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Introduction

Autism spectrum disorders (ASDs) comprise a multitude of
complex and clinically distinct neurodevelopmental condi-
tions. These conditions are typically diagnosed in childhood
and persist for life in most patients. They are characterized
by difficulties with communication and social interactions,
and patients also frequently demonstrate repetitive move-
ments and behaviors. ASDs are increasingly common, and

Abstract

Background: Autism spectrum disorders (ASD) comprise many complex and
clinically distinct neurodevelopmental conditions, with increasing evidence link-
ing them to parkinsonism. Methods: We searched Medline and Embase from
inception to 21 March 2022 and reviewed the bibliographies of relevant articles.
Studies were screened and reviewed comprehensively by two independent
authors. Results: Of 863 references from our search, we included eight clinical
studies, nine genetic studies, and five case reports. Regardless of age group,
Parkinson’s disease (PD) and parkinsonian syndromes were more frequently
observed in patients with ASD, though the evidence for increased rates of
parkinsonism is less clear for children and adolescents. Parkinsonian features
and hypokinetic behavior were common in Rett syndrome, with prevalence esti-
mates ranging from 40% to 80%. Frequently observed parkinsonian features
include bradykinesia, rigidity, hypomimia, and gait freezing. PD gene PARK2
copy number variations appear more frequently in ASD cases than controls.
Evidence suggests that RIT2 and CDI157/BSTI are implicated in ASD and PD,
while the evidence for other PD-related genes (DRD2, GPCR37, the SLC gene
family, and SMPD]I) is less clear. Rare mutations, such as ATP13A2, CLN3, and
WDR45, could result in autistic behavior and concomitant parkinsonism.
Conclusion: The prevalence of parkinsonism in ASD is substantially greater than
in the general population or matched controls. Various PD-associated gene loci,
especially PARK2, could confer susceptibility to ASD as well. Important future
directions include conducting prospective cohort studies to understand how
parkinsonian symptoms may progress, genetic studies to reveal relevant gene
loci, and pathophysiologic studies to identify potential therapeutic targets.

With the steadily rising prevalence estimates of ASD,
the number of adults with ASD will increase concor-
dantly. Recent already indicated the
increased vulnerability, relative to the general popula-
tion, to medical and mental conditions experienced by
adults with ASD.>” With more patients on the autistic
spectrum progressing in adulthood and even older
adulthood (i.e., greater than 65 years of age), the
associated risk of ASD patients getting age-dependent

literature has

recent estimates in 2018 in the United States suggest one in neurodegenerative disorders has attracted increasing
44 children to be affected by an ASD. attention.
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A recent study suggested that middle-aged and older
autistic adults with no intellectual disabilities reported a
higher prevalence of parkinsonism (bradykinesia, poor bal-
ance, etc.) compared with the general population,® support-
ing other reports of parkinsonism in patients with ASD.*®
The rates of parkinsonism remain unexpectedly high
among ASD patients, even after excluding those (both cur-
rently and previously) on atypical antipsychotics.®

There is also suggestion of genetic overlap between
Parkinson’s disease (PD) and ASD, where certain genes
associated with PD were found to be implicated in ASD.” It
would be interesting to determine if pathogenic gene muta-
tions responsible for PD are also found in patients with
ASD. There is also biological plausibility as both conditions
may share similar pathophysiologic mechanisms. Both ani-
mal and human studies have demonstrated dopaminergic
dysregulation in ASD, which is central to the pathogenesis
of PD,* 1% Moreover, these studies have identified dopa-
mine receptors to be potential drug targets, though more
research must be done to confirm this hypothesis.”

Despite reports linking ASD with parkinsonian-like fea-
tures, there has not been a systematic review of the clini-
cal, genetic, and pathophysiologic data on the association
between the two conditions. To address current gaps in
knowledge, we conducted a systematic review to compre-
hensively consider the current evidence linking parkinson-
ism with ASD. In this article, the term “PD” refers the
specific diagnosis of PD, while “parkinsonism” and
“parkinsonian” features refer to the extrapyramidal signs
that may be present in hypokinetic (such as in PD) and
hyperkinetic (such as in Huntington’s disease) disorders.

Methods

Search strategy

In accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guideli-
nes,'' this systematic review summarizes the current
evidence on the associations between ASD and parkinson-
ism. We registered this study on PROSPERO at
CRD42022320765 and searched Medline and Embase on
21 March 2022 for relevant articles. In Medline, we uti-
lized the following search strategy: (Parkinson*.ti,ab. OR
exp “Parkinsonian Disorders”/) AND (Autis*.ti,ab. OR exp
“Autism Spectrum Disorder”/). Furthermore, the bibliogra-
phies of related reviews and meta-analyses were screened
to ensure a comprehensive search.

Study selection

Two reviewers (ASM and DWJW) screened the title and
abstract of each reference in an independent manner, before
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retrieving the full texts for further review. Any disputes were
referred to a third author for resolution (FST). We included
primary research articles reporting parkinsonian features in
ASD and genetic associations, as well as case studies high-
lighting patients presenting with ASD and parkinsonism.
Reviews, meta-analyses, editorials, commentaries, conference
abstracts, non-human studies (animal and in vitro studies),
and articles not published in English were excluded.

Data extraction

Two blinded reviewers (ASM and DWJW) extracted the
following data items for clinical studies: first author and
year of publication, study design, population studied,
sample size, method of ASD diagnosis and parkinsonism
assessment (based on the cardinal features of rigidity,
bradykinesia, resting tremor, and postural instability), as
well as baseline patient demographics (e.g., age and sex).
For gene studies, we further extracted the nationality and
ancestry of included patients, method of gene sequencing
and analysis, as well as the genes studied. For case studies,
we retrieved information for the following fields: patient
demographics (age, gender, and ethnicity), final diagnosis,
family history, associated genetic mutations, features of
ASD as well as parkinsonism, other reported problems, and
attempted treatments. Unless otherwise stated, the data
reported were presented as mean + standard deviation for
continuous outcomes, and percentage (events/sample size).

Quality assessment

For clinical studies, we employed the Joanna Briggs Insti-
tute (JBI)’s Critical Appraisal Tools for quality assess-
ment. The cross-sectional studies were evaluated using the
Checklist for Prevalence Studies (maximum score of 9),
case—control studies using the Checklist for Case—Control
Studies (maximum score of 10), case series using the
Checklist for Case Series (maximum score of 10), and
lastly case reports using the Checklist for Case Reports
(maximum score of 8). The quality ratings were reported
as scores out of the maximum score attainable for each
study design. Two reviewers (ASM and DWJW) assessed
the quality of each study independently, and any unre-
solved conflicts were directed to a third reviewer (FST).
All appropriate studies were included, irrespective of
quality ratings, as this is an under-researched topic.

Results

Summary of included articles

Following the search, 863 references with 29 duplicates
were exported to Zotero. We removed the duplicates and
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screened the remaining 834 references. The full texts of
31 articles were retrieved, but we were unable to obtain
the full texts of another eight references, as they were
either conference abstracts or were not published in Eng-
lish. After a review of the full texts, 22 articles were
included in the final review. The PRISMA flow diagram
can be found in Supplementary Figure S1. Of the
included studies, eight were clinical studies involving
6894 patients,” ®'>'* nine were genetic studies of 6975
subjects,'” > and five were case reports of patients pre-
senting with both ASD and parkinsonism features.”* ** A
summary of the key ideas presented in this review can be
found in Fig. 1.

Of the clinical studies, five were descriptive cross-
sectional studies®®'*'* and three were case—control stud-
ies.>>” Three studies scored the maximum score for the
quality assessment,”* while four cross-sectional studies
scored 8 out of 9 points due to their small sample sizes
(<100 participants),>'*'* and one case—control study
scored 8 out of 10 points as confounding factors were not
identified and controlled for.”

Among the genetic studies, five studied single genes,
22,23

16-19,21

two studied the whole genome, one studied the whole
exome, one used a mix of whole-exome sequencing
(WES), next-generation sequencing (NGS) panel, and tar-
geted single-gene testing.”’ Five studies employed a case—
control study design,'®®?"** while the remaining
employed either a cross-sectional'”"’
design.'>*°

Five genetic studies involved only Asian popula-
tions,'>'®?92% except for three which included only

or a case series study

Epidemiologic evidence
shows high prevalence of
parkinsonism in ASD patients,
even after accounting for
antipsychotic use

Multiple genes implicated in
PD were associated with
increased risk of ASD, most
notably PARK2 but also
include RIT2 and CD157/BST1

Rare genetic mutations
(ATP13A2, CLN3, and WDR45) .
can result in concomitant ASD

and parkinsonism

Figure 1. Central illustration.
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. . 16,17,23 i
Caucasian populations and one study which

recruited a mix of Asian and Caucasian patients.'” Most
studies scored the maximum number of points, except
for three studies which had a small sample size,"” lack of
case—control matching,'®** or identification and adjust-
ments for confounders.'® All case reports scored the max-
imum number of points for quality assessment.

Clinical Studies
Autism and related conditions

This systematic review included clinical studies character-
izing features of parkinsonism in ASD, as well as potential
risk factors. We present the study characteristics, as well
as their quality ratings, in Table 1 and their key findings
in Table 2. Parkinsonism is more prevalent in adult
patients with ASD when compared with non-ASD con-
trols, irrespective of age group.>> Among younger adults
(mean age 29.0 £ 12.2 years), PD were significantly more
common at 0.93% (14/1507), compared with 0.03% (5/
15,070) in controls, with an odds ratio (OR) of 32.73
(95% CI 7.76-137.96, P < 0.001).”> Similarly, older adults
(ages >65 years) with ASD were also more prone to
developing PD (adjusted OR [aOR] 6.1, 95% CI 5.3—-
7.0).> Females, however, had higher odds of PD (aOR 8.2,
95% CI 6.2-10.7) relative to males (aOR 5.4, 95% CI
4.6-6.4).°

Parkinsonian features in ASD adults were common.®
Starkstein et al® similarly found a high frequency of
parkinsonism in adults with autism (32% [12/37] of the
whole sample), and after excluding those taking atypical

6

Dopaminergic dysfunction
in mouse models showed
reduced rearing behavior
and movements resembling
motor stereotypies

*0.

<—— ASD and parkinsonism

Children with ASD have reduced
presynaptic dopamine levels in the

HO.
j@/\NH» prefrontal cortex and a reduction in
HO

2 . .
striatal dopamine release when
exposed to social stimuli
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Table 2. Key findings of clinical studies.

A. S. Mai et al.

Study Key findings

Croen et al, 2015

* Parkinson'’s disease and related conditions were more common in ASD cases than controls—0.93% (14/1507)

versus 0.03% (5/15,070), OR 32.73 (95% CI 7.76-137.96), P < 0.001.

FitzGerald et al, 1990
bradykinesia in 40.6% (13/32).

Parkinsonism features were very common in RTT—hypomimia in 62.5% (20/32), rigidity in 43.8% (14/32), and

* Most experienced hyperkinetic disorders as well—bruxism in 100% (32/32), oculogyric crises in 62.5% (20/32),

and dystonia in 59.4% (19/32).

Geurts et al, 2022

A total of 23.6% (119/505) of ASD patients screened positive for parkinsonism (PSQ >7)—16.9% (50/296) in

the Netherlands sample, and 33% (69/209) in the US sample.

* In the Netherlands sample, screen-positive patients had lower rates of cognitive failures than screen-negative
patients (70.4 + 15.7 vs. 83.8 + 14.5, P < 0.001) but more medical (87.8% [43/49] vs. 63.1% [147/233],
P =0.002) and mental health diagnoses (62.2% [28/45] vs. 38.2% [87/228], P = 0.003).

* In the US sample, screen-positive group had greater proportion of females than the screen-negative group
(65.2% [45/69] vs. 45.7% [64/140], P = 0.008).

Antipsychotic use did not differ significantly between the screen-positive and screen-negative in both samples

(P =0.98 for the Netherlands sample; P = 0.05 for the US sample).

Hand et al, 2020 * Higher odds of PD in ASD cases than controls (aOR 6.1, 95% Cl 5.3-7.0)
* According to subgroup analysis by sex, female ASD patients had higher odds of PD compared to controls (aOR
8.2, 95% Cl 6.2-10.7) than male ASD patients (aOR 5.4, 95% Cl 4.6-6.4) .

Humphreys and * Rigidity seen in 84.3% (43/51) of RTT patients.
Barrowman, 2016 * Higher RTTRD® scores observed in patients of older age groups—3.00 + 2.16 for ages 6-10 years; 6.70 + 3.47
for ages 11-19 years; and 7.67 + 3.80 for ages >20 years.
* Lower homovanillic acid levels in cerebrospinal fluid correlated with higher RTTRD scores (R —0.83, P = 0.005).

Mostert-Kerckhoffs * Increased rates of parkinsonism in ASD versus controls in both children (54.5% [12/22] vs. 4.5% [1/22],

et al, 2020

P < 0.001) and adolescents (73.9% [17/23] vs. 11.5% [3/26], P < 0.001).°

* Relative to controls, bradykinesia significantly more common in both age groups (children—50.0% [11/22] vs.
4.5% [1/22], P < 0.001; adolescents—65.2% [15/23] vs. 7.7% [2/26], P < 0.001).
* Rigidity was more commonly seen in adolescent ASD patients than controls (30.4% [7/23] vs. 0, P < 0.001) but

not in children (P = 0.325).

* Tremors were equally frequent in ASD cases and controls for both age groups (P = 0.144 for children;

P = 0.439 for adolescents).

Starkstein et al, 2015

A total of 32% (12/37) of ASD adults in the sample met the diagnostic criteria for parkinsonism.
Excluding patients currently taking atypical antipsychotics, 20% (4/20) had parkinsonism.

Young et al, 2020 * Gait freezing highly prevalent in RTT patients—78.6% (11/14) on overground, and 85.7% (12/14) on treadmill.
* A total of 21.4% had parkinsonian shuffling, and 35.7% had an initiation freeze.

aOR, adjusted odds ratio; ASD, autism spectrum disorders; Cl, confidence intervals; OR, odds ratio; RTT, Rett syndrome; RTTRD, Rett Syndrome

Rigidity Distribution score; US, United States.

“The Rett Syndrome Rigidity Distribution score is an investigator-developed survey evaluating the extent of rigidity in Rett syndrome.
PASD patients of ages 6-12 years were considered children, while those of ages 13-26 years were considered adolescents.

antipsychotics, 20% (4/20) had significant parkinsonism.
In another study of 505 ASD adults without intellectual
disability, 23.6% (119/505) scored above the cutoff score
(>7 points, defined as the “screen-positive group”) for the
Parkinsonism Screening Questionnaire (PSQ), which is
suggestive of clinically significant parkinsonism.* In the
United States sample, the proportion of females in the
screen-positive group was significantly higher than that in
the screen-negative group (65.2% [45/69] vs. 45.7% [64/
140], P = 0.008).* In the Netherlands sample, screen-
positive patients also reported lower rates of cognitive

failures than screen-negative patients (70.4 =+ 15.7 vs.
83.8 + 14.5, P < 0.001), but more medical (87.8% [43/
49] vs. 63.1% [147/233], P = 0.002) and mental health
diagnoses (62.2% [28/45] vs. 38.2% [87/228], P = 0.003).
Importantly, antipsychotic use did not differ between the
screen-positive and screen-negative groups for both sam-
ples (P = 0.98 for the Netherlands sample; P = 0.05 for
the US sample).*

In children and adolescents, though, the evidence for
increased rates of parkinsonism is less clear. Compared
with matched controls, bradykinesia was significantly
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more common in both children and adolescents with
ASD (children [ages 6-12 years]—50.0% [11/22] vs. 4.5%
[1/22], P < 0.001; adolescents [ages 13-26 years]—65.2%
[15/23] vs. 7.7% [2/26], P < 0.001).> However, rigidity
was significantly more frequent in adolescents with ASD
(30.4% [7/23] vs. 0, P <0.001) but not in children
(P = 0.325). In addition, the prevalence of tremors was
not significantly increased in both age groups (P = 0.144
for children; P = 0.439 for adolescents).’

Rett syndrome (RTT)

Despite being classified within the autism spectrum, RTT
is clinically distinct and is associated with movement dis-
orders of greater severity. Indeed, parkinsonism features
were very prevalent in patients with RTT, with many
patients reporting rigidity (43.8-84.3%), hypomimia
(62.5%), bradykinesia (40.6%), and freezing (85.7%).12 714
A cross-sectional study by FitzGerald et al'’> observed
hypomimia in 62.5% (20/32), rigidity in 43.8% (14/32),
and bradykinesia in 40.6% (13/32).

Furthermore, Humphreys and Barrowman'’ reported
rigidity in 84.3% (43/51) of patients, which was evaluated
by an investigator-developed survey, the RTT rigidity dis-
tribution (RTTRD) score (higher scores indicate greater
severity). The rigidity was more severe in older age
groups (3.00 £ 2.16 for ages 6-10 years; 6.70 £ 3.47 for
ages 11-19 years; and 7.67 & 3.80 for ages >20 years)
and higher RTTRD scores were correlated with lower
levels of homovanillic acid in the cerebrospinal fluid (R -
0.83, P = 0.005)."

Freezing was observed in 85.7% of RTT patients, with
gait shuffling observed in 21.4% and initiation freeze in
35.7%.'* In addition, RTT patients often experience
hyperkinetic movement disorders as well (such as brux-
ism in 100% [32/32], oculogyric crises in 62.5% [20/32],
and dystonia in 59.4% [19/32]), combined with the
hypokinetic parkinsonian features described above.'”

Genetic studies

The genetic studies included in this review examined a
variety of genes, such as PARK2, RIT2, CD157/BSTI,
DRD2, SLC, GPCR37, and SMPDI. We present a detailed
summary of these articles in Table 3. PARK2 was investi-
gated in three studies, and associated mutations were
more commonly observed in ASD patients. In a study of
342 Portuguese individuals with ASD, the prevalence of
PARK?2 deletions was 1.5% (5/342), which was relatively
high for a single gene variant in ASD."” In addition, 53
patients had copy number variations (CNVs) in PARK2
between introns 4 and 6, of which 24 also had CNVs
spanning intron 9."” Another study of 335 Han Chinese

Parkinsonism in ASD

ASD patients found six patients who had CNVs in the
PARK?2 exonic regions, ranging over exons 2 to 7.7
Lastly, another genetic study of patients of European
ancestry (with comparison to healthy controls) found
PARK2 CNVs to be exclusive to ASD cases.”

Single-nucleotide polymorphisms (SNPs) in RIT2
appear to confer susceptibility to both PD and ASD.'®
When compared to matched controls, the genotype and
allele frequencies of rs12456492 differed significantly for
PD (P = 0.001 and P = 0.007, respectively), as well as for
ASD with borderline significance (P = 0.05 and P = 0.06,
respectively).'® Polymorphisms in CDI157/BSTI, another
gene associated with PD, were associated with ASD as
well. Three SNPs—rs4301112 (OR 6.4, 95% CI 1.9-22,
P = 0.0007), rs28532698 (OR 6.2, 95% CI 1.8-21,
P = 0.0012), and rs10001565 (OR 5.5, 95% CI 1.6-19,
P = 0.0038)—demonstrated significantly higher allele fre-
quencies in ASD cases than unaffected controls.”!

The evidence supporting the involvement of other genes
in ASD and PD, however, is less convincing. While the
prevalence of the Taq I allele of DRD2 was significantly
higher in ASD than in controls (54.5% vs. 24.5%,
P = 0.0005), there were no significant differences for PD
(17.6% vs. 24.5%, P = 0.42).'¢ Fujita-Jimbo et al? reported
two male patients—one Japanese and one Caucasian—with
mutations in GPCR37, which is a PD-associated gene. SLC
has also been implicated in ASD and PD. Mir et al®
reported SLC9A9 mutations in a patient with autism, and
SLC6A3 mutations in another with infantile parkinsonism-
dystonia 1. Lastly, a pathogenic mutation in SMPDI1—vari-
ants of which were recently associated with PD—was found
in a patient presenting with autism and epilepsy.'> Further
large-scale studies will be needed to understand the role of
these genes in ASD and PD.

Multiple case reports also presented various rare
genetic mutations that have resulted in parkinsonism and
autistic behavior. This review included five such case
reports, two of which presented patients with RTT
(caused by mutations in MECP2). The two patients
described here demonstrated bradykinesia with rigidity
and were unresponsive to levodopa therapy. The remain-
ing three cases each had mutations in ATP13A2, CLN3,
and WDR45, respectively. Levodopa therapy appeared to
have variable efficacy in these individuals. Further details
are presented in Table 4.

Discussion

In this systematic review, we evaluate the clinical and
genetic association between ASD and parkinsonian fea-
tures. We found that persons with ASD have a higher
prevalence of parkinsonism, including PD for older
adults. We also highlighted various genes, most notably
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dysconnectivity, which was more pronounced in adoles-
cents than in children and adults.’”” The hypothesis that
there are age-specific effects on the abnormalities in brain
connectivity is supported by other studies as well.****

Among the various genes evaluated in this systematic
review, the association of PARK2—mutations in which is
the common cause of recessive forms of PD**—with ASD
is of particular interest. PARK2 encodes the Parkin pro-
tein, which is a cytosolic ubiquitin E3 ligase, and plays an
important role (along with PINK1) to regulate mito-
phagy. Defects in this pathway are hypothesized to result
in greater vulnerability of the dopaminergic neurons to
neurotoxins, resulting in their degeneration and hence
PD.*' The relationship between PARK2 mutations and
autistic symptoms still needs to be evaluated, though
abnormalities in this gene were thought to cause develop-
mental anomalies*>*’ and even deficits in facial recogni-
tion.**

Dopaminergic pathways could be implicated in the
pathogenesis of ASD since dopamine is among the main
neurotransmitters responsible for social behavior as well
as movement control. Mutations in the dopamine trans-
porter affecting dopaminergic transmission within the
brain have been shown to result in autism-like behavioral
patterns.*>*® In addition, drug-induced alterations in the
nigrostriatal circuit also resulted in stereotypical ASD-like
behavior in mouse models.”” Abnormalities with dopa-
mine metabolism in the brain could contribute to the
behavioral pattern observed in patients with ASD.

Dopaminergic projections from the midbrain extend
into multiple brain regions such as the basal ganglia, cor-
tex, and amygdala. The dopaminergic dysfunction in
these pathways would likely contribute to the pathogene-
sis of ASD. In children with ASD, there were reduced
presynaptic dopamine levels in the prefrontal cortex*® and
a reduction in phasic striatal dopamine release when
exposed to social stimuli.*”*” Brain imaging studies have
consistently demonstrated abnormalities in dopaminergic
structures and their connectivity. Firstly, enlargement of
the caudate nucleus (a major target of the dopaminergic
system) was found in individuals with ASD,”' even in
those who were medication-naive.”> Secondly, an MRI
study found substantial and localized reductions in the
gray matter of the frontostriatal networks, which implies
abnormal connectivity between dopaminergic and cortical
structures.”

Mouse models of ASD have also been employed to
study the derangements in dopamine metabolism. A
mouse model carrying the Val559 mutation in SLC6A3
demonstrated an increase in the basal striatal dopamine
levels with reduced rearing behavior.”® A separate model
with the T356M mutation in DAT demonstrated a
decrease in the clearance and synthesis of dopamine with

Parkinsonism in ASD

an increase in striatal dopamine metabolism.”> These
mice were more active and exhibited behavior that
resembled motor stereotypies.*> Evidently, ASD-relevant
changes can arise from alterations in dopaminergic neu-
rotransmission.

There are inherent challenges to evaluating parkinson-
ism in ASD subjects. First, atypical antipsychotics—which
are commonly associated with extrapyramidal side effects
—are frequently used in the management of ASD and
were previously thought to explain the parkinsonism
observed in persons with ASD. However, current evidence
suggests that the prevalence of parkinsonism was higher
than expected, even when accounting for antipsychotic
use. Starkstein et al® found a substantial portion of ASD
subjects to demonstrate clinical parkinsonism despite
excluding patients on atypical antipsychotics. In addition,
Geurts et al* failed to find a significant difference in the
use of atypical antipsychotics between patients with and
without parkinsonism. The frequent use of atypical
antipsychotics nonetheless presents a great challenge in
the evaluation of parkinsonism in persons with ASD.

Another challenge is with the ascertainment of parkin-
sonism in these individuals, especially those with hyperki-
netic disorders. Signs of parkinsonism may be missed in
individuals with ASD, either due to lack of awareness or
mischaracterization as stereotypies related to the ASD
itself. This is also because most individuals with ASD (ex-
cept those with profound movement disorders) do not
follow up with movement disorders specialists, making an
accurate assessment of parkinsonism even more difficult.

Most ASD patients also have communication problems,
which will complicate the history-taking process, espe-
cially in nonverbal subjects. As such, the progression of
parkinsonian signs is also difficult to ascertain. The medi-
cal care providers may also change with time, leading to
discontinuity of care and thereby difficulties with con-
structing an accurate timeline of parkinsonian symp-
toms.”> History taking, therefore, should involve
caregivers and family members, as well as primary care
providers, and be complemented by a comprehensive
review of past medical records.”® Severity of parkinsonian
symptoms should also be quantified using validated
scales, to better detect symptomatic progression.

Future prospective studies with a longer follow-up of
patients with and without ASD will be useful, as this allows
for a better assessment of the progression of parkinsonism
and the patients’ response to levodopa and pharmacothera-
peutic options. This would address the current limitation
of inadequate follow-up. Functional imaging studies (such
as diffusion tensor imaging, positron emission tomography,
and dopamine transporter scan) to evaluate the dopamin-
ergic function would provide quantification of the
dopaminergic reserve and its changes over time.
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The identification of suitable biomarkers to diagnose,
monitor, and prognosticate idiopathic PD in ASD is
another area of great importance. a-synuclein is currently
the best-studied biomarker for PD, and its concentrations
in the cerebrospinal fluid (CSF) or blood have been used
in the investigative workup for and diagnosis of PD.”
Other promising biomarkers include lysosomal enzymes,
neurofilament light chain (NfL), and even the classic
biomarkers for Alzheimer’s disease.”®

CSF NfL levels can differentiate idiopathic PD from
atypical parkinsonian syndromes.”” > The identification
of a reliable biomarker would greatly facilitate the moni-
toring of the severity of parkinsonism in ASD patients,
which is currently limited to the histories taken from the
patients and their caregivers.

Conclusion

The prevalence of ASD has been steadily rising over the
past decades, especially among those who have pro-
gressed to adulthood. Our systematic review highlights
evidence to suggest that
appeared to be more prevalent in ASD cases as com-
pared to matched controls regardless of age group. Vari-
ants in PD gene PARK2 may also confer susceptibility to
ASD, in addition to other PD-related gene loci such as
RIT2, CD157/BST1, GPCR37, and the SLC gene family.
Rare genetic mutations (such as ATP13A2, CLN3, and
WDR45) could also result in autistic behavior and con-

parkinsonian  symptoms

comitant parkinsonism. Further prospective cohort stud-
ies will be wuseful the progression of
parkinsonian features in ASD patients. Genetic screening

to evaluate

and clinical genetic correlations in ASD families with
parkinsonism will also provide additional clues. Patho-
physiologic studies in transgenic animal models and
human organoid models derived from ASD patients with
and without parkinsonism can identify novel clues that
may uncover potential therapeutic targets. The additional
risk of parkinsonism observed in ASD patients, as well
as genetic associations and common pathogenetic mecha-
nisms underlying the two conditions, are key areas to be
further investigated.
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