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. ®
Sport and Autism: What Do We Know so Far? @

A Review

Sidney Grosprétre' ' ®, Célia Ruffino', Cyrielle Derguy? and Nicolas Gueugneau®

Abstract

Autism, or autism spectrum disorders, is a neurodevelopmental condition characterized by limitations in social inter-
action, communication skills, and repetitive behaviors. Although motor disorders were previously considered marginal
in autism, recent research has highlighted their significance. Numerous studies have underscored the positive impact
of sports on autistic individuals. This article presents a comprehensive overview of the literature regarding the effects
of sport interventions on autistic individuals and aims to extract general and practical recommendations. Initially,

the article reviews the various characteristics of autism that are positively impacted by sports, ranging from psycho-
social skills to motor behavior. Subsequently, it examines how different configurations of sports practice (individual/
collective, indoor/outdoor, etc.) may be suitable for autistic individuals. Literature research was conducted in two
databases, resulting in the inclusion of 92 articles meeting longitudinal criteria (i.e., containing full sport/physical
activity programs with pre-to-post analyses) out of 1665 initially identified articles. The findings suggest that individu-
als with autism can benefit from sports across a wide range of physical, psychological, and social factors. Importantly,
there is no full contraindication for any activity, although some may require specific step-by-step preparation. Each
activity has the potential to provide benefits in specific areas, as discussed in the article. In conclusion, further research
is needed to explore the most effective strategies for implementing sports programs and maximizing their benefits
for individuals across the autism spectrum.

Key Points

-+ Autism, or autism spectrum disorders (ASD), was considered for years as a condition that only affected psy-
chological factors and social skills, but recent evidence shows that a wider range of factors are affected, such
as motor control.

- Sport is beneficial for autistic people, but there is a need to respect specific recommendations regarding dose
and type of activity, that are still difficult to extract from the literature.

- Basically, there is no contraindication for any sport to be practiced with an autistic population, although each
brings specific benefits and should need adaptations, which both need to be identified to optimize sports pro-
grams.
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Background

Sports science studies allow us to decipher the many
determinants of performance, in order to optimize the
training process and improve sensorimotor activity [1].
Educators or coaches can thus access a large body of evi-
dence to help them develop athletes’ behavior and match
the requirements of a given activity. For instance, train-
ing load [2, 3], muscle contraction modalities [4, 5], or
periodization [6, 7] are now well-defined features that
contribute to the development of physical determinants.
Also, cognitive factors such as attentional or mental
processes [8, 9], or psychosocial features mediating the
coach-trainee relationship and its environment [10-12],
are characterized in many disciplines as they play a major
role in performance.

However, this evidence-based approach remains to be
widely developed when considering sport or physical
activity in the context of neurodevelopmental disorders
like autism. Indeed, while there is a broad consensus that
autistic people could significantly benefit from sport or
physical activity [13], a comprehensive model of inter-
vention with precise recommendations is lacking.

Autism has an overall prevalence of 0.3-1.0% and
covers a wide range of neuropsychological conditions
impacting both individual and social functioning [14].
While the clinical manifestations are heterogeneous
across individuals and age groups [15], autistic people
consistently display qualitative differences in communi-
cation and social interaction, interests, sensory process-
ing, and motor performance [16].

Social functioning in people with autism mainly
reflects a lack of understanding others’ behavior, which
can result from difficulties in effectively considering,
interpreting, or reacting to the social and affective signals
from others [17], for example, communication through
eye contact or facial expressions. Reduced social skills
can also lead to altered imitation performances, which
negatively affect learning and interactions with caregivers
and peers [18]. Verbal language might be absent, delayed,
or specific in structure and content (e.g., presence of
echolalia, disturbed prosody, restricted interest, and
lack of reciprocity) [19]. In addition, autism may mani-
fest deficits in sensorimotor control. For instance, limited
motor coordination and deficiencies in fine and gross
motor functioning [20, 21], or repetitive and stereotypi-
cal movements, were reported to be frequent (e.g., hand
waving when excited or extraordinary postures in stress-
ful situations [22]). Additional issues in maintaining bal-
ance and motion planning were also generally reported
(23, 24].

Interestingly, several studies have reported motor defi-
cits in relation to the severity of social and communica-
tion impairments [25, 26]. These results bring important
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arguments to consider sport and physical activity as
effective intervention tools to address both social and
sensorimotor skills in autistic people. Indeed, review arti-
cles have reported that various physical activity programs
may significantly benefit sensorimotor function (e.g.,
muscle strength, motor coordination, aerobic fitness;
[13, 27]), and also social functioning or communication
skills in autistic populations (e.g., behavioral disorders,
imitation skills, social awareness; [28, 29]). These data
also suggest that physical activity or sport programs may
have benefits for sensorimotor function and, therefore,
may help to prevent chronic illness in a population that
is often less active than non-autistic people [30]. In addi-
tion to improving social and communication skills [29],
sport/physical activity may then contribute to enhancing
the quality of life.

Nevertheless, despite an apparent consensus indicating
that autistic people could benefit from physical activity-
based intervention programs, there is still no work, to
our knowledge, that could methodically guide the choices
of medico-social actors, families, or sports educators
for the practice of a specific sport in the case of autism.
For instance, in specific chronic conditions, e.g., type 2
diabetes, cancer, or cardiovascular disease, patients and
those around them generally know what and how to do
in terms of physical activity because recommendations
are clear [30]. To fill this gap, we attempted to provide a
synthesis of the literature in a quantified manner, which
generally aligns with sport science studies (frequency,
duration, intensity of sessions).

In the first part of this review, the different factors of
human performance (from psychological to physiological
aspects) affected by autism will be explored. Then, in a
second part, a review of the literature regarding longitu-
dinal studies that evaluated the effect of a sport program
on autistic individuals will be presented. In this part,
sport will be compared with other types of intervention,
using for instance the Applied Behavior Analysis (ABA).
Finally, the last part will present practical recommenda-
tions extracted from this literature. Indeed, the main aim
is to gather what recommendations can already be made
from the existing literature to implement a sport pro-
gram adapted to autistic people and, importantly, what
remains to be investigated. Particularly, this last point is
developed in the discussion section.

Main text

Methods

A literature search was conducted across two databases,
PubMed and ScienceDirect, utilizing keywords such
as 'physical activity, sport, and related terms ('sport-
ing; ‘exercise, etc.), linked with terms including "autism,
‘autisms, ’autistic disorder; and ’autism spectrum
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disorders; spanning from the earliest publications to
April 2024. Initially, 1665 articles were identified (Pub-
Med =1,550 articles, ScienceDirect=115). After remov-
ing duplicates, reviews, survey-based articles, acute
studies, protocol trials, and articles retracted by editors
or unavailable, a final count of 92 articles met our inclu-
sion criteria. Specifically, we focused on articles employ-
ing a longitudinal approach, ie., those implementing
complete sport/physical activity programs with pre-to-
post analyses. An exhaustive list of these publications is
provided in Table 1.

Our approach aims to address the relationship between
previously implemented sport programs and autism by:
(1) delineating the domains (social, motor, psychological,
cognitive, etc.) impacted by sport participation in autis-
tic populations; and (2) distinguishing between types of
sports/physical activities (individual, collective, outdoor,
indoor, etc.) and their respective effects. Additionally, we
extracted general aspects such as training duration and
the role of the coach in a final section.

Modulation of Autism Characteristics Induced by Sports
Practice

To introduce this section, the authors wish to inform the
reader that they are aware that interventions aimed at
modifying autism characteristics are subject to contro-
versy. Indeed, there is increasing concern and advocacy
from autistic communities, highlighting the potential
harm of being forced to conform to allistic norms in
social and communication behaviors. Therefore, in this
section, reductions in composite autism scores are pre-
sented for indicative purposes only. We urge the reader
to exercise caution in interpreting these results and to
always prioritize the needs, desires, and interests of the
individual with autism when proposing a sports activ-
ity, rather than focusing solely on the potential benefits
observed in autistic manifestations.

Effects on Specific Characteristics

On the whole, engagement in sports activities has shown
potential for optimizing various characteristics associ-
ated with autism [31]. These characteristics are com-
monly evaluated using validated questionnaires and
scales, such as the Gilliam Autism Rating Scale, among
the most frequently employed tools [32]. Typically, such
scales comprise multiple items aimed at assessing and
ultimately deriving a comprehensive score. However,
scales like the Gilliam Autism Rating Scale often include
subscales focusing on specific facets of autism, such as
stereotyped behavior, communication, and social interac-
tion. Numerous instances in the literature highlight how
participation in sports can correlate with a reduction
in the degree of autism characteristics, with examples
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ranging from swimming [33], tai chi [34], yoga [35], judo
[36], or football [37].

Moreover, training targeted to specific skills (e.g., sen-
sory or motor training) [39] or participation in general-
ized physical programs, lacking the structured aspect of
a particular sport, have also shown great impact in modi-
fying autism characteristics [38]. For example, aquatic
training has been associated with a decrease in stereo-
typy, as indicated by reductions in the relevant subscale
of the Gilliam Autism Rating Scale [39]. Stereotypy
emerges as the characteristic most significantly impacted
by sports participation across various disciplines [36, 39—
41]. Notably, focused training in visuomotor exercises
has demonstrated effectiveness in reducing stereotypic
behaviors, whereas motor-only training yielded either
minimal or no improvement [42]. These results suggest
the complementarity between physical activity and more
targeted interventions.

The potential impact of sports participation on autism
characteristics is remarkable, with reported reductions
in composite autism scores of up to 25% after three
months of regular practice [34]. However, while behavio-
ral changes are observed in some cases following train-
ing programs [43], this outcome is not universal. Factors
such as the nature of the training regimen and, crucially,
the dose-response relationship (i.e., the total duration in
weeks and the frequency of sessions per week) are key
determinants influencing the effectiveness of interven-
tions. Adequate time investment appears necessary to
produce significant changes for autistic individuals.

Social Aspects

Autistic individuals often contend with deficits across
various social domains, primarily affecting communi-
cation and interpersonal interaction. A diverse array
of sport activities has demonstrated efficacy in enhanc-
ing social and communication skills. These include team
sports such as basketball [40, 44, 45], football [37, 46]
and handball [47] or also more individual sports such as
swimming [48], tennis [49], dance [50], martial art [51],
judo [36, 43, 52], horseback riding [53], bike [54], golf
[55]. Additionally, more generalized physical exercise
programs [21, 56, 57] and various social sports games
[58] have shown promise in fostering social skills. Nota-
bly, activities involving animal interaction, such as horse-
back riding [54, 60], have been particularly effective
in promoting social engagement. Family-based sports
games have also been observed to enhance communica-
tion skills in autistic children [59].

Moreover, the benefits of regular sports participation
on social skills may extend beyond the sports arena. For
instance, although studied on a limited scale, a rhythmic
gymnastics program was shown to improve classroom



Page 4 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

panoldull Alljigow pue

$S9UIY ‘S||1fS 192205 H99muad | 133305 (109) 341740 dweD le 6l SHNPY [¢8] 610C "2 12 ¥eieg
1dyap uon (Uw 06) |013u0d SA but
-BDJUNWWOD) UoRINPaY soamuad p/syaam 7| -Ulell sanbluyda) 1eiey 91-S  0f siabeusal pue ualpiyd  [911] 910T “[e 19 Iwelyeg
si01neyaq 21dA1021915 J19Y)
pasealdap Aua3sisuod
awi Jo pouad buoj e 1oy
uaJp|IyD 01 sanbruyday
Sue |elew bulyoes| AdA10a1915 SUOISSS 9GMPaM-|  wielboid sanbiuyoal eyey 91-S  0¢ ua1p|iyD [1#] 2107 “|e 19 lweiyeg
$1591 AWl
-X3|} pue ‘(A1oupne pue
[BNSIA) S9WI UOIIDRI
‘(s9pIS Y10Qq) Yibuaiis
s199d 419Ul Y1M Sa11IA1De dubpueH -dwn( buoj
[edI1sAyd painidniis ul - Buipuels syl pue ‘uolieu
S1edidiled pue wsInNe Yyum  -Ipiood [eldie|iq ‘9due|eq
pasoubelp uaym Ajp1e  ‘Ajibe pue paads butuuni
-Ipawwl buuiesy spods  papnpul (2-10g) Aoua1d
1IR1S DSY YUM USIP|Iyd 18y} -youd Jojow ssoib Jo 3oom Jad
PUSWIWOD3) SIOYINE Y| 1591 AYSI2I95O-SyuIUINIg SUOISSaS £M99M-7 | wielboud 3s1D19xa 1N oL 8¢ ualIp|IyD [801]1 0Z0T |8 12 Ue|SIy
Jo1neyaq [e120s paroidwil
dnoib bujuren j0i1ow -
S||IYS J010W SSOIH swelboud Bujuiesy
pasealdul PUB SI0IABYS(Q paseg-i2ndwod pue
dAIII2daI pasealdap (ulw 0g) ‘(paseq dnoib) Jorow
dnoib Jo30WoNs|A - Sy9am 1ad g/5q9am Q| 'J0JOWONSIA :S3dAY € 721-9 09 ualp|iyd [z] 6107 “|P 312 IelY
dnolb sanbiu sdnoJb |os3u0d pue
-Ud31 e1ey ul adueullopad Bulurely dienbe ‘aspiaxe
9dUeeq Ul JUsWaAoCIdW 91eley :welboid 3s101a%e
1918216 sanl|ige adue Paseq-BuIUWIMS e pue
-|eg U0 12342 JuedYIUbIS B 1591 dUR (Ui 09) paseqg-pue| e jo
pey SUOUAIRIUI Y109 -|eq DIWeuAp pue d1el1s 399M Jad 7/s429mM 0 | 12949 3y 2iedwod) oL 95 uaIpiyd [06] 120T “|e 19 LeSuy
uone|nojed
Moy} Alojelidxa yead pue
WISIINe YUm U1p|Iyd ul moyy Aiojelidsul yieaiq
suonouny A1oresidsal pue ‘uawalnseawl Aloeded
y1buais appsnwi Alozelidsal [PHA ‘TUSWIRINSEIW A
Buiroiduwl uraandaya s -deded [elA padIoy) SIS
351219%2 buwwiImg uopduUN4 Aleuow|ngd Soam 1ad €/539am-9 35IDI2X3 BUILWIMG 71-0l  SlL ulpliyD  [£6) £20T 1edued 1R uIpy
(suolssas jo uoneinp)
suoissas jo £ouanbauy UoIUBAIRUL
syleway S9WO0dINQ /S)93M JO Jaquinu :9s0Qq /uods JjoadAL  (pjo sieak) abe ueayy u uonejndod >nsnny ERIIEIETEN ]

S9[DIAIE P1D3Is 21 JO SdsURIdeIRY) | BjqeL



Page 5 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

A13IxuUe [00Yyds-ul uo
109449 1ueDYIUBIS B 9ARY O}
A1eSS923U 9q Aewl ‘g 03
pasoddo se ‘Syeam 9| 1eyl
91RJISUOWISP SINSSY
A12IXUe 23Npay

puuiel buiw

-WIMS e puoAsq ||om bulob
‘Ua1p|iy Jo syusuedu
[euonduNny burelolaule 4oy
|nyasn s Adessyy dnenby

ualp|iyD buowre

poow pue ‘s ‘daas uo
KjaAnisod 1oedwl [SN pue
13V Jejnbai 1eya s1seb
-bns Apnis 1o1d siy3 jo
s)nsaiJ Jo uianed ay |

(@Sv-DSv) asy 104
u4p|IyD 10y 3eds A1RIXUY

SIS
BuILWIMS pue [e120s
‘[EUOIOW ‘[RINOIARYSY

UoNEeIIUNWIWOY) [B1D0S
A aB1u] J91eW YA

poow Jo sbuljel pue
‘sbo| pooul pue dagjs
pa313|dwod sjudied salla)
-1eq 159} pPaziplepuess eiA
P35535SE UM SSIN
‘(2Jreuuonsanb siussed)
AleAnda(gns pue ([533
-daajs] Aydesbojeydasua
-da3)s) A|aAn2a(qo yioqg
passasse sem dag|s

siolAeYaq A1RIUSPIS pue

‘AM]IQ1IDRIISIP 'UOIIUS)Y
-1eu| Ss9| pue ‘uoeAlow
[BIDOS ‘AUAIISUSS A10SUDS
‘Buiyoas A10SUSS J91eaID)

SUOIIDUNY SAINDIXS pue
‘uoiuae ‘buissadoid
K1osuas apnpul [[im
S9UIODINO AIBPUODSS pue
"(TD9VIN) T U31p|IyD 10§
A19318g JUSISSISSY JUSW
-9AOWN 3} YUIM painseaw
3 (M YIYm ‘3oueleg

(Ui 09)
39aM J1ad €/5499M 9|

SUOISS3S 96/SYIUOW (|

(Ui ov)
yoam Jad G/sqam 7|

(U1w 09)
yoom Jad z/soam ¢

SHOOM (|

(U og
) 42om 1ad 7/s49aM 6

dnoib

punlodas-1uaied g
dnoib bupiodai-laydeal
welboid g snolep

Adesayy
Jnenbe waisAsniniy

welboud Bululely jjeq
-19%SEg-IUl pajnpayds

(1SW)
Buujen |ps Jo10w (13v)

Bujules) 35193 DIGOIAY

Buipy
yoegasioy dinadelay

S}NPEe I3PJ0 JO Squl|
19MO)| 33 UayIbuals 0}
pa1ea.d A|eniu weiboud
J010W B ‘(3SS) ISIDIaX
puiddais-asenbg

9-¢

IZ4

9C

6C

0l

123

us1pjiy>

ua1piiy>

ua1pIiy>

u1pIy>

ua1pIIy>

s196euas) pue ualp|Iyd

[¥9] 2Z0T "2 13 AaieD)

[8¥] 810¢ ‘e 18 oanded

[¥¥] 02OT “[e 12 18D

[0£1 S10C "|p 19 puelg

[601] 600 “[e 12 sseg

[68] zzot
“|e 13 ZapuBUIR4-SOLLIeg

syleway

sawodINQ

(suolssas Jo uoneinp)
suoissas jo Aouanbauy
/S)29M JO Jaquinu :3soq

uonUAAIUI
/yods jo adAL

(pJo s1eak) abe ueapy

uonejndod >nsnny

EaIVESETE)]

(panunuod) L ajqey



Page 6 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

uonuaIe U0 sAcidw|
sw9|qoid [euonows JIayy
anoidwl pue ualp|iyo
@asy Jo uoneddped wooi

(Ui 09)

(O4y) sonseu

UaIp|Iyd 7 U0 ApNIs 3seD)  -SSeJD 3Y3 1500q Ued DYy yoamuad g/sy@am zl  -WIAB JlwyIAys aandepy 9 4 ua.p|Iyd [09] ZzOT “|e 32 ueng
sAoq JaplIosip wnidads
wisiine Jo sanspa1oeleyd
Bupjiem dnauU U 109 (spry 104
annisod sey welboid uoNeaId9y JAIDY pue
9SIDI9X3 [epOWINW pue [N} ainssaid Jejue|d pue ‘Ae|d ‘spods) weiboid
-Aof e 181 15966ns synsay S32J0} UOI1DB3J PUNOID 19d sUOISSaS €/%29M-8 351219%3 [epoW|N|A -/ T uaIpilyD  [€6] €207 e 19 Iueybyeaqg
1usWdolaAs( JOI0N (doysyiom sp paseq
SS0JD) JO 153 AY3 JO Uon SWOY) UORUSAIIUI (SINH)
-1Ip2 PAIYI Y1 BUISN SN Yoam Jad 9oUO/SH9aM Q| S||I¥S JOIOW [PIUSWIRPUNS ll-¥ Sl ualpliyd  [16] LZ0T “Ie 38 eUWIN|OD
1UBWISSaSSY sayoeoidde sisAjeue
uoldUN4 [00YDS aY) pue Jolneyaq payjdde buisn
‘7uswdolans 010NN sjeu1 buimoly Ajlep pue
$S0D) JO 159 9y ‘z-Aouad uondNJIsul Adesayy |ed
-yold JO1o0W JO 153 -IsAyd App9am papnpdul
AYS191950-SquUIUINIg Y3 JO yoiym ‘Ajige buimolya
SaINseaul uo sujeb PUBYISAO S,P[IYD Y1
uedyubis ‘“Aoeindoe (Ul 0g) anoidwi 03 paubisap [8¢1]
Buimoly ul sulen 39am uad | HE9M-0Z  UOIIUSAISIUI JOJOW SSOID) 6 | ua.p|Iyd /107 "|e 32 Wnoga|0D
AJSUSp |eJBUIW BUOQ U]
1uaWaA0Idwl 3uedyIubIS
dnoib jns ayy ul
210U ‘9 18} APOQ [€10] Ul
uondNpPaJ UedYIUbIS
95ueINPUS KJolel 159 SSaull4 |ed
-dsajolp.ed ‘Yyibuans Apoq  -IsAyd Hodyooig ayi wodj
Jaddn ‘yibusns 2100 Ul PR1I3|SS SRINSEIW SSDUIY, (U1w 09) weiboud dnenbe painy
SuuswaAoidwil JuedYIubIS [ea1sAyd 1sod pue aid yoam sad g/syaam g -dnusun A Adelsyl Jung 81-S 16 ualIpiyd  [18] 0Z0T “|e 1 weyded
weiboud aspiaxe [edisAyd (g-91ed5
PaIN10135 IS ||13fS JojoW Juswdojanag paieln (Ut 09) XM Jad weiboid aspp
ssoub Jo Juswanoidul]  -21qQqy) S||YS J0I0W SSOID) SUOISSS €/9aM-8  -1axd [edIsAyd painionig /[ 0T uaIpliyd  [Z€1] €207 ‘e 39 ouelseD)
(z=u) Apnis ased
dn-moj|o} 38 S|aA9)
15912.4d 2A0qe Bululewal  BulIsa] 1-UO ApRam pue
suleb yim 1sansod Aq ‘Juswiutene [eob 1s9|
Auoeded [euonouN) pue  ¥|eAA INUIN-XIS ‘PUBlS 0} uon
'JoIARYDq J0I0W ‘BdUB[eq Ul ooy ‘o5 pue dn pawi| (U 09)  -usAIUI Buneys onnad
punoyj a1aM sjuswanoidw] '9|BDG 3dUB|Rg DlIBIPd yoamuad g/syeam zl  -eldyl painidnis AlybiH 0l pue/ 4 uIp|IyD [9€1]1510T “|e 32 A3seD
(suolssas jo uoneinp)
suoissas jo fouanbauy UOoIUIAIDUL
syleway S3WO2INQ /S}99M JO JIdquInu :9s0q /1ods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 7 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

uon
-USAIS1UI 91 PISeaIdap
UOII0WS dAIBDIN “(Jedy
‘A1a1xue 1abue ‘ssaupes)

(uiw 06)

uondudsaid
VgV uo paseq ‘uon

uope|nbas uonowy SOIM/SIUIIL € ‘SHOIM 8 -UdAJI1UI Bujiexs-13]j0y 9 % ualpiyd [€9] 20T “|e 19 ueno
uonuaAIaul ayy bur - opnf-3sod pue aulaseq 1e
-MOJ|0f Pasealdul (50'=d  S|9A3] ALIAIIDE 2InSeaw O}
‘9%t SA %8) YdAW Ajlep ul 1919WoJ3adde ydelb
Juads awi Jo 9brIUDISd  -NDY Ue 2JoMm sjuedidiied yoam Jad | /soam g weiboid opnr vl uaJIp|Iyd [€¥] 0Z0T “|e 18 eIDIRD
asy ym
YinoA up Ayjenb dsals
anoidwi Aews welboid opnf
Ajiwej e uj uolredpdied Ajenp das|s SHIIM 1| weJboid obn( Ajiuie ¢l 8l s19beuaal pue ualpiyd [971] #207 '|e 19 BIDIeD)
UO12eyses
1ualed pue jueddiy
uaipliyd utAijige -led pue sjjifs Aljiqow
Buiwwims buiroidwy 1oy '9DURINPUS JejNdsnw
|ernus10d pamoys pue 9jgls  ‘@dueinpus Aioresidsaio ENIEYG] €8] 1102
-ea) sem welsboud 1oid sy -1pJBD S||1S BUIWULIMS 399M Jad 7/S499M 1| oienbe pue Buiwwimg Sl—/ 1l ualp|iyd ‘[B 12 Weyuld-e[ebel
(ua1piy>
Bunox 10} 9ous1adwod)
[|1S JUSUWISAO| PIAIDD
-194 JO ]S [elo1dld)
dnoib Jayue ul S DO panldiad pue
paA0IdUI 10U 2IaM (quawdojansg Jo1oN (UIW ) (SOAY) ualpiyd
S90S ||HfS [en1dY $501D JO 153 ) [eNIdY A9am Jad g/sypam ¢ soweb 09pIA aANDY 0L-9 0¢ Dnushine-uou puednsuny  [L1L1] /10 "[e 39 spiemp3
yoaads anndepejew pue
'31A3S aAIIUBOD ‘sasuodsal
[RUOIIOWD :S3|RISANS 9
spouad
SWli} INOJ 1B SINOIARYSQ
ASY JO A1aA3S ay1 aIn
-SeaW pue Ajuapl 0}
SH9OM 8 paJ31SIUIWIPEe Sem
1514 ay3 buunp aroudwi pip uonIpa pig ‘91eds bul swwelboid
ASY JO S958D 9I9AS 2J0W -1eY WISIINY Wel(|iD oM Jad Y 7/sqoam 9| Buiods dnnadelsy ) 07-€1 3 sisbeusal pue ualp|iyd [1€] Z10Z “|e 19 AnQg
(suolssas Jo uoneinp)
suoissas jo Aouanbauy uonUAAIUI
syleway S3WO2INQ /S}93M JO JIquInu :9s0q /Mods JoadAl  (p]o sieak) abe ueapy u uonejndod >nsnny ERTEIETEN|

(Panunuod) 1 3jqey



Page 8 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

(SNVS)
swoldwAs aniebap Jo (Ul 09) Adesay | [6<1]
JUSWISSISSY A1 J0) 2|edS Soamad | /saam Q| JUSWISAO|\ 30ueq €T ¥ synpe bunoj 9107 "I 12 1pueIgapP|IH
ASY YUM SIU353) auwn
-0pe Ul §||I3S paie[aJ-A1IA1De Aleluapas pue AlAROe
[ed1sAyd anoudwi 01 |edisAyd ‘Aujigixaly ‘dueleq
eDHOA JO SS9UDANIYD |el} dIWeUAp ‘@oueleq dels
-uaj0d pue Al|igIsea} ay1 ‘'ybuans Jeindsnud ‘| ixs
91BJISUOWSP SINS3I 3saY | Jojowl duiswodoiyiuy SHIIM £/SH9M 7| eboA /l-1l 0T siabeuss| [86] £20T "[e 12 |95]8H
SJUWRAOW
pa312b1e) ay1 Jo Yoes 1oy
Jpassaiboid Jo/pue
panoidull, pey pjiys J1ayl uonisod
payiodai ||e sueipienb BUNIIS B Ul JUSWSAOW
|e6a7 "aseaunul Juedylu |ea1eisdl Joj pue ‘uols
-bis e pamoys a|bue 1jjds -ua1xa diy-baj 1oy ‘aoueleq
uiof diy sy "j[em 9sIinod Bupijem pue buipuels 1oy
9]PPISgO W-Q| puUe ‘2w 'SJUSUISAOW Bupylem 1oy
S|eM W-Q| Ueaw ‘ysep PasN 2JaM Saulydeuwl
W-0G 9Y3 Ul PIAISSQO Sem (U 0g) Bujuiely [e1dads ino- [c/1110¢
JuaWaA0ldWl JUedYIUBIS 39aMm Jad | /SHeam 7 | Bulualybuaig e siabeuas| ‘IyseAeqoy 13 emexeleH
]IS JO S318J YHM P31e[2110D
UOI1BDIUNWIIOD |BIDOS pue (Ui g7) Buipu
UOI1BUIPIOOD JOION uonisinboe ||1ys J01oN 39am 1ad @M | 99ADIg SA dwied) axig uedl 9l-/ Sl SERIEVESINITIATET o][[Vp) [#5] 00T “|e 1@ SymeH
(14VdS) SP 10}
Uo[1ea103Y dAIDY pue
‘Ae|d 1iods pue (1dDI)
foesau) [eaisAyd aney
ued |, pauleu weib
-oid e pue (10g) 159
AYS195210-XUIUlg (UIW 09) SUOISSaS 9| SaNIAINDE [eIISAYd SNoLeA 11-8 0f uJp|IyD [c6] 7207 "8 32 1uesseH
Aujibe pue
‘adueleq ‘ANjigixal “omod
Apoq 1omo| pue Jaddn
‘y1buans dubpuey se
4oNs 4d Se ||om se ‘uopied
-JlUNWIWOD pue JoIARYSq
21dA1031315 Se ydNs S||1fs (Buiutesy dueisisal pue
[PIDOS JO SIOYRDIPU] UO 'SYUSWIDAOW DJUIYIAYI
10949 Juedyiubis e ‘sweb ||eq) (14D) buluiely
pey weiboid 1dD A9am sad ¢/s19am 8 [ea1sAyd pauiquio) 0l-9 9l ua1pliyD (98] zZ0z "B 38 1ybiyBeH
(suolssas jo uoneinp)
suoissas jo fouanbauy UOoIUIAIDUL
syleway S3WO2INQ /S}99M JO JIdquInu :9s0q /1ods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 9 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

sIaquIaW A1

-Wej ||le opnjpul 01 weiboud
wims ayi buipuedxs uo
SN0 UED S3IPNIS 21NN

uonuane
[ensiA anosdwl) bujuiesy
[ENLIA pUB 3SIDI2XD [DISAYd

a|jdoad onsine Ajuo 10N
35N 3110|eD UO
1oedwi aAsod uedyiubig

aulaseg
a|dinw 133(gns ajbulg

awoy 1e awn
Bujwed pue 's2103s TANIY
-p1y '$2103s (0Z-A9DI) 151
Japiosig buiwes 1auia1u)
SIOIARYSq

Buibua|eyd pliyd pue
yijeay |esibojoydAsd
|eyuaied panoidul|

uonp3 bujuiea]
[BUOIOWIT-[BIDOS WIRISAS
1usWA0IdW| S||1S |BI20S

(doD)

ainssald Jo U21uad ay3 Jo
sapnyjdwe Aems oLl
-50d-0J31Ue pue |RJA1E
-0Ipaul ‘A11D09A ‘30BJINS)
sJa1awWweled [03U0D [ein}
-S04 1e3) pue ‘ssauiddey
‘Isbue 'ssaupes ‘uoiIpUod
|ennau e bunussaidai
sobewi bunuasaid jo
PR1SISUOD SUOIIPUOD
(1) se1 [enp 950y L

21025 Aduapyold
2duewlIoyIad pue asd
-19xa bulnp asn auoe)

‘dnoib

UONUSAIIUI Y} 10}
$21025 dUBJR] pUE
‘Buiydied pue buiuie
‘T-D9VIN [e101 Ul 9seaidul
3|eds Jol

-ABY3g 9AIIdePY PUBRUIA
SIPP=Yd

J01Aey=q pliys a4i

Buisn 1odas-1anibaled)

SI0INBYDq
1961€1 pajRPUIWIOU-1USIE]

(U 09)
yoam 1ad | /sHeam 7|

(uwi 0g)
Yoom Jad G 01 ¢/SHeamM 7 |

yoom Jad €/5399m 9

329M Jad 7/SH9aM 1

SUOISSS 77/SH99M 9|

(unwn

06-09) 39am Jad | xew
/(9beIaAR UO SUOIS3S € 1)
SHOIM JO J2QUINU SNOLIBA

EEELVYAEININ
G pue ‘e 'L Jo buisop yum
‘ubisap ases aidniny

weiboud syjods]

welboid Bulwwims

puiuren
|ENUIA JO ||BGIO0Y [BDISAYJ

weiboud uoneljigeyai
9dUe|eq PaZ|[RUOSIS]

weiboid aspiaxa adueq

weipoud |[eqroo

({oegsioy)
Buipu dnnadelay )

-9 8
L= Ol
¢l-8 001
LPuUeOL 4
43

=g St
8-9 €

ua1piiy>

JEIN[OE]:=h]
A9y pue usip|iy>

ua1piiy>

uaIpIYD

siobeuas|

u1pIy>

u1pIIy>

[¢¥1]1 220 "[e 12 gemey

[SZ1] LzoT “|e 39 uosuyor

[L¥1] 120T 'BuBAR If

[88] 10T "I 12 3||inoger

[0v1]£10T "[e 12 0}

[£€]1 20T "2 13 S||omOoH

[L£]¥10Z "[e 32 W|oH

syleway

sawodINQ

(suolssas Jo uoneinp)
suoissas jo Aouanbauy
/S)29M JO Jaquinu :3soq

uonUAAIUI
/yods jo adAL

(pJo s1eak) abe ueapy u

uonejndod >nsnny

EaIVESETE)]

(panunuod) L ajqey



Page 10 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

(43Dvd pue ‘dwnf

Huo| ‘syenbs Jie ‘sdn-us
‘sdn-ysnd ‘yoeas pue 1Is)
51531 9SID49X3 XIS PUB ‘(Vd
SN0JODIA-01-31eISPOW Ul
awlf) s|aA9] AlAnde
UOISSIS-UIYIM pUB (INJJID
9S1249X3 UR JO SPUNOI
pa19|dwod) uondnpoud
I0OM JO S2INSEIN

sauNful pue ‘uonLIe ‘SKoA
-INs UOIDRSIIeS ‘(AdRINDDR

(Ui 09)

SONIAIDE palefa)
-aweb pue ‘SinoyIom
'$9512J9%3 JUsWdO|aAsp
IS Buisn souewiofd
J010W pue $SaUlY JO
syusuodwod pa1ab

-Je] pUe (WN[NJLLIND pue
2inpad0.d [euononiisul
pazijeuonelado) pazije

uoneuswa|dul) Ayapi4 %ooM 1ad #/S99M G -NUBL SBM UOISSS YdeT 7=/ 8S ualpliyD  [08] 120T “|e 12 YSMO|ZOY
(WISY) JUsWwar0 Ul
UOJ1DRIIU| SNOBUERY
-U0dS JO JUBWISSISSY "€
(141) Xapu| A)AIIDRDY [BUOS UOUSAJDIUI JUSWSAOW
~1adia3ul T (13W) IsaL (UlW 06)  1013UOD "SA (LNQ) Adelayy
Ayredw3 paraoeyinip | S9aM Jad | /SHaM 7| 1USWaAOW 3dUe( €€ 1S SYNpY  [#1] 9107 “|e 19 duya0y
194 941 JO s|Ifs
|B120S 9[235gNS H#(S33)
9|e25 Ayredw3 [euonowss
‘€ (1g4) Adesay] usw
-9AON JO BJIBUUORSAIND
"Z(ISH) Aoausau| (Ui 09) Adessyy
21815 Jabiag|aplaH ‘| Soam 1ad | /sHoam / 1USWISAO 2dueQg w 1€ synpe Bunox [e¥11 5102 "2 39 Yooy
(zusw
-dojaAaQ Jo1opy Ssoio) Jo
159 ) S||13S JO10W pue
(Buruiea Ajieq Jo sajeds
us|IN) S|I1%Ys abenbue S9aM Jad Y 07/sHeom 8 UOIIUSAISIUI JOION 9%  0¢ uaIpIyD  [19] ZZ0T “|e 32 uosaydiay
UHEINENIPENL
paseasd9ap wniydads
WISIINe dY3 Uo ualp|iyd Jo
uopdaniad sius  siaAIbased uegin buowe
-Jed Bunabiey Ajuo Apnig uolssaidap pue ‘A1aixue (U 09) weiboid
syualed 1964e) 01 JuRIOdW| 'SS211S PRI sam 1ad | /s)oam 7| eboA ssaujnjpuIn solg /T uaIpiyD  [89] ZZ0T “[e 19 U0S3YD1Y
(suolssas jo uoneinp)
suoissas jo fouanbauy uonuUaAINUI
syleway S3WO2INQ /S}99M JO JIdquInu :9s0q /1ods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 11 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

(141) xapu| AnAnnoeay
[euosIadiaiu| ay3 Jo
SUJ9DUOD dIyredwy
9(e2sgnS "Z(033D) =ileu

-uonsanp Ayledws3 (Ui 09) 1]
[eUOlIOW pue aARIUBoD yoam Jad |/syeem 0l Adessyl Juswisroul adueQ w 9S synpe Bunoy 10T “[e 19 OUIDIWIONSEN
(4-vD3) Joineysg (Ui 09) Oril€loc
JSANY JO UO[IEeN|eAT yoam uad g/syeam £ | Adeisyljususaow adueq Sz 9l synpe bunox “|e 19 OURIOIN-SO1B |\
Ua4p|Iyd d1AsiiNe Ul paiejal
-191ul A|ybiy a4e sutewlop
[PN123||91Ul PUE JOJOW 1By}
sisayrodAy ayie uid
-19pun 1ey} s||IYs [e1D0s pue
010U 31 UO S313IAIOP
oenbe Jo s19ays [eIdyauag 15I]p23YD uon
dnoib jo)uod ay1 01 -ejnbay uonow3 syl pue
pajedwod sdnolb el ‘9jeds Buley wisiny wej| S|0JIUOD SA
-uawiadxa ylog ul |19 ay1 4o jeasqgns AdAy (paseq-auleb
PaAISSCO SBM S||I¥S JoJoW  -03131s 3y} 1uawdojansg (U 0g) 'SA [BDIUYD3)) SusWIBal
55046 Ul JuswAoIdw| 01O\ SS0ID) JO 159 3oam uad z/s39am g Buiuren onenbe om| 9 1t ualp|iyD  [6€] 20T “Ie 19 BNOzZieYy
S||IMS [e120S jo
P2y 241 Ul WSNe Y3im
uaJp|iy2 10} |00] uon (Ui of)
-enjeA |[euonesnp3 yoam 1ad z/syoom g 3DUBp [euOoNIpeI] Y3310 yl1-9 8 uaipliyd St L] 120T “Ie 18 InoJely
passasse
S|II4S [BIS0S 941 OF paxUl|
SUOISUSWIP 8y Ul JuaW (uw 09) [ov]
-an0idwi| pazijesauan soam 1ad z/syeam 9| wielboid Bujuiely |[egioo- 0l-9 €1 uaIpIyd 1 20T “|e 19 Ze1g-ZzadoT
2o112eid JO 350p ay1 Inoge
A|ge10u uoleULIOjUl JO
¥2e| yum 1odas Jaug
110BIUOD
9/3, sem Jusawaroidwl
15e9] 3y yum A1oba
-1eD 31 3|IYM ‘Bwioy 1e
J101AeYDg, Sem JuswaAoid Wl
15910316 Y3 Yyum A10b6a1ed
3y 'sa110631ed XIS |[e SS0Ide
Juswanoldwl palelsuo uonip3 bululea]
-WSp U2JP|IYD 41941 1Y) [BUOIOWTF-[RIDOS WIDISAS
paaibe syualed JO 9579 Juswaroidwl S||XS (81205 pa1edIpul JON opnr €C-¥ ¢ sunpe bunoA oy uaip|iyd [¢S] €207 '|e 12 piexd07
(suolssas jo uoneinp)
suoissas jo Aouanbauy UOIJUIAIDIUL
syleway S3WO2INQ /S}93M JO JIaquInu :9s0q /Mods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 12 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

syued

-D11ed s)1 Jo ssauy K10}
-eJidsalolpied pue yijeay
D1|0grISW-0IpIed 3y}

ones 1yblay/asiem ayi pue

anoidu ued ualp|iyD 10y XeWzOA Po1eWnss soom Jad [0s1]
paJojiel welboid opnly ‘A1911eq SSOUIL-YHJ TV ulw 0p/SYuow 9 weiboud obn( pardepy L 1C uaip|iyd 720 "B 19 1ZzOYURISld
uaipiyd jo
Buiuonouny aAINDIX Y}
Buiroidull Jo sjeob sy (Uwi G4) |0JIUOD GA UOIIUSAIIUI [sol]
Bunssw Ul snopedyy3  (S43) SUORdUN SAIINDISXT soam uad z/sHoam €1 (YININ) SHe [erew paxiy 11-8 ¢ ualpliyd 610z ‘Biaqpioo 3 bunyd
|0J1U0d
SIOIARYQ |BIDOS pUE S||IYS SA (dSIM) wesboid bujw
oienbe uj Juswanoidw| N9IM Q| -WIMS 9SIDI9XD 121eAN 9l ualp|iyd [1Z] 0107 ‘'ued
1apiosip
wnJ1ads wsine yum (3531
uaIp|iyo buneain oy BuIoS pled) UISUOISUIAN)
uondo oinadelayy 3|geIA e UOo[IdUN) SAIINDIXD pue
90 Aew Bululel] S|UUSY  (UOIIPS PUODSS ‘AdUsdY
9|01 BUIAJOAUI SUOIIUSA -0l JOJOIN 4O AYS124950 SIuUa1 3|qel BulAjoAul uon
-123Ul AMAIDR [DISAU  -SyUIUINIg Y1) ||IYS JOIOWN S9IM 7L -UdAISIUL AIAIDR [BDISAYd 6 uaIp|iyD [£01] Z10T |8 32 ued
$2100s Ydoads
aAndepejew pue 3jA1s aAl
-lubo> ‘sasuodsal [euon
-OW? ‘UoiIEDIUNWWOD
[BIDOS ‘UOI1DBISIUI [BID0S (Ui G7)
‘sinoiAeyaq aAI1adaY yoom Jad | /soam g UOIUAIIUI OpN( €16 11 ua1piyd [9€] 120T “|e 12 SojeloN
weiboud Buiuten ayy jo
pu3 aY3 Ja)ye yiuow 1uawdojPAs( JO10N
3214} £-SHYVYD 2y pue SSOID) JO 1S3 AY3 pue
€-dWSL=4yi 01 uolIp3 piiy[-3eds Bul
21025 JO JUsWaA0IdW| -1_Y WISIINY Wel[|ID syluow 9 weiboud opnl pardepy [ uaIpliyd 611 7207 '|e 13 sajeioN
siolneyaq d1dAy
-02491S JI3Y31 Ul uondNpal
JuedYIubIS 01 spea| uaip (UlweA
-lyD ul uoneuswa|ddns €Q) uoneluswa|ddns
€@ UIWRYIA pUB S3SID19X |012412e23|0YAX0IPAY
Jojow-lenidadiad jo uoieu (UIW 09)  INOYUM JO YLM SISDIDXD
-IqQWIOD 1By} PIPN|DUOD AN JoineYaq |e21dA1031315 yoam Jad g/s)oam 7| Jojow-|enidadiad 6-9 001 ualpiyd [8%71] 0Z0T “|e 19 IpeloN
VAZR4N4
yoeads ‘sj|1s 2y a/enbs-» pue |jlegpuen € ualpiyy  ‘dopeyd g Jsbiaquaniyy
(suolssas Jo uoneinp)
suoissas jo fouanbauy uonuUaAINUI
syleway S3WO2INQ /S}99M JO JIdquInu :9s0q /1ods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 13 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

(Ul 09) welboid (vd|) Auanoe uaJpjiyd
S||1¥S [BIDOS PUP JOJON Soam uad z/sHaam 7| [ea1sAyd anisnpur uy [l-9 GF  D[SINE pue d1SIINe-UON [95] 1Z0T e 32 1SUes
191U9d aunssaud ay1 Aq
SUOMIPUOD UONEN[EAS  PaqLIDSIP (1) 2AIND 3Y3 JO
x3|dwod Japun wsiine yum yibus| ay1 pue (y)
uaJp|Iyd Jo duUe  3sdi||d SdUIPYUOD Y3 JO (U 0g)
-|eq ay3 Ul JusWaAoidW| 9DBJINS Ul 3583103 soam 1ad z/seam 7| S9DIDI9Xd ddUeleg 8 8¢ ualIp|iyd [£8] 7Z0T “|e 12 eDS0Y
wesboid opnfayy jo
}|NS3J B Se Wa31sa-4|3S pue
S||14S [PIDOS Y10Q Ul SIUSW
-on0Idw| PaAISSqo  JolAeyaq paiejai-dsy Jo
syualed Jo 968/ 1LYl A1I9ASS a1 aiedwiod 0}
pajeanas smalaIaulIuRled  (DgY) ISI¥PaYD Jolreyag
I9ASMOY ‘S240DS DGV Ul JURLISQY SY3 UAID alom
sabueyd Juedyiubis oN syuedidiiied Jo Syualed 3oom Jad | /SHoam g welboid opnr /1-8 St siobeussl pue ualpjiyd [£%7] 020 “|e 32 BI2AIY
43 Buirosdull 1oy
SAI1D3}J3 3¢ P|Nod bul
-wiebiaxa pue ualp|iyd ul dnoib
uoldUNy Jo10W Sn0Idull |013UOD + (3123Uly)) buiweb
SW dyiDads 196.e) 1eyy -19%3 PUe (gvdS) SPI 10}
SUOIIUSAIRIUI (Vd) AlADe (43) uol1eaiday SAIDY pue
[ed1sAyd pain1dnils eyl SUOIDUN) SAIINDIXS pue Ke|d ‘s110dS ‘suonuan [oL1]
$15966ns Apnis siy L (SW) sIIfs 10301 REEIE] -121U1 JO S2dA1 oM. 0l-9 09 ualpiiyd  LZ0Z “[e 12 1psalejiy 1syey
wisiine yum
SIUSDS3|OPE Ul S|[I%S J0I0W (dW109)
-lemdadiad anoidwr ued AoUa1Dyold J0J0 JO
Aejd pa1abuey pue Aejd |ny  1539] AYSI249SQ-SHUIUINIG Bujuren
-ybijsp ‘ssweb |jeq apnpul SIN|IGR JO [9A3] pUB 3512193 |edIsAyd pa1ds|es
yo1ym sweboid as1219%x $3105 (SYyD) 2|83 Bul (Ul sp) syods pue
[e21sAyd snosue||aosIN -1eY Wsiiny pooyp|iyd sjpam Jad ¢/s4eam 0| sauwieb ‘sallIAIIO. JOJON 716 0C siobeusa] [ez1] /107 “|e 32 dyery
IINg Ul
uondNpai e yim pajdnod wnnou
papuadxa sa1iojed pue -In> uopeonpa [eaisAyd
‘uoileAs|d ‘paads ‘Aousnbaiy 1enbal 11ay1 ul 91eddn
MLAYruoW ueaw ul (INg) -Jed 03 panupuod sdnoib
Sasealoul JuedyIubis ul Xdpul ssew Apog pue 4109 +|013u0d SA welboud
paynsal weiboid A1 YL Auoeded asioiax3 SH29M 9F (ML) Bupjiem jluupeair siabeuas| [LS1] £00T “|e 32 maud
(suolssas jo uoneinp)
suoissas jo Aouanbauy UOIJUIAIDIUL
syleway S3WO2INQ /S}93M JO JIaquInu :9s0q /Mods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 14 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

wsiine yym
UaIp|IyD ul swoiduwiAs jo
AII9ASS Y1 9ONpal 0}
SjUaWadURYUD [einpadoid
oy1ads sayiuapl pue
wieiboud Bujuiely eboA e jo

uopeuaW|dwi 3y 1o} (D31V) 3sIPpP3aYd uon

1oddns sapiaoid Apnis siy] -BNnjeAd USRI} WSINY SUOISSIS 177 /SH99M 8 eboA Sl-/ 6T ualp|iyD  [G€] £10T ‘| 19 Y2poo1os
U0sS3| Yoea oul S||19s
panoidull SAIEDIUNWIWIOD PUB [BID0S
s||13s A101eINH3I pue 1UBAS[3J-WISIINe JO Bul
S J0JOW ‘S|[I%S [e120S -Uoea) ay3 sajelbalul 1eyy synpe bunoA pue
S||IXS UOIIeDIUNWIWIOD So9Mm Jad 7/oam 9 wesboid buiuren-fjoo ¥7—-9 O s1abeuaay ‘'uaip|iyd [SS1 610 “|e 32 youeys
S||IMS uoned
-lUNWWOD dA[Aa3 S||1%S
[BID0S Ul JusWLACIdW|
(dwn(
-buoy) yabuans B3| pue
(puey-3u0 YuM s|jeq
Buiyd1ed) UOIIBUIPIOOD
af9—-puey ul 1owanoiduw|
S|Ifs (6]
SIUUa) Ul Juawanolduw| yoam Jad z/sy9am 9 sanl|ige dydads-siuuad| - gl S|eNPIAIPUI DISINY 2207 012105 13 sjourys
9|eds Aujibe [enuewl ay3 ul
9oUI3YIP JULDYIUBIS ON
ddurwIoIad ddURRq pUE
SIS BG40 S9jeOsgns oyl Ul 1591 Dgv-W ue (U 09) (s8]
3DUIBYIP JULDYIUDIS 'S||IS JO10W SS3SSR O] yoam 1ad €/S499M 9 |0IIUOD SA UenyD 1Y) 18] Z1-9 8l uaIpiyd 610 “|e 12 yspezapeles
104
3|BDS JUBWISSISSY
AJ|igesiq uoneziuebio
Ul[eaH PHOM'E (NIH) Adesay] paisissy
2Inseapy aduspuadapu -auinb3 g 9oueq ‘SA
[BUONDUNST (SYVYD) 9[e3S (U g9)  Adesay] paisissy-auinb3 [estl
31eY WSy pooyp|iyd 9aM Jad 7/SHeamM 7 | 'S/ welboud aoueg [ S¥ uUpiyD 8107 “[e 12 SOIURS-BZNOS
(suolssas jo uoneinp)
suoissas jo fouanbauy UOoIUIAIDUL
syleway S3WO2INQ /S}99M JO JIdquInu :9s0q /1ods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 15 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

Alouwaw Bulyiom 10U Inq
|0J3UO0D UOIIQIYUl ‘UOI}
-einp dagjs’fousie|

195U0 do9)s ‘Adusdyle
daajs uryuswanoiduw|

UaIpJIyD 10J SUOIIUIAIDIUI
onnadesay) yuenoduwl se
‘sas|DIaxe Yibuais pue
UOI1eUIPIO0D DISeq bul
-pnpul ‘AlADE [edIsAyd

dnoib uenyd

YD 1. 9Y3 U1 965 ~Aq
paJ3ije Ajpuesyiubis

Elple)

1eb ay1 Jo yibua| ay3 ul
Adeiay1 oy Joyye

puUEe 310J9q U2amiaq
S9DURIRYIP edYIUbIS

(Alowswi

Bulyiom pue [011U0d
uonigiyul) suonduoy
SAIINJIX3 PUB (39SUO
doals Jayje axem pue
uoneinp dasgys ‘Aouaie|
195U0 da9)s ‘Aousdye
daays) sia1eweled das|s

3y Jo Al
-lenb panlaiad pue ‘syely
wisiine ‘ajyoid d1jogesy

Aoedyya
-J|9s Jo wawdopPAsQ

1S9 buimo||oy paroidwi
S||1fs BulpieOga1LYS
1021102 JO 9HeIUDIDd
$3100§

Z 3Je2s Buney wsnny
o buisn painsesw
Joineyaq o1dA1031915

w

aueid

yoea Ul s9|bue uiof Jo
JUSWIAINSEaW By} pue
3242 11eb aya Jo ed jo
sisAjeue ayy ‘sisAjeue
S91IDS-3WI Y3 JO SISISUOD
sisAjeuy 924D 1en ay |
“UOI1BZ|[PIDOS PUE S||I%S
1010W ‘34BD §|3S ‘UoIIeD
-lunwwod buiaq syed
1IN0y JO BUNISISUOD 153}
(OVd) wn|naiun) pue
siSAjeuy [ed1bobepad
Buisn sjjixs [PIUN

(suoIssas
2 JO [e30) ¥2am Jad
SUOISSIS Z/M9M-C |

yoam Jad g/sqoom g

SHOIM 9|

(Ul sp)
yoom Jad g/sqam 7|

(U og)
yoam sad | syeam

[[BqI¥seq oL ov ua1piiy> [€G11610C 212 35|
aspIaxa ybuains pue
UOI1eUIPIO0D DISeq UO
paseq weiboid vd 71-9 9 ualpIyd  [6/1810T e 19 0uedsO|
JUSWDI0JUID)
-J|9s pue ‘bunias [eob
‘BulIO}UOW-J|9S papn|oul
yoiym ‘Bbut|pAd pautey
-sNs Uo ABa1esis |euon
-onnsul uonenbal-l|es ¢ siobeuss| [59]1010C "[e 12 pPOL
pJreogaieys ul (15g)
Buiuten s|jiys [eiolneyag Lt L uaipiys [78] 910¢ “|e 12 sewoy|
|0J3U0D
SABuiuten uenyd 1y el 6 ¢ uaipiyd  [€] ¢Z0T “[e 32 Uelysaqe|
[ozl]
Buipu asioy dinadesay | sidnd 9z uaIpIyD G 10T 'ZS913Y| 9 J2UIRIS

syleway

sawodINQ

(suolssas Jo uoneinp)
suoissas jo Aouanbauy
/S)29M JO Jaquinu :3soq

UOIJUBAIBIUL

/Mods JoadA]  (pjo sieak) abe ueay u uonejndod >nsnny ERTEIETEN|

(panunuod) L ajqey



Page 16 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

sdnoib omy Jayio ayy
uriouIng (500> sd)
dnoub 3p421q e apul 01 bul
-ulea| 3yl Ul syusuodwod
UOM12UN} SAIINJAX3 ||e Ul
SuuswaAoidwil JuedLubIS

ua1pjiyD ut Aljenb

das)s burosdwi ul uonely
-uswia|ddns ujuole|sw pue
9510493 |edisAyd Jo
SSOUDAIIDDYS JB|IUIS
15966ns sbuipuy 9say |

ua1p|IyD Ul 9dUegINISIp
da3|s 18211 01 SAIIDIYD
1SOW 9y S| SUOIIUSAISIUI JO
UO[1RUIGUIOD U3 JO JUdW
-9|ddns ujuolepw 1o
351219% |BDISAYd Jay1aym
SUIWISISP 01 DUSPIAS
apinoid ||m sbulpuy ay |

19piosip
wnioads wsine yim
UJp|IYd Ul 51219%3 JO
S1yauaq [elolneyaq pue
das|s ay) pawiyuodal
Apnis siy1 Jo sbulpul4
swe|qoid

[PJOIABYSQ Ul UOIIDNPaJ pue
uone|nbas UoOWS Ul
Juswanoidul Juesyiubis

(uonigiyul pue ‘Aujql
-X3J ‘AIowaul burjiom
‘Buruueid) syusuoduwiod
UOI1DUN} SAIINDIXS INOH

das|s

[9A3] A1AOR
[e21sAyd ‘|9A3| ulUOIR|RW
snouabopua ‘dag|s

Buuonouny
[eJolARYDq pue da3|S

108D ‘(093) 1sIpPRY2
uole|nbal jeuopows

(Ui 09)
39aM 1ad G/SH9aM (|

SUOISSaS |

%oam 13d G/SH99M 0|

yoam-Z |

(Ut 0g)
%29M Jad f/9aM-7 |

|0J3U0D
SA BulPAS Aleuonels sp
9|2/1q e 9pu 03 buluiea]

1uswia|ddns ujuole|sw
1NOYIM JO Yum BuipAd)

Juawa(ddns uluole;pw
INOYUM 1O Yum Buibbor

puiuuny

puibbor

9

00l

[0i%

a4

us1piy>

ua1p|iy>d

u1pIYD

u1pIy>

ua1pIy>

[901] 120C “[e 1@ 3SL

VA AR4IAREENT

[9S1] czoz e Iv 8sL

[SS1]czoz e IvesL

[PS1]10Z0T 1819 8sL

syJeway

sawodInNQ

(suolssas jo uoneinp)
suolssas jo Aouanbauy
/S99M Jo JaquInu :3s0q

uonUAAIUI
/yods jo adA

(pJo sieak) abe ueapy

uonejndod >nsnny

EaIVESETE)]

(panunuod) L ajqey



Page 17 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

SnIAD |eruoly

JOLIRJUI Y3 pUB WIN||2G19D
1ybU 3y UssM1aq AlADSU
-Uod [eUOIIDUNY pdURYU]

ualpjiyD [ooyosaid buowe
OHaY Ul Salijewiouge pue

1DS Bbuneiosuwe ur 419w
YO9M-7 | B JO SSOUDANDDYT

|
dnoio ueyl Jenaq y dnoio

dnolib

[eIURWILIDAXS Y1 Ul UaIp
-[1YD 4O [9A3] AnAnde [ed!
-sAyd ay1 Ul paAIRSqO Sem
9sealnul uedyiubis v
MBIAIDIU| PRINIDNAS
-|WSS-21[BUUONSIND) 35D
-19X3 aWl| IS -Wlio4
UO[1PWIOJU| [BUOSID

(IYWN4-54) Buibew; adueu
-0sa4 d1oubew [euonouny
91e35-buUnsal buisn
passasse sem NDJ 243 JO
(D4) A1AI3D2UUOD [eUOl
-dUny sealaym ‘(Z-SHS)
UOoMIP3 PuUO3S ‘9|edS
SSaUAIsUOdsaY [eIDOS

OH3Y 91eN[eAS O3 [N}
a1e15-BbUlIsay pue (¢-Sys)
UOIIP3 PUOIIG-3|edS SSaU
-aAIsUOdsay [eIDOS 3y |

(O8V) 1sIpP9YD Joineyeg
wisiiny pue (S4yD) 3|e3S
Buney wsiny pooypiyd
"(4-5ay)

pasIA9Y-3|eIS Joineyag
2AIIIdaY ay1 pue
'(¢-S4S) uoIp3 puod9s
-9[e2G SsauaAsuodsay
[e120S 33 ‘(1IX3HD) A103
-UaAu| buiuonsuny
SAIINDSXT pooypliyd
:AQ (JoIARYDQ A1}
-nadal pue Juauwiedu
UO[IBDIUNWIWIOD [B1D0S)
swoldwiAs 3105 pue
SUOIIDUNS SAIINDIXT

(Ui og)
399M J1ad f/5499M (|

|01UOD SA SaNIANDE
[ed1SAyd paJsAl|ep-woo7

|013U0D

SA (dLgw) weiboid
Buiuren |jegiyseq-UuiN

(Ui op)
oM Jad g HRamM-7 |

SPam 7| welboid jjegisyseq Ui

(9) uon

-UanJ1Ul [eIsAyd AjUo A
() UOIIUSAIIUI 3SIDIDXD
[ea1sAyd pue Hujuiely

SYRM 7| uonelbaiul A10suas

|0uU0D

SA (dLgW) weiboid
Bujulesy |legiadseg-ulpy

(Ul ov)
yoom Jad G/sqam 7|

(0L :9Be spjiyd) saljied  z¢

uaIplIYd
D1SIANE Y1M Sajjiwe]

9-¢ 0t ua1p|iy>d
9-¢ 0t ua1ppiyd

S 80l usIpIIYD
9-¢ ¢t u=1pIIy>

[651]
7207 “|e 12 eAeywiLiep

[S¥] 120t “[e 12 Bue,

[851] ¥20T |2 12 Buep

[8€1610C "P 19 NX

[o¥] 0Z0T "2 32 Buepy

syleway

sawodINQ

(suolssas Jo uoneinp)
suoissas jo Aouanbauy
/S)29M JO Jaquinu :3soq

uonUAAIUI
/yods jo adAL

(pJo s1eak) abe ueapy u uonejndod >nsnny

EaIVESETE)]

(panunuod) L ajqey



Page 18 of 29

(2024) 10:107

Grosprétre et al. Sports Medicine - Open

(jolu0D)
SR JeINB3I SA

ualpjiyd Jo (Ul 9)  weiboid Auanoe [ediskyd ualp|iyd
siualed JO L|eay [eIUSN APamuad g/sfeam oL pliyd-ludied pased-cam SRVEY /[y By disine Jo sjualeq  [69] LZ0T “[B 38 NOA ‘oeyz
$21025 Y-S779V 241 pue
SISS @Y1 U0 paseq
‘Uo11eDIUNUILIOD pue (U1w 09) Buipu
SIS [BIS0S [[BI9A0 %93 1ad 7/%49am 9| Pegasioy dnnadelay | -9 19 uaipiy>d [€S] 10T "lp 12 ORYZ
sysensod pue
w1l ssoioe dnoib
[eIURWILIDAXS 3Y3 10} UOI}
-DRI1UI [BIDOS PUR S||IXS
[eIDOS Ul JUsWaA0IdWI
||eISA0 UB 1Y) PIMOYS uaIp|IyD Jo
S)Nsal Y-5171gy pue UOIBDIUNWILIOD pue uon
SISS "SIUDUINIISU] DA (1w 09) -DeJIa1U| [BD0S Bupiabiey
-e)jenb pue aAlEIIUBND 399M Jad 7/SH99M 7 | SUOISSIS ISIDIDXD 77 9 v ualpjiyd [£5] 8107 'uayD g oeyz
weiboid ayi Jo S||I3S Jojow
pUS 3y} 13}4e SYIUOW 9 Sanjige diienbe pue (uwi 0g)
pauleIUIRW D4IM S||1%S ‘SUISIISUURW DIISIINE YoM OM) Jad | /SH99M 07 |0J1U0D €]
onenbe ul sabueyd 9AIlSOd ‘S||1S |euosiadiaiul Kjorewixolddy SA weiboid buiuwimg 8¢ Gz ua1p|iyd 6107 ‘14ej0S % 1uIgoue7
abueyd Jou pip 1o
PaSeaID3P DISAS J|IYM
paseaidul sy pIIN
(4WD) uonsuny
J010W SSOID pue uon purdwn(‘buiieys ‘sswed
-1sodwod Apoq buipnppul |leq buipnpul weiboid WISIINE 9I9A3S pue
‘ssauly [eaIsAYd 1oy 51531 9aM Jad 7/SHamM 7 | 9S12J9X3 |euolledonp] 6¢-0C  S€ plIW YiM Synpy [#6] 020 931 19 NA
UO[1PIUDLIO J21BM puR
ssauly [ed1sAyd Jo Juaw
-dojanap 10§ aAD3YR I (Ul 09)
Bujuren bujwuwims Yoam Jad ¢/s3498m 0| Bujuren buiwwims 6 1 ualpliyD [091] +00€ “[e 32 Zewl|IA
SUOIIUAIIUI
lle Aq ‘Apaxiew panoidul (O31v)
JoIABY3q JI9Y3 pue ‘padnpal 1SI]¥29YD) Uolen|eAs SISIDIDXD
Ajpuedylubis a1am dSY YiM  JuaUIeal] wsiny ayl pue (Ulw 09-0€) 1e|N2snNuWIoINau pue
S|enpIAIPUI JO SSeul 1e4 uonisodwod Apog  oam Jad ¢ 01 7/SHoam 8 ‘IAISISAI DIQOIRY pL-LL 9 siabeuss| [96] 6107 “|e 12 A
(suolssas jo uoneinp)
suoissas jo £ouanbauy uonUAAIRUI
syleway S3WO2INQ /S}99M JO JIquinu :9s0q /Mods JoadA]  (p]o sieak) abe ueay u uone|ndod >nspny ERITEYETEN|

(PanupuOd) | 3jqey



Grosprétre et al. Sports Medicine - Open (2024) 10:107

engagement and attention in research conducted by
Duan et al. [60]. The significant impact of sports pro-
grams on both motor and social skills underscores the
intrinsic connection between these domains in autistic
populations [39]. Lastly, even interventions solely focused
on motor skills, devoid of structured gameplay or specific
sports, have demonstrated potential in enhancing social
interactions and language abilities [61].

Psychological Factors

Autistic individuals often grapple with challenges in reg-
ulating emotions, which can manifest in inappropriate
responses. Additionally, autism is frequently associated
with anxiety, stemming from feelings of social isolation,
which can, in turn, elevate the risk of depression in some
cases [19]. In addressing these concerns, engaging in
sports activities can yield significant benefits, as physical
exercise is well-established for its potential in alleviating
symptoms of depression [62].

For example, interventions such as roller-skating [63],
aquatic activities [39] or judo [36, 52] have been shown to
improve emotion regulation. Moreover, participation in a
diverse range of activities within a structured sports pro-
gram can also help alleviate anxiety among autistic chil-
dren [64]. However, Carey et al. suggest that to observe
such effects, a certain duration of the program is essen-
tial, with noticeable improvements typically observed
after 16 weeks rather than 8 weeks [64].

Interestingly, sports participation can also influence
other psychological factors. Short-term training pro-
grams, for instance, have been linked to improvements in
self-esteem [40]. Furthermore, self-efficacy, defined as an
individual’s perception of their own competence, can be
enhanced through training programs that allow for self-
regulated intensity [65].

Impact on Family and Caregivers

Autistic individuals’ families, including parents, sib-
lings, and caregivers such as teachers and professionals,
are profoundly affected by their condition (e.g. [66, 67]).
They often experience social isolation and psychological
challenges such as anxiety, stress, and an increased risk
of depression. Understanding the potential influence of
sports activities on the well-being of autistic individu-
als’ families and caregivers is therefore crucial. While
research in this area is less extensive compared to studies
on the effects of sports and physical activity on autistic
individuals themselves, there are notable findings in the
literature.

For instance, a study demonstrated that twelve weeks
of yoga training resulted in reduced stress, anxiety, and
symptoms of depression among urban caregivers of chil-
dren on the autism spectrum [68]. This underscores the

Page 19 of 29

significance of considering the impact of sports programs
not only on autistic individuals but also on their caregiv-
ers’ perception of their children’s progress and their own
mental well-being. Importantly, it has been observed that
parents’ mental health may also benefit from engaging in
sports activities with their autistic children [69].

Furthermore, parents’ perceptions of their children’s
quality of life, mood [70], and autism-related behaviors
[71] typically improve following their children’s partici-
pation in sports programs. This trend extends to physical
training programs, including strength and motor train-
ing, that may not necessarily incorporate a playful com-
ponent [72].

Motor/Physical Performances

While representing a minority of the literature, it is now
acknowledged that autism can encompass specifici-
ties in the physical and motor domains. Recent research
indicates that 87% of individuals with autism exhibit
motor impairments [73]. These impairments predomi-
nantly manifest in challenges related to postural control
[74], gait [75], manual dexterity [76] or motor learning
[77]. Moreover, autism is associated with challenges in
strength, both in the upper and lower limbs, as well as in
overall physical fitness [78]. This underscores the critical
importance of implementing sports programs tailored to
autistic individuals, with a focus on assessing these physi-
cal aspects during implementation.

Furthermore, individuals with autism tend to dem-
onstrate notable improvements in strength and fitness
adaptations in response to physical activity and sports.
Engaging in various activities integrated into sports pro-
grams can enhance multiple facets of physical fitness in
autistic individuals, including cardiovascular fitness [79],
as well as strength in the upper and lower limbs [80].
Participation in a single sport can also enhance overall
physical fitness, particularly if the activity encompasses
various aspects of physical conditioning, such as surfing
[81] or football [82].

Training in specific domains has been shown to lead
to improvements in the trained tasks, as evidenced by
enhanced aquatic skills following swimming programs
[33, 83], soccer skills after soccer training [82], skating
skills after a skating program [84], or tennis skills after
a tennis program [49]. Moreover, studies indicate that
gains in specific motor performances can translate to
improvements in broader motor abilities, such as hand—
eye coordination and lower limb power, as demonstrated
by increased jumping abilities [49]. Activities requiring
high levels of motor skills, such as golf [55], tai chi chuan
[85], or ball games practice like football [37, 86], can
improve various aspects of physical performance such as
strength, flexibility, agility, and balance.
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Balance training has shown promising results in reduc-
ing the area of displacements of the center of pressure in
autistic children, who are often prone to balance disor-
ders [87]. Similarly, activities emphasizing balance, such
as skating, have been effective in improving this aspect
[88], even at a lower training duration [88]. While activi-
ties targeting lower limb abilities, such as stepping exer-
cises, may also benefit balance abilities [89], the transfer
of gains from specific performances to general balance
abilities in autistic individuals may be limited for certain
activities, with swimming-based programs yielding lesser
improvements compared to land-based programs [90].

In summary, motor skills benefit from training com-
prising specific motor skills exercises [91], but can also
improve after more comprehensive physical activity pro-
grams [56, 92, 93]. Autistic adults have demonstrated
improvements in gross motor functions, physical fit-
ness, and body composition following physical activity
programs, regardless of the severity of autism character-
istics [94]. Additionally, changes in body composition,
including reductions in fat mass, have been observed in
autistic children following relatively short training dura-
tions [81], such as after a mixed aerobic-neuromuscular
exercises training program [95, 96] or a mixed coordi-
nation-strength program [79]. This is in addition to
improvements in pulmonary function after swimming
programs [97], and metabolic aspects following longer-
duration dance training [98]. Importantly, engaging in
sports also influences daily physical activity, as evidenced
by increased activity levels (monitored though actimetry)
observed even after short-duration sports participation
[99].

Cognitive Performances
Autistic individuals also face cognitive challenges, such
as sensory integration issues [100, 101], difficulties in
contextual interpretation [102], and impairments in exec-
utive functions [103]. Executive functions encompass
various mental processes related to concentration, focus,
and appropriate responses to external stimuli [104]. They
comprise at least three core elements: inhibition, work-
ing memory, and cognitive flexibility. Inhibition enables
selective focus on processing an external stimulus while
suppressing others. Working memory involves holding
and manipulating information in mind, such as utilizing
stored data to solve ongoing problems. Cognitive flexibil-
ity refers to the ability to adjust perspectives according to
external demands and produce appropriate reactions.
The executive functions of autistic individuals may
benefit from sports and physical activities in general,
although some activities may be more advantageous than
others in this regard. For example, collective sports like
basketball, involving ball manipulation, cooperation, and
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rapid perception and decision-making processes, engage
high cognitive processes. Hence, a twelve-week basket-
ball program tailored to autistic children might enhance
cognitive functions, particularly working memory [40].
Similarly, combat sports like MMA, requiring quick deci-
sion-making processes, could improve working memory,
cognitive flexibility, and to a lesser extent, inhibition in
autistic individuals [105].

Specific enhancements in executive functions have also
been observed after training focused on learning to ride
a bicycle [106]. Interestingly, such improvements were
not found in a group trained on a stationary bike, indi-
cating that the motor learning process was more critical
than the cycling activity itself. Furthermore, motor skill
acquisition after learning to ride a bike has been corre-
lated with improvements in social communication [54].
Table tennis has also been shown to effectively improve
executive functions [107]. However, activities lacking fine
motor skills or motor learning can still enhance cogni-
tive functions. For instance, a stepping fitness program
was found to improve sensory processing, attention, and
executive functions [89]. Reaction times and cognitive
flexibility improved after a circuit exercise program [108],
suggesting that even simple physical programs devoid of
specific strategies or fine motor skills aspects can benefit
cognitive function. Additionally, a twelve-week horse-
back riding intervention resulted in reduced inattention
and distractibility [109].

Interestingly, the balance between physical perfor-
mance gains and cognitive enhancement in the autis-
tic population may vary depending on the approach.
For instance, while conventional sports activities may
primarily enhance the motor domain, exergaming
approaches (i.e., combining physical activity with video
games) may be more beneficial for improving executive
cognitive functions, particularly in autistic individuals
[110]. It is worth noting that besides cognitive enhance-
ment, active video games may also improve motor skills
in autistic children, even after a short training period of
six sessions [111].

It is now recognized that autism, as a neurodevelop-
mental disorder, has a physiological basis and exhibits
specificities in brain composition and functioning [101].
Using functional magnetic resonance imaging, several
studies have demonstrated significant changes in the
brains of autistic participants after engaging in sports
programs. For instance, basketball training programs
have been shown to increase functional connectivity
in the brain [112] and white matter integrity [44], both
associated with observable improvements in cognitive
abilities and behavioral factors such as communication
skills. This underscores the potential for sports training
to induce significant physiological changes in the brain,
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particularly since autism is associated with disruptions in
brain connectivity [113, 114].

What Type of Sport is Most Suitable and for What?

When implementing a sports program tailored for autis-
tic individuals, various variables come into play. Here,
we emphasize the variables that are most closely tied to
autism characteristics. It is important to note that these
variables are interconnected.

Individual or Collective?

Research has revealed that while more children tend to
prefer individual sports, parents often perceive greater
benefits with group sports [115]. However, each approach
has its own advantages and drawbacks. Contrary to com-
mon belief, engaging in individual activities can also
enhance social and communication skills, as demon-
strated in programs such as martial arts [60] and dance
[50]. For instance, karate has been found to reduce com-
munication deficits in autistic children [106, 116]. How-
ever, some individual activities may have limitations in
certain areas, such as empathy, as highlighted in a review
by Chen et al. on dance programs [50].

As anticipated, group-based training programs tend to
have a more pronounced impact on social behavior com-
pared to individual practices, such as those done at home,
without compromising the motor gains from training
[42]. Therefore, it appears that engaging in activities with
others, whether in collective or individual sports, can
yield overall benefits. Furthermore, it has been suggested
to integrate social sport games, which involve coopera-
tion strategies, with individual physical or sensory train-
ing to enhance the effectiveness of sports programs in
improving social skills [117].

Which Kind of Exercise Environment?
The type of practice environment, although very impor-
tant, is scarcely studied in the literature or considered.
Indeed, some autistic individuals might be sensitive to
certain sensory stimuli, such as loud noises or bright
lights. In this regard, it is advisable to recommend
indoor activities. For instance, aquatic activities have
been suggested to offer a sensory-friendly environment.
Swimming pools often have a calm and predictable
atmosphere, and the buoyancy of the water can provide
a sense of weightlessness and freedom of movement [39].
However, while less predictable and controllable, out-
door practices are likely to be recommended for autistic
individuals. Previous research has shown great effects
of outdoor education on the social interactions of chil-
dren with developmental disabilities [118]. The ration-
ale behind this particular effect is not only based on the
environment itself but also on the nature of the outdoor
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activities that are possible [119]. Indeed, horse-riding [53,
71, 109, 120] or bike riding [54] seem to be great tools for
improving many aspects in the autistic population, from
core social interactions to motor or cognitive aspects.
Outdoor activities offer an environment with fewer
boundaries than indoor practice. The adventurous side
of an outdoor program, in addition to being well toler-
ated by autistic individuals under specific care, has been
shown to provide excitement that leads children to com-
municate more [119].

Finally, intermediate solutions may also be proposed
for autistic individuals who do not tolerate the uncer-
tainty of such experience. For instance, less adventurous
but still outdoor, golf practice offers a very calm, relaxed
atmosphere [55]. This is the perfect example of an out-
door environment that is far more predictable and calmer
than a crowded gymnasium with a very loud echo.

Game-Based, Technical or Fitness Centered?

Game-based sports prioritize the game itself, focusing
on elements like scoring and team cooperation, while
technical training emphasizes motor skills and abili-
ties. Fitness-centered activities aim to enhance mus-
cular function and overall fitness through exercises like
strength training. Research has shown that regardless
of the type of training—whether game-based or techni-
cal—an aquatic regimen yields similar gains in motor
skills [39]. However, technical training may have more
cognitive benefits compared to fitness-centered training
[121]. Interestingly, the type of training doesn’t appear to
significantly impact general quality of life aspects, such
as sleep or mood in autistic children, as both aerobic and
motor skill exercises have been found to positively affect
these domains equally [70]. Overall, while game-centered
activities are often chosen for their playful nature and
may not be solely focused on physical performance, they
are still effective in improving motor skills [92].

Another aspect that can lead to specific improvements
in the autistic population, particularly in cognitive and
psychomotor domains, is the distinction between "open"
and "closed" practices. In closed activities (e.g., track and
field, gymnastics), participants hone their skills within a
stable environment designed for their sport, aiming to
master specific skills. For example, golf offers this closed
practice type, providing a controlled training environ-
ment that may reassure participants. Conversely, open
practices (e.g., collective sports) involve high levels of
uncertainty regarding the environment or the actions
to be performed. Despite concerns about the feasibil-
ity of open practices for autistic participants due to their
unpredictable nature, research has shown that many
open practices are beneficial for this population across
various domains, from social to motor skills. Numerous



Grosprétre et al. Sports Medicine - Open (2024) 10:107

studies on team sports, exemplified by basketball [40, 44,
45], football [37, 46, 82, 122], or handball [47], support
the effectiveness of open-skilled sports. Moreover, activi-
ties with greater uncertainty, such as ball games, may
be particularly beneficial for perceptual-motor skills in
autistic individuals [123]. This is also observed in individ-
ual activities characterized by high levels of uncertainty,
such as boxing [105] or tennis [49].

Which Type of Partner?

When integrating autistic individuals into sports prac-
tice, various approaches can be taken in organizing the
group dynamics within the lesson. Essentially, four forms
are commonly observed: (1) groups comprised solely of
autistic participants, (2) mixed groups of autistic and
non-autistic individuals, (3) one-to-one interactions
involving a coach and an autistic participant (private les-
sons), or (4) activities that involve family members (par-
ents, caregivers, siblings) in the practice. However, there
is limited research comparing the effects of sport pro-
grams across these different modalities.

Community sport programs, which involve a group of
autistic participants, have demonstrated positive effects
on autism characteristics such as social and behavioral
functioning and communication [35]. While one-to-one
programs (involving one coach and one participant), or
even home-based training, have also shown positive
effects, they often require additional interventions aimed
at developing social skills. Collective activities inherently
promote social interaction, although for individuals with
lower-functioning profiles, it may be necessary to initially
focus on individual practice. Involving parents and/or
siblings can be an effective way to foster the interest of
autistic individuals in sports activities [59].

Numerous studies have assessed the effects of family-
based programs, involving siblings and/or parents, all of
which seem to agree on the particularly positive impact
they have on various aspects of autism in the partici-
pants [124], 125. Family-based sports programs may yield
benefits beyond social aspects, such as improving sleep
quality in autistic children, as evidenced by shared swim-
ming programs [126]. Additionally, it has been observed
that parental mental health may benefit from engaging in
sports activities with their autistic children [69]. Impor-
tantly, while mixing autistic and non-autistic individu-
als requires careful consideration and preparation, it is
believed to have very positive effects, including fostering
positive attitudes among non-autistic individuals toward
their autistic peers [56].

Lastly, as mentioned earlier, animals can also serve as
excellent training partners. Animal-assisted interven-
tions have shown significant benefits across cognitive,
psychological, and core characteristics of autism [53].
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Specifically, horseback riding, besides its positive effects
on cognitive, motor, and social factors, offers opportu-
nities to develop relationships with horses and to learn
about animal care and behavior.

Sport Versus Conventional Interventions
Before discussing the potential implementation of sport
programs on autistic people and their effects on many
outcomes related to autism, we propose to compare the
effects of sport programs to other conventional interven-
tions. Recent meta-analyses thus allow us to put in per-
spective the effects of Applied Behavior Analysis (ABA)
and medication for autism [127, 128] in regard to sport-
based interventions [129]. These studies quantified the
effects of a specific intervention on clinical symptoms
compared with a control or placebo intervention in terms
of a size-effect measure, i.e. standardized mean differ-
ences (SMD) with a 95% confidence interval (CI). ABA
is a well-known behavioral method that consists of ana-
lyzing how the individual’s environment influences their
behavior [130] and describes interventions applying the
findings of such analyses to change behavior [131]. It is
based on operant conditioning and aims to assess and
change challenging behavior (e.g. toilet training) as well
as to promote and generalize more adaptive behavior, for
example, by using systematic reinforcement. Pharmaco-
logical studies are scarce but a few studies have evaluated
the effect of different drugs (mainly antipsychotics) on
restricted and repetitive behaviors; i.e. stereotypy [128].
The meta-analysis by Eckes et al. [131] revealed that
ABA-based interventions improve adaptive behav-
ior more strongly compared to the usual intervention,
minimal intervention, or no intervention at all (nine
studies with 547 participants, SMD=0.37, 95% confi-
dence interval (CI) [0.03; 0.70]). Adaptive behavior was
mostly measured with the Vineland Adaptive Behav-
ior Scale (VABS; [132]) and combines communication
ability, social interaction ability, daily living, and motor
skills. Intellectual functioning (verbal comprehension,
reasoning, knowledge, and memory) also showed a sig-
nificant improvement after ABA-based interventions as
compared to control groups (eight studies with 293 par-
ticipants, SMD=0.51, 95% CI [0.09, 0.92]). Concerning
language ability and autism characteristics there is no
strong evidence for improvement in children receiving
ABA-based treatments compared to children in other
intervention conditions (respectively five studies with
210 participants, SMD=0.30, 95% CI [-0.13; 0.72] for
language ability; and three studies with 107 participants
SMD =-0.26, 95% CI [-0.60, 0.07] for autism severity).
Interestingly, these data could be put into perspec-
tive by the study of Huang et al. [129] which synthe-
tized the effect of sport-based interventions on autism
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characteristics. They revealed significant improvements
in adaptive behavior, specifically in social interaction
(three studies with 197 participants, SMD=0.58, 95%
CI [0.29; 0.87]), and communication abilities (4 studies
with 240 participants, SMD =0.29, 95% CI [0.04; 0.55]).
Nevertheless, they reported no strong evidence for a
decrease in autism characteristics manifestation after
sport-based programs (four studies with 172 participants,
SMD=0.17, 95% CI [— 1.46; 1.11]).

Concerning the restricted and repetitive behaviors of
autistic population, the studies of Zhou et al. [132] and
Huang et al. [129] allow us to compare the effect of medi-
cation and sport-based activities, respectively. Remark-
ably, antipsychotics significantly improved restricted and
repetitive behaviors outcomes compared to placebo (64
studies with 3499 participants; SMD =0.28, 95% CI [0.08;
0.49]), while sport-based programs have been shown to
only have a moderate effect (12 studies with 146 partici-
pants; SMD=0.13, 95% CI [—0.46; 0.20]).

Despite the heterogeneity of experimental designs,
these data make it possible to understand the orders of
magnitude of the effects of different interventions on sev-
eral autism characteristics. However, other meta-analyses
are still needed with the specific objective of precisely
comparing the effects of different interventions on
autism outcomes, which is beyond the scope of our study.

General Recommendations

Traditionally, the World Health Organization (WHO)
recommends that individuals engage in at least 150 min
of moderate-intensity or 75 min of vigorous-intensity
physical activity per week. However, determining the
ideal dose of physical activity for autistic individuals
remains a challenge, as it may vary depending on factors
such as age, abilities, and health status. Generally, autis-
tic individuals tend to participate at lower levels com-
pared to their peers [133]. As previously discussed, they
face cognitive, emotional, communicative, social, and
movement challenges that affect their daily functioning,
learning, and leisure activities [89]. The duration of train-
ing can have varying effects on these aspects. Research
suggests that longer durations, such as 16 weeks instead
of 8, may be necessary to significantly impact in-school
anxiety [64]. In the cognitive domain, changes may occur
relatively quickly with specific training focused on this
aspect. For example, active video games, which provide
strong cognitive stimuli, may enhance cognitive skills
after just 6 sessions [111]. However, motor skills may
require a longer training duration to show improvement.
Additionally, the frequency of sessions per week plays
a significant role in the beneficial effects of a sport pro-
gram. Studies have shown that increasing the frequency
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from 1 to 3 to 5 times per week significantly enhances the
magnitude of observed changes [71].

In the literature reviewed, a wide range of training
durations and organization strategies were found, with-
out a consensus reached on optimal practices. The aver-
age duration of protocols was 12.2+7.7 weeks, with a
mean frequency of 2.6+1.4 sessions per week. Session
duration averaged 56.5+19.3 min, often falling short of
recommended guidelines when considering exercise
intensity, which is not consistently reported or quantified.

This highlights the need to carefully design sport pro-
grams, considering factors such as duration, frequency,
volume, and intensity. Flexibility is crucial given the pop-
ulation’s specificity, necessitating adaptation to individual
needs and abilities. This may involve modifying activities
or providing accommodations, such as additional time
or support. Listening to the individual’s needs and pref-
erences and being open to trying different approaches is
essential.

Many autistic individuals benefit from structured and
predictable environments, clear routines, and expecta-
tions. Providing schedules or step-by-step instructions
can help them understand what to expect. Breaking
down new skills into small, incremental steps and offer-
ing explicit instruction is important. Simple, incre-
mental feedback using verbal, visual, and manual cues
is effective. Positive reinforcement, such as rewards or
encouragement, can motivate and support learning and
progress.

Autistic individuals may experience anxiety, frustration,
or other emotional challenges during sports or physical
activities. Discussing their needs and goals with coaches
or instructors beforehand and establishing clear commu-
nication channels can help address these challenges.

Considering sensory needs and preferences when
selecting activities and providing a sensory-friendly envi-
ronment, if necessary, is crucial. Activities should be
enjoyable, suitable, and safe for the individual, with nec-
essary safety equipment and supervision provided. Sen-
sory issues should be addressed promptly as they arise.

Discussion

This article aimed to provide an overview of the litera-
ture on the implementation of sport programs for autistic
individuals and their effects on multiple aspects. Impor-
tantly, it seeks to extract established recommendations
for these populations and identify areas that still require
further research.

Across the literature reviewed, one can observe the
diversity of sport practices examined. No specific type of
activity stands out, indicating that a wide range of sports
are suitable and well-tolerated by autistic individuals.
Whether it is a collective or individual sport, involving
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confrontation or cooperation, practiced outdoors or
indoors, the choice of a sport activity appears to primar-
ily depend on the preferences of the individuals involved.
Overall, sport participation has shown high levels of
acceptance based on satisfactory surveys, including feed-
back from both autistic and non-autistic participants, as
well as their relatives [80]. These findings support Chan
et al’s conclusion that ‘given their affordability, versatil-
ity, and efficacy, physical activity interventions could be
considered a cost-effective option for autism spectrum dis-
order management in the future” [134].

The literature on sport and autism has grown exponen-
tially in the last decade (from fewer than 20 articles pub-
lished and referenced in PubMed in 2013 to 153 in 2023).
However, there is still much information missing. It is
noteworthy that many studies have small sample sizes,
some with as few as 2 or 3 participants, indicating a need
for larger-scale studies. Additionally, cultural differences
may exist in the implementation of sport programs and
consideration of autism, with variations from Asia (where
many studies have been conducted) to Europe. The age
range of the population studied in the literature is also
wide, but the focus has predominantly been on children.
Specifically, 81% of the literature screened tested autistic
populations aged 3—12 years old, while only 7% focused
on adults. Despite representing a larger proportion of the
autistic population, there is also an overrepresentation of
males in the scientific literature. Therefore, there is a need
to address gaps in the literature regarding autistic popu-
lations. Furthermore, the definition of autism itself may
vary between studies, with autistic individuals sometimes
included in a broader range of other neurodevelopmental
disorders, such as ADHD (attention-deficit/hyperactivity
disorder). However, few studies have assessed or com-
pared the effects of sport interventions on different levels
of autism severity, as evaluated by scales like the Gil-
liam Autism Rating Scale or the Childhood Autism Rat-
ing Scale (CARS). Although severe forms of autism may
require more attention and intermediate steps to achieve
autonomous sport practice, such as starting with the
presence of parents and/or siblings, it appears that indi-
viduals across all profiles of autism might benefit from
physical activity and sport to a similar extent [94].

Across the whole literature on sport/physical activity
and autism, the proportion of studies employing objec-
tive and quantitative markers to assess the effects of a
given sport program on autistic participants remains
low (less than 20 percent of the literature on sport
and autism). The majority of the literature comprises
cross-sectional analyses (group comparisons) or sur-
vey analyses, indicating a need for further objective evi-
dence regarding the long-term effects of sport practice
through the implementation of more longitudinal studies
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involving cohorts of participants [58]. The progression
of outcomes should be compared to a control group or
participants engaging in another sport program, a prac-
tice that is not consistently employed (often limited to
case studies, single-group studies, small samples, etc.).
While most studies focus on a single sport or type of
intervention, it is recognized that autistic individuals may
exhibit a variety of responses to sport, and what works
for one individual may not work for another [135]. Stud-
ies incorporating different forms of practice have pro-
vided valuable insights, revealing specific gains according
to the nature of the practice. While previous research
generally suggests that engaging in any sport may lead
to a general improvement across various outcomes, par-
ticularly in autism characteristics, specific effects have
been observed. For example, studies comparing differ-
ent interventions, such as technical versus game-based
approaches [39], aerobic versus motor skills exercises
[70], or different types of environments [90], have identi-
fied benefits across all forms of practice in psycho-social
skills, with some specific effects observed in motor skills
and neuromuscular aspects.

Another crucial aspect of the literature on sport and
autism pertains to the types of outcomes evaluated.
There exists a wide range of outcomes, including autism
characteristics and social skills, psychophysiological fac-
tors, and neuromuscular components of human perfor-
mance. However, the broad variety of interventions and
populations tested makes it challenging to gain a clear
understanding of the effects of sport practice on these
numerous factors. Few studies are directly comparable,
with the most commonly evaluated factors being autism
characteristics themselves, such as social and communi-
cation skills, using validated questionnaires and scales.
Psychological factors and the well-being of participants
and relatives are also frequently assessed, and these fac-
tors are consistently influenced by sport practice. How-
ever, literature on the effects of sport practice on motor
skills, cognitive factors, neuromuscular plasticity, or
the physiology of autistic populations remains scarce.
Yet, there is increasing evidence suggesting that these
domains should be given as much consideration as psy-
cho-social factors. Importantly, it should be noted that all
factors are interrelated; for example, promoting muscle
strength gains in autistic individuals may lead to gains in
psychomotor functions [78].

Specifically, regarding motor skills, it is notewor-
thy that many studies assess them subjectively using
evaluation scales. There is a need to standardize a more
formal and quantitative evaluation by employing func-
tional tests or analytical performance measurements
(e.g., strength, speed, etc.). Taking a more fundamental
perspective, incorporating objective measurements of
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Fig. 1 Overview of the proposed factors to consider when developing a sport model for autistic people. Each factor that should be considered
when analyzing/implementing a sport program is indicated at the end of each arrow. Bars represent the percentage of articles of all articles
screened that took the factor into consideration, as an outcome or as an independent variable. Then each bar represents the degree

of consideration in the current literature, highlighting strengths and weaknesses of the actual knowledge

cognitive, cardiovascular, and neuromuscular functions
into the evaluation of the impacts of sport programs
should contribute to a better understanding of the motor
impairments observed in autistic populations. This is
particularly important considering ongoing discussions
about the need to include the motor domain in the defi-
nition of autism [61].

Finally, based on a holistic approach, Fig. 1 depicts
factors that should be considered when constructing an
adapted sport program designed for autistic individu-
als. All elements extracted from the literature that are
deemed important to consider are integrated, along with
information on the proportion of consideration in previ-
ous works to date.

Conclusion

In conclusion, authors unanimously agree on two points:
(1) sport and physical activity are fundamental com-
ponents of the quality of life for autistic individuals and
their families, and (2) there is still a significant gap in
knowledge regarding this topic. The diverse array of stud-
ies, encompassing various sports, populations, and tested
outcomes, makes it challenging to reach a consensus on
many aspects. Moreover, there are crucial practical con-
siderations that need scientific elucidation in construct-
ing physical activity programs, such as determining the
optimal training volume (session duration, frequency,
etc.) and exercise intensity.

To address these gaps, it is imperative to bridge the sci-
entific understanding of autism from a clinical perspec-
tive with the principles of exercise physiology. Studies
examining sport and autism would benefit from incor-
porating objective markers of cognitive and motor per-
formance, as well as tools to monitor training load and
assess individual responses to physical exercise. This
approach would facilitate the customization of sport pro-
grams, ensuring a relevant progression throughout the
program to maintain motivation, enjoyment, and seek
optimal benefits. Ultimately, the goal is to cultivate a
long-term commitment to the benefits of sport practice
across the lifespan, rather than merely focusing on the
duration of a specific program.
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