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The impact of freezing of gait on functional dependency
in Parkinson’s disease with regard to motor phenotype
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Abstract
Background and objective Freezing of gait (FOG) is a disabling symptom more frequent in Parkinson’s disease (PD) patients
with postural instability gait difficulty (PIGD) phenotype. The aim of this study was to determine the prevalence of self-reported
FOG in a large group of PD patients as well as assess its relationship with functional dependencywith regard to motor phenotype.
Methods The data correspond to the baseline evaluation of the COPPADIS-2015 study. Patients with FOG were identified as
those with a score of 1 or greater on item-3 of the freezing of gait questionnaire (FOG-Q). Functional dependency was defined as
a Schwab and England (S&E) ADL scale score less than 80%. PIGD and non-PIGD (tremor dominant + indeterminate) groups
were considered regarding to motor phenotype.
Results Among the 689 PD patients (62.6 ± 8.9 years old, 59.8% males), 240 reported FOG (34.8%), whereas 63 presented
functional dependency (9.1%). A total of 22.1% of patients with FOG presented functional dependency vs. only 2.2% of those
without FOG (p < 0.0001). FOG was related to functional dependency (OR = 3.470; 95%CI 1.411–8.530; p = 0.007) after
adjustment to age, gender, disease duration, daily equivalent levodopa dose, comorbidity (number of non-antiparkinsonian
drugs/day), motor status (UPDRS-III), PIGD phenotype, motor complications (UPDRS-IV), NMS burden (NMSS total score),
cognition (PD-CRS), and mood (BDI-II). However, according to motor phenotype, FOG was related to functional dependency
only in PIGD patients (OR = 7.163; 95%CI 1.206–42.564; p = 0.030).
Conclusions Self-reported FOG is associated with functional dependency in PIGD but not in non-PIGD motor phenotype
patients.
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Abbreviations
FOG Freezing of gait
FOG-Q Freezing of gait questionnaire
NMSS Non-motor symptoms scale
PD Parkinson’s disease
PD-CRS Parkinson’s disease cognitive rating scale

PIGD Postural instability gait difficulty
S&E Schwab & England activities of

daily living scale
TD Tremor dominant
UPDRS Unified Parkinson’s disease rating scale

Introduction

Currently, there is no cure for Parkinson’s disease (PD). The
aim of symptomatic treatment in PD is to improve, as a whole,
patient’s functional independence, well-being, and quality of
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life (QoL). Loss of functional independence leads to caregiver
burden, high resource use, institutionalization, increased risk
of death, and worse QoL [1, 2]. In PD and other neurodegen-
erative disorders, loss of functional independence is consid-
ered an important outcome of progression [3]. Suggested pre-
dictors of functional dependency in PD patients are older age,
cognitive impairment, higher severity of rigidity and bradyki-
nesia, more severe axial symptoms, dyskinesia, and more ad-
vanced disease [4, 5]. Among the axial symptoms in PD,
freezing of gait (FOG) is a frequent disabling symptom asso-
ciated with more disability and worse QoL [6]. Self-reported
FOG is more easily identified in advanced PD but also in
patients with postural instability gait difficulty (PIGD) pheno-
type as well [7–9]. Defining phenotypes is needed to better
understand underlying mechanisms and predict disease
course. Few high-quality data on dependency are available
[10] and what factors are associated with functional depen-
dency in PD patients regarding to motor phenotype is
unknown.

The aim of the present study was to analyze the prevalence
of FOG and also the relationship between FOG and functional
dependency in a large population of PD patients. Specifically,
we analyzed the association between FOG and functional de-
pendency with regard to motor phenotype.

Methods

PD patients from the COPPADIS cohort [11] were included in
this study. Methodology about COPPADIS-2015 study can be
consulted in https://bmcneurol.biomedcentral.com/articles/10.
1186/s12883-016-0548-9 [12].

The data for the present study (cross-sectional study) was
obtained from the baseline evaluation of PD patients from the
COPPADIS cohort between January 2016 andOctober 2017. All
patients included were diagnosed according to UK PD Brain
Bank criteria. Exclusion criteria were non-PD Parkinsonism, de-
mentia (mini mental state examination (MMSE) < 26), age < 18
or > 75 years, inability to read or understand the questionnaires,
to be receiving any advanced therapy (continuous infusion of
levodopa or apomorphine, and/or with deep brain stimulation),
and the presence of comorbidity, sequelae, or any disorder that
could interfere with the assessment.

Information on sociodemographic aspects, factors related
to PD, comorbidity, and treatment was collected. Patient base-
line evaluation included motor assessment (H&Y, unified
Parkinson’s disease rating scale (UPDRS) part III and part
IV, freezing of gait questionnaire (FOGQ)), non-motor symp-
toms (non-motor symptoms scale (NMSS), Parkinson’s dis-
ease sleep scale (PDSS), visual analog scale-pain (VAS-Pain),
visual analog fatigue scale (VAFS)), cognition (MMSE,
Parkinson’s disease cognitive rating scale (PD-CRS), com-
pleting a simple 16-piece puzzle), mood and neuropsychiatric

symptoms (Beck Depression Inventory-II (BDI-II),
Neuropsychiatric Inventory (NPI), questionnaire for
impulsive-compulsive disorders in Parkinson’s disease-rating
scale (QUIP-RS)), disability (Schwab & England activities of
daily living scale (S&E)), health-related QoL (the 39-item
Parkinson’s disease questionnaire (PDQ-39SI)), and global
QoL (PQ-10, EUROHIS-QOL 8-item index (EUROHIS-
QOL8)). In patients with motor fluctuations, the motor assess-
ment was conducted during the OFF state (without medication
in the last 12 h) and during the ON state. However, in patients
without motor fluctuations, the assessment was only per-
formed without medication (first thing in the morning without
taking medication in the previous 12 h).

Patients with FOGwere identified as those with a score of 1
or greater on item-3 of the FOG-Q [13, 14]. Functional depen-
dency was defined as an S&E score less than 80% (80%=
completely independent; 70% = not completely independent)
[2, 4]. Different motor phenotypes were defined based on a
previously published formula: tremor dominant (TD), postural
instability gait difficulty (PIGD), and indeterminate [10].

Data analysis

Data were processed using SPSS 20.0 for Windows. For com-
parisons between patients with and without functional depen-
dency, the Student’s t test, Mann-Whitney U test, Chi-square
test, or Fisher test, as appropriate, were used (distribution for
variables was verified by one-sample Kolmogorov-Smirnov
test). Spearman’s or Pearson’s correlation coefficient, as ap-
propriate, were used for analyzing the relationship between
continuous variables. Correlations were considered weak for
coefficient values ≤ 0.29, moderate for values between 0.30
and 0.59, and strong for values ≥ 0.60.

For determining if FOG was related to functional depen-
dency, a logistic regression model (functional dependency as
dependent variable) was performed. The model was well-
planned, as recommended by best-practice methods [15], in
which known and presumably factors affecting functional in-
dependence for the activities of daily life were included as
covariates: age, disease duration, motor severity (UPDRS-
III), PIGD motor phenotype, motor complications (UPDRS-
IV), non-motor symptoms burden (NMSS total score), cogni-
tion (PD-CRS), and mood (BDI-II). Gender, comorbidity (to-
tal number of non-antiparkinsonian medications as surrogate
marker [16]), and equivalent daily dose of levodopa were also
included in the model as covariates. With regard to motor
phenotype, we hypothesized that FOG is associatedwith func-
tional dependency in PD patients with a PIGD phenotype
because FOG is a characteristic and prevalent symptom in this
group, but not in patients with a phenotype different than
PIGD. To test this hypothesis, the logistic regression model
was checked in two subgroups: PIGD phenotype patients;
non-PIGD phenotype patients (TD + indeterminate).
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Hosmer–Lemeshow test was applied and adjusted R-squared
was calculated for all analysis. The p value was considered
significant when it was < 0.05.

Standard protocol approvals, registrations,
and patient consents

For this study, we received approval from the appropriate local
and national ethical standards committee. Written informed
consents from all participants in this study were obtained

before the start of the study. COPPADIS-2015 was classified
by the Agencia Española del Medicamento y Productos
Sanitarios as a post-authorization prospective follow-up study
with the code COH-PAK-2014-01.

Data availability

The protocol and the statistical analysis plans are available on
reasonable request. Deidentified participant data are not avail-
able for legal and ethical reasons.

Table 1 Data about motor status
including gait problems and
therapies in patients with vs.
without functional dependency

No functional

dependency

(n = 626)

Functional

dependency

(n = 63)

p

Age

Males

Disease duration (years)

Motor phenotype

62.3 ± 8.9

61.5

5.2 ± 4.1

*

65.7 ± 8.2

50.8

8.1 ± 5.2

*

0.004

0.065

< 0.0001

< 0.0001

-Tremoric dominant 47 23.8 *

-PIGD 36.5 65.1 *

-Indeterminate 16.5 11.1 *

Hoehn and Yahr 1.9 ± 5.2 2.5 ± 0.6 < 0.0001

-Stage 1 25 1.6 *

-Stage 2 69.1 59.1 *

-Stage 3 5 34.4 *

-Stages 4–5 0.9 4.9 *

UPDRS-III 21.6 ± 10.4 32.7 ± 12.1 < 0.0001

UPDRS-IV 1.8 ± 2.2 4.4 ± 3.3 < 0.0001

Motor fluctuations

Dyskinesia

FOG-Q

FOG

Falls

30.1

15.2

3.1 ± 3.9

29.9

9.1

71.4

46

10.6 ± 5.3

84.1

38.5

< 0.0001

< 0.0001

< 0.0001

< 0.0001

< 0.0001

Antiparkinsonian medication

-Levodopa

-Dopamine agonist

-MAO-B inhibitor

-COMT inhibitor

-Amantadine

-Anticholinergic drug

L-dopa eq. daily dose (mg)

Number of anti-PD drugs/day

Number of anti-PD pills/day

Number of non-antiparkinsonian drugs/day

Total number of pills/day

70.8

69.3

74.8

16.6

7

3

521.4 ± 383

2.4 ± 1.1

4.5 ± 2.7

2.4 ± 2.3

7 ± 3.8

92.1

65.1

61.9

34.9

15.9

3.2

915.6 ± 517.7

2.7 ± 1.4

6.5 ± 3.4

4.6 ± 2.9

11.2 ± 4.8

< 0.0001

0.116

0.003

< 0.001

< 0.0001

0.329

< 0.0001

0.042

< 0.0001

< 0.0001

< 0.0001

Chi-squared and Mann-Whitney-Wilcoxon test were applied. The results represent percentages or mean ± SD.
Data about H&YandUPDRS-III are during the OFF state (first thing in the morning without takingmedication in
the previous 12 h)

COMT catechol-O-methyltransferase; FOG-Q freezing of gait questionnaire; MAO-B monoamine oxidase B;
PIGD postural instability gait difficulty; PD Parkinson’s disease;UPDRS unified Parkinson’s disease rating scale
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Results

Six hundred and eighty-nine PD patients (62.6 ± 8.9 years old,
59.8% males) from the COPPADIS cohort [11] were included
in this study (5 patients were excluded because there was no
information about S&E and/or FOG-Q scores). Of them,
34.8% (n = 240) and 9.1% (n = 63) presented FOG and func-
tional dependency, respectively. Of the patients with function-
al dependency, 84.1% presented FOG vs. 29.9% of those
without functional dependency (p < 0.0001). Of the patients
with FOG, 22.1% presented functional dependency vs. 2.2%
of those without FOG (p < 0.0001) (Table 1 and Fig. 1). Older
age, longer disease duration, more advanced H&Y stage, a
higher UPDRS-III score, motor complications (UPDRS-IV),
higher daily levodopa equivalent dose, cognitive impairment,
a greater non-motor symptoms burden (NMSS total score),
depression, neuropsychiatric symptoms, sleep problems, pain,
and fatigue all were related to functional dependency
(Tables 1 and 2). Also, both health-related and global-
perceived QoL were worse in PD patients with functional
dependency vs. without functional dependency (Table 2).

With regard to motor phenotype, 44.8% of the patients
presented TD, 39.2% PIGD, and 16% indeterminate. Of the
patients with functional dependency, 65.1% presented a PIGD
phenotype vs. 36.5% of those without functional dependency,
whereas 47% of the patients without functional dependency
presented a TD phenotype vs. 23.8% of the patients with
functional dependency (p < 0.0001; Table 1). Functional de-
pendency and FOG were related to motor phenotype, as both
were the most frequently presented in PIGD phenotype pa-
tients and the least in TD phenotype patients (Fig. 2).
Moderate correlation was observed between FOG-Q and
S&E scales (r = 0.56; p < 0.0001). No differences were ob-
served when this relation was analyzed with regard to motor

phenotype (TD, r = 0.54 (p < 0.0001); indeterminate, r = 0.48;
(p < 0.0001); PIGD, r = 0.55 (p < 0.0001)). However, a stron-
ger correlation between FOG-Q and S&E scales was observed
in the group of patients with FOG (r = 0.50; p < 0.0001) com-
pared with those without FOG (r = 0.39; p < 0.0001) (a trend
to significance; p = 0.09). FOG-Q score was higher in patients
with FOG compared with those without FOG (8.8 ± 4.2 vs.
1.1 ± 1.3; p < 0.0001) as well as in PIGD phenotype patients
compared with non-PIGD phenotype patients (5.5 ± 5.3 vs.
2.7 ± 3.6; p < 0.0001). A relationship between FOG-item 3
and functional disability was observed, so the more frequent
FOG was, the more frequently the patient was functionally
dependent (Fig. 3).

In the multivariable binary logistic regression analysis,
FOG was related to functional dependency (OR = 3.470;
95%CI 1.411–8.530; p = 0.007) after adjustment to previously
defined covariates in the model (Table 3). FOG-Q item 2 (gait
difficulties affecting daily activities and independence) was
also related to functional dependency (OR = 2.253; 95%CI
1.519–3.444; p < 0.0001), after adjustment to the same covar-
iates in the model. When the analysis was performed in the
subgroup of patients with PIGD phenotype, FOG was related
to functional dependency (OR = 7.163; 95%CI 1.206–42.564;
p = 0.030), but not when it was performed in those PD patients
with non-PIGD phenotype (OR = 2.781; 95%CI 0.728–
10.619; p = 0.135) (Table 3).

Discussion

The present study suggests that self-reported FOG is frequent
and is associated with a functional dependency in PD patients;
however, not in all cases. In patients with PIGD phenotype, to
have FOG increases 7-fold the probability of presenting
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functional dependency. On the contrary, in patients with non-
PIGD phenotype, functional dependency is related to cogni-
tive impairment, comorbidity, and greater non-motor symp-
toms burden, but not to FOG. Moreover, the severity in fre-
quency of FOG (from about once a week to whenever walk-
ing) is related to the risk of having functional dependency.

Previous studies have observed that between 10 and 25%
of the patients with PD are functionally dependent at the 5-
year follow-up [9]. In our study, the percentage was near 10%

in a populationwith amean disease duration of around 5 years.
A previous study reported a median duration of independent
living of 5.5 years [4]. In our study, mean disease duration in
the group of functionally dependent patients was 8.1 years. In
the long term, it has been reported a functional dependency of
56% at 10 years [17] or 68% at 11 years [17]. Another study
reported a higher risk of dependency (56% at 4 years) [18]. In
general, few previous studies have analyzed functional depen-
dency in PD as well as the selection biases and methodolog-
ical differences which explain the variation in the rates of
dependency rather than true population differences in depen-
dency risk [4]. Although our study is a cross-sectional study
and not a follow-up study, this is the second largest population
of PD patients, after Sato et al. study [19], in which functional
dependency has been analyzed [9]. Moreover, the follow-up
of the COPPADIS cohort is ongoing and we will have data
about functional dependency at 5 years [12].

Many factors related to a more advanced disease were as-
sociated with functional dependency in the present cohort.
Patients with functional dependency were significantly older,
with a longer disease duration and more advanced motor
stage. Also, they presented with more frequent motor fluctu-
ations and dyskinesia, were receiving nearly double of daily
equivalent dopaminergic dose and more non-antiparkinsonian
medications as a marker of a higher comorbidity [20], and had
a greater non-motor symptoms burden. Except for the QUIP-
RS, all scores in the scales used for assessing different non-
motor symptoms indicate a worse non-motor status in func-
tionally dependent PD patients. This is logical because pa-
tients with impulse control disorder need autonomy to carry
out their activities. Cognitive impairment, neuropsychiatric
symptoms, depression, sleep problems, pain, and fatigue were
associated with functional dependency in our cohort. Male
sex, older age, higher levels of smoking, akinesia rather than
tremor, no response to L-dopa at 1 year, intellectual impair-
ment, higher H&Y stage, and several aspects of the UPDRS
scale (rigidity, bradykinesia, postural instability, dyskinesia,
and total score) have been reported as prognostic factors of
functional dependency development [9]. Dementia has been
reported to be associated with a greater risk of functional de-
pendency [17]. Other studies have identified MMSE as a pre-
dictor of greater disability in general [21, 22]. In our cohort,
the MMSE score was significantly lower in functionally de-
pendent patients and more than 60% of functionally depen-
dent patients presented cognitive impairment. Also, cognitive
impairment was an independent factor related to functional
dependency. Another important symptom is depression be-
cause it could not only be a consequence but also a cause of
motor disability in PD [23]. Interestingly, the frequency of
major depression in the functional dependent PD group was
higher than 40% (26/63), clearly higher than the major depres-
sion rate in this cohort (16.1%) [7] and in other reports [24].

Table 2 Data about different non-motor symptoms and quality of life in
patients with vs. without functional dependency

No functional
dependency
(n = 626)

Functional
dependency
(n = 63)

p

MMSE 29.2 ± 1 28.8 ± 1.2 0.002

PD-CRS 92.5 ± 15.2 79.3 ± 15.8 < 0.0001

-Cognitive status: < 0.0001

*Normal (PD-CRS > 84) 72.7 38.1

*MCI (PD-CRS 65–84) 26.7 60.3

*Demencia (PD-CRS ≤ 64) 0.6 1.6

NMSS 41.5 ± 34.7 86.9 ± 44.4 < 0.0001

BDI-II 8 ± 6.8 16.1 ± 8.3 < 0.0001

-Depressive symptoms 46.8 81 < 0.0001

-Depressive disorder type* 0.002

*Major 28.9 51

*Minor 33.3 33.3

*Subclinical 37.8 15.7

NPI 5.5 ± 7.4 12.8 ± 11 < 0.0001

QUIP-RS 4.2 ± 8.2 5.3 ± 9.3 0.339

PDSS 116.6 ± 23.3 98.5 ± 26.6 < 0.0001

-Patients with RBD 45.2 54.7 0.347

VAS-PAIN 2.5 ± 2.8 4.7 ± 3.3 < 0.0001

-Patients with pain 55.8 73 0.005

VASF − physical 2.7 ± 2.6 5.5 ± 2.8 < 0.0001

VASF − mental 2 ± 2.4 3.6 ± 3.1 < 0.0001

PDQ-39SI 15.3 ± 11 36.5 ± 13.4 < 0.0001

PQ-10 7.4 ± 1.4 5.8 ± 1.8 < 0.0001

EUROHIS-QOL8 3.8 ± 0.5 3.2 ± 3.8 < 0.0001

Chi-squared and Mann-Whitney-Wilcoxon test were applied (except for
Fronto-subcortical and PD-CRS total scores in which Student’s t test was
applied because both variables had normal distribution). The results rep-
resent percentages or mean ± SD

BDI Beck Depression Inventory-II; NMSS non-motor symptoms scale;
NPI Neuropsychiatric Inventory; PD Parkinson’s disease; PD-CRS
Parkinson’s disease cognitive rating scale; PDQ-39SI 39-item
Parkinson’s disease quality of life questionnaire summary index; PDSS
Parkinson’s disease sleep scale; QUIP-RS questionnaire for impulsive-
compulsive disorders in Parkinson’s disease-rating scale; RBD REM be-
havior disorder; UPDRS unified Parkinson’s disease rating scale; VAFS
visual analog fatigue scale; VAS-Pain visual analog scale-pain

*According to DSM-IVand Judd criteria
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In our cohort, 1 out of 3 patients presented self-
reported FOG. Prevalence of FOG has been reported
in different series: 27% [7], 32% [25], 38.2% [6], or
54.3% [10]. With regard to motor phenotype, PIGD
compared with TD phenotype has been associated with
rapid progression of disease and cognitive dysfunction;
it is a major cause of morbidity in advanced disease,
and has two important components: postural instability
with falling and FOG [26]. Although tremor, as the
initial motor symptom has been reported to be less like-
ly associated with the presence of FOG, FOG can be
present in PD patients with TD phenotype [26]. Indeed,
more than 20% of patients with a TD phenotype from
this cohort presented with FOG. In PD patients,

detection of both, FOG and functional disability, is very
important because both negatively impact on QoL [27,
28]. Balance confidence and FOG are associated with
the mobility aspect of health-related QoL [29].
Therapies designed to improve gait problems can benefit
QoL quality compared with no intervention [30].
Previously, a worse QoL was observed in those patients
with FOG and gait problems from the COPPADIS co-
hort, which have been both reported as independent fac-
tors related to a worse QoL [31].

The present study has some limitations. Even though, this
is a cross-sectional study, the follow-up of this cohort is on-
going. We will have annual data about functional dependency
over the next 5 years. Also, FOG and motor phenotype data
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will be collected at 2, 4, and 5 years [12]. FOG was defined
with regard to FOG-item 3, but FOG classification as FOG
only during the OFF state, FOG only during the ON state, or
either in OFF and ON states was not performed [13].
Furthermore, the diagnosis of FOG was subjective, and both
an insufficient or excessive diagnosis cannot be ruled out [32].
Despite this, collected data from the COPPADIS study indi-
cates that 106 out of 483 (24.2%) patients without motor fluc-
tuations presented FOG (vs. 64.9% of patients with motor
fluctuations; p < 0.0001). However, functional dependency
was less frequent in these patients than in those patients with
FOG and motor fluctuations (15.1% vs. 27.8%; p = 0.013). A
specific tool for assessing comorbidity, like Charlson index or
others, has not been used. However, the total number of non-
antiparkinsonian medications has been suggested as a useful
marker of comorbidity in PD [16]. Motor subtypes are not
fixed but change with progression of the disease and with
treatment [33]. For some variables, the information was not
collected in all cases. Finally, our sample was not fully repre-
sentative of the PD population due to inclusion and exclusion
criteria (i.e., age limit, no dementia, no severe comorbidities,
and no second-line therapies), and a bias toward early PD
exists.

In conclusion, the present study demonstrates that self-
reported FOG is frequent in PD patients. It contributes to
functional dependency but not in all motor PD phenotypes.
In PIGD patients, FOG has to be taken account as a factor
related to functional dependency, but not in non-PIGD pa-
tients (i.e., patients with TD and indeterminate phenotype).
In terms of clinical applicability of these results, strategies
designed to improved specific symptoms, with regard to

patient’s motor phenotype, could be applied with the intention
to improve the functional status of the patient.
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1.008
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1.069

1.022
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1.027
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0.982
1.133
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Dependent variable: functional disability. OR and 95% IC are shown. Adjusted R-squared: a, 0.513; b, 0.630; c, 0.440; Hosmer–Lemeshow test was
applied in all analysis (a, p = 0.566; b, p = 0.962; c, p = 0.868)

BDI-IIBeck Depression Inventory-II; FOG freezing of gait;N number;NMSS non-motor symptoms scale; PD-CRS Parkinson’s disease cognitive rating
scale; UPDRS unified Parkinson’s disease rating scale
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c PD patients with non-PIGD motor phenotype (n = 418)
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