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ABSTRACT: Background: The recurrent hemi-
zygous 22q11.2 deletion associated with 22q11.2
deletion syndrome has been identified as a genetic
risk factor for early-onset PD. However, little is known
about early motor signs in this condition.
Objectives: We examined the presence, severity and
possible factors associated with parkinsonism in adults
with 22q11.2 deletion syndrome and without PD.
Methods: We compared motor signs between
82 adults with 22q11.2 deletion syndrome and
25 healthy controls, using the MDS-UPDRS part III,
and three-dimensional motion-tracker technology to
quantify components of bradykinesia.
Results: Median MDS-UPDRS part III total and
bradykinesia subscores were significantly higher in
22q11.2 deletion syndrome (median age: 26 years;
range, 17–65) than in controls (P = 0.000; P = 0.000,
respectively). Age was a significant contributor to
bradykinesia subscore (B = 0.06; P = 0.01) and to

the electronic bradykinesia component, velocity
(B = –0.02; P = 0.000); psychotic illness did not sig-
nificantly impact these analyses. In 22q11.2 deletion
syndrome, MDS-UPDRS–defined bradykinesia was
present in 18.3%, rigidity in 14.6%, and rest tremor
in 12.2%.
Conclusions: Parkinsonian motor signs appear to be
common and age related in 22q11.2 deletion syn-
drome. Longitudinal studies are needed to investi-
gate possible symptom progression to PD. © 2020
The Authors. Movement Disorders published by Wiley
Periodicals, Inc. on behalf of International Parkinson
and Movement Disorder Society.

Key Words: 22q11.2 deletion syndrome; aging;
Parkinson’s disease; parkinsonism; wearable sensors

The 22q11.2 deletion associated with 22q11.2 deletion
syndrome (22q11.2DS) has recently been identified as a
genetic risk factor for early-onset Parkinson’s disease
(PD).1,2 The clinical and neuropathological characteris-
tics of 22q11.2DS-associated PD are comparable to those
of idiopathic PD and some genetic forms of PD.1,3 Little
is known, however, about the prodromal stage of the
disease and early motor signs in this high-risk popula-
tion.4 Also, there is some evidence that nondegenerative
parkinsonian signs, including medication-induced parkin-
sonism, may be common in 22q11.2DS at a relatively
young age.5-7

In this study, we examined the presence and severity
of parkinsonian motor signs in adults with 22q11.2DS,
and demographic and clinical factors possibly associated
with these signs, in comparison to healthy controls. We
used the International Parkinson and Movement Disor-
der Society–sponsored revision of the UPDRS (MDS-
UPDRS),8 and three-dimensional (3D) motion-tracking
technology to address the likelihood of low bradykinesia
scores with limited variability that may be expected in a
young population.9 We hypothesized that parkinsonian
signs would be: (1) more common and more prominent
in 22q11.2DS than in controls, (2) more severe in those
with history of psychotic illness (mostly schizophrenia),
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and (3) positively correlated with increasing age in indi-
viduals with 22q11.2DS.

Materials and Methods

This was a cross-sectional study conducted at the
Dalglish Family 22q Clinic, a 22q11.2DS specialty clinic
at the Toronto General Hospital (Toronto, Ontario,
Canada). Patients were recruited from a large 22q11.2DS
cohort,10 and controls through patient’s families and fri-
ends, and flyers posted at the hospital. We aimed at hav-
ing a general match in distribution of age and sex between
participants in both groups. This study was approved by
the Research Ethics Boards of the University Health Net-
work and Centre for Addiction and Mental Health,
Toronto. Written informed consent was obtained from
the participants and/or their substitute decision makers.

Participants
Ninety-two adults from 87 families with a chromosome

22q11.2 deletion, molecularly confirmed using standard
methods,10 and 28 healthy controls entered the study. See
the Supporting Information Supplementary Methods and
Supporting Information Table S1 for details.

Cognitive Functioning
The Montreal Cognitive Assessment (MoCA) was

administered to all participants,11 as a proxy measure
for cognitive functioning, given that full-scale IQ
(FSIQ) data were available only for a subsample.
MoCA results showed a medium-strong positive corre-
lation with FSIQ (n = 48; r = 0.66; P = 0.000).

Clinical Assessment of Parkinsonian Signs
Parkinsonian motor signs were assessed using the MDS-

UPDRS section III,8 by a physician (E.B.) experienced in
movement disorders, and standard criteria were used for
the presence/absence and laterality of parkinsonism
(Supporting Information Supplementary Methods).12,13

Quantification of Bradykinesia Components
We quantified three different bradykinesia compo-

nents (average [mean] cycle/stride velocity, amplitude,
and duration), assessed using a 3D motion–tracker, as
described previously (Supporting Information Supple-
mentary Methods).14 All participants performed four
repetitive motor tasks: (1) elbow flexion/extension;
(2) lower arm pronation/supination; (3) leg agility (heel
tap); and (4) gait. We computed composite z-scores per
separate bradykinesia component, using data from the
combined tasks,14 in order to reduce the number of sta-
tistical tests.

Statistical Analyses
Three sets of comparisons were performed including

only those participants with complete data available, in
order to be able to compare the results obtained from dif-
ferent tests: (1) adults with 22q11.2DS compared with
controls; (2) a subsample of the 22q11.2DS group with
no history of psychotic illness compared to controls, to
eliminate the effect of psychotic illness on motor func-
tion15; and (3) within 22q11.2DS, comparing those with
and without a history of psychotic illness. We used non-
parametric tests to compare demographic data and
MDS-UPDRS scores, given the asymmetric data distribu-
tion. We used independent-sample t tests to compare
z-scores. In 22q11.2DS, we used general linear models to
examine the independent effect of possible demographic
and clinical factors associated with severity of parkinson-
ism; age at assessment, cognitive function,16 history of
psychotic illness,15 and sex. Pearson’s correlation coeffi-
cients were used to consider the correlation between
MDS-UPDRS bradykinesia subscores and averaged
z-scores for velocity. General linear models were used
to explore interactions between age and group on
components of bradykinesia. All analyses were two-
tailed, with statistical significance defined as P < 0.05,
using IBM SPSS software (Statistics 25; SPSS, Inc.,
Chicago, IL).

Results

Demographic and clinical factors of the 107 partici-
pants (82 with 22q11.2DS and 25 healthy controls)
who were included in the main analyses are presented
in Table 1A. This cohort did not include 13 individ-
uals, two excluded because of PD (both with
22q11.2DS)3,6 and 11 because of incomplete or miss-
ing assessments (n = 8 for 22q11.2DS; n = 3 con-
trols). By design, there were no significant differences
in sex or age between the 22q11.2DS and control
groups.

Presence of Parkinsonian Motor Signs and
Parkinsonism

Bradykinesia affected 15 (18.3%) adults with
22q11.2DS (median age: 39.0 years; range, 19–65). A
significantly greater proportion with a psychotic ill-
ness had bradykinesia compared to those without
such a history (33.3% vs. 10.9%; P = 0.03). Twelve
(14.6%) persons with 22q11DS exhibited rigidity and
10 (12.2%) rest tremor, with proportions nonsignifi-
cantly greater in those with psychotic illness (22.2%
vs. 10.9%; P = 0.20 and 18.5% vs. 9.1%; P = 0.29,
respectively). Seven (8.5%; 5 with a psychotic illness)
met criteria for parkinsonism (median age: 44.0 years;
range, 19–65), including 2 with asymmetric parkin-
sonism.13,17 In the control group, no bradykinesia,
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rigidity, or rest tremor was observed. Results were
similar after including 7 more subjects (n = 4 for
22q11.2DS; n = 3 controls) with only MDS-UPDRS
data available (data not shown).

Parkinsonian Motor Sign Assessments of
Severity

Table 1A shows results for clinical (MDS-UPDRS
scores) and electronic assessments (composite z-scores
for velocity, amplitude, and duration). The 22q11.2DS
group had significantly higher MDS-UPDRS part III
total scores, associated bradykinesia, and rigidity scores

than controls; many adults had only slight-to-mild par-
kinsonian signs. Results for rigidity were nonsignificant
if those with a psychotic illness were excluded. Effect
sizes were weak (rigidity) to medium (total scores and
bradykinesia subscores). Adults with 22q11.2DS and
psychotic illness had significantly higher total and
bradykinesia scores than those with no such history.
Composite z-scores from the electronic assessments

were significantly different between adults with
22q11.2DS and controls for all three components
assessed, irrespective of psychotic illness, with mean z-
score differences 0.35 to 1.08 and medium (0.59) to
very large (1.47) effect sizes. In 22q11.2DS, velocity

p

p

p

(A)

(B)

(C)

(D)

(E)

(F)

FIG. 1. Scatterplots of the relationship between age and MDS-UPDRS part III, scores (A-C), and averaged standardized scores of cycle/stride velocity,
duration, and amplitude as assessed with electronic 3D motion-tracker technology (D-F). Orange dot symbols indicate adults with 22q11.2DS. Black
dot symbols indicate the 7 individuals meeting criteria for the presence of parkinsonism. Open dots (orange or black) indicate those with no history of
psychotic illness, and filled dots those with such history. Blue ‘x’ symbols indicate healthy controls. (A-C) None of the controls met MDS-UPDRS
criteria for bradykinesia, rigidity, or rest tremor; data not shown. Spearman’s rank order correlations are shown to the left of the plots. (D-F) Horizontal
black lines represent the mean scores (z-score=0) for the total study sample (see Supplementary Methods for details). Pale blue background indicates
the range of results for the controls. We note, however, that in the absence of population-based normative data, z-scores were based on the total study
sample, with the majority of participants having a 22q11.2 deletion. Pearson correlation coefficients are shown to the left of the plots. Linear regression
models did not show a statistically significant interaction between age and study group (controls vs. 22q11.2DS) on the averaged standardized z-
scores, except for the bradykinesia component duration (P = 0.03). [Color figure can be viewed at wileyonlinelibrary.com]
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was lower, duration longer, and amplitude smaller
than in controls. Details for the separate motor tasks
are provided in Supporting Information Tables S3
and S4.

Relationship Between Age, Parkinsonian Signs,
and Electronically Assessed Bradykinesia

Figure 1 shows the relationship at the individual level
between age and (Fig. 1A–C) MDS-UPDRS parkinsonian
signs, significant for bradykinesia and rigidity in
22q11.2DS, and (Fig. 1D–F) motion-tracker bradykinesia
components. In 22q11.2DS, there was a statistically sig-
nificant negative correlation of age with velocity
(Fig. 1D), positive correlation with duration (Fig. 1E),
and nonsignificant negative correlation with amplitude
(Fig. 1F). The only statistically significant interaction
between age and study group was for the duration com-
ponent, with age having a negative effect in 22q11.2DS,
but not in controls (P = 0.03). This suggests that in con-
trast to controls, in 22q11.2DS older individuals compen-
sated relatively less for lower velocity with decreased
amplitude than younger individuals, thus duration was
longer.

Demographic and Clinical Factors Associated
With Parkinsonian Motor Sign Severity

The regression models to assess the association
between demographic and clinical factors and MDS-
UPDRS Part III total and bradykinesia subscores in
22q11.2DS were statistically significant (P = 0.000 and
P = 0.005), explaining 30.8% and 17.6% of the variance,
respectively (Table 1B). Age explained 13.8% and cogni-
tive function 6.3% of the variance of total scores. Only
age made a statistically significant contribution to
bradykinesia subscores, explaining 7.6% of the variance

(Supporting Information Fig. S1). Results for psychotic
illness were nonsignificant (Table 1B).
Similar to results for MDS-UPDRS Part III total scores,

the regression model for the electronically assessed
bradykinesia component velocity was significant
(P = 0.000), explaining 31.8% of the variance. Age and
cognitive function were statistically significant contribu-
tors, explaining 14.9% and 7.5% of the variance, respec-
tively; neither psychotic illness nor sex reached statistical
significance (Table 1B). Remarkably, regression analysis
results suggest that psychotic illness would contribute to
increased, not decreased, velocity. The composite z-score
for velocity and MDS-UPDRS bradykinesia subscore
were weakly correlated (n = 82; r = –0.24; P = 0.03).

Discussion

The results of this study involving a relatively young
adult sample of 22q11.2DS are consistent with this
genetic condition as a model for possible prodromal
PD, with motor signs increasing with age. Although
several decades earlier in 22q11.2DS, there are parallels
with the emergence of age-dependent parkinsonism in
the general population,9,18 where reported MDS-
UPDRS part III median (interquartile range; IQR) total
scores were 3 (1.0–5.5) for 74 persons aged 72.2
(69.0–75.5) years in a higher-risk subset and
1 (0.0–3.0) for a lower-risk subset (n = 111) aged 64.9
(62.8–66.6) years.18 The findings are also consistent
with those for other patient groups at increased risk of
PD19,20 and previous smaller studies of 22q11.2DS and
healthy controls.5-7 Furthermore, the results indicate
that vigilance for parkinsonian signs should not be
restricted to adults with 22q11.2DS who take antipsy-
chotic medication.5-7,21

TABLE 1B. Associations between demographic and clinical factors, and severity of parkinsonian signs in 82 adults with
22q11.2 deletion syndromea

Standard Assessments of Parkinsonian Signs (MDS-UPDRS part III) Electronic Assessment (Velocity Component)

Total Score Bradykinesia Subscore

B SE B β t P B SE B β t P B SE B β t P

Age
Cognitive function
Psychotic illnessb,c

Male sex

0.22
–0.41
2.59
1.00

0.06
0.13
1.56
1.42

0.39
–0.27
0.17
0.07

3.93
–2.66
1.66
0.70

0.000
0.009
0.10
0.48

0.06
–0.10
0.86

–0.39

0.02
0.06
0.65
0.60

0.28
–0.17
0.14

–0.07

2.66
–1.15
1.31

–0.66

0.01
0.13
0.19
0.51

–0.02
0.04
0.20
0.20

<0.01
0.01
0.12
0.11

–0.39
0.30
0.16
0.17

–4.04
3.00
1.62
1.80

0.000
0.004
0.11
0.08

Bold font indicates statistical significance.
aMultiple regression analyses to examine the independent associations between demographic and clinical factors, and MDS-UPDRS total scores, bradykinesia
subscores (items 3.4–3.8 + 3.14), and the bradykinesia velocity component.

bWhen we altered the MDS-UPDRS total score for a statistical outlier to just one unit larger than the next highest score to prevent an overproportional effect on
the regression model, the values for psychotic illness changed to B = 3.31, SE B = 1.36, β = 0.24, t = 2.44, and P = 0.02.

cWhen we repeated the analyses for MDS-UPDRS total scores leaving out cognitive function, the values for psychotic illness changed to B = 3.83, SE B = 1.55,
β = 0.25, t = 2.48, and P = 0.02, suggesting a relationship between psychosis and cognitive function in 22q11.2DS as has been reported previously.28 When we
repeated the analyses for bradykinesia subscores and electronic assessments leaving out cognitive function, the contribution of psychotic illness to the model
did not reach statistical significance (P = 0.70 and P = 0.72, respectively), however.
B, unstandardized coefficient; SE, standard error; ß, standardized coefficient.
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As expected,15 presence and severity of bradykinesia
were greater in adults with than without a psychotic illness,
but effect sizes were small to medium. In the regression
analyses, the contributions of psychotic illness to
bradykinesia outcomes were not statistically significant,
perhaps related to insufficient effect size and/or sample size.
The results of the current study suggest that electronic

assessments may be helpful in identification of subtle
parkinsonian signs and/or to gain a better understand-
ing of the course of the symptoms.22 Consideration may
be given to electronic assessments in clinical settings,22

taking into account that they are objective and usually
easy to learn,14 but focus only on one aspect of parkin-
sonism (ie, bradykinesia), while clinical rating scales are
“gestalt based” and require greater expertise.
Cognitive function contributed significantly to MDS-

UPDRS total scores and bradykinesia component veloc-
ity. This would suggest involvement of similar circuits
in these functions, as has also been postulated in idio-
pathic PD.23 Although the underlying causes of parkin-
sonism in 22q11.2DS remain to be determined, a
multifactorial etiology is likely. In addition to emerging
PD, alternative causes should be considered. These
include, for example, basal ganglia calcifications,24 that
may be secondary to hypoparathyroidism, a common
manifestation of 22q11.2DS.25

The current study has several strengths, including the
largest 22q11.2DS group with systematic assessments of
parkinsonian signs to date, the first study to use electronic
assessments, thereby allowing for detection of subtle
bradykinesia, use of continuous measures, and compari-
sons of bradykinesia components,26 as well as elimination
of inter-rater effects by using standard assessments and a
single rater. Potential methodological limitations include
electronic assessments performed only with the dominant
extremity, thereby missing contralateral bradykinesia, rater
not blind to group status risking overcalling of signs in the
psychosis subgroup, and absence of a qualitative motor
assessment by a neurologist specialized in movement disor-
ders. Design limitations include the restricted age range
(none >65 years) also influencing the z-scores in the
absence of population-based normative data, the relatively
small control group, unavailability of neuroimaging data,
and observational (cross-sectional) nature of the study.
Furthermore, not all adults with “parkinsonian signs” nec-
essarily have true parkinsonism or PD.20,27 Although
causal inferences cannot be made, the results provide
important input for future studies estimating causality.
The findings of this study indicate that age is a primary

contributor to expression of bradykinesia in 22q11.2DS at a
relatively young age in thosewithout PD. Larger longitudinal
studies, including neuroimaging,28 are needed to improve
our knowledge of the course of symptoms, their relationship
to underlying causes, and to psychotic disorders and treat-
ments, in order to understand the risk profile of those with
microdeletion 22q11.2who go on to develop PD.
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ABSTRACT: Objective: Impaired lysosomal de-
gradation of α-synuclein and other cellular constituents
may play an important role in Parkinson’s disease (PD).
Rare genetic variants in the glucocerebrosidase (GBA)
gene were consistently associated with PD. Here we
examine the association between rare variants in lyso-
somal candidate genes and PD.
Methods: We investigated the association between
PD and rare genetic variants in 23 lysosomal candi-
date genes in 4096 patients with PD and an equal
number of controls using pooled targeted next-
generation DNA sequencing. Genewise association of
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