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Abstract

The development of effective (non-pharmacological) treatment approaches for exec-
utive dysfunction in autism spectrum disorder (ASD) requires evidence that factors
influencing this domain can be modified by behavioral interventions. The present
cross-sectional study investigated the relative associations of ASD, muscle strength
and body mass index with executive function and information processing among
the Healthy Brain Network cohort. Patients with ASD (N = 174) and healthy peers
(N =202) aged 5 to 18 years completed cognitive tasks of the NIH toolbox (Pattern
Comparison, Flanker, List Sorting, Card Sorting) to assess core components of
executive function and information processing. Additionally, anthropometrics and
muscle strength were collected from selected items (push-ups, curl-ups, trunk lift,
and grip strength) of the Fitnessgram battery. Based on structural equation model-
ing, ASD was related to impaired muscle strength and executive function, when
confounders (age, sex, pubertal status, and socioeconomic status) were accounted
for. Muscle strength further showed independent contributions to information
processing and executive function. This association was moderated by ASD, so that
higher muscle strength was related to higher executive function in ASD patients
only. The present findings provide a first indication that the promotion of muscle
strength may have the potential to generally enhance information processing and to
reduce ASD-related executive dysfunction in children and adolescents.

Lay Summary

In comparison to healthy peers, children with ASD showed impairments in execu-
tive function and muscle strength. Moreover, higher muscle strength was indepen-
dently associated with better executive function, but only in ASD patients. This is
a first indication that the promotion of muscle strength, for example, by regular
exercise, could contribute to a reduction of ASD-related executive dysfunction.
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challenge (Elsabbagh et al., 2012). The leading symptoms
of ASD are present in the early developmental stage and

A survey of the Autism and Developmental Disabilities
Monitoring Network supports that the prevalence of
autism spectrum disorder (ASD) increased from 1 in
150 cases in 2006 to 1 in 54 cases in 2016 (Maenner
et al., 2020). The global prevalence rate also seems to be
rising, such that the management of ASD is a global

encompass repetitive behaviors along with deficits in
social communication and interaction. With regard to
cognitive abnormalities, meta-analytical findings suggest
that children with ASD have to face pronounced impair-
ments in executive function, which persist across the
development (Demetriou et al., 2018). Executive function
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refers to top-down control of behavior by employing its
core components, such as inhibitory control, working
memory, and task-switching (Miyake & Friedman,
2012). For example, cognitive skills summarized under
executive function are necessary for deliberate reasoning,
intentional action, emotion regulation, complex social
functioning, and adaptation to changing circumstances
(Zelazo, 2015). Given the relevance of these cognitive
skills for many real-life domains, it becomes clear that
executive function plays a key role for school readiness
and concurrent academic achievement in children with
ASD (Kim et al., 2020; Pellicano et al., 2017). Executive
function has also been suggested to underlie core deficits
in adaptive behavior and social communication (Leung
et al., 2016; Pugliese et al., 2016). In this respect, some
evidence suggests that early executive function predicts
later autistic features and adaptive behavior even above
and beyond age, intelligence quotient, and theory of
mind (i.e., false-belief understanding) (Kenny et al.,
2019). In contrast to the view that ASD core deficits may
originate from specific cognitive impairments, an alterna-
tive explanation assumes that children with high execu-
tive function are able to compensate for atypicalities in
brain systems (Johnson, 2012). Despite some differences
regarding the nature of such associations, both views
highlight the need to target executive function in children
with ASD.

The current treatment guidelines do not recommend
the routine use of any pharmacological treatment for
core symptoms of ASD, although dopamine receptor
blockers and psychostimulants have the potential to
reduce some deficits related to co-occurring conditions
(Howes et al., 2018). As the limited benefits of these
pharmacotherapies do not outweigh their risks
(e.g., weight gain, sleep problems, irritability, and emo-
tional outbursts) (Cortese et al., 2012; Kloosterboer
et al., 2021), behavioral approaches are preferred for
managing ASD (Masi et al., 2017). Executive dysfunction
partly underlies core symptoms of ASD, such that factors
exerting an influence on this cognitive deficit can inform
the development of such behavioral approaches. In this
respect, evidence from neurotypical cohorts suggests high
performance on executive function tasks in children and
adolescents to be linked with high cardiorespiratory fit-
ness and/or muscular strength (de Bruijn et al., 2018;
Mora-Gonzalez et al., 2019; Oberer et al., 2018). This is
further supported by a quantitative synthesis of 80 ran-
domized controlled trials showing long-term cognitive
benefits of endurance and resistance exercise across age,
although it should be noted that coordinative exercise
had even superior effects (Ludyga et al., 2020). A review
of the experimental evidence suggests that such exercise-
induced benefits for executive function generalize to
neurodevelopmental disorders (Ludyga et al., 2021).
However, only a single randomized controlled trial was
available for ASD patients (Pan et al., 2017). This limits
conclusions on the exercise type that might be most

effective. However, the few studies that investigated
physical fitness in ASD patients consistently found lower
muscular strength (Kern et al., 2013; Pan et al., 2016;
Tyler et al.,, 2014), indicating a greater potential for
enhancements of executive function by targeting this
aspect of fitness. Moreover, the association between exec-
utive function and muscular strength might be moderated
by ASD as physical activity programs targeting physical
fitness are more efficient in individuals with low cognitive
performance (Ishihara et al., 2020). Insights into the rela-
tive contribution of muscular strength to ASD-related
cognitive impairments require the consideration of body
mass index. This is due to the close relation of both
fitness-related aspects of physical health (Garcia-
Hermoso et al., 2019) and the predictive value of body
mass index for children and adolescents’ performance on
tasks assessing executive function (Blair et al., 2020;
Laurent et al., 2020).

The present study aimed to examine the relation of
ASD, muscular strength, and body mass index with exec-
utive function, while accounting for interdependencies.
Selective associations with executive function were exam-
ined by controlling for basic information processing.
Based on the current literature, we expected independent
relations of body mass index (Blair et al., 2020; Laurent
et al., 2020) and muscular strength with executive func-
tion (de Bruijn et al., 2018; Mora-Gonzalez et al., 2019;
Oberer et al., 2018) as well as higher associations in chil-
dren and adolescents with ASD than in healthy peers
(Ishihara et al., 2020).

METHODS
Participants and recruitment

The data used for the present investigation were provided
by the Healthy Brain Network (HBN), which used a
community-referred recruitment model (Alexander
et al., 2017). Advertisements and announcements were
distributed to community members, educators, local care
providers, and parents via e-mail lists and events. Par-
ents, who were concerned about psychiatric symptoms in
their child, were encouraged to participate. The data set
available at the time of the present investigation included
2480 participants aged 5 to 21 years, who were fluent in
English. The main exclusion criteria of HBN concen-
trated on acute safety concerns (e.g., danger to self or
others), cognitive or behavioral impairments that could
interfere with participation (e.g., being nonverbal, 1Q less
than 66) or medical concerns that could confound brain-
related findings (Alexander et al., 2017). The present
study was restricted to patients with ASD (according to
DSM-5 diagnosis) and healthy peers (no presence of a
mental disorder according to DSM-5 following semi-
structured psychiatric interviews) aged 5 to 18 years. All
participants had to have the capacity to provide assent,
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with the parent or legal guardian providing written
informed consent. The HBN protocol was approved by
the Chesapeake Institutional Review Board and followed
the guidelines of the Declaration of Helsinki.

Procedures

The extensive HBN study protocol included four labora-
tory visits to assess a variety of health-related and other
outcomes. The present study used data obtained from
diagnostic interviews, psychopathology (Strengths and
Difficulties Questionnaire, SDQ), cognitive tasks tapping
information processing and executive function (National
Institutes of Health Toolbox for the Assessment of Neu-
rological and Behavioral Function, NIH), physical fitness
(Fitnessgram), and potential confounders, including
socioeconomic (Barratt Simplified Measure of Social Sta-
tus, BSMSS) and pubertal status (Peterson Puberty
Scale, PPS).

ASD diagnosis

Preliminary ASD diagnoses were derived from the child-
and parent-based versions of the computerized Kiddie
Schedule for Affective Disorders and Schizophrenia. The
semi-structured DSM-5-based psychiatric interviews were
performed by a licensed clinician and resulted in auto-
mated diagnoses. These preliminary diagnoses were veri-
fied by the clinical team after considering other data
(Autism Spectrum Screening Questionnaire, ASSQ;
Autism Diagnostic Interview-Revised; Autism Diagnos-
tic Observation Schedule) and interactions in the course
of the study participation.

Cognitive tasks

Selected tasks from the NIH toolbox were used to assess
information processing (i.e., the ability to recognize and
respond to simple visual or auditory stimuli), inhibitory
control, working memory, and set-shifting. These cogni-
tive skills were chosen to be able to verify that ASD is
related to more pronounced deficits in executive function
rather than impairments in information processing
(Demetriou et al., 2018). Moreover, this approach is used
to determine whether possible associations between mus-
cle strength and cognitive outcomes are selective for
ASD-related impairments or generalize across different
cognitive skills. For all employed tasks, age-corrected
standard scores were calculated and used for statistical
analyses.

The Pattern Comparison task required participants to
indicate whether two visual patterns were the same or dif-
ferent. Type, complexity, and number of stimuli were
adjusted to participants’ age to ensure adequate

variability of performance. Performance was assessed
from the number of correct items completed in
90 seconds.

The Flanker task comprised 40 trials, in which a cen-
tral directional target (fish for children younger than
8 years, arrows for ages 8 and older) was flanked by simi-
lar stimuli on the left and right. Depending on the trial
type, the flanking stimuli faced in the same (congruent)
or different direction (incongruent) compared with the
target. Participants were instructed to indicate the direc-
tion of the central stimulus, and average response accu-
racy and reaction time were extracted.

During the List Sorting task, a series of stimuli were
presented visually (object) and orally (spoken name).
While in one condition, all stimuli belonged to only one
of the two categories, stimuli from both categories were
shown in the second condition. Participants
were instructed to recall all stimuli from each category
based on their size. The number of items in each series
increased and the test was terminated, when participants
failed two trials of the same length. Test scores included
the number of correct items across trials.

During the Dimensional Change Card Sorting task,
participants were instructed to match a visual target stim-
ulus to one of two stimuli according to the shape or color.
Target category (“shape” or “color”) was shown on the
screen and delivered orally for children aged less than
8 years. Participants of this age group completed two
blocks that either contained shape or color trials. When
they succeeded to switch the tasks, a mixed block with
40 trials was administered. In this block, color was cru-
cial on the majority of trials with occasional,
unpredictable shifts to shape. Participants aged 8 years or
older only completed the mixed block.

Fitness

Participants completed selected items of the Fitnessgram
battery, including measurements of body composition
(BMI) and muscule strength (push-ups, curl-ups, trunk
lift, grip strength). For the curl-up and push-up tests, par-
ticipants had to perform as many repetitions as possible
(max. 50), with a constant cadence of 1 per 3 seconds.
For the trunk lift test, participants lied on their stomach,
lifted their upper body off the floor, and held the position
for measurement. When tests were performed with the
left and right side separately, the average of both sides
was used in statistical analysis.

Statistics

SPSS 25.0 and the AMOS plugin were used for data ana-
lyses. In advance, variables with z-values of kurtosis and/
or skewness exceeding 3.29 were log-transformed
(Kim, 2013). Due to the expectation of missings, analyses
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were restricted to participants and patients that com-
pleted items of the Fitnessgram, physical assessment and
the NIH toolbox. This approach was chosen to improve
the precision of full maximum likelihood estimation of
missing data. One-way ANOVAs were used to compare
anthropometrics (age, height, and body mass index), psy-
chopathology (SDQ, ASSQ), socioeconomic status
(BSMSS), muscular fitness (Fitnessgram) and cognitive
performance (NIH) between ASD patients and healthy
peers. Structural equation modeling (SEM) was
employed to investigate the prediction of information
processing and executive function by group, body mass
index, and muscular fitness. Both executive function and
muscular fitness were entered as latent variables, esti-
mated from the NIH toolbox and the Fitnessgram items,
respectively. Only indicators that explained a significant
proportion of variance, showed factor loadings of
B = 0.30 or higher and had less than 50% missing data,
were tolerated. To assess the relative contributions of
body mass index, muscular fitness, and group to informa-
tion processing and executive function, interrelations
among predictors and outcomes were accounted for by
estimating their covariance. Additionally, covariances
with sex, age, socioeconomic status, and pubertal status
were estimated, if variables showed a statistically signifi-
cant association with one or more predictors and/or out-
comes based on zero-order correlations (Table S2). Both
ASD patients and healthy peers were included in Model
1. To test a moderation of the association between pre-
dictors and outcomes, groups were separated in Model
2 (ASD patients) and 3 (healthy peers). The hypothesis

that coefficients equal zero was examined with 7 tests and
rejected at p < 0.050. The fits of the models to the data
were investigated and considered good at CFI>0.09 and
RMSEA<0.08.

RESULTS

The final sample comprised 376 participants, because
100 individuals did not complete items of the physical fit-
ness assessments and/or the cognitive test battery
(Table S1). Among the ASD patients, frequent co-
occurring conditions were ADHD (N = 121), learning
disorder (N = 8), generalized anxiety disorder (N = 6),
and other disorders (N = 41; individual disorders occur-
ring in five patients or fewer). In comparison to healthy
peers, ASD patients had higher body mass index, higher
scores on ASSQ and SDQ, but lower performance on all
Fitnessgram items and cognitive tests (Table 1). Whereas
age and height did not differ between groups, a higher
proportion of boys was found among ASD patients,
chi® = 36.16, p < 0.001.

With regard to SEM, preliminary examination of the
latent constructs showed acceptable factor loadings for
all variables (Model 1 with all latent variables,
Figure S1), $20.36, p <0.001. Only for grip strength,
missing data exceeded the pre-specified threshold
(Table S2), so that this item was removed from the latent
construct. SEM including ASD patients and healthy
peers (Model 1, Figure 1) showed that being autistic was
moderately related to lower muscle strength, p = —0.38,

TABLE 1 Comparison of psychopathology, anthropometrics, muscle strength and cognitive performance between ASD patients and healthy
peers
Healthy peers (N = 101 /101 m) ASD patients (N = 139 m/35 f)
M SE M SE F n?
ASSQ score 2.6 0.3 19.1 0.8 403.02* 0.52
SDQ score 6.8 0.4 15.8 0.4 258.48%* 0.41
BSMSS score 51.1 0.9 47.5 1.1 6.23% 0.02
PPS score 34 0.2 4.7 0.2 19.14* 0.07
Ageiny 10.3 0.2 10.5 0.2 0.55 <0.01
Height in inches 55.5 0.5 56.8 0.6 3.02 <0.01
Body mass index in kg~ m 2 19.0 0.3 20.0 0.4 3.96* 0.01
Curl-up 13.3 0.7 6.8 0.7 40.40%* 0.10
Push-up 6.8 0.5 2.9 0.4 30.13* 0.08
Trunk lift 10.0 0.2 8.3 0.2 28.43* 0.07
Grip strength in kg 24.0 1.0 20.5 1.0 5.70% 0.03
Card Sorting task 99.4 1.3 88.6 1.2 36.92* 0.09
Flanker task 92.4 0.9 85.5 1.1 24.69* 0.06
List Sorting task 101.4 1.0 91.4 1.3 39.81%* 0.10
Pattern Comparison task 93.8 1.6 88.9 1.7 4.62* 0.01

Abbreviations: ASSQ, autism spectrum screening questionnaire; BSMSS, Barratt simplified measure of social status; PPS, Peterson puberty scale; SDQ, strengths and

difficulties questionnaire.
*indicates p < 0.05.
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FIGURE 1 Prediction of information
processing and executive function from
group, body mass index and muscle
strength (Model 1). Standardized
regression coefticients are shown above the
line. Superscript letters show covariances
that were estimated with confounders.
*indicates p < 0.05; HP=healthy peers;
ASD=patients with autism Spectrum
disorder; SES=socioeconomic status

a
Pattern comparison

Group (0=HP 1=ASD)

Muscle
strength

Card sorting

—— Covariates
b
aAge

p <0.001. In contrast, body mass was not related to mus-
cle strength and/or group. With regard to cognitive per-
formance, group individually predicted executive
function, p = —0.37, p <0.001, so that lower standard
scores were moderately related to being autistic.
Accounting for this association, high muscle strength
predicted both high standard scores on pattern compari-
son, p = 0.24, p<0.001, and executive function,
B = 021, p = 0.004. Independent of the cognitive
domain, performance could not be predicted from body
mass index. The fits of the data to the model were appro-
priate, CFI = 0.95, RMSEA = 0.06.

When SEM was performed with ASD patients only
(Model 2, Figure 2), the prediction of standard scores on
pattern comparison, p = 0.23, p = 0.005, and executive
function, p = 0.23, p = 0.024, by muscular strength
remained significant. However, when SEM was restricted
to healthy peers (Model 3, Figure 2), the predictive value
of this aspect of fitness was limited to standard scores on
pattern comparison, f = 0.23, p = 0.003. No other differ-
ences between models were observed as body mass index
showed no relations with muscular strength and cognitive
outcomes in both ASD patients and healthy peers. Both
Model 2, CFI = 0.98, RMSEA = 0.04, and Model
3, CFI =0.91, RMSEA = 0.08, showed good model fit.

DISCUSSION

The results of SEM revealed that ASD was related to
both deficits in muscle strength and impaired cognitive
performance, when potential confounders (age, sex,
pubertal status, and socioeconomic status) were con-
trolled for. Differences in standard scores on cognitive
tasks between ASD patients and healthy peers were spe-
cific to those demanding executive function. The key
finding of the present study was the independent

ac
b Pubertal status

¢ Sex 4SES

association between muscle strength and this cognitive
domain as well as its moderation by ASD.

The association of ASD with executive dysfunction is
in line with previous meta-analytical findings (Demetriou
et al.,, 2018). The lack of differences in information
processing between ASD patients and healthy peers
argues against a domain-general cognitive impairment.
Although previous findings suggest that the executive
function profile might vary based on co-occurring condi-
tions (Craig et al., 2016), the present study showed that
ASD affected working memory, set-shifting, and inhibi-
tory control in a similar way.

Knowledge of the mechanisms that underlie these
impairments is crucial for understanding how they can be
reduced. A review of neuroimaging studies supports ASD
to be linked with multiple alterations in brain function
and structure, but they are not necessarily related to its
core deficits (Ecker et al., 2015). However, long-range
functional underconnectivity (O’Reilly et al., 2017) and
altered coherence of the fronto-parietal network in partic-
ular seem to contribute to poor executive function in
ASD patients (Han & Chan, 2017). As this network sub-
serves cognitive control, an atypical development of
related processes may further account for executive dys-
function. In this respect, a meta-analysis has reported
reduced amplitude of P300 component of event-related
potential, indicating abnormalities in the allocation of
attentional resources and working memory updating (Cui
et al., 2017).

In addition to impaired executive function, patients
with ASD showed lower muscle strength than their
healthy peers. The uncorrected baseline comparison indi-
cated differences between groups on all items that were
used to measure muscle strength. The association of this
aspect of fitness and ASD remained even after correction
for body mass index and other confounders in SEM.
Consequently, the present results further support the
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FIGURE 2 Prediction of information
processing and executive function from
body mass index and muscle strength in
ASD patients (Model 2) and healthy peers
(Model 3). Standardized regression
coefficients are shown above the line (ASD
patients) and below the line (healthy
controls). Superscript letters show
covariances that were estimated with
confounders. *indicates p < 0.05;

EF = executive function
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deficits in muscle strength in children and adolescents
with ASD that were previously observed in very small
cohorts (Kern et al.,, 2013; Pan et al., 2016; Tyler
et al., 2014). This might be explained by lower physical
activity levels of ASD patients in comparison to healthy
peers (McCoy et al., 2016; Tyler et al., 2014), although it
should be noted that some findings indicate an engage-
ment in fewer types of physical activity rather than a gen-
eral difference in the time spent physically active
(Bandini et al., 2013). This could be due to the well-
documented deficits in motor competence (Kaur
et al., 2018; Liu et al., 2019), which affect the ability to
acquire and refine complex motor skills that are required
in various physical and sports activities (Holfelder &
Schott, 2014). Thus, impaired muscle strength might be a
consequence of a low participation in strengthening and
toning activities, although interventions promoting such
activities have been found to be feasible and lead to bene-
fits in physical fitness and other health-relevant domains
in children and adolescents with ASD (Sowa &
Meulenbroek, 2012).

Moreover, muscle strength appears to be linked with
cognitive performance, given that this aspect of fitness
explained a unique proportion of variance on standard
scores of the cognitive tasks. Removing grip strength
from the latent constructs (due to a high proportion of
missing data) did not affect the pattern of results. When
the examination of this association was restricted to indi-
vidual groups, a moderating effect of ASD was revealed.
Whereas higher muscle strength was generally related to
better information processing, its association with execu-
tive function only reached statistical significance in
patients with ASD. This lends further evidence to the pre-
viously documented influence of baseline cognitive per-
formance on the association of physical activity and
executive function (Ishihara et al., 2020). Additionally,
low muscle strength in patients with ASD also indicates a
greater reserve for adaptations, so that improvements in
this fitness-related aspect may transfer to the domain of
the executive function.

The present findings provide insights into the link
between muscle strength and executive function in ASD,
but the underlying mechanisms remain unclear. How-
ever, physical activity and fitness have generally been
associated with a favorable alteration of the P300 ampli-
tude of event-related potentials elicited from executive
function tasks in healthy individuals (Kao et al., 2020).
Consequently, this is a first indication that the attainment
of a high muscle strength could improve executive func-
tion in ASD by altering cognitive control processes posi-
tively (Cui et al., 2017). In addition, a review (primarily
including older populations) has suggested that resistance
training in particular benefits cognition via an increased
expression of growth factors (i.e. BDNF, IGF-1) as well
as changes in functional and structural properties of the
brain (Herold et al., 2019). However, changes in BDNF
may not cause improved executive function in ASD,
because in contrast to many other mental disorders, ASD
is associated with elevated rather than diminished circu-
lating BDNF (Armeanu et al., 2017). Given ASD-related
impairments in functional connectivity, a possible influ-
ence of strengthening activities on this property of the
brain appears to be a more likely cause of the link
between muscle strength and executive function. The first
indication in support of this assumption is provided by
the observation that increased muscle fatigue leads to a
more pronounced connectivity between structures sub-
serving cognitive and motor control (Jiang et al., 2012).
The repetition of this mechanism by regular engagement
in strengthening activities might therefore trigger a favor-
able adaption of functional connectivity that partly coun-
teracts some of the atypical brain activation patterns in
children and adolescents with ASD.

Despite the relatively large cohort, the cross-sectional
design limits possible implications on the role of muscle
strength for partly managing executive dysfunction in
ASD. Longitudinal and experimental evidence from
healthy cohorts suggests that increases in physical fitness
(by exercise) translate into improved executive function
(Ludyga et al.,, 2020; Oberer et al., 2018), but the
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direction of the effects could also be reversed. In this
case, high executive function could contribute to the
engagement in activities that promote muscle strength
and to the ability to perform best in physical fitness tests
due to association of this cognitive domain and self-
regulatory resources (Audiffren & André, 2019). The
interpretation of the current findings is further limited by
the focus on muscle strength only. Consequently, a simi-
lar or different contribution of other fitness-related
aspects, such as cardiorespiratory fitness and motor coor-
dination, to executive function in ASD remains unclear.
Furthermore, the results might have been affected by
confounders other than age, body mass index, sex, puber-
tal status, and socioeconomic status. While these
variables were accounted for in SEM, the role of co-
occurring conditions for the association of muscle fitness
and executive function was not examined as the heteroge-
neity in these conditions complicated the formation of
subgroups. However, the majority of ASD patients in the
present sample were also affected by ADHD. Executive
dysfunction is a well-known characteristic of ADHD
(Pineda-Alhucema et al., 2018) and questions whether
the associations found are due to this condition rather
than ASD. While this question remained unaddressed in
the current study, a review comparing patients with ASD
or ADHD and patients with ASD with co-occurring
ADHD showed common executive function deficits
(Craig et al., 2016). ASD patients with and without co-
occurring ADHD only differed by response inhibition,
which was not included in the latent executive function
construct of the present analyses. Thus, it seems unlikely
that the results were mainly due to co-occurring ADHD
rather than ASD. In addition, the exclusion criteria speci-
fied in this study prevent conclusions on whether the pre-
sent findings can be generalized to non-verbal individuals
with ASD and patients with co-occurring Intellectual
Disability.

In conclusion, children and adolescents with ASD are
facing pronounced deficits in muscle strength and execu-
tive function. These health-relevant domains are interre-
lated in ASD patients, whereas there is no association of
muscle strength and executive function in healthy peers.
In contrast, this aspect of fitness shows an independent
contribution to the domain of information processing
irrespective of ASD. Consequently, behavioral interven-
tions targeting muscle strength may have the potential to
generally enhance information processing and to reduce
ASD-related executive dysfunction. However, future
experimental studies need to verify whether (exercise-
induced) gains in muscular strength and/ or other aspects
of fitness (e.g., motor coordination, cardiorespiratory fit-
ness) translate into improved executive function in chil-
dren with ASD. Given the heterogeneity among ASD
patients, these studies also need to address the generaliz-
ability of the findings to different subtypes by performing
subgroup analyses based on frequent co-occurring condi-
tions, such as ADHD and intellectual disabilities.
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