 Moderate to excellent relative 
and good absolute test–re-
test reliability among adults 

with schizophrenia.101

  

Modified Falls Efficacy Scale (MFES) (n = 1)91 Not mentioned 

Gait

Tool (n, number of studies) Psychometric properties
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Timed Up & Go Test (TUG) (n = 4)84,85,87,101 Moderate to excellent 
relative and good absolute 

test–retest reliability among 
adults with schizophrenia.101



Six-minute Walk Test (6MWT) (n = 3)85,89,94 Acceptable validity and 
reliability among adults 
with schizophrenia.85,89

 

Walking efficiency test using metabolic device 
(n = 3)90,99,100

Not mentioned 

10-Meter Walk Test (10mW) (n = 2)93,101 Moderate to excellent 
relative and good absolute 

test–retest reliability among 
adults with schizophrenia.101



Timed 3-Meter Walk Test of the Short Physical 
Performance Battery (SPPB) (n = 1)96

Valid and reliable test 
among older adults.96



Timed 400-Meter Walk Test (n = 1)97 Not mentioned 

(SFT) (n = 2).84-88,93-95,100,101 Other measures included the 
Four-Square Step Test (4SST) (n = 1) and the Functional 
Reach Test (FRT) (n = 1).101 Center-of-pressure (COP) 
measures were the most frequently used laboratory-based 
postural control outcomes (n = 4).84,87,91,92 One study used 
a dual-task TUG to assess cognitive processing during a 
balance task, and two studies used self-report scales to assess 
balance self-efficacy and confidence (Modified Falls Efficacy 
Scale [MFES] (n = 1) and the Activities-specific Balance 
Confidence Scale [ABC] (n = 1)).85,87,91

Gait outcomes were predominantly assessed in terms 
of functional mobility and spatiotemporal characteristics. 
The TUG test was frequently used to measure functional 
mobility (n = 4).84,85,87,101 Walking capacity was measured 
using the Six-Minute Walk Test (6MWT) (n = 3).85,89,94 
Walking speed and step-related outcomes were assessed 
using the 10-Meter Walk Test (10mW) (n = 2), the Timed 
3-Meter Walk Test from the Short Physical Performance 
Battery (SPPB) (n = 1), and the Timed 400-Meter Walk 
Test (n = 1).93,96,97,101
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Reporting of psychometric properties for outcome 
measures in adults with schizophrenia was inconsistent across 
the included studies. The TUG, 4SST, FRT, and 10mW 
tests were reported to have moderate to excellent relative 
and good absolute test–retest reliability.101 The 6MWT 
was cited as having acceptable validity and reliability.85,89 
For several tools (e.g., BBS, ABC scale, the timed 3-Meter 
Walk Test of the SPPB, and the SFT), authors cited psycho- 
metric properties established in older adult populations 
rather than in adults with schizophrenia.87,88,93,96 For other 
tools, psychometric properties were not reported in the 
included studies.

Distribution of Studies According to Interventions 
and Outcomes

The included studies employed a variety of exercise 
modalities, and the emphasis on specific outcomes varied 
across intervention types. Figure 4 summarized the 
distribution of studies by intervention type and outcomes. 
Technology-based interventions most commonly assessed 
gait outcomes (n = 5), while three studies assessed postural 
control outcomes.84,87,90,93,96 Similarly, studies on structured 
aerobic and strength training placed more emphasis on gait 
(n = 5) than on postural control (n = 3).90,95,97,99-101 Mind–
body interventions (n = 4) focused more on postural control, 
with one study assessing gait outcomes.85,86,91,92 Evidence 
for dance-based and multimodal interventions was limited. 
Two dance-based studies assessed postural control, while one 
assessed gait.88,94 One multimodal study assessed postural 
control and one assessed gait outcomes.89,98

Acceptability, Attendance, and Adverse Events
Acceptability was explicitly reported in only three studies. 

Campos et al. reported that over 90% of participants rated 
the exergame intervention as interactive and satisfactory.84 

Chen, Yeh, et al. noted that 80% of participants valued the 
support materials for home-based Baduanjin exercise, and 
the use of SMS reminders appeared to slightly improve 
daily participation.86  Uygur and Dinzeo reported that parti- 
cipants found speedwork training enjoyable, with a manage-
able time commitment and level of difficulty.101

Attendance rates varied across interventions, and only 
13 studies reported them. Several studies reported high 
attendance (>80%), including Chen, Huang, et al. (94%), 
Heggelund et al. (85% in the experimental group), Ikai, 
Uchida, Suzuki, et al. (87%), Kaltsatou et al. (86.7% in the 
experimental group), Massa et al. (90.3%), and Uygur and 
Dinzeo (92%).85,90,92,94,97,101 Uygur and Dinzeo attributed 
the high attendance to incentives and supervision. In 
contrast, other studies reported lower attendance, including 
Campos et al. (69.23%) and Midtgaard et al. (43%; range: 
9%–96%).84,98 Chen, Yeh, et al. observed a gradual decline 
in attendance after the first week of a Baduanjin program, 
with an overall average attendance of 72%.86

Participant attrition across the 18 studies varied widely, 
ranging from 0% to 60.53%. Table 4 summarizes attrition for 
each study and the reported reasons for dropout. Retention 
was high in only a few studies, such as Jo et al. and Kaltsatou 
et al. (0%) and Guan et al.88,93,94 (3.33%). Most studies (n 
= 8) reported moderate attrition (5%–20%), while seven 
studies reported high attrition (>20%), led by Massa et al. 
(60.53%) and Midtgaard et al. (48%).84-87,89-92,95-101

Of the 18 included studies, 11 reported safety data. 
Most of these studies (n = 7) reported no accidents, injuries, 
or adverse events during the study period.85,86,91,94,99-101 Mild 
adverse effects were reported in two studies, including 
transient muscle soreness and fatigue following yoga and 
circuit training.92,98 Massa et al. reported physical sequelae 
associated with aerobic exercise, although the specific nature 
of these events was not described.97 Reasons for dropout 

Figure 4.	 Distribution of studies according to exercises and outcomes.
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were categorized as clinical, personal, and logistical factors. 
Clinical issues included unstable psychiatric symptoms, 
musculoskeletal diagnoses, exercise-related physical sequelae, 
health reasons, relapse, and hospitalization.86-88,91,92,95,97,99-101 
In higher-attrition studies, personal factors were prominent, 
including low motivation or interest, withdrawal of consent, 
non-attendance or inability to contact participants, perceived 
unfitness for the intervention, incomplete attendance, 
noncompliance, and other personal reasons.85,87,90,92,95-101 
Logistical barriers included scheduling conflicts, 
transportation issues, and hospital discharge.84-86,88,90,91,97,98

Limitations and Recommendations from Included 
Studies

Table 5 outlined the primary methodological limitations 
and targeted recommendations for future research across the 
four intervention categories. Small cohort size was the most 
frequently cited limitation across intervention types.86-95,97,101 
Several authors also reported inadequate blinding or used 
non-RCT methodologies (e.g., lack of control groups or 
non-random allocation).84,86-93,101 Heterogeneous participant 
characteristics were noted as a limitation in multimodal 
and mind–body/dance-based studies.85,89,91,92 Inadequate 

intervention dosage was identified in technology-based, 
mind–body/dance-based, and aerobic/strength training 
studies.86,90,92,94,96 For technology-based interventions, studies 
also noted limited reporting of fall frequency outcomes 
and technical issues with exergames (e.g., poor functioning 
or researcher-operated systems).84,87 In contrast, aerobic 
and strength training studies frequently reported limited 
assessment of clinical mental health outcomes, neuromuscular 
changes, and cerebrospinal fluid (CSF) biomarkers, which 
limited physiological insight.95,100 Finally, mind–body 
and dance-based intervention studies cited short follow-
up periods, single-site designs, and unclear physiological 
mechanisms underlying observed benefits.85,91,92,94

To strengthen the evidence base, authors emphasized 
the need for large-scale randomized controlled trials 
(RCTs) with adequate follow-up periods.84-87,89,92,97-99,101 A 
recurring recommendation across intervention categories 
was to investigate optimal dosing and to conduct longer 
trials.85,91,92,96,99 Several studies also recommended expanding 
research to multiple settings and exploring patient-led 
interventions, particularly for exergaming.84,85,98,101 In 
addition, future studies should incorporate a broader range 
of outcomes, including neuromusculoskeletal measures (e.g., 

Table 4.	Attrition Rate and Reasons for Attrition
Level of Attrition 

(n, number of studies)
Studies 

(Attrition rate, %)
Key Reasons for Attrition 

(n, number of participants)

None (0%) (n = 2) Jo et al.,93 Kaltsatou et al.94 •	 None

Low (<5%) (n = 1) Guan et al.88 (3.33%) •	 Marked fluctuations in psychotic symptoms (n = 1)
•	 Discharged from the hospital (n = 1)

Moderate (5-20%) (n = 8) Campos et al.84 (18.75% in EG; 9.38% 
total sample), Chen, Huang, et al.85 

(6.26%), Chien et al.87 (17.21%), 
Gyllensten et al.89 (12.5%), Heggelund 
et al.90 (18.75%), Ikai, Uchida, Mizuno 
et al.91 (8.93%), Ikai, Uchida, Suzuki, 
et al.92 (10.20%), Kim et al (10%).95

•	 Relocation (n = 5)85,89,91,92

•	 Declined to participate or withdrawal of consent (n = 4)85,87,92

•	 Schedule conflict or availability was changed (n = 4)84-85

•	 Discharged (n = 3)90-91

•	 Relapse (n = 2)91,92

•	 Unstable psychiatric symptoms (n = 1)87

•	 MSK diagnosis (n = 1)87

•	 Disappeared (n = 1)90

•	 <80% of training sessions (n = 1)90

•	 Hospitalization for physical comorbidity (n = 1)92

•	 Personal reasons or for health reasons unrelated to the study 
(specific number of participants are unknown)95

High (>20%) (n = 7) Chen, Yeh, et al.86 (31.25%), Leutwyler 
et al.96 (30%), Massa et al.97 (60.53%), 

Midtgaard et al.98 (48%), Nygård, 
Brobakken, Lydersen et al.99 (31.25%), 

Nygård, Brobakken, Taylor et al.100 
(25%), Uygur and Dinzeo (23.08%).101

•	 Lack of motivation (n = 19)99-100

•	 Stop showing up for appointments (n = 17)97

•	 Incomplete (n = 11)96

•	 Withdraw from participation (n = 10)97-98,101

•	 Time conflict (n = 6)86,98

•	 Noncompliance (n = 5)96-97

•	 Not contactable (n = 4)98

•	 Psychiatric hospitalization (n = 4)99-100

•	 Not feeling fit for the intervention (n = 3)98

•	 Unstable psychiatric symptoms (n = 3)86,101

•	 Somatic hospitalization (n = 2)99-100

•	 Death from drug overdose (n = 2)99-100

•	 Transportation issues (n = 2)97

•	 Physical sequelae from exercise paradigm (n = 1)97

•	 Not willing to repeat the test (n = 1)98

•	 No longer interested (n = 1)101

EG – experimental group
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Table 5.	Synthesis of Study Limitations and Recommendations according to Intervention
Type of 

Intervention
Common limitations identified

(n, number of studies)
Recommendations noted from included studies 

for future research (n, number of studies)

Technology-
based 

•	 Small sample size (n = 3).87,90,93

•	 Lack of placebo and control group (n = 2).84,87

•	 Decreased intervention frequency (n = 1).96

•	 The technology was mainly operated by the 
researchers and had poor game functioning 
(n = 1).84

•	 Lack of effects on fall frequency (n = 1).87

•	 Use of quasi-experimental (n = 1)84 and single-
subject designs (n = 1).93

•	 Consider exergames that can be completely controlled by 
patients either in a laboratory or home-based setting (n = 1).84

•	 Conduct larger-scale studies to compare exergaming with other 
physical activity interventions for effectiveness and adherence 
(n = 1).84

•	 Explore the feasibility and patients’ adherence to home-based 
exergaming (n = 1).84 

•	 Investigate the optimal dosing (FITT) (n = 1).84

•	 Prioritize future randomized controlled trials with adequate 
follow-up (n = 1).87

•	 The Activities-specific Balance Confidence (ABC) Scale should be 
conducted in unfamiliar situations (n = 1).87

•	 Investigate effects on the prefrontal and motor cortex and the 
impact on fall incidence (n = 1).87

•	 Implement longer programs with more frequent sessions to 
assess mobility and health outcomes like blood pressure and body 
mass index (n = 1).96

Mind-body 
and Dance-
based 
interventions

•	 Small sample sizes (n = 5).86,88,91,92,94

•	 Lack of double-blind designs or control groups 
(n = 4).86,88,91,92

•	 Short intervention durations with lack of long-
term follow-up (n = 4).86,91,92,94

•	 Insufficient dosage and heterogeneous participant 
characteristics (different diagnoses/medications) 
(n = 2).91,92

•	 Single-site study or enclosed in an outpatient 
department (n = 2).85,94

•	 The physiologic mechanism of the intervention 
remains to be elucidated (n = 2).91,92

•	 Participant characteristics may moderate 
treatment response (n = 1).85

•	 All participants were male (n = 1).88

•	 Potential bias from increased attention given to 
exercise groups compared to controls (n = 1).92

•	 Conduct multi-site research with larger, more diverse sample 
sizes (n = 3).85-86,92

•	 Investigate the optimal dosing (frequency, intensity, and duration) 
(n = 2).85,91,

•	 Include "maintenance packages" to facilitate long-term retention 
of the intervention (n = 1).85

•	 Use clinical outcomes such as risk of falls, fracture risk, risk ratio 
for disability, and quality of life (n = 1).88

•	 Assess improvements in cognitive functions and social interaction 
alongside physical stability (n = 1).88

•	 Determine the physiological mechanisms behind the benefits of 
intervention (n = 1).91

•	 Longer trials are warranted (n = 1).92

•	 Need for further investigations on the potential benefits of 
intervention in patients with psychiatric disorders (n = 1).91

Aerobic and 
Strength 
training

•	 Small sample sizes and issues with retention (high 
attrition in some cases) (n = 4).90,95,97,101

•	 Lack of evaluation for clinical mental conditions or 
neural/muscular measurements for more in-depth 
information (n = 2).95,100

•	 Lack of control group (n = 1).101

•	 Allocation was not randomized in one study 
(n = 1).90

•	 Short intervention periods and lack of blinded 
assessment (n = 1).90

•	 Implementation of the intervention in a structured 
setting and the use of incentives (n = 1).101

•	 Biomarkers (like BDNF) are often measured 
only in circulating levels (blood) rather than CSF 
(n = 1).95

•	 Prioritize future randomized controlled trials with larger samples 
and include other populations within psychiatry (n = 3).97,99,101

•	 Include neural, muscular, skeletal, immunologic, and metabolic 
measurements for more in-depth data on physical capacity and 
to better understand the effects of intervention in psychiatric 
populations (n = 2).97,100

•	 Combine strength and endurance training with sustainable 
lifestyle interventions (diet and smoking habits) (n = 1).99

•	 Investigate the optimal dosing (e.g., increased frequency) (n = 1).99

•	 Evaluate clinical outcomes using standard scores (e.g., PANSS or 
BPRS) in conjunction with physiological data (n = 1).95

•	 Further evaluate acceptability and effectiveness of the 
interventions across different settings and comparison groups 
(n = 1).101

Multimodal •	 Cross-sectional (n = 1).89

•	 Small sample size, and patients had multiple and 
varied diagnoses (n = 1).89

•	 Problems in recruitment due to some assessments 
used (n = 1).89

•	 Limited recruitment and high retention rates.98

•	 Prioritize future large-scale, multi-site randomized controlled 
trials (n = 2).89,98

•	 Incorporate more "recovery-related" measures rather than 
focusing strictly on objective physiological metrics (n = 1).98

FITT – Frequency, Intensity, Type, Time; SMS – Short Message Service; BDNF – Brain-Derived Neurotrophic Factor; PANSS – Positive and Negative 
Syndrome Scale; BPRS – Brief Psychiatric Rating Scale
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prefrontal cortex activity), psychiatric symptom scales (e.g., 
PANSS/BPRS), cognitive outcomes, disability and fracture 
risk, fall incidence, and recovery-oriented patient-reported 
outcomes.87,88,95,97,98,100 Finally, studies should include more 
diverse participant samples to better understand whether 
intervention effects vary across populations.

DISCUSSION

Gait and balance impairments contribute to mobility 
issues among individuals with schizophrenia. These 
impairments have been linked to metabolic syndrome, 
negative symptoms, lower cognitive functioning, and 
reduced quality of life.102 Therefore, the primary goal of this 
scoping review was to map the existing evidence on exercise 
interventions designed to improve gait and postural control 
in adults with schizophrenia. This review highlights what is 
currently known and what remains uncertain.

The mapped interventions reflect two parallel priorities 
in schizophrenia care: improving physical health and 
supporting engagement. Technology-based programs, such 
as exergaming, may be used to increase patients’ engagement 
and willingness to participate in training tasks.84,87 This may 
be relevant given that this population is known to have 
motivational barriers.90-101 In contrast, mind–body and dance-
based approaches may target physical health (e.g., postural 
control) because they integrate balance, body awareness, 
coordinated movements, and a range of postures, while 
aerobic and strength training align with cardiometabolic 
health and mobility.85,86,88,90-92,94,95,101 The lack of detailed 
reporting on intervention dosage hinders the development of 
a robust, cumulative evidence base. Although many studies 
include frequency, session duration, and total program length, 
intensity was frequently omitted.84,86-89,91-93,96,98 Without clear 
descriptions of FITT variables, it is difficult to replicate 
programs or compare interventions across settings. Future 
studies should prioritize transparent reporting to facilitate 
translation into physical therapy and multidisciplinary care.

Outcome selection across studies indicates a heavy 
emphasis on clinically practical functional assessments (e.g., 
the TUG and 6MWT), which promotes realistic application 
but may limit insight into underlying mechanisms. Balance 
tools frequently focus on specific domains of postural 
control, leaving other domains (e.g., emotional influences, 
orientation in space, and cognitive processing) underexplored. 
Functional mobility and walking-capacity assessments 
dominate gait outcomes, but comprehensive biomechanical 
measures are less common, limiting understanding of which 
specific gait abnormalities respond to exercise. Furthermore, 
most studies rely on psychometric properties established 
in older adults rather than those validated specifically for 
schizophrenia.87,88,93,96 The lack of standardized, population-
specific outcome measures hinders meaningful synthesis 
and obstructs the formulation of definitive, evidence-based 
therapeutic guidelines.

Variation in attendance and attrition in exercise 
programs was highlighted in the literature and indicates 
the influence of symptom fluctuation, motivation, and 
logistical barriers on participation. Systematic reporting 
of acceptability, adherence strategies, and adverse events 
is essential for real-world implementation. Occupational 
therapists, exercise physiologists, nurses, trained personnel, 
and investigators often facilitated exercise delivery, while 
physical therapists’ involvement was notably limited. Physical 
therapists (PTs) are essential members of multidisciplinary 
teams due to their expertise in movement science, gait 
analysis, and functional restoration.103,104 Future studies 
should explore physiotherapist-led delivery approaches to 
improve reproducibility and expand PT-related literature in 
psychiatric settings.

This scoping review highlights several gaps that limit 
the development of evidence-informed guidance for gait and 
postural control interventions in schizophrenia. Small sample 
sizes, variable intervention methods, inadequate long-term 
follow-up and blinding, incomplete dosing, and inconsistent 
outcome and psychometric reporting all contribute to reduced 
cross-study comparability.

Future Directions
Future research should focus on establishing the optimal 

frequency, intensity, and duration (FITT principle) of PT-led 
exercise modalities for achieving meaningful and long-term 
gains in motor function. It is also critical to evaluate balance 
and gait tests specifically for people with schizophrenia, 
rather than relying on data from older adult groups. Gait 
examinations should include not only functional tests but 
also biomechanical outcomes such as kinematics, kinetics, 
muscle activation, and spatiotemporal factors like stride 
and step length. To further understand how exercise affects 
motor function and fall risk, researchers should investigate 
underlying mechanisms, such as biomarkers and brain 
changes in the prefrontal and motor cortex. Large-scale, 
multi-site randomized controlled trials with longer follow-
up and more diverse populations are needed to strengthen 
the evidence base and support the development of clinical 
guidelines.

Limitations
This scoping review has several limitations. First, only 

published articles from 2012 to December 2023 were 
included, and grey literature was excluded. Although this may 
have limited the pool of eligible studies, the review focused on 
recent peer-reviewed evidence to support evidence-informed 
practice. Second, only three databases were searched; 
however, these databases index a wide range of health-related 
literature. Finally, a formal critical appraisal of the evidence 
was not performed, as the goal was to map the evidence rather 
than determine the quality of individual studies. Therefore, 
findings should be interpreted as an evidence map rather than 
a statement of effectiveness.
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CONCLUSION

Evidence regarding exercise interventions for gait and 
postural control in schizophrenia is currently limited, though 
the field is expanding. It includes technology-based programs, 
mind–body/dance-based interventions, aerobic and strength 
training, and multimodal approaches. However, significant 
heterogeneity in study designs, intervention procedures, and 
outcome measures, combined with incomplete reporting 
of intensity, psychometric characteristics, adherence, and 
adverse events, impedes comparability and the formulation 
of clear, evidence-based interventions. Future research 
should prioritize adequately powered and methodologically 
rigorous trials, standardized and schizophrenia-appropriate 
outcome measures for gait and postural control, and more 
detailed reporting of intervention dose, physical therapist 
involvement, and implementation outcomes to support 
translation into practice and improve mobility and quality of 
life in this population.
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APPENDIX

Search Result Hits

Database: CINAHL

Search Terms Number 
of Hits

EXERCISE AND SCHIZOPHRENIA AND GAIT 3

EXERCISE AND SCHIZOPHRENIA AND WALK 37

EXERCISE AND SCHIZOPHRENIA AND BALANCE 17

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL BALANCE" 2

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL CONTROL" 0

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL STABILITY" 0

TRAINING AND SCHIZOPHRENIA AND GAIT 4

TRAINING AND SCHIZOPHRENIA AND WALK 8

TRAINING AND SCHIZOPHRENIA AND "POSTURAL CONTROL" 1

TRAINING AND SCHIZOPHRENIA AND "POSTURAL STABILITY" 0

TRAINING AND SCHIZOPHRENIA AND BALANCE 26

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND GAIT 5

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND WALK 25

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND "POSTURAL 
CONTROL"

0

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND "POSTURAL 
STABILITY"

0

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND BALANCE 16

TOTAL: 144

Database: PubMed

Search Terms Number 
of Hits

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND (gait) 7

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND (walk*) 95

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND (balance) 36

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND ("Postural Balance") 6

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND ("postural control") 1

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (exercise)) AND (schizophrenia)) AND ("postural stability") 2

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (training)) AND (schizophrenia)) AND (gait) 19

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (training)) AND (schizophrenia)) AND (walk*) 106

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (training)) AND (schizophrenia)) AND ("postural control") 5

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (training)) AND (schizophrenia)) AND ("postural stability") 1

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND (training)) AND (schizophrenia)) AND (balance) 142

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND ("physical activity")) AND (schizophrenia)) AND (gait) 3

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND ("physical activity")) AND (schizophrenia)) AND (walk*) 55

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND ("physical activity")) AND (schizophrenia)) AND ("postural control") 1

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND ("physical activity")) AND (schizophrenia)) AND ("postural stability") 0

(((("2012"[Date - Publication] : "2023"[Date - Publication])) AND ("physical activity")) AND (schizophrenia)) AND (balance) 16

TOTAL: 495

Database: PEDro

Search Terms Number 
of Hits

EXERCISE AND SCHIZOPHRENIA AND GAIT 0

EXERCISE AND SCHIZOPHRENIA AND WALK 3

EXERCISE AND SCHIZOPHRENIA AND BALANCE 5

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL BALANCE" 0

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL CONTROL" 0

EXERCISE AND SCHIZOPHRENIA AND "POSTURAL STABILITY" 0

TRAINING AND SCHIZOPHRENIA AND GAIT 0

TRAINING AND SCHIZOPHRENIA AND WALK 1

TRAINING AND SCHIZOPHRENIA AND "POSTURAL CONTROL" 0

TRAINING AND SCHIZOPHRENIA AND "POSTURAL STABILITY" 0

TRAINING AND SCHIZOPHRENIA AND BALANCE 3

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND GAIT 0

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND WALK 2

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND "POSTURAL 
CONTROL"

0

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND "POSTURAL 
STABILITY"

0

PHYSICAL ACTIVITY AND SCHIZOPHRENIA AND BALANCE 0

TOTAL: 14
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