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Abstract

A large body of literature, including preclinical histopathology, genetic and neuroimaging
studies has established the involvement of the cerebellar circuits in the physiopathology of
Autism Spectrum Disorder (ASD). The aim of the present study was to assess at a behavioral
level the cerebellar function of preschool children aged 4 to 6 years old with ASD, in
comparison to a group of age-matched typically developing (TD) children. Seven clinical
tests were administered to measure performance into three main areas of cerebellar function:
maintenance of posture, hypotonia (reduced muscle tone), and complex movements. Our
results showed that children with ASD performed significantly lower in 6 out of 7 cerebellar
tests compared to TD children. These findings indicate that cerebellar-dependent motor
behaviours are compromised in preschool children with a diagnosis of ASD. Our findings are
consistent with previous studies supporting a general cerebellar dysfunction in children with
ASD and indicate that these impairments can emerge and be detected as early as at the
preschool period of development.
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Introduction

The cerebellum is a large and highly sinuous structure of the nervous system consisting of
two hemispheres, which are connected by a narrower fate, the vermis. Having reciprocal
connections with different regions of the cerebral cortex, provides the substrate for cerebro-
cerebellar communication about various behaviours (Schmahmann, 2001). Traditionally, it is
regarded as the regulator of motor function, occupying a central role in movement
coordination. However, in addition to its role as a motor area, more recent studies show that
the cerebellum is also involved in the control of adaptive learning, visual-motor coordination,
and in the last twenty years there has been particular interest in the role of the cerebellum in
cognitive functions.

Several studies have brought to the fore the essential contribution of the cerebellum to the
regulation of neurocognitive functions, directed by specific brain regions with which the
cerebellum is reciprocally linked, such as speech, cognitive processing and emotional
regulation (Andreou et al., 2007; Basson & Wingate, 2013; Becker & Stoodley, 2013;
Kasselimis et al., 2008; Sveljio et al., 2014; Vlachos et al., 2007). With its uniform cortical
architecture, the cerebellum's connectional specificity allows it to modulate a wide array of
behaviors (Vlachos et al., 2007).

Emerging evidence implicates cerebellar abnormalities and/or dysfunction in several
developmental disorders, including Autism Spectrum Disorder (ASD) (Sydnor & Aldinger,
2022, Vlachos, 2018), This disorder is manifested in poor social interaction, atypical
language use, and repetitive behaviors (Amaral et al., 2018; Bailey et al., 1996).

The first neuroanatomical differentiation observed in the brain of individuals with ASD was
smaller cerebellar hemispheres and the hypoplasia of the cerebellar vermis in lobes VI and
VII (Courschesne et al., 1988). Since then, many studies have found cerebellar abnormalities
in the brains of individuals with ASD. For example, D’Mello et al. (2015) reported reduced
gray matter in lobe VII in individuals with autism and showed a correlation between this
component and the severity of a number of behavioral and cognitive deficits. These deficits
included difficulty in social interaction, communication, and an increased number of
stereotypical behaviours.

Subsequent studies across various disciplines have consistently implicated cerebellar circuits
in ASD's social cognition and pathophysiology (Mosconi et al., 2015). Numerous studies
have demonstrated overlapping features between cerebellar dysfunction and ASD symptoms,
affecting language development, reading, working memory, executive function, and
emotional behavior (Andreou et al., 2007; Bhat, 2021; Geschwind, 2009; Lord, 2020;
Vlachos et al., 2007). Recent research by Couto-Ovejero et al. (2023) has highlighted the
cerebellum’s role in emotional regulation in autism, suggesting that deficits in internal model
calibration may underlie emotional dysregulation.

Overall, cerebellar deficits have been associated with ASD for over three decades. According
to Hampson and Blatt (2015), the cerebellum is - if not the only one - one of the main
structures that exhibits non-standard morphology and functionality in individuals with ASD
and is responsible for differential functioning across a wide range of behaviours, including
communication skills, social interaction, stereotypic/repetitive behaviours, motor
coordination and higher cognitive processes. This study aims to evaluate cerebellar function



in preschool children with ASD compared to age-matched typically developing children at a
behavioral level.

Methods
Participants

A total of 40 children took part in this study. Twenty children, diagnosed with Autism
Spectrum Disorder (ASD) according to the DSM-V criteria, with a mean age of 4.51 (SD =
.06), were paired with 20 typically developing children (TD) matched for age and gender,
with a mean age of 4.70 (SD = .08). All participants were enrolled in preschool education
centers in North Greece at the time of data collection.

Materials & Procedure

All participants underwent assessment which consisted of seven clinical tests (Dow &
Moruzzi, 1958) designed to evaluate three main areas of cerebellar function: a) maintenance
of posture, b) hypotonia (reduced muscle tone), and c) complex movements (Fawcett et al.,
1996). Specifically, these tests evaluated: 1) limb shake, 2) hand declination, 3) balance time,
4) postural stability, 5) weighting time, 6) past pointing, and 7) toe tapping. The
abovementioned tests were administered at the children’s schools by a trained researcher.
Each child was assessed separately in a classroom setting, with each procedure lasting
between 20 and 30 minutes, following the same test administration order.

Data Analysis

Data analysis was conducted using SPSS for Windows 25.0. A series of one-way univariate
analysis of variance (ANOVA) tests were performed to ascertain whether mean scores on the
above-mentioned cerebellar tests differed significantly across the three groups. Sheffe’s post—
hoc tests were undertaken whenever significant group differences were detected.

Results

Group performance means and standard deviations on the seven cerebellar tests for the two
groups of participants are presented graphically in Figure 1. Children with ASD performed
significantly lower in 6 out of 7 cerebellar tests namely hand declination, limb shake, past
pointing, balance time, postural stability and weighting time compared to children with TD
(Figure 1).

More specifically, the group of children with ASD showed statistically significant lower
scores than the TD children in six clinical tests: limb shake (F.s» = 23.34; p < 0.01), hand
declination (Fz,57 = 6.92; p < 0.01), past pointing (F2,57= 183.23; p < 0.01), balance time (Fz,57
= 895.55; p < 0.01), postural stability (F257 = 271.17; p < 0.01) and weighting time (F257 =
38.70; p < 0.01). The toe topping test was the only test where statistically significant
differences were not found between the two groups (Fz257=1.68; p = 0.9).
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Figure 1: Performance of the TD and ASD children on the 7 cerebellar tests

Discussion & Conclusions

This study aimed to assess the cerebellar function of preschool children diagnosed with
autism spectrum disorder (ASD) compared to typically developing children, focusing on
behavioral aspects. Our findings indicate compromised cerebellar-dependent motor behaviors
-specifically, maintenance of posture, hypotonia, and complex movements-in preschoolers
with ASD. This aligns with previous research demonstrating deficits in tasks related to
cerebellar function in individuals with ASD, suggesting a partial contribution of cerebellar
dysfunction to ASD symptoms (Cundari et al., 2023).

Consistent with existing literature, our study supports the notion of general cerebellar
dysfunction in children with ASD (Bhat, 2021; Craig et al., 2018). Our results are also in line
with neuroanatomical studies which reported significantly larger total cerebellar and
cerebellar white matter volumes in young children with ASD compared to typically
developing controls, suggesting early alterations in cerebellar development (Sparks et al.,
2002; Courchesne et al., 2001). Recent research extends these findings to younger ages,
indicating that familial risk of ASD may impact cerebellar development as early as 4-6
months of age (Pote et al., 2019). Additionally, reduced total cerebellar white matter volume
was also observed in preschool children with ASD (Lucibello et al., 2019). These findings
suggest that early neuroanatomical alterations, dysfunction, or damage to the cerebellum may
have lasting effects on movement, cognition, and emotional regulation.

While cerebellar dysfunction likely contributes to ASD symptoms, it is not necessarily the
primary cause of ASD. Rather, the cerebellum likely plays an important role in the neural
alterations associated with ASD. Further neuroimaging studies are needed to elucidate the
cerebellum's role in both typical and atypical behavior and cognitive functioning.

Based on the evidence reported in the present study, we suggest including assessment of
cerebellar function in ASD diagnosis protocols, with reported deficits considered as one of



the criteria for early ASD diagnosis. Early intervention targeting motor, cognitive, and social
skills is crucial for promoting developmental milestones and reducing symptom severity in
children with ASD (Geschwind et al., 2009; Hirata, 2014).
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