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Abstract: Background: 22q11.2 deletion syndrome (22911.2DS) has been associated with increased risk of
early-onset Parkinson’s disease (PD).

Objective: To determine the prevalence and predictors of PD in a large international 22q11.2DS sample.
Methods: The sample comprised 856 adults (median age 28 (range 16-76) years; 53.0% female). PD was defined
as clinical diagnosis by a neurologist (including bradykinesia, rest tremor and/or rigidity). Age-specific risk and
predictors of PD were analyzed using Kaplan-Meier curve and Cox regression.

Results: PD was present in 1.8% (95% Cl: 0.9-2.6%) of the sample, 3.4% (95% Cl: 2.2-4.6%) when including uncertain PD
(clinical diagnosis or suspicion, but not meeting all criteria), and 14.0% (95% Cl: 6.9-21.0%) of those aged >50 years.
Median age at motor onset was 45 (range 20-66) years. None of the factors considered were associated with PD.
Conclusions: Given high PD prevalence and young onset, we propose periodic motor evaluations from age

40 years in 22q11.2DS.

Microdeletion 22q11.2, associated with 22q11.2 deletion the provision of adequate information to affected individuals and
syndrome (22q11.2DS), is a neurodevelopmental disorder with their families and the introduction of screening strategies. We
an estimated birth prevalence of 1:2148," that has been identified therefore aimed to characterize the prevalence and predictors of

2.3

as a genetic risk factor for early-onset Parkinson’s disease (PD) PD in a large international sample of adults with 22q11.2DS.

PD in 22q11.2DS may be indistinguishable from idiopathic PD

in terms of its neuropathology,” hallmark motor symptoms, find-

ings with dopaminergic imaging, and response to levodopa.® MethOdS
Data on the risk of developing PD in 22q11.2DS are however

limited to a study from 2013 in 159 adults,”> with the majority of We conducted a cross-sectional multicenter study. Participants

the study subjects younger than 35 years old (n = 90), hindering were recruited across five 22q11.2DS specialty clinics in
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Belgium, Canada, Chile, and the Netherlands (Table S1). The
Institutional Review Board of each participating site approved
the study or provided a waiver for formal ethical approval. The
requirement for informed consent differed between participating
sites and countries; informed consent was obtained in writing if

required.

Sample

In total, 856 individuals (454 females, 53.0%) aged 16 years and
older with a typical 22q11.2 microdeletion (ie, including the
LCR22A-LCR22B region)® entered the study. The median age
at last assessment was 28 (range 16-76) years. We did not
exclude any individual.

Identification and
Characterization of Adults with
Parkinson’s Disease

We systematically reviewed the medical records of all
individuals with a molecularly confirmed typical 22q11.2
microdeletion. We extracted data on demographic variables,
and additional clinical data for those who met study criteria
for PD. We defined PD as a clinical diagnosis by a neurolo-
gist, including bradykinesia and at least one of either
rest tremor or rigidity, after exclusion of other causes of
parkinsonism.® Considering under-recognition of PD in
22q11.2DS,” we likewise collected clinical data for patients
with uncertain PD for secondary analyses. Uncertain PD was
defined as a clinical diagnosis or suspicion of PD but failure
to meet all above criteria for PD, for example, in cases where
a definite PD diagnosis was deferred due to antipsychotic

medication use.

Data Presentation and Analysis

We calculated prevalence rates for PD with 95% confidence inter-
vals (95% CI) in different age groups using the normal distribution

approximation (Wald interval) formula; CI=p=+1.96x% \/M.

A Fisher’s exact test was used to compare PD prevalence rates
between males and females. The observed number of PD cases
in 22q11.2DS was also compared with the expected number
based on data from the general population, using an age
adjusted standardized morbidity ratio (SMR). We restricted
this analysis to the age group 40—69 years (n = 192) given the
availability of population data >40years,® and the limited
number of adults with 22q11.2DS aged 270 years (n=4). A
Kaplan—Meier curve was used to estimate age-specific PD risk.
Cox regression analysis was used to identify possible predictors
of age-specific PD risk, considering sex, presence of intellec-
tual disability (ID), and history of antipsychotic medication
use.®? All analyses were two-tailed, with statistical significance
defined as P<0.05 using IBM SPSS software (Statistics 28;
Inc., Chicago, IL, USA).
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Results

Prevalence of Parkinson’s
Disease in 22q11.2 Deletion
Syndrome

Results for prevalence of PD in 22q11.2DS by age and sex are pres-
ented in Table S2. The PD prevalence was 1.8% (95% CI: 0.9-2.6,
n = 15/856) in the total study sample, and 14.0% (95% CI: 6.9
21.0, n = 13/93) in those aged 50 years and older. The Kaplan—
Meier curve shows the probability of being diagnosed with PD by
a given age (Fig. 1). The SMR was 27.9 (95% CI: 14.9-46.8). Clin-
ical characteristics of patients with PD can be found in Table S3. Of
those with PD, 26.7% (n = 4) showed motor symptoms before the
age of 40 and 80.0% (n = 12) before the age of 50 years. PD preva-
lence did not differ between males (2.0%) and females (1.5%,
P =0.80) in the total sample, nor in those aged 50 years and older
(21.2% vs. 10.0% respectively, P = 0.61). In the majority of PD
cases (86.7%, n = 13), the diagnosis was confirmed by a neurologist
specialized in movement disorders.

When patients with uncertain PD were included, the preva-
lence was 3.4% (95% CI: 2.2—4.6, n = 29/856) in the total sam-
ple, and 23.7% (95% CI: 15.0-32.9, n = 22/93) in those aged
50 years and older. The SMR for this expanded PD definition
was 57.3 (95% CIL: 37.9-83.4). PD prevalence did not differ
between males (3.2%) and females (3.5%, P = 0.85) in the total
sample, nor in those aged 50 years and older (27.3% vs. 21.7%,
P = 0.21). Clinical characteristics of the 14 adults with uncertain
PD are presented in Table 1.

Predictors of Parkinson’s
Disease in 22q11.2 Deletion
Syndrome

Cox regression analysis did not show any association between
sex (HR 0.59, 95% CI 0.21-1.63, P = 0.31), presence of intel-
lectual disability (HR 0.98, 95% CI 0.32-3.05, P = 0.98), or his-
tory of antipsychotic medication use (HR 1.74, 95% CI 0.56—
5.45, P = 0.34) with age-specific PD risk (Table S4).

Discussion

The results of this study confirm that the prevalence of PD is
considerably higher in 22q11.2DS (1.8%) compared to the gen-
eral population (0.3%, SMR 27.9).® Notably, the prevalence was
14.0% in those aged 50 years and older. This is markedly higher
than those in the general population several decades older, where
PD is seen in approximately 3.0%.°

When adults with uncertain PD (n = 14) were also included
in the analyses, the prevalence in the total study sample was
3.4%. We expect that in at least some of these adults, the patient
had true PD, but received no clinical diagnosis or did not meet
other inclusion criteria for PD. For example, a diagnosis of PD
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Figure 1. Kaplan-Meier curve showing the probability of being diagnosed with Parkinson’s disease (y-axis) by a given age (x-axis) among
856 adults with 22qg11.2 deletion syndrome. Censored data (indicated by plus symbols) represent age (at last assessment or at death) for
individuals who have not been diagnosed with PD. It should be noted that the number of adults aged 60 years or older was limited

(n = 26). PD, Parkinson’s disease.

may have been deferred or certainty in diagnosis may have been
affected by use of drugs known to cause parkinsonism such as anti-
psychotic medications;* this was observed in 10 individuals with
uncertain PD diagnosis in our study. Other reasons for uncertainty
in PD diagnosis in adults with 22q11.2DS include complex neuro-
psychiatric presentations and additional movement disorders,'”"’
which could complicate interpretation of parkinsonian features. It
is also possible that clinicians may be hesitant to refer to a neurolo-
gist due to concerns about burden of hospital visits or doubt about
potential benefits.

In contrast to studies in the general population,®' and our previ-
ous findings in a smaller 22q11.2DS sample,” there was no signifi-
cant difference in PD-risk between males and females. One possible
explanation may be that factors other than sex may impact PD risk
in 22q11.2DS." Speculatively, hemizygosity of COMT, a gene
residing in the deleted 22q11.2 region and encoding for the enzyme
catechol-O-methyltransterase (COMT) and important for degrada-
tion of catecholamines, may play a role. COMT expression is
inhibited by estrogen, resulting in lower COMT activity in females
than in males, which may lead to increased dopamine levels and
autotoxicity,”"" potentially resulting in additional vulnerability to
develop PD in females with 22q11.2DS.

Clinical Implications

The
22q11.2DS stress the importance of monitoring for parkinsonian

current clinical recommendations for adults with

features but do not include specific recommendations for screen-
ing."® Based on the findings in this study, we propose periodic
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systematic motor examinations from age 40 years. In those with
any possible signs of parkinsonism, referral to a neurologist specialized
in movement disorders is recommended. This will enable early rec-
ognition, and treatment of PD, help distinguish PD from other forms
of parkinsonism, and provide baseline data to help track progres-
sion.'®"” The use of standard rating scales like the MDS-UPDRS,'®
and video-recordings may also be considered to optimize interrater
reliability. Importantly, patients, their families and other caregivers
will need to be informed of the risk of PD, in order to promote early
detection, diagnosis, and institution of effective treatment. The use-
fulness of screening for non-motor features of PD, known to be
common in 22q11.2DS, have yet to be studied systematically in
22q11.2DS.”

Research Implications

Among other genetic disorders, 22q11.2DS provides an excellent
opportunity for studying PD prior to onset given the predisposition
to PD and early-onset of the disease.”"” This enables long-term
follow up of asymptomatic/presymptomatic individuals with sys-
tematic periodic evaluations, may generate knowledge of the tra-
jectory, contributors to PD and the ability of factors, such as
exercise, to delay or slow down PD. Ideally, future research study-
ing PD in 22q11.2DS should include the study of biomarkers that
can aid the diagnosis of PD in this population, and biological classi-
fications that take into account the individual differences in clinical
and neuropathological characteristics.>*” Although genetic variants
have been found to explain a relatively small proportion of PD in

21-23

the general population, identification of these variants has
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contributed to the understanding of PD  pathophysiology.?
Research of these genetic variants with respect to PD risk is crucial
for the identification of novel treatment strategies. Furthermore,
genetic variants that are associated with an increased risk of PD

facilitate the use of cellular and animal models.>**

Strengths and Limitations

Strengths of the study include the collaborative nature of the
work and large study sample. There were however limitations. It
is unknown how representative the data are of a population sam-
ple of individuals with 22q11.2DS. Given that adults with
22q11.2DS may not always complain,'® and likely seldom have
routine neurologic assessments, the prevalence may be consid-
ered a minimum estimate. Also, in some cases, certainty in PD
diagnosis by specialists may be obscured by the complex multi-
system nature of 22q11.2DS.” On the other hand, over-
estimation of PD could be the result of ascertainment bias.
Patients with PD may have been referred to one of the 22q11.2
specialty clinics more often than patients without PD. Since only
four patients with 22q11.2DS were tested for variants in PD
genes all negative, we were unable to account for the potential
effects of additional disease-causing variants.

This study quantifies the increased risk of developing PD in
adults with 22q11.2DS compared to individuals from the general
population. Based on the findings in this study, we propose peri-
odic systematic motor examinations from the age of 40 years, in

order to enable early diagnosis and treatment.
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