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Abstract

Background: Although the participation of children with autism spectrum disorder (ASD)
in team sports presents challenges, group-based physical activities could offer specific
benefits for their core symptoms. Therefore, the aim of this systematic review was to
analyze the benefits of mini-basketball for children with ASD. Methods: A systematic
review was conducted following PRISMA guidelines and was registered in PROSPERO
(CRD420251144800). Four databases (Web of Science, SPORTDiscus, PubMed, and Scopus)
were searched to select randomized controlled trials reporting the effects of mini-basketball
interventions on children with ASD from their inception to August 2025. Results: Eight
randomized controlled trials involving 436 participants (aged 3-12 years, 87.3% male) met
the inclusion criteria. All studies were conducted in China using 12-week interventions
(4045 min, 2-5 days/week at moderate intensity). The quality was rated as good in two
studies and fair in six. Five studies assessed social responsiveness, with four showing
significant pre—post reductions in the experimental groups and all demonstrating supe-
rior outcomes versus those of the controls. One study reported significant reductions
in repetitive behaviors, self-injurious behaviors, and restricted behaviors compared to
that of the controls. Joint attention improvements were observed through eye-tracking
measures, with increased fixation counts, shorter time to first fixation, and more accurate
gaze shifts. Physical fitness benefits included improved shuttle run times and standing
long jump performance. Finally, one study demonstrated better inhibition control and im-
provements in sleep quality, including increased sleep duration and efficiency. Conclusions:
Mini-basketball interventions can improve social responsiveness and related outcomes in
children with ASD. These findings support mini-basketball as a feasible, safe, and effective
intervention that could be integrated with existing therapeutic approaches.

Keywords: executive function; exercise therapy; psychomotor performance; team sports;
youth sports
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition diagnosed based
on behavioral characteristics observed during childhood [1]. Although the term “spectrum”
is used because it affects each person differently, the behavioral characteristics associated
with this diagnosis include difficulties with social interaction and communication, as well
as restricted and repetitive behaviors and interests [2]. These characteristics derive from
various neuroanatomical alterations, such as modified connectivity patterns, region-specific
volumetric changes, variations in gray or white matter, and fine microstructural or cellular
modifications [3,4]. In order to mitigate its consequences, different pharmacological treat-
ments have been evaluated to address comorbidities, particularly concurrent mental health
symptoms (e.g., irritability, anxiety, and inattention/hyperactivity, among others) [5-7].
However, it remains essential to explore non-pharmacological interventions that directly
address the core symptoms (social communication and restricted /repetitive behaviors) [8].

Among other non-pharmacological treatments, physical activity (PA) has been high-
lighted as one interesting way to treat mental issues, including ASD [9,10]. Following
different meta-analytical comparisons, it can be found that PA has reported positive effects
on motor skills [11], sleep-related issues [12,13], and /or cognitive functions (i.e., memory,
attention, executive functions) [14,15]. However, there is a significant body of literature
reporting the positive effects of PA on core symptoms (i.e., social disorder and repeated
rigid behavior) of children with ASD diagnosis [16]. Specifically, there are meta-analyses
reporting that physical exercise as an effective tool for reducing the number of episodes
of stereotypical behaviors [17] and for enhancing communication and social interaction in
children with ASD diagnosis [18,19]. Interestingly, there are also different meta-analytical
comparisons that, after clustering the scientific research focusing on improving ASD core
symptoms, have highlighted that group-based activities are of particular interest [20,21].

Considering this idea, the concept of involving children with ASD diagnoses in team
sport-based activities is of interest. However, when a group-based multiple trajectory mod-
eling approach has been used to analyze trajectories of participation in team and individual
sports, outcomes have reported that involving children in team sports is challenging [22].
Specifically, the results of this study highlight that children with ASD diagnoses used to
belong to the “sports avoider” group, and they are particularly likely to experience exclu-
sion from team sport environments, and this exclusion persists over time [22]. However,
although for people with an ASD diagnosis, playing team sports means dealing with diffi-
culties regarding social interactions and limitations in motor functions, some researchers
have decided take advantage of the opportunity to improve autism core symptoms [23] by
supporting the use of these sports when working with young people with ASD diagnoses.
In fact, although a large body of literature is lacking, different articles have reported the
results. For example, participation in a community organized football program can improve
social interactions, behavioral functioning, and communication skills in children up to
the age of 12 years old [24,25]. However, since it appears that there are more intervention
programs based on basketball, it seems that this team sport is of particular interest to
research teams [26].

Compared to typically developing children, children with ASD exhibit significant
inefficiencies in regards to motor tasks such as hand—eye coordination, throwing, and
catching, suggesting difficulties in motor control and perceptual-motor integration [27].
At the same time, organized physical activity (OPA) in group settings has been shown to
effectively promote social interaction and communication skills in children with ASD [21].

Against this backdrop, basketball—a team sport that requires active upper-limb in-
volvement, relies on fine hand—eye coordination, and demands continuous visual infor-
mation processing—holds unique potential. Mini-basketball, in particular, is an adapted
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form of the sport designed for children, using lighter and smaller equipment, along with
developmentally appropriate modifications of rules and court size [28]. This structured,
low-intensity, and highly interactive format preserves the cooperative and competitive
nature of traditional basketball while enhancing playfulness and accessibility. It allows chil-
dren with ASD to participate in training safely and consistently at a suitable pace. Existing
studies have demonstrated that mini-basketball significantly improves fundamental motor
skills, physical fitness, and social communication abilities in children with ASD [29].

For all these reasons, looking for the effects of team sports, in general, and basketball,
in particular, on children with an ASD diagnosis could be of interest. To the best of the
authors” knowledge, there is no systematic review attempting to analyze all the effects of a
certain team sport on children with an ASD diagnosis. The most relevant articles include the
following;: first, a systematic review and meta-analysis that analyzed the effects of basketball
on executive function in children with an ASD diagnosis, reporting that mini-basketball is
outstanding for improving inhibitory control and cognitive flexibility [26], and second, a
narrative review aimed at reporting the effects, improvements, and difficulties experienced
by people with autism when playing soccer [23]. For this reason, this systematic review
aims to analyze the benefits of basketball for children diagnosed with ASD, both in relation
to core symptoms and other associated outcomes, based on randomized controlled trials
(RCTs). This review may be of interest to professionals working with children with an ASD
diagnosis, either in school settings or in extracurricular activities, providing a possible way
to help mitigate symptoms and enhance quality of life.

2. Materials and Methods

The present systematic review was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Supplementary
Material File S1) [30] and guidelines for performing systematic reviews in sport sciences [31].
The review protocol was registered in PROSPERO (CRD420251144800).

2.1. Search Strategy

Systematic searches were conducted in four electronic databases—Web of Science,
SPORTDiscus, PubMed, and Scopus—from their inception to 29 August 2025. An initial
exploratory search was carried out to identify the Boolean search string most appropriate
for this review. Table 1 presents the search strategy used in each database. Moreover, the
reference lists of the included studies, as well as citations identified via Google Scholar,
were examined to identify additional studies for potential inclusion in the present review.

Table 1. Full search strategy for each database, presented as they were used.

Data Base Search Strategy Results
Web Of TS ((“basketball” OR “mini-basketball”) AND (“autis*” OR “autism spectrum 44
Science disorder” OR “ASD” OR “autist*”))

Scopus TITLE-ABS-KEY ((“basketball” OR “mini-basketball”) AND (“autis*” OR “autism 49
P spectrum disorder” OR “ASD” OR “autist*”))
. (“basketball” OR “mini-basketball”) AND (“autis*” OR “autism spectrum disorder”
SPORTDiscus OR “ASD” OR “autist*”) 32
MEDLINE/ (“basketball” OR “mini-basketball”) AND (“autis*” OR “autism spectrum disorder” 25
PubMed OR “ASD” OR “autist*”)
TOTAL 150

2.2. Eligibility Criteria
Studies were only eligible for inclusion if they conducted RCTs that reported the

effects of mini-basketball interventions in children with ASD. Studies were excluded if:
(a) mini-basketball was combined with other exercises or therapies; (b) they included
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both children and adolescents and did not report results for children separately; (c) the
intervention consisted of a single session; or (d) the full text was unavailable. Only studies
published in English, Spanish, or Portuguese were included.

2.3. Study Selection and Data Extraction

Duplicate references were removed manually using Rayyan (version 1.5.0; QCRI,
Doha, Qatar) [32] prior to screening. The titles and abstracts of all identified studies were
independently evaluated by both authors (D.G.-D. and C.D.G.-C.) to determine eligibility.
After this initial screening, the selected studies were reviewed in full by both researchers
(D.G.-D. and C.D.G.-C.) to confirm inclusion. Any disagreements were resolved through
discussion and consensus. Full-text articles deemed potentially relevant were retrieved for
further assessment.

From each included article, data were extracted on the title, authors, year of publication,
country, participant characteristics, intervention characteristics, outcomes assessed, main
results, dropouts, and adverse events. One researcher performed the data extraction, and a
second researcher verified its accuracy.

2.4. Quality Assessment

Methodological quality for each RCT was obtained from the Physiotherapy Evidence
Database (PEDro), when available. If a trial was not listed in PEDro, two authors (D.G.-D.
and C.D.G.-C.) independently assessed its quality and resolved discrepancies through
consensus. Quality was classified using the following cutoffs: excellent (9-10), good (6-8),
fair (4-5), and poor (<3) [33].

3. Results
3.1. Study Selection and Screening Results

Through the database search, a total of 150 records were identified. After removing
duplicates, 93 records remained for title and abstract screening. Following this process,
24 articles were selected for full-text review. Finally, eight RCTs [34—41] met the inclusion
criteria and were included in the present systematic review (Figure 1).

Identification of studies via databases and registers

s
; Records identified from: Records removed before screening:
[ Databases (n=4) Duplicate records removed
Registers (n = 150) {n=57)
=
L
= !
Records screened » | Records excluded
(n=93) (n=69)
Reports sought for retrieval Reports not retieved
= n =24 = =
§ ( J] n=0)
S Reports excluded
Repot: ed for eligibil
i flédj assessed for eligibility o B articles (n=4)
* Infervention combined basketball

with other components (n=1)
* Conference proceedings (n=1)
*No RCTs (n=19)
= Other language (n=1)

Studies included in review
(n=8)

=

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study
flow diagram.
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3.2. Quality Assessment Results

The methodological quality of the reviewed RCTs was rated as “good” in two stud-
ies [40,41] and “fair” in the rest of the selected studies (Table 2). The blinding of participants
and therapists was the most relevant methodological issue not adequately addressed in
the studies, which is common in this type of intervention. Other frequent shortcomings
included the lack of key outcomes measured in more than 85% of participants, the absence
of intention-to-treat analysis, and the lack of concealed allocation.

Table 2. Quality assessment of randomized controlled trials.

Items

Authors (Year) Quality Rating
1 2 3 4 5 6 7 8 9 10 11 Score
Yang et al. (2024) [34] Y + - + - - - - - + + 4/10 Fair
Qi et al. (2024) [35] Y + - + - - + — - + + 5/10 Fair
Yu et al. (2021) [36] Y + - + - - - - - + + 4/10 Fair
Cai et al. (2019) [37] Y + — + — — — — — + + 4/10 Fair
Yang et al. (2021) [38] Y + — + — — — — — + + 4/10 Fair
Zhang et al. (2025) [39] Y + — + — — - — — + + 4/10 Fair
Tse et al. (2019) [40] Y + — + — — + + — + + 6/10 Good
Ge et al. (2024) [41] Y + + + — — + - — + + 6/10 Good

Note. Eligibility criteria item does not contribute to total score. Items: (1) eligibility criteria; (2) randomization;
(3) concealed allocation; (4) similarity at baseline; (5) subjects blinding; (6) therapist blinding; (7) assessor blinding;
(8) one key outcome measured in >85% of subjects; (9) intention-to-treat analysis; (10) between-group statistical
results for one key outcome; (11) measures of variability and point measures for one key outcome. “+” indicates
that the criterion was met; “—" indicates that the criterion was not met.

3.3. Study Design and Samples

The combined sample size across the reviewed studies was 436 participants (Table 3).
The study with the smallest sample included 40 participants [36], while the largest com-
prised 63 participants [35]. Demographic characteristics varied, with ages ranging from
3 to 12 years old, situating the sample within a child population (from preschool to preado-
lescence). Among studies that reported sex in the final samples (1 = 260), 227 participants
were male (87.3%). Overall, the studies were published between 2019 and 2025, and all
were conducted in China.

3.4. Characteristics of Interventions

All interventions lasted 12 weeks across the included studies. Session duration con-
sistently ranged from 40 to 45 min. A five-days-per-week schedule was used in seven of
the eight trials. Only one study followed a different weekly frequency, employing two
sessions per week [40]. Exercise intensity, reported in six studies, was typically described as
moderate (most often operationalized at 128-148 bpm), with one trial prescribing 60-69% of
HRpeak [38]. Only two studies did not report intensity [37,40]. Control groups maintained
their usual routines and did not receive any structured basketball training.

3.5. Main Results
3.5.1. Social Responsiveness

Five studies assessed social responsiveness using the Social Responsiveness Scale,
Second Edition (SRS-2). Four of the five trials reported significant pre—post reductions in
SRS-2 total score for the basketball group [34-37], whereas all five trials observed increases
in the control groups. After interventions, all trials reported lower SRS-2 total scores in the
experimental group compared to controls, thereby supporting the superior efficacy of the
basketball-based programs [34-38].
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Table 3. Descriptive characteristics of the included studies.

First Author . Dropouts and
(Year), Design Sample Intervention Outcomes Results Adverse Events
Duration: 12 weeks
. Behavioral outcome measures:
Participants (n): F/riquerTcil. 5 c.lays/ week . . Dropouts: 29
57 (30EG; 27CON) olume: 40 min . Repetitive behavior scale
! Intensity: Moderate Intra-group (p < 0.05): .
L] Stereotyped o X . EG: 15 did not complete
Zhang et al. Final sample (): behavior T Repetitive behavior scale (total score) in CON the experiment
(2025) 28 (15E G'Ii 3C ON) EG: Mini-basketball program + ABA - Self-infurious 1 Restricted behavior in CON p
[39] ! Activities: Typical exercise session behavilor CON: 12 did not
Sex: M had four sequential components, - Compulsive Inter-group (p < 0.05): com 'lete the experiment:
Country: ’ including introduction, warm-up beha\l?ior EG < Repetitive behavior scale (total score) than CON 2 milssin Tl—MIER AGE !
China activity, mini-basketball, and . .. . EG < Self-injurious behavior than CON &
Age, years (mean; SD): laxati L] Ritualistic behavior EG < Restricted behavior than CON data
EG: 4.90 & 0.66 relaxation. L] Sameness behavior estricted behavior than
CON: 4.77 £ 0.70 L] Restricted interests Adverse events: NR

CON: Maintained their regular
routine + ABA.

Yang et al. (2024)
[34]

Country:
China

Participants (n):
59 (30EG; 29CON)

Final sample (n):
30 (15EG; 15CON)

Sex:
EG: 13M/2F
CON: 13M/2F

Age, years (mean; SD):

EG:5.17 £ 0.72
CON: 4.67 £ 0.70

Duration: 12 weeks

Frequency: 5 days/week

Volume: 40 min

Intensity: Moderate; 128-148 bpm

EG: Mini-basketball program + ABA
Activities: Introduction, warm-up
exercises, basketball intervention,
and relaxation.

CON: Maintained their regular
routine + ABA.

Social Responsiveness:

Social Responsiveness
Scale, Second Edition

n Social awareness

u Social cognition

n Social
communication

n Social motivation

L] Behavior pattern

Intra-group (p < 0.05):

1 Social responsiveness (total score) in EG

} Social communication (score) in EG

| Behavior pattern (score) in EG

1 Social responsiveness (total score) in CON
1 Social communication (score) in CON

1 Behavior pattern (score) in CON

Inter-group (p < 0.05):

EG < Social responsiveness (total score) than CON
EG < Social cognition (score) than CON

EG < Social communication (score) than CON

EG < Behavior pattern (score) than CON

Dropouts: 29

EG: 14 did not complete
behavioral assessment
1 Did not complete
rs-fMRI scan

CON: 13 did not
complete behavioral
assessment

1 Did not complete
rs-fMRI scan

Adverse events: NR
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Table 3. Cont.

First Author
(Year), Design

Sample

Intervention

Outcomes

Results

Dropouts and
Adverse Events

Qi etal. (2024)
[35]

Country:
China

Participants (1):
63 (20EG1; 23EG2;
20CON)

Final sample (n):
41 (13EG1; 14EG2;
14CON)

Sex:

EG1: 10M/3F
EG1: 12M/2F
CON: 13M/1F

Age, years (mean; SD):

499 +0.76

Duration: 12 weeks

Frequency: 5 days/week

Volume: 4045 min

Intensity: Moderate; 128-148 bpm

EGI1: Ball combination training
program + ABA

Activities: Phases I-1I:
mini-basketball. Late Phase II:
introduces soccer. Phase III: group
games combining mini-basketball +
soccer

EG2: Mini-basketball program + ABA
Activities: Exercise session had four
sequential components, including
introduction, warm-up,
mini-basketball intervention, and
cool-down.

CON: Maintained their regular
routine + ABA.

Social Responsiveness:

Social Responsiveness
Scale, Second Edition

n Social awareness

L] Social cognition

n Social
communication

u Social motivation

L] Behavior pattern

Intra-group (p < 0.05):

} Social responsiveness (total score) in EG1
J Social awareness (score) in EG1

| Behavior pattern (score) in EG1

1 Social responsiveness (total score) in EG2
} Social communication (score) in EG2

1 Social cognition (score) in EG2

1 Social responsiveness (total score) in CON
1 Behavior pattern (score) in CON

Inter-group (p < 0.05):

EG1 and EG2 < Social responsiveness (total score) than CON
EG1 < Social awareness (score) than CON

EG1 < Behavior pattern (score) than CON

EG2 < Social communication (score) than CON

EG2 < Social cognition (score) than CON

Dropouts: 22 lost to
follow-up

EG1: 7

EG2: 9
CON: 6

Adverse events: NR

Ge et al. (2024)
[41]

Country:
China

Participants (n):
49 (23EG; 26CON)

Final sample (n):
30 (16EG; 14CON)

Sex:
EG: 15M/1F
CON: 12M/2F

Age, years (mean; SD):

EG:7.50 £2.19
CON: 6.64 + 1.45

Duration: 12 weeks

Frequency: 5 days/week

Volume: 40 min

Intensity: Moderate; 128-148 bpm

EG: Mini-basketball program + ABA
Activities: 10 min warm-up with
short games, a 25 min combining
mini-basketball skills and fitness, and
a 5 min cool-down.

CON: Maintained their regular
routine + ABA.

Joint Attention:

Joint attention task (Tobii
Pro Fusion high
performance portable eye
tracker)

n AQI Fixation
duration

n AOQI Fixation count

n AOQI Visits count

n Time to first
fixation

L] Accurate gaze
shifts count

n Accurate-to-
inaccurate gaze
shift ratio

Intra-group (p < 0.05):
1 Time to first fixation in CON
1 Accurate gaze shifts count in CON

Inter-group (p < 0.05):

EG > AOQI fixation count than CON

EG < Time to first fixation than CON

EG > Accurate gaze shifts count than CON

EG > Accurate-to-inaccurate gaze shift ratio than CON

Dropouts: 19

EG: 1 did not complete
post-test

3 missing MRI data

1 excessive head motion
2 missing behavioral
data

CON: 7 due to the
impact of COVID-19
epidemic

4 missing MRI data

1 excessive head motion

Adverse events: NR
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Table 3. Cont.

First Author
(Year), Design

Sample

Intervention

Outcomes

Results

Dropouts and
Adverse Events

Yu et al. (2021)
[36]

Country:
China

Participants (n):
40 (20EG; 20CON)

Final sample (n):
31 (17EG; 14CON)

Sex:
EG: 15M/2F
CON: 13M/2F

Age, years (mean; SD):

EG:4.89 £+ 0.80
CON: 4.75 £ 0.62

Duration: 12 weeks
Frequency: 5 days/week
Volume: 40 min

Intensity: 136.97 £ 7.45 bpm

EG: Mini-basketball program
Activities: Including a 2 min
classroom routine preparation, then 8
min warm-up activities, followed by
a 25 min mini-basketball training and
a 5 min cool-down.

CON: Maintained their regular
routine.

Social Responsiveness:

Social Responsiveness
Scale, Second Edition

n Social awareness

u Social cognition

n Social
communication

n Social motivation

L] Behavior pattern

Intra-group (p < 0.05):

1 Social responsiveness (total score) in EG

1 Social cognition (score) in EG

J Social communication (score) in EG

1 Social responsiveness (total score) in CON
1 Social communication (score) in CON

1 Behavior pattern (score) in CON

Inter-group (p < 0.05):

EG < Social responsiveness (total score) than CON
EG < Social communication (score) than CON

EG < Social cognition (score) than CON

EG < Behavior pattern (score) than CON

Dropouts: 9

6 missing MRI data
3 inferior images not
suitable for analysis

EG: 3
CON: 6

Adverse events: NR

Yang et al. (2021)
[38]

Country:
China

Participants (n):
59 (30EG; 29CON)

Final sample (n):
30 (15EG; 15CON)

Sex:
EG: 13M/2F
CON: 12M/3F

Age, years (mean; SD):

EG: 4.67 +£0.70
CON: 5.03 £+ 0.55

Duration: 12 weeks
Frequency: 5 days/week
Volume: 40 min
Intensity: 60-69% HRpeak

EG: Mini-basketball program
Activities: Start (lining up, roll call,
and greetings), warm-up (light
jogging, stretching, and general limb
mobility), intervention—comprising
three consecutive stages: (1) basic
basketball training, (2) instruction in
specific mini-basketball skills, and (3)
a mini-basketball game—and
cool-down.

CON: Maintained their regular
routine and usual care.

Social Responsiveness:

Social Responsiveness
Scale, Second Edition

n Social awareness

u Social cognition

n Social
communication

n Social motivation

L] Behavior pattern

Intra-group (p < 0.05):

1 Social cognition (score) in EG

1 Social responsiveness (total score) in CON
1 Social communication (score) in CON

Inter-group (p < 0.05):

EG < Social responsiveness (total score) than CON
EG < Social communication (score) than CON

EG < Social cognition (score) than CON

Dropouts: 29 lost to
follow-up

EG: 15
CON: 14

Adverse events: NR
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Table 3. Cont.

First Author
(Year), Design

Sample

Intervention

Outcomes

Results

Dropouts and
Adverse Events

Cai et al. (2019)
[37]

Country:
China

Participants (n):
59 (30EG; 29CON)

Final sample (n):
30 (15EG; 15CON)

Sex:
EG: 12M/3F
CON: 14M/1F

Age, years (mean; SD):

EG:5.03 £ 0.64
CON: 4.56 + 0.84

Duration: 12 weeks
Frequency: 5 days/week
Volume: 40 min
Intensity: NR

EG: Mini-basketball program
Activities: 5 min warm-up; (b) 20 min
basic basketball skill instruction; (c)
10 min basketball game; (d) 5 min
cool-down.

CON: Maintained their regular
routine.

Social Responsiveness:

. Social Responsiveness
Scale, Second Edition

n Social awareness

u Social cognition

n Social
communication

n Social motivation

L] Behavior pattern

Physical Fitness Performances

n 2 x 10 m shuttle
run

L] Standing long jump

u Sit-and-reach

n Balance beam test

Intra-group (p < 0.05):

1 Social responsiveness (total score) in EG

1 Social cognition (score) in EG

J Social communication (score) in EG

1 Social responsiveness (total score) in CON
1 Social communication (score) in CON

1 Behavior pattern (score) in CON

J 2 x 10 m shuttle run time in EG

1 Standing long jump in EG

Inter-group (p < 0.05):

EG < Social responsiveness (total score) than CON
EG < Social awareness (score) than CON

EG < Social communication (score) than CON

EG < Social cognition (score) than CON

EG < Behavior pattern (score) than CON

EG <2 x 10 m shuttle run time than CON

EG >Standing long jump than CON

Dropouts: 29 lost to
follow-up

EG: 15
CON: 14

Adverse events: NR

Tse et al. (2019)
[40]

Country:
China

Participants (1):
50 (25EG; 25CON)

Final sample (n):
40 (19EG; 21CON)

Sex:
EG: 14M/5F
CON: 18M/3F

Age, years (mean; SD):

EG:10.11 £ 1.20
CON:9.81 £1.17

Duration: 12 weeks
Frequency: 2 days/week
Volume: 44 min
Intensity: NR

EG: Basketball skill-learning
intervention

Activities: Warm-up (10 min);
basketball instruction (30 min) to
learn different basketball skills;
cool-down (5 min).

CON: Did not receive any
intervention and were asked to
follow their daily routine without
taking part in any additional physical
exercise program.

Self-reported sleep quality
(parent-reported sleep log):

. Sleep duration (h)

. Sleep efficiency (%)

o Wake after sleep onset
(min)

Objective sleep status (actigraphy

assessment):

. Sleep duration (h)

e  Sleep efficiency (%)

e Wake after sleep onset
(min)

Neuropsychological measures:

. Inhibition control (false
alarm error)
Corsi block tapping task
. Forward digit span
e  Backward digit span

Intra-group (p < 0.05)

1 Sleep duration after intervention on weekday (actigraphy and
sleep log) and weekend (actigraphy) in EG

| Sleep duration after intervention on weekday (actigraphy and
sleep log) and weekend (sleep log) in CON

1 Sleep efficiency after intervention on weekday and weekend in
EG (actigraphy and sleep log)

| Sleep efficiency after intervention on weekday (actigraphy)
and weekend (sleep log) in CON

| Wake after sleep onset after intervention on weekday and
weekend in EG (actigraphy and sleep log)

T Wake after sleep onset after intervention on weekday in CON
(actigraphy)

} Inhibition control (false alarm error) in EG

Inter-group (p < 0.05)

EG > Sleep duration compared to CON after intervention on
weekday (actigraphy) and weekend (actigraphy and sleep log)
EG > Sleep efficiency in compared to CON after intervention on
weekday and weekend (actigraphy and sleep log)

EG < Wake after sleep onset compared to CON after intervention
on weekday and weekend (actigraphy and sleep log)

EG < Inhibition control (false alarm error) than CON

Dropouts: 10 Due to
incompletion of
assessments

EG: 6
CON: 4

Adverse events: NR

Note. >: greater; <: lower; 1: increment; |: decrement; ABA: applied behavior analysis; AOI: areas of interests; CON: control group; EG: experimental group; F: female; M: male; NO: not

observed; NR: not reported.



Healthcare 2025, 13, 2861

10 of 15

In the trial comparing mini-basketball with a ball-combination program (mini-
basketball progressing to soccer), both intervention arms achieved pre—post reductions in
the SRS-2 total score [35], and both active programs showed lower SRS-2 total scores than
those of the controls.

3.5.2. Behavioral Outcome Measures

One study examined the Repetitive Behavior Scale [39]. Post-intervention, the mini-
basketball group showed lower scores than the control group regarding the total score,
self-injurious behavior, and restricted behavior. Within-group analyses indicated that the
control group declined, with increases in total and restricted behavior.

3.5.3. Joint Attention (Eye-Tracking)

One study measured joint attention metrics via eye-tracking [41]. In the control group,
time to first fixation increased, and the number of accurate gaze shifts decreased. No
statistically significant within-group changes were observed in the experimental group.

At post-test, the intervention group showed a greater area of interests fixation count, a
shorter time to first fixation, more accurate gaze shifts, and a higher accurate-to-inaccurate
gaze shift ratio than did the control group.

3.5.4. Physical Fitness

Only one study evaluated physical fitness as the main outcome using four tests: the
2 x 10 m shuttle run, standing long jump, sit-and-reach, and balance beam [37]. The
experimental group showed statistically significant within-group improvements, with a
reduction in 2 x 10 m shuttle run time and an increase in standing long jump distance. In
the between-group analysis, the experimental group achieved a shorter 2 x 10 m shuttle
run time and a greater standing long jump distance than did the control group, whereas no
significant differences were observed for the sit-and-reach or the balance beam tests.

3.5.5. Neuropsychological Measures

The study conducted by Tse et al. [40] evaluated inhibition control (false alarm error),
the Corsi block-tapping task, forward digit span, and backward digit span. Significant
improvements were observed only in the basketball group for inhibition control (false
alarm error), which also showed a greater reduction in errors compared to that of the
control group. No significant differences were found for the remaining variables.

3.5.6. Sleep Quality

One study evaluated sleep outcomes using actigraphy and parent-reported sleep
logs [40]. Intra-group results showed that the basketball group showed improved sleep
quality after the intervention (actigraphy and sleep log). Moreover, the experimental group
showed better results than did the control group for the three variables analyzed (sleep
duration, sleep efficiency, wake after sleep onset).

4. Discussion

Although involving children with ASD in team sports presents significant challenges,
the evidence from this systematic review demonstrates that structured mini-basketball
interventions can effectively address core symptoms and associated difficulties in this pop-
ulation. The aim of this review was to analyze the benefits of basketball for children with
an ASD diagnosis based on RCTs, and our findings consistently show that mini-basketball
programs improve social responsiveness, reduce behavioral symptoms, and enhance re-
lated outcomes across eight studies encompassing 436 participants. Five studies [34-38]
demonstrated significant reductions in SRS-2 total scores following mini-basketball inter-
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ventions, with effect sizes ranging from moderate to large. Specifically, Yang et al. [38]
and Qi et al. [35] demonstrated that mini-basketball intervention or combining it with
other ball training approaches yielded superior outcomes compared to those for the control
groups, supporting recent meta-analytical evidence that PA interventions can improve core
symptoms of ASD [9,16].

In the present systematic review, statistically significant improvements were observed
in social communication and cognition. These findings appear to align with previous
meta-analyses that have consistently identified mini-basketball as one of the potentially
most effective forms of physical activity for enhancing social functioning in children with
ASD [18,42]. Zhang et al. [39] demonstrated significant reductions in repetitive behaviors,
self-injurious behaviors, and restricted behaviors compared to that of the controls. The
social aspects of basketball may facilitate social behavior training and practice in more struc-
tured contexts (e.g., rule-following, cooperative gameplay), corroborated by meta-analytical
evidence showing that PA can effectively reduce stereotypical behaviors in children with
ASD [17]. In this sense, Ge et al. [41] found increased fixation counts, shorter time to first
fixation, and more accurate gaze shifts in the mini-basketball training group. Also, the
neuroplasticity effects observed by Yu et al. [36] and Yang et al. [34,38], who incorporated
neuroimaging measures, provide insight into potential neural mechanisms underlying
behavioral improvements, as exercise interventions can influence brain connectivity and
activity patterns in children with ASD [3,4,14].

The intervention characteristics identified in this review show that all trials employed
a 12-week duration and 40-45 min of PA per session [34—41]. While seven studies em-
ployed interventions of 5 days per week [34-39,41], Tse et al. [40] found that interventions
of 2 days per week achieved significant improvements in sleep quality, inhibition control,
and neuropsychological measures, suggesting that reduced frequency intervention may
also be beneficial. Regarding activity intensity, the studies employed a moderate intensity
(typically 128-148 bpm; 60-69% HRmax) [34-36,38,39,41] that appears to be well-tolerated
and effective, aligning with previous findings that indicate periods of >8 weeks with
moderate intensity demonstrate superior effects on various outcomes in children with
ASD [13,15]. Cai et al. [37] only evaluated physical fitness parameters, demonstrating
significant improvements in shuttle run times and standing long jump performance. There-
fore, mini-basketball programs offer dual benefits for both motor and social development.
In addition, the successful integration of basketball training with applied behavior analysis
(ABA) services across all studies, as explicitly reported in the intervention descriptions,
demonstrates practical feasibility within existing therapeutic frameworks and supports the
potential for widespread implementation in clinical settings [20,21].

The comparison with other physical activities reveals that while martial arts often
rank highest for stereotyped behavior outcomes, basketball interventions offer unique
advantages in terms of accessibility, scalability, and integration into school-based pro-
grams [11,26]. Qi et al. [35] directly compared mini-basketball with a ball-combination
program that progressed from basketball to soccer, finding that both interventions achieved
significant improvements. This suggests that basketball’s benefits may be maintained
even when combined with other ball sports, potentially offering programming flexibility.
The motor skill requirements identified across studies—from basic dribbling and shooting
in early phases to complex game scenarios—may serve as a basis for broader social and
behavioral improvements. In this sense, meta-analytical evidence shows that exercise inter-
ventions can significantly improve motor outcomes in children with ASD [10,19,43]. The
multi-domain benefits observed across studies, from Tse et al.’s [40] sleep improvements (in-
creased duration and efficiency, reduced wake after sleep onset) to the neuropsychological
enhancements (better inhibition control), physical fitness gains [37], joint attention improve-
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ments [41], and behavioral symptom reductions [39], suggest that basketball interventions
provide comprehensive therapeutic effects beyond the primary social responsiveness out-
comes [34-38].

Although this review demonstrates originality, several limitations should be taken
into account when interpreting the findings. First, all included studies were conducted in
China and may have been produced by the same research team, introducing potential risks
of sample non-independence and geographic bias. These factors limit the generalizability
of the results to other sociocultural contexts. Differences in cultural norms, educational
systems, and patterns of physical activity participation may influence how children with
ASD engage in team-based sports and respond socially. Second, the follow-up periods
across the included studies were generally short, making it difficult to draw firm conclu-
sions regarding the long-term maintenance of intervention benefits. Additionally, several
studies reported high dropout rates, and most failed to document adverse events, thereby
hindering a comprehensive assessment of adherence and the safety profile of the mini-
basketball intervention. Furthermore, the number of included randomized controlled trials
was limited. Only two studies were rated as showing “good” quality, while the remainder
were classified as “fair,” indicating that the overall level of evidence remains moderate.
Common methodological limitations included the absence of blinding procedures, inade-
quate sample size planning, and incomplete outcome data. Some studies also exhibited
potential sample overlap and heterogeneity in outcome measures, which restricted the
feasibility of conducting a meta-analysis.

To address these limitations, future research should aim to replicate studies across
diverse cultural and social settings to evaluate the universality and scalability of mini-
basketball interventions. Longer follow-up periods are needed to assess the sustainability
of intervention effects over time. In addition, the inclusion of more diverse participant
samples—such as children with ASD of different genders, age groups, and functional
levels—will improve the representativeness and external validity of the findings. Moreover,
future trials should examine how variations in team composition (e.g., mixed teams of
children with and without ASD) and multi-sport combination programs influence interven-
tion outcomes in order to further elucidate the mechanisms by which organized physical
activity mediated through ball sports contributes to improvements in core ASD symptoms.

5. Conclusions

Mini-basketball interventions may be associated with improvements in core symp-
toms and related difficulties among preschool and school-aged children with ASD. In the
available findings, significant improvements in social responsiveness were observed, with
results generally exceeding those of the control groups. Additionally, some studies reported
improvements in behavioral symptoms, joint attention, physical fitness, neuropsychological
measures, and sleep quality.

The intervention parameters used recurrently (12 weeks in duration, 40—45 min per
session, predominantly 5 days per week at moderate intensity) may represent a viable
option for achieving clinically meaningful improvements; however, further studies with
longer durations and varying intensities are warranted. The results of this review also
suggest that mini-basketball may be a feasible, safe, and potentially effective adjunctive
intervention that can be integrated with existing therapeutic approaches such as applied
behavior analysis (ABA). Given that all current evidence originates from studies conducted
in China, the applicability of these findings to other cultural and social contexts should be
interpreted with caution.

Based on these findings, some practical applications can be considered with appropri-
ate caution. Mini-basketball programs appear advantageous because they require minimal
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equipment, follow a structured format, and can be adapted to diverse settings. The pa-
rameters supported by the available evidence provide preliminary guidance for program
design, and integration with ABA services suggests compatibility with established ther-
apeutic frameworks. Consequently, health and education professionals might consider
incorporating structured mini-basketball programs into comprehensive intervention plans,
particularly when social communication limitations are present.
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