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Introduction
We recently demonstrated, using a quantitative approach, 
that residual symptoms of Parkinson’s disease (PD) can coex-
ist with levodopa-induced dyskinesia (LID), even at peak-

dose [1]. In addition, we showed that slight-to-moderate LID 
had little influence on the motor performance of patients 
executing specific activities of daily living (ADL) [2]. Instead, 
we found that levels of tremor, postural instability, rigidity, 
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and cognitive decline increased the odds of failure, depend-
ing on the tasks performed. While this study provided valu-
able information on the impact of symptomatology during 
specific movements, it did not provide an estimation of the 
impact of LID or other symptoms on the level of overall 
participation in an active life. For example, in our previous 
study, walking, picking-up an object on a table or off the 
floor, or counting money were examined separately. How-
ever, each of those ADL could be part of a broader activity 
such as doing grocery shopping, gardening, etc. Accordingly, 
the impact of LID on the level of participation in active life 
of patients with PD remains unclear. To our knowledge, only 
Duncan and Earhart [3] investigated which factors are most 
related to proper levels of participation. To do so, they exam-
ined 62 patients with PD using the Activity Card Sort (ACS). 
Their results suggested that risk of falls and freezing of gait 
were the main predictors of decreased levels of participation 
in every-day life. Their study however examined patients at 
different stages of disease, not specifically on those present-
ing with LID.

Therefore, the present study aimed at revisiting the 
patients’ symptomatology detected in our previous study 
[2], and at determining their influence on the level of partic-
ipation in active life through their levels of activity engage-
ment, and affected activities measured by the ACS. The ACS 
was designed to record the activity participation of adults 
in instrumental, leisure and social activities. It provides an 
occupational profile of the types of activities the patient is 
engaged in, or has given up. As a research tool, it reports a 
person’s previous activities (before an illness or injury) and 
current activities and allows investigators to examine the 
specific activities affected by an illness, injury or change in 
health status. The ACS has been used as an outcome meas-
ure in studies exploring the impact of programs specifically 
designed for people with PD [4, 5] and has been translated 
in several languages and adapted to different international 
cultures [6]. We hypothesized that a higher level of LID 
would not be associated with a decrease of participation 
in active life [7]. Finally, we took this opportunity to revisit 
the relationship between symptomatology and quality of 
life. Instead of using self-reported assessment of LID, we 
used the LID severity measured by our sensors at peak dose, 
which is not sensitive to anosognosia. We hypothesized that 
LID would not be a determining factor in quality of life, as 
suggested in previous studies [8–11].

Methods
A correlational cross-sectional study was performed.

Participants
One hundred and twenty-one patients diagnosed with idi-
opathic PD according to the UK Parkinson’s Disease Society 
Brain Bank clinical diagnosis criteria [12] were recruited 
with the help of the Quebec Parkinson Network (QPN), and 
clinicians specialized in movement disorders. Data collec-
tion was conducted in three Canadian research institutes: 

the Centre de Recherche de l’Institut universitaire de géri-
atrie de Montréal (CRIUGM), the Center of interdisciplinary 
research in rehabilitation and social integration (CIRRIS) of 
Quebec City, and the Movement Disorders Program of the 
University of Calgary, from June 2016 until June 2017. In this 
manuscript, data from patients originated from two others 
studies on the concomitant presence of LID and cardinal 
motor symptomatology [1], and on the impact of LID on the 
motor performance in ADL [2]. Motion capture methodol-
ogy is detailed elsewhere [1, 2]. In brief, patients selected 
in this study have experienced clinically-detectable choreic-
type LID in the past months prior to the experiment. Patients 
requiring assistance to walk or having orthopedic conditions 
that could interfere with the performance of required tasks 
were not considered for the study. Sixty-nine healthy con-
trol participants were also recruited through the Centre de 
Recherche de l’Institut universitaire de gériatrie de Montréal 
(CRIUGM), to provide a ‘normal’ baseline of behavior. To be 
included in the study, healthy control participants had to be 
between 45 and 85 years old, and able to walk without assis-
tance. Exclusion criteria included any orthopedic condition 
that could interfere with the execution of ADL, being under 
the influence of any medication that could cause issues with 
concentration and involuntary movements, or being unable 
to understand the consent form or the instructions. The 
study protocol was approved by the Comité d’éthique de 
la recherche vieillissement-neuroimagerie of the Centre de 
Recherche de l’Institut universitaire de gériatrie de Montréal 
for data that were collected in Montreal (CER IUGM 13-14-
022), by the Comité d’éthique de la recherche sectoriel en 
réadaptation et integration sociale for data that were col-
lected in Quebec (MP-2016-510), and by the Conjoint Health 
Research Ethics Board of University of Calgary for data that 
were collected in Calgary (REB 16-2551). Informed consent 
was obtained in writing from all individual participants 
included in the study after making sure they were able to 
understand all information.

Standard protocol or procedures
Patients’ visit to the laboratory was usually planned in the 
afternoon, coinciding with their scheduled medication dose 
deemed to generate the highest LID amplitude. They were 
instructed to take their medication at their usual time of 
day, often while filling the administrative requirements for 
the study participation, and the administration of question-
naires. Despite a variability among patients in medication 
regimen, patients were tested under their own medication 
regimen, individually determined by movement disorders 
neurologists. This allowed for a better representation of 
their true symptomatology at best-ON, peak-dose effect, 
which was the goal of our study.

Questionnaires administration
Questionnaires were administered prior to the quantitative 
recording session, while the effect of medication was build-
ing-up. If choreic-type LID were noticed by the evaluators, 
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questionnaires were put aside to begin data collection, and 
were resumed at the end of the session. The Mini-Mental 
State Examination (MMSE), which has a high discriminant 
validity for detection of any cognitive disorder [13, 14], was 
used to assess cognitive decline [15], while the 15-item 
 Geriatric Depression Scale (GDS-15) was used to assess 
depression [16].

The main outcome measure of the present study was the 
level of activity engagement and affected activities by patients’ 
symptomatology. This was measured by the Activity Card 
Sort (ACS) [17]. Participants were asked to sort cards depict-
ing daily actions representing four domains; (1) instrumen-
tal activity (IA); (2) low-demand leisure activity (LDLA); (3) 
high-demand leisure activity (HDLA); and (4) social activity 
(SA). In our study, each participant sorted the cards into 
the following categories: (1) ‘never done’; (2) ‘continued’ 
to do despite the symptomatology; (3) ‘do less’ because of 
the symptomatology; (4) ‘given-up’ due to their symptoms; 
and (5) ‘new’ activity since the symptomatology appeared. 
This unique sorting methodology provided us with a quan-
tifiable measure of activity engagement by calculating the 
number of activities currently performed by patients. The 
number of affected activities was calculated using ‘given-up’ 
and ‘do less’ activities.

As a secondary outcome, we also assessed patients’ health-
related quality of life (QoL) using the 12-item Short Form 
health survey version 2 (SF-12v2). The SF12, widely used 
to assess QoL in PD [18–20], yields two scores: the physical 
component summary (PCS) and the mental component sum-
mary (MCS) [21, 22].

Symptomatology assessment
The method for symptomatology assessment is described in 
details elsewhere [1]. In brief, the data collection regarding 
the symptomatology began as soon as the investigators visu-
ally noticed choreic-type LID. The testing period proceeded 
in two blocks of tasks, during which investigators regularly 
asked patients for feedback about whether they felt that the 
medication reached their most efficient stage, based on their 
experience. The first block was dedicated to the assessment 
of motor symptoms of PD such as bradykinesia, postural 
instability, and rigidity. Bradykinesia was assessed using a 
rapid alternating movement (RAM) task [23–25] consisting 
in performing pronation-supination movements of the fore-
arm with maximal rotational amplitude and maximal veloc-
ity for 10 sec. The outcome measure was the averaged maxi-
mal angular velocity of each cycle of pronation-supination 
movements [26–29]. Postural instability and rigidity were 
both assessed using the items 3.12 and item 3.3 of the MDS-
UPDRS respectively, since efficient objective assessment of 
these symptoms is not yet available. These measures were 
repeated three times.

The second block, performed in between repetitions of 
block 1, was dedicated to the measurement of tremor and 
LID using a set of 17 inertial sensors, each located on a spe-
cific body part, enabling for full body motion capture. Using 

the embedded accelerometers and gyroscopes employed in 
each sensor, we were able to objectively quantify motion 
associated with involuntary movements. This technique 
was used by us and others in the past [2, 30–39]. The meas-
urement of tremor and LID were performed during sitting 
ADL (reading, cutting-eating, counting money, eating soup, 
taking medication, drinking water), selected from a com-
prehensive list of ADL scales and questionnaires specific for 
PD. The tremor level is referring in this study to all kinds 
of tremor (rest, postural or kinetic). It was measured using 
gyroscopes signals (x, y, z) recorded on hands and filtered 
between 3.5 and 7.5 Hz to remove the voluntary movements 
and the noise. Signals were detrended and segmented in 
5 sec windows before calculating the power spectral densi-
ties in all directions. These components were summed to 
generate the total power spectral density. The dominant fre-
quency was identified, and the power dispersion, represent-
ing the width of a frequency band containing 68% of total 
power centered around that dominant frequency was calcu-
lated. A narrow dispersion (i.e., below 2 Hz) is indicative of 
a dominant oscillation typically associated with abnormal 
tremor. If present, the amplitude of tremor was calculated 
by computing the power estimation within the frequency 
band identified by the power dispersion calculation. If the 
dispersion around the dominant frequency was more than 2 
Hz, the spectrum was visually verified to ensure the absence 
of a sharp peak of tremor. The tremor level of each window 
was then summed to generate a tremor level for the entire 
task.

The levels of choreic-type LID [27, 30–32, 40] were also 
measured while performing sitting ADL, using all gyroscope 
signals of all sensors, except those positioned on the arms 
that were directly involved in voluntary movements. Here 
we chose to exclude these sensors since voluntary move-
ments and LID are in the same frequency bandwidth. This 
technique represented a compromise between including all 
LID and having a lot of component of voluntary movements, 
and excluding some LID in our measure in excluding the 
majority of voluntary movements that could lead to erro-
neous interpretation of results. Because LID are defined as 
involuntary, irregular, purposeless, non-rhythmic, abrupt, 
rapid, unsustained movements that seem to flow from one 
part of the body to another, affecting the neck, the trunk, 
and the limbs [41], we think that eliminating some LID in 
excluding voluntary movement will still give a good approxi-
mation about the level of LID in the body. Signals from gyro-
scopes (x, y, z) were band-pass filtered between 0.5 and 4 Hz 
to remove the noise, and then detrended. The magnitudes of 
the coordinate vectors (x, y, z) were computed at each frame 
resulting in new time series. These new time series were 
then segmented in 1 sec windows and power spectral densi-
ties were computed on each window. The power dispersion 
around the dominant frequency was verified to ensure that 
dyskinesia was not being confounded with tremor, before 
calculating energy spectrums. The mean of energies was 
calculated for each segment of each window (3 sensors for 
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each leg, 3 sensors for each arm, 4 sensors for the back, 1 
sensor for the head). Then, for each segment, we calculated 
the 75th percentile plus 1.5 inter quartile range threshold, 
and we considered each point above that threshold as a pos-
sible outlier resulting in a superfluous, isolated voluntary 
movement. Outliers were visually verified by video analysis 
and were reset to the highest value in the acceptable range 
only if a superfluous voluntary movement was seen. The 
mean of each 1 sec window of each segment was then cal-
culated and the sum of segments was calculated, given an 
average energy value per second, per task.

This design enabled us to identify the profile of symptom-
atology at rest and during movement when patients were 
best-ON, i.e., when LID were predominant [42, 43], to quan-
tify their amplitude objectively, and to determine whether 
other symptoms were present, hence better reflecting the 
state of the patient during his or her daily lives. The entire 
recording session lasted approximately 1 hour.

Statistical analyses
First, we identified patients who experienced LID during 
the experiment by comparing the maximum amplitude of 
each patient’s LID during movement with a threshold set 
using movements of healthy controls (mean + 1SD), giving a 
high level a sensitivity (91%) and specificity (87%). This first 
selection of patients having LID was compared with annota-
tions written during the experiment and with video record-
ing of testing sessions, and groups were manually read-
justed to avoid false positive and false negative. For each 
ADL, trials where dyskinetic patients were best-ON were 
identified and used to average the severity levels of LID and 
of other PD symptomatology in order to reflect the clini-
cal severity at the peak-dose time point. For each ADL, tri-
als where dyskinetic patients were best-ON were identified 
and used to average the severity levels of LID and of other 
PD symptomatology in order to reflect the clinical severity 
at the peak-dose time point. This means that patients were 
assessed at both best-ON state and peak-dose effect, which 
normally coincide [42, 44, 45].

The activity engagement, as well as the affected activities 
were compared between groups using analyses of covari-
ance (ANCOVA) with age entered as a covariate. Health 
related QoL, represented by the physical component sum-
mary and the mental component summary scores of the 
SF-12v2, was compared between groups using Wilcoxon-
Mann-Whitney tests. Spearman correlations between 
recorded symptoms and activity engagement, affected activi-
ties, and health related QoL, were calculated in patients hav-
ing LID with a Benjamini-Hochberg correction for p-values. 
Multiple regression analyses with backward elimination of 
factors were performed to understand which symptoms 
explain the variability of activity engagement, affected activi-
ties, and health related QoL. This statistical design included 
all patients, regardless of symptomatology present. This 
allowed us to determine whether specific symptoms were 
more or less deleterious than LID, when present. Analyses 

were done using R (R Foundation for Statistical Computing, 
Vienna, Austria). All statistical significance thresholds were 
set at α < 0.05.

Results
From the one hundred and twenty-one patients with PD, 
three were excluded from the analysis; one presented with 
severe osteoarthritis, the two others did not complete the 
experiment because of severe postural instability. Eighty-
eight (74.6%) of the remaining patients reached our thresh-
old criterion of LID severity. Eighty of them had a slight-
to-moderate LID, with a score ranging from 1 to 3 in the 
MDS-UPDRS item 4.2. The characteristics of selected partici-
pants are presented in Table 1.

Activity engagement
Patients presented a significantly lower activity engage-
ment compared to controls, except for social activity where 
patients having LID did not differ from controls (Table 2).

The levels of tremor, postural instability as well as cog-
nition and depression significantly correlated with activity 
engagement after Benjamini-Hochberg correction, as shown 
in Table 3. The level of LID had no significant relationship 
with activity engagement.

The multiple regression analysis with backward elimination 
of factors included only three measures, depression (β = –5.04, 
p = 0.001), tremor (β = –3.73, p = 0.01), and postural instabil-
ity (β = –3.38, p < 0.001), which, once combined, explained 
34% of the variance in the total activity engagement.

Affected activities
When compared with normal aging of controls, patients had 
significantly more affected activities due to their symptoma-
tology in instrumental activity, high-demand leisure activ-
ity, and social activity sub-scores, and in the ACS total score 
(Table 4).

The level of LID was not significantly correlated with 
affected activities. However, significant correlations were 
found between affected activities and tremor, postural insta-
bility, and depression after Benjamini-Hochberg correction 
(Table 5).

The multiple regression analysis included the same three 
measures, depression (β = 0.44, p = 0.02), tremor (β = 0.45, 
p = 0.01), and postural instability (β = 0.53, p < 0.001), 
which, once combined, explained 36% of the variance in the 
total affected activities.

Health related QoL
The physical component summary, and the mental compo-
nent summary of patients were significantly poorer than 
 controls (Table 6).

The physical component summary score of the SF-12v2 
was significantly correlated with levels of tremor, postural 
instability, cognition, and depression, while the mental 
component summary score was significantly correlated with 
depression after Benjamini-Hochberg correction (Table 7).
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The multiple regression analysis included also depres-
sion (β = –3.11, p < 0.04), tremor (β = –3.39, p = 0.02), 
and postural instability (β = –1.70, p < 0.08), which, once 
combined, explained 18% of the variance in the physical 
component summary. Regarding the mental component sum-
mary, depression (β = –7.70, p < 0.001), tremor (β = 2.38, 
p = 0.06), and dyskinesia (β = –1.10, p < 0.09) were retained 
in the final model, which combined explained 38% of the 
variance. It should be noticed that depression alone was 
able to explain 35% of the variance in mental component 
summary.

Discussion
The results of this study demonstrate that patients with PD 
had significantly less activity engagement than healthy con-
trols and had more affected activities due to their symptoma-
tology, which was expected. Interestingly, the level of activity 
engagement was not associated with slight-to-moderate LID, 
but rather with other symptoms such as tremor, bradykin-
esia, postural instability, depressive symptoms and cogni-
tive impairment. Similarly, the level of affected activities was 
not associated with slight-to-moderate LID, but rather with 
higher levels of tremor, postural instability, and depressive 
symptoms. A poorer physical component summary of the 
QoL was also associated with higher levels of tremor, pos-
tural instability, depressive symptoms, and  cognitive impair-
ment, while a poorer mental component summary was only 
associated with higher level of depressive symptoms.

Taken together with our previous work [2], our results 
contradict those suggesting that LID is responsible for 
reduced ADL, overall physical participation and QoL [46–
51]. Indeed, we previously showed that slight-to-moderate 
LID was only problematic when the intended movement 
was of low amplitude and velocity and demanded accuracy 
(e.g., for eating soup). Conversely, LID increased the odds of 
success in some ADL by enhancing patients’ mobility during 
walking tasks [2]. The odds of success in ADL were rather 
decreased because of a) higher levels of tremor for other 
dexterous activities, b) postural instability for standing and 
walking ADL, and c) cognitive decline for activities requiring 
cognitive resources.

In the present study, the presence of slight-to-moderate 
LID was neither associated with reduced activity engagement 

Table 1: Characteristics of participants.

Characteristics Controls  
(n = 69; 30 

females)

Group 1  
(n = 88; 41 

females)

Age (yr): mean ± SD 68.1 ± 7.7 67.5 ± 8.7

MMSE (/30) 28.6 ± 1.5 27.3 ± 2.5

GDS-15 (/15)b 1.7 ± 2.0 3.7 ± 2.8

SF-12-PCS 53.1 ± 5.5 42.0 ± 9.3

SF-12-MCS 49.9 ± 7.2 47.6 ± 8.5

Years since diagnosis 10.4 ± 5.5

LEDD (mg) 1048.9 ± 520.0a

MDS-UPDRS part III ONb

Speech 1.2 ± 1.0

Facial expression (3.2) 1.6 ± 1.0

Arms rigidity (3.3)c 0.7 ± 0.7

Legs rigidity (3.3)c 1.1 ± 0.8

Arising from chair (3.9) 0.4 ± 0.7

Gait (3.10) 1.1 ± 0.9

Freezing of gait (3.11) 0.3 ± 0.7

Postural stability (3.12) 1.2 ± 1.0

Posture (3.13) 0.8 ± 0.9

Bradykinesia (3.14) 1.0 ± 1.0

Postural tremor (3.15)c 0.4 ± 0.8

Rest tremor (3.17)c 0.2 ± 0.5

MDS-UPDRS part IVb

Time spent with LID (4.1) 1.6 ± 0.9

Functional impact of LID (4.2) 1.7 ± 1.0

Hoehn and Yahr score ONb 2.3 ± 0.7

a Missing data for 9 participants.
b Higher score indicates worse functioning.
c Score represent the mean of the left and right extremities.
MDS-UPDRS = Movement Disorder Society-Unified Parkinson’s Dis-

ease Rating Scale; SD = Standard deviation, LEDD = Levodopa 
Equivalent Daily Dose.

Table 2: Results of ANCOVA on activity engagement controlling for age.

Mean (SD) C Mean (SD) P Statistics C – P

IA 14.62 (2.45) 12.30 (3.32) F(1,154) = 28.19 p < 0.001

LDLA 18.90 (4.72) 15.70 (4.24) F(1,154) = 20.91 p < 0.001

HDLA 6.09 (2.91) 4.54 (2.53) F(1,154) = 16.26 p < 0.001

SA 11.72 (2.95) 11.07 (3.03) F(1,154) = 1.95 p = 0.164

ACS Total 51.32 (10.43) 43.61 (10.58) F(1,154) = 22.95 p < 0.001

Bold values indicate statistically significant (α = 0.05); C = Controls; P = Patients; IA = Instrumental activity; LDLA = Low-demand 
leisure activity; HDLA = High-demand leisure activity; SA = Social activity.
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nor increased affected activities, but the presence of other 
motor and non-motor symptoms of PD were associated with 
lower levels of these dependent variables. Specifically, cogni-
tion and depressive symptoms, reflected by the MMSE and 

GDS-15 scores, seemed to possess a stronger association with 
decreased perception of activity engagement, and increased 
affected activities of patients. The presence of slight-to-mod-
erate LID was not associated with reduced QoL, while other 
motor and non-motor symptoms of PD were. This underlines 
the impact of residual motor and non-motor symptoms of 
PD on participation in every-day life and QoL, as alluded to 
by others [8, 9, 52–57].

In this study, the medication regimen of patients was 
not standardized and the visit was scheduled to coincide 
with their best-ON condition deemed to generate the most 
intense LID. We think that this state best reflects their true liv-
ing condition when LID is present. The main strength of the 
present study comes from the objective assessment of motor 

Table 5: Correlations between recorded symptomatology and affected activities.

LID Bradykinesia Tremor Rigidity Postural 
instability

Cognition Depression

IA 0.188 –0.160 0.233 –0.100 0.396 –0.223 0.262

LDLA 0.137 –0.237 0.257 –0.104 0.468 –0.067 0.327

HDLA 0.216 –0.122 0.266 –0.074 0.272 –0.196 0.166

SA 0.217 –0.215 0.349 –0.020 0.393 –0.135 0.352

ACS Total 0.240 –0.207 0.333 –0.097 0.448 –0.193 0.353

Bold values indicate correlation values significantly different from zero after a Benjamini-Hochberg correction for p-values (α = 0.05); 
IA = Instrumental activity; LDLA = Low-demand leisure activity; HDLA = High-demand leisure activity; SA = Social activity.

Table 6: Comparison of SF-12 scores between groups.

Mean (SD) C Mean (SD) P Statistics C – P

PCS 53.09 (5.49) 42.00 (9.26) W = 5022 p < 0.001

MCS 49.92 (7.22) 47.60 (8.47) W = 3533 p = 0.042

Bold values indicate statistically significant differences (α = 0.05); 
C = Controls; P = Patients; PCS = physical component summary; 
MCS = mental component summary.

Table 3: Correlations between recorded symptomatology and activity engagement.

LID Bradykinesia Tremor Rigidity Postural 
instability

Cognition Depression

IA –0.152 0.329 –0.236 –0.029 –0.451 0.250 –0.323

LDLA –0.060 0.013 –0.198 0.080 –0.261 0.396 –0.330

HDLA –0.131 0.041 –0.209 0.051 –0.489 0.263 –0.279

SA –0.163 0.209 –0.252 0.035 –0.201 0.296 –0.389

ACS Total –0.157 0.174 –0.282 0.050 –0.395 0.386 –0.372

Bold values indicate correlation values significantly different from zero after a Benjamini-Hochberg correction for p-values (α = 0.05); 
IA = Instrumental activity; LDLA = Low-demand leisure activity; HDLA = High-demand leisure activity; SA = Social activity.

Table 4: Affected activities of patients compared to controls.

Mean (SD) C Mean (SD) P Statistics C – P

IA 1.36 (1.72) 2.78 (2.66) F(1,154) = 18.58 p < 0.001

LDLA 1.76 (2.15) 2.15 (2.57) F(1,154) = 0.54 p = 0.464

HDLA 1.42 (1.53) 2.33 (2.35) F(1,154) = 7.62 p = 0.006

SA 1.25 (1.49) 1.96 (2.02) F(1,154) = 5.51 p = 0.020

ACS Total 5.47 (5.71) 9.22 (8.02) F(1,154) = 9.29 p = 0.003

Bold values indicate statistically significant differences (α = 0.05); C = Controls; P = Patients; IA = Instrumental activity; LDLA = Low-
demand leisure activity; HDLA = High-demand leisure activity; SA = Social activity.
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symptoms. Previous studies mostly used questionnaires to 
assess the symptomatology and its relationship with out-
come measures. The use of the UPDRS part IV is common to 
assess the presence and the severity of LID [58], which coun-
teracts observational bias, and possible flaws in recall during 
self-assessment of symptoms [59, 60]. A possible limitation, 
however, is that patients tested in our study only presented 
with slight-to-moderate LID. This could limit somewhat the 
scope of the results; it is reasonable to assume that severe LID 
may have a negative impact on every-day life participation, 
whereas slight-to-moderate LID may not [58, 61].

Clinical considerations
One strategy to alleviate peak-dose LID is to reduce the 
dosage of dopaminergic drugs, with the risk to compro-
mise motor control [62–64]. Our previous results have 
highlighted the fact that symptoms of PD may be present 
simultaneously with LID [1], and that it is those symptoms 
that are detrimental to the performance of ADL. The pre-
sent study highlights the same issues when broader activi-
ties are examined, as well as QoL. These results strongly 
suggests that the success of a change of medication to 
manage LID should not be solely measured by its ability to 
reduce LID, but also on its ability to maintain or enhance 
the motor repertoire of patients [65].

Data Accessibility Statement
The datasets used and/or analyzed during the current study 
are available from the corresponding author on collabora-
tive work.

Abbreviations
ACS Activity Card Sort
ADL Activities of daily living
LID Levodopa-induced dyskinesia
GDS-15 15-item Geriatric Depression Scale
HDLA High-Demand Leisure Activity
IA Instrumental Activity
LDLA Low-Demand Leisure Activity
MCS Mental Component Summary
MMSE Mini-Mental State Examination
PCS Physical Component Summary
PD Parkinson’s disease
QoL Quality of life
RAM Rapid alternating movement
SA Social Activity
SF-12 12-item Short Form Survey

Ethics and Consent
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 
the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

Acknowledgements
We would like to thank the Quebec Parkinson Network and 
the volunteers for their participation in the study, as well as 
the Canadian Institutes of Health Research (CIHR) who pro-
vided funding for the study (Grant number: 201303MOP-
298400-SDA-CFEB-56596).

Competing Interests
EB has equity stake in Motac holding Ltd and receives con-
sultancy payments from Motac Neuroscience Ltd, compa-
nies which preclinical activity has no relationship with the 
present study. The other authors have no conflict of interest 
to report.

References
 1. Goubault E, Nguyen HP, Bogard S, Blanchet PJ, 

 Bézard E, Vincent C, et al. Cardinal Motor  Features 
of Parkinson’s Disease Coexist with Peak-Dose 
Choreic-Type Drug-Induced Dyskinesia. J Park Dis. 
2018; 8(2): 323–31. DOI: https://doi.org/10.3233/
JPD-181312

 2. Goubault E, Nguyen HP, Bogard S, Blanchet PJ, 
Bézard E, Vincent C, Sarna J, Monchi O, Duval C. 
Remnants of cardinal symptoms of Parkinson’s dis-
ease, not dyskinesia, are problematic for dyskinetic 
patients performing activities of daily living. BMC 
Neurology UNDER REVIEW; 2018. DOI: https://doi.
org/10.3389/fneur.2019.00256

 3. Duncan RP, Earhart GM. Measuring participation 
in individuals with Parkinson disease: Relationships 
with disease severity, quality of life, and mobil-
ity.  Disabil Rehabil. 2011; 33(15–16): 1440–6. DOI: 
https://doi.org/10.3109/09638288.2010.533245

 4. Trail M, Petersen NJ, Nelson N, Lai EC. An explora-
tory study of activity in veterans with Parkinson’s 
disease. J Neurol. Août 2012; 259(8): 1686–93. DOI: 
https://doi.org/10.1007/s00415-011-6400-7

 5. Foster ER, Golden L, Duncan RP, Earhart GM. 
 Community-based Argentine tango dance program is 
associated with increased activity participation among 

Table 7: Correlations between recorded symptomatology and health related QoL.

LID Bradykinesia Tremor Rigidity Postural instability Cognition Depression

PCS –0.204 0.136 –0.296 0.108 –0.295 0.299 –0.294

MCS –0.193 0.124 0.097 0.083 –0.131 0.161 –0.653

Bold values indicate correlation values significantly different from zero after a Benjamini-Hochberg correction for p-values (α = 0.05); 
PCS = physical component summary; MCS = mental component summary.

https://doi.org/10.3233/JPD-181312
https://doi.org/10.3233/JPD-181312
https://doi.org/10.3389/fneur.2019.00256
https://doi.org/10.3389/fneur.2019.00256
https://doi.org/10.3109/09638288.2010.533245
https://doi.org/10.1007/s00415-011-6400-7


Goubault et al: Parkinson’s Affect More the Life than DyskinesiaArt. 20, page 8 of 11

individuals with Parkinson’s disease. Arch Phys Med 
Rehabil. Févr 2013; 94(2): 240–9. DOI: https://doi.
org/10.1016/j.apmr.2012.07.028

 6. Hamed R, Holm MB. Psychometric properties of the 
Arab Heritage Activity Card Sort. Occup Ther Int. Mars 
2013; 20(1): 23–34. DOI: https://doi.org/10.1002/
oti.1335

 7. Goubault E, Nguyen HP, Bogard S, Blanchet PJ, 
Bézard E, Vincent C, et al. Remnants of Cardinal 
Symptoms of Parkinson’s Disease, Not Dyskinesia, 
Are Problematic for Dyskinetic Patients Performing 
Activities of Daily Living. Front Neurol [Internet]. 2019 
[cité 22 Mars 2019];10. Disponible sur: https://www.
frontiersin.org/articles/10.3389/fneur.2019.00256/
full?&utm_source=Email_to_authors_&utm_
m e d i u m = E m a i l & u t m _ c o n t e n t = T 1 _ 11. 5 e 1 _
author&utm_campaign=Email_publication&field=&
journalName=Frontiers_in_Neurology&id=444842. 
DOI: https://doi.org/10.3389/fneur.2019.00256

 8. Zach M, Friedman A, Sławek J, Derejko M.  Quality 
of life in Polish patients with long-lasting Parkin-
son’s disease. Mov Disord Off J Mov Disord Soc. Juin 
2004; 19(6): 667–72. DOI: https://doi.org/10.1002/
mds.10698

 9. Muslimovic D, Post B, Speelman JD, Schmand B, 
de Haan RJ, CARPA Study Group. Determinants 
of disability and quality of life in mild to moderate 
Parkinson disease. Neurology. 3 Juin 2008; 70(23): 
2241–7. DOI: https://doi.org/10.1212/01.wnl. 0000 
313835.33830.80

 10. Soh S-E, Morris ME, McGinley JL. Determinants of 
health-related quality of life in Parkinson’s disease: 
A systematic review. Parkinsonism Relat Disord. Janv 
2011; 17(1): 1–9. DOI: https://doi.org/10.1016/j.
parkreldis.2010.08.012

 11. Hung SW, Adeli GM, Arenovich T, Fox SH, Lang 
AE. Patient perception of dyskinesia in Parkinson’s 
disease. J Neurol Neurosurg Psychiatry. Oct 2010; 
81(10): 1112–5. DOI: https://doi.org/10.1136/jnnp. 
2009.173286

 12. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy 
of clinical diagnosis of idiopathic Parkinson’s disease: 
A clinico-pathological study of 100 cases. J Neurol 
Neurosurg Psychiatry. Mars 1992; 55(3): 181–4. DOI: 
https://doi.org/10.1136/jnnp.55.3.181

 13. Hoops S, Nazem S, Siderowf AD, Duda JE, Xie 
SX, Stern MB, et al. Validity of the MoCA and 
MMSE in the detection of MCI and dementia 
in Parkinson disease. Neurology. 24 Nov 2009; 
73(21): 1738–45. DOI: https://doi.org/10.1212/
WNL.0b013e3181c34b47

 14. Kim JI, Sunwoo MK, Sohn YH, Lee PH, Hong 
JY. The MMSE and MoCA for Screening Cogni-
tive Impairment in Less Educated Patients with 
 Parkinson’s Disease. J Mov Disord. Sept 2016; 9(3): 
152–9. DOI: https://doi.org/10.14802/jmd.16020

 15. Lessig S, Nie D, Xu R, Corey-Bloom J. Changes on 
brief cognitive instruments over time in  Parkinson’s 
disease. Mov Disord Off J Mov Disord Soc. Août 2012; 
27(9): 1125–8. DOI: https://doi.org/10.1002/mds. 
25070

 16. Yesavage JA, Sheikh JI. 9/Geriatric Depression Scale 
(GDS): Recent Evidence and Development of a Shorter 
Version. Clin Gerontol. 18 Nov 1986; 5(1–2): 165–73. 
DOI: https://doi.org/10.1300/J018v05n01_09

 17. Katz N, Karpin H, Lak A, Furman T, Hartman-Maeir 
A. Participation in Occupational Performance: Reli-
ability and Validity of the Activity Card Sort. OTJR 
Occup Particip Health. 1 Janv 2003; 23(1): 10–7. DOI: 
https://doi.org/10.1177/153944920302300102

 18. Opara JA, Brola W, Leonardi M, Błaszczyk B. Qual-
ity of life in Parkinson’s disease. J Med Life. 15 Déc 
2012; 5(4): 375–81.

 19. Müller B, Assmus J, Herlofson K, Larsen JP, 
Tysnes O-B. Importance of motor vs. non-motor 
symptoms for health-related quality of life in early 
 Parkinson’s disease. Parkinsonism Relat  Disord. 
Nov 2013; 19(11): 1027–32. DOI: https://doi.org/ 
10.1016/j.parkreldis.2013.07.010

 20. Gazibara T, Pekmezovic T, Kisic Tepavcevic D, 
Svetel M, Tomic A, Stankovic I, et al. Health-related 
quality of life in patients with Parkinson’s disease: 
Implications for falling. Parkinsonism Relat Disord. Juin 
2015; 21(6): 573–6. DOI: https://doi.org/10.1016/j.
parkreldis.2015.03.007

 21. Jenkinson C. The SF-36 physical and mental health 
summary measures: an example of how to interpret 
scores. J Health Serv Res Policy. Avr 1998; 3(2): 92–6. 
DOI: https://doi.org/10.1177/135581969800300206

 22. Ware J, Kosinski M, Keller SD. A 12-Item Short-
Form Health Survey: Construction of scales and 
preliminary tests of reliability and validity. Med 
Care. Mars 1996; 34(3): 220–33. DOI: https://doi.
org/10.1097/00005650-199603000-00003

 23. Beuter A, de Geoffroy A, Edwards R. Analysis of 
rapid alternating movements in Cree subjects exposed 
to methylmercury and in subjects with neurological 
deficits. Environ Res. Janv 1999; 80(1): 64–79. DOI: 
https://doi.org/10.1006/enrs.1998.3885

 24. Duval C, Panisset M, Sadikot AF. The relationship 
between physiological tremor and the performance of 
rapid alternating movements in healthy elderly sub-
jects. Exp Brain Res. 1 Août 2001; 139(4): 412–8. DOI: 
https://doi.org/10.1007/s002210100780

 25. Okada M, Okada M. A method for quantification 
of alternate pronation and supination of forearms. 
 Comput Biomed Res Int J. Févr 1983; 16(1): 59–78. 
DOI: https://doi.org/10.1016/0010-4809(83)90007-1

 26. Duval C, Sadikot AF, Panisset M. Bradykinesia in 
patients with essential tremor. Brain Res. 18 Oct 
2006; 1115(1): 213–6. DOI: https://doi.org/10.1016/j.
brainres.2006.07.066

https://doi.org/10.1016/j.apmr.2012.07.028
https://doi.org/10.1016/j.apmr.2012.07.028
https://doi.org/10.1002/oti.1335
https://doi.org/10.1002/oti.1335
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://www.frontiersin.org/articles/10.3389/fneur.2019.00256/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Neurology&id=444842
https://doi.org/10.3389/fneur.2019.00256
https://doi.org/10.1002/mds.10698
https://doi.org/10.1002/mds.10698
https://doi.org/10.1212/01.wnl.0000313835.33830.80
https://doi.org/10.1212/01.wnl.0000313835.33830.80
https://doi.org/10.1016/j.parkreldis.2010.08.012
https://doi.org/10.1016/j.parkreldis.2010.08.012
https://doi.org/10.1136/jnnp.2009.173286
https://doi.org/10.1136/jnnp.2009.173286
https://doi.org/10.1136/jnnp.55.3.181
https://doi.org/10.1212/WNL.0b013e3181c34b47
https://doi.org/10.1212/WNL.0b013e3181c34b47
https://doi.org/10.14802/jmd.16020
https://doi.org/10.1002/mds.25070
https://doi.org/10.1002/mds.25070
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1177/153944920302300102
https://doi.org/10.1016/j.parkreldis.2013.07.010
https://doi.org/10.1016/j.parkreldis.2013.07.010
https://doi.org/10.1016/j.parkreldis.2015.03.007
https://doi.org/10.1016/j.parkreldis.2015.03.007
https://doi.org/10.1177/135581969800300206
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1097/00005650-199603000-00003
https://doi.org/10.1006/enrs.1998.3885
https://doi.org/10.1007/s002210100780
https://doi.org/10.1016/0010-4809(83)90007-1
https://doi.org/10.1016/j.brainres.2006.07.066
https://doi.org/10.1016/j.brainres.2006.07.066


Art. 20, page 9 of 11Goubault et al: Parkinson’s Affect More the Life than Dyskinesia

 27. Ghassemi M, Lemieux S, Jog M, Edwards R, Duval 
C. Bradykinesia in patients with Parkinson’s  disease 
having levodopa-induced dyskinesias. Brain Res 
Bull. 15 Mai 2006; 69(5): 512–8. DOI: https://doi.
org/10.1016/j.brainresbull.2006.02.015

 28. Daneault J-F, Carignan B, Sadikot AF, Duval C. Are 
quantitative and clinical measures of bradykinesia 
related in advanced Parkinson’s disease? J Neurosci 
Methods. 15 Oct 2013; 219(2): 220–3. DOI: https://
doi.org/10.1016/j.jneumeth.2013.08.009

 29. Goubault E, Nguyen HP, Ayachi FS, Bogard S, 
Duval C. Do Bradykinesia and Tremor Interfere in 
Voluntary Movement of Essential Tremor Patients? 
Preliminary Findings. Tremor Hyperkinetic Mov N 
Y N. 2017; 7: 459. DOI: https://doi.org/10.5334/
tohm.341

 30. Mann RK, Edwards R, Zhou J, Fenney A, Jog M, 
Duval C. Comparing movement patterns associated 
with Huntington’s chorea and Parkinson’s dyskine-
sia. Exp Brain Res. 1 Mai 2012; 218(4): 639–54. DOI: 
https://doi.org/10.1007/s00221-012-3057-0

 31. Chelaru MI, Duval C, Jog M. Levodopa-induced 
dyskinesias detection based on the complexity of 
involuntary movements. J Neurosci Methods. 30 Janv 
2010; 186(1): 81–9. DOI: https://doi.org/10.1016/j.
jneumeth.2009.10.015

 32. Fenney A, Jog MS, Duval C. Short-term variability 
in amplitude and motor topography of whole-body 
involuntary movements in Parkinson’s disease dyski-
nesias and in Huntington’s chorea. Clin Neurol Neu-
rosurg. Févr 2008; 110(2): 160–7. DOI: https://doi.
org/10.1016/j.clineuro.2007.10.010

 33. Dai H, Zhang P, Lueth TC. Quantitative Assessment 
of Parkinsonian Tremor Based on an Inertial Mea-
surement Unit. Sensors. 29 Sept 2015; 15(10): 25055–
71. DOI: https://doi.org/10.3390/s151025055

 34. Rigas G, Tzallas AT, Tsipouras MG, Bougia P, Trip-
oliti EE, Baga D, et al. Assessment of tremor activity 
in the Parkinson’s disease using a set of wearable sen-
sors. IEEE Trans Inf Technol Biomed Publ IEEE Eng Med 
Biol Soc. Mai 2012; 16(3): 478–87. DOI: https://doi.
org/10.1109/TITB.2011.2182616

 35. Heida T, Wentink EC, Marani E. Power spectral 
density analysis of physiological, rest and action 
tremor in Parkinson’s disease patients treated with 
deep brain stimulation. J Neuroengineering Reha-
bil. 8 Juill 2013; 10: 70. DOI: https://doi.org/10. 
1186/1743-0003-10-70

 36. Duval C. Rest and postural tremors in patients 
with Parkinson’s disease. Brain Res Bull. 15 Juin 
2006; 70(1): 44–8. DOI: https://doi.org/10.1016/j.
brainresbull.2005.11.010

 37. Duval C, Panisset M, Strafella AP, Sadikot 
AF. The impact of ventrolateral thalamotomy on 
tremor and voluntary motor behavior in patients 
with Parkinson’s disease. Exp Brain Res. Avr 2006; 

170(2): 160–71. DOI: https://doi.org/10.1007/
s00221-005-0198-4

 38. Tsipouras MG, Tzallas AT, Rigas G, Tsouli S, Foti-
adis DI, Konitsiotis S. An automated methodology 
for levodopa-induced dyskinesia: Assessment based 
on gyroscope and accelerometer signals. Artif Intell 
Med. Juin 2012; 55(2): 127–35. DOI: https://doi.
org/10.1016/j.artmed.2012.03.003

 39. Lee SI, Daneault J-F, Golabchi FN, Patel S, 
 Paganoni S, Shih L, et al. A novel method for assess-
ing the severity of levodopa-induced dyskinesia using 
wearable sensors. In: 2015 37th Annual International 
Conference of the IEEE Engineering in Medicine and 
Biology Society (EMBC). 2015; 8087–90. DOI: https://
doi.org/10.1109/EMBC.2015.7320270

 40. Mann RK, Edwards R, Zhou J, Jog M, Duval C. 
Intra- and inter-limb coherency during stance 
in non-dyskinetic and dyskinetic patients with 
 Parkinson’s disease. Clin Neurol Neurosurg. Juin 
2010; 112(5): 392–9. DOI: https://doi.org/10.1016/j.
clineuro.2010.02.003

 41. Müller T, Russ H. Levodopa, motor fluctuations and 
dyskinesia in Parkinson’s disease. Expert Opin Phar-
macother. 23 Août 2006; 7(13): 1715–30. DOI: https://
doi.org/10.1517/14656566.7.13.1715

 42. Aquino CC, Fox SH. Clinical spectrum of levodopa-
induced complications. Mov Disord Off J Mov Dis-
ord Soc. Janv 2015; 30(1): 80–9. DOI: https://doi.
org/10.1002/mds.26125

 43. Fox SH, Lang AE. Levodopa-related motor complica-
tions–phenomenology. Mov Disord Off J Mov Disord 
Soc. 2008; 23 Suppl 3: S509–514. DOI: https://doi.
org/10.1002/mds.22021

 44. Verhagen Metman L, Espay AJ. Teaching Video Neu-
roImages: The underrecognized diphasic dyskinesia 
of Parkinson disease. Neurology. 15 Août 2017; 89(7): 
e83–4. DOI: https://doi.org/10.1212/WNL.0000000 
000004238

 45. Jankovic J. Motor fluctuations and dyskinesias in 
 Parkinson’s disease: Clinical manifestations. Mov Dis-
ord Off J Mov Disord Soc. 2005; 20 Suppl 11: S11–16. 
DOI: https://doi.org/10.1002/mds.20458

 46. Chapuis S, Ouchchane L, Metz O, Gerbaud L, 
Durif F. Impact of the motor complications of Par-
kinson’s disease on the quality of life. Mov Disord 
Off J Mov Disord Soc. Févr 2005; 20(2): 224–30. DOI: 
https://doi.org/10.1002/mds.20279

 47. Hechtner MC, Vogt T, Zöllner Y, Schröder S, Sauer 
JB, Binder H, et al. Quality of life in Parkinson’s 
 disease patients with motor fluctuations and dyski-
nesias in five European countries. Parkinsonism Relat 
Disord. Sept 2014; 20(9): 969–74. DOI: https://doi.
org/10.1016/j.parkreldis.2014.06.001

 48. Montel S, Bonnet A-M, Bungener C. Quality of 
Life in Relation to Mood, Coping Strategies, and 
 Dyskinesia in Parkinson’s Disease. J Geriatr Psychiatry 

https://doi.org/10.1016/j.brainresbull.2006.02.015
https://doi.org/10.1016/j.brainresbull.2006.02.015
https://doi.org/10.1016/j.jneumeth.2013.08.009
https://doi.org/10.1016/j.jneumeth.2013.08.009
https://doi.org/10.5334/tohm.341
https://doi.org/10.5334/tohm.341
https://doi.org/10.1007/s00221-012-3057-0
https://doi.org/10.1016/j.jneumeth.2009.10.015
https://doi.org/10.1016/j.jneumeth.2009.10.015
https://doi.org/10.1016/j.clineuro.2007.10.010
https://doi.org/10.1016/j.clineuro.2007.10.010
https://doi.org/10.3390/s151025055
https://doi.org/10.1109/TITB.2011.2182616
https://doi.org/10.1109/TITB.2011.2182616
https://doi.org/10.1186/1743-0003-10-70
https://doi.org/10.1186/1743-0003-10-70
https://doi.org/10.1016/j.brainresbull.2005.11.010
https://doi.org/10.1016/j.brainresbull.2005.11.010
https://doi.org/10.1007/s00221-005-0198-4
https://doi.org/10.1007/s00221-005-0198-4
https://doi.org/10.1016/j.artmed.2012.03.003
https://doi.org/10.1016/j.artmed.2012.03.003
https://doi.org/10.1109/EMBC.2015.7320270
https://doi.org/10.1109/EMBC.2015.7320270
https://doi.org/10.1016/j.clineuro.2010.02.003
https://doi.org/10.1016/j.clineuro.2010.02.003
https://doi.org/10.1517/14656566.7.13.1715
https://doi.org/10.1517/14656566.7.13.1715
https://doi.org/10.1002/mds.26125
https://doi.org/10.1002/mds.26125
https://doi.org/10.1002/mds.22021
https://doi.org/10.1002/mds.22021
https://doi.org/10.1212/WNL.0000000000004238
https://doi.org/10.1212/WNL.0000000000004238
https://doi.org/10.1002/mds.20458
https://doi.org/10.1002/mds.20279
https://doi.org/10.1016/j.parkreldis.2014.06.001
https://doi.org/10.1016/j.parkreldis.2014.06.001


Goubault et al: Parkinson’s Affect More the Life than DyskinesiaArt. 20, page 10 of 11

Neurol. 6 Janv 2009; 22(2): 95–102. DOI: https://doi.
org/10.1177/0891988708328219

 49. Jasinska-Myga B, Heckman MG, Wider C, Putzke 
JD, Wszolek ZK, Uitti RJ. Loss of ability to work and 
ability to live independently in Parkinson’s disease. 
 Parkinsonism Relat Disord. Févr 2012; 18(2): 130–5. DOI: 
https://doi.org/10.1016/j.parkreldis.2011.08.022

 50. Haahr A, Kirkevold M, Hall EOC, Ostergaard 
K. Living with advanced Parkinson’s disease: A 
constant struggle with unpredictability. J Adv 
Nurs. Févr 2011; 67(2): 408–17. DOI: https://doi.
org/10.1111/j.1365-2648.2010.05459.x

 51. Martínez-Martín P, Valldeoriola F, Tolosa E, Pill-
eri M, Molinuevo JL, Rumià J, et al. Bilateral sub-
thalamic nucleus stimulation and quality of life in 
advanced Parkinson’s disease. Mov Disord Off J Mov 
Disord Soc. Mars 2002; 17(2): 372–7. DOI: https://doi.
org/10.1002/mds.10044

 52. Tan DM, McGinley JL, Danoudis ME, Iansek R, 
Morris ME. Freezing of gait and activity limitations 
in people with Parkinson’s disease. Arch Phys Med 
Rehabil. Juill 2011; 92(7): 1159–65. DOI: https://doi.
org/10.1016/j.apmr.2011.02.003

 53. Dural A, Atay MB, Akbostanci C,  Kucukdeveci 
A. Impairment, disability, and life satisfaction in 
Parkinson’s disease. Disabil Rehabil. 8 Avr 2003; 
25(7): 318–23. DOI: https://doi.org/10.1080/0963 
828021000043761

 54. Dafsari HS, Reker P, Silverdale M, Reddy P, Pilleri 
M, Martinez-Martin P, et al. Subthalamic Stimula-
tion Improves Quality of Life of Patients Aged 61 Years 
or Older With Short Duration of Parkinson’s Disease. 
Neuromodulation J Int Neuromodulation Soc. 20 Déc 
2017. DOI: https://doi.org/10.1111/ner.12740

 55. Rahman S, Griffin HJ, Quinn NP, Jahanshahi M. 
Quality of life in Parkinson’s disease: The  relative 
importance of the symptoms. Mov Disord. 30 Juill 
2008; 23(10): 1428–34. DOI: https://doi.org/10.1002/
mds.21667

 56. D’Iorio A, Vitale C, Piscopo F, Baiano C, Falanga 
AP, Longo K, et al. Impact of anxiety, apathy and 
reduced functional autonomy on perceived quality of 
life in Parkinson’s disease. Parkinsonism Relat Disord. 
Oct 2017; 43: 114–7. DOI: https://doi.org/10.1016/j.
parkreldis.2017.08.003

 57. Chaudhuri KR, Jenner P, Antonini A. Reply to: 
« Parkinson disease-associated dyskinesia in countries 
with low access to levodopa-sparing Regimens ». Mov 
Disord Off J Mov Disord Soc. 2019; 34(12): 1930–1. 
DOI: https://doi.org/10.1002/mds.27871

 58. Perez-Lloret S, Negre-Pages L, Damier P, Delval 
A, Derkinderen P, Destée A, et al. L-DOPA-induced 
dyskinesias, motor fluctuations and health-related 
quality of life: the COPARK survey. Eur J Neurol. 
2017; 24(12): 1532–8. DOI: https://doi.org/10.1111/
ene.13466

 59. Jenkinson PM, Edelstyn NMJ, Stephens R, Ellis 
SJ. Why Are Some Parkinson Disease Patients Una-
ware of Their Dyskinesias? Cogn Behav Neurol. Juin 
2009; 22(2): 117–21. DOI: https://doi.org/10.1097/
WNN.0b013e3181a722b0

 60. Sitek EJ, Soltan W, Wieczorek D, Robowski P, 
Schinwelski M, Slawek J. Assessing self-awareness 
of dyskinesias in Parkinson’s disease through movie 
materials. Funct Neurol. Sept 2011; 26(3): 121–6.

 61. Cenci MA, Riggare S, Pahwa R, Eidelberg D, 
Hauser RA. Dyskinesia matters. Mov Disord Off J Mov 
Disord Soc. Mars 2020; 35(3): 392–6. DOI: https://
doi.org/10.1002/mds.27959

 62. Dietrichs E, Odin P. Algorithms for the treatment of 
motor problems in Parkinson’s disease. Acta Neurol 
Scand. Nov 2017; 136(5): 378–85. DOI: https://doi.
org/10.1111/ane.12733

 63. Pilleri M, Antonini A. Therapeutic strategies to 
prevent and manage dyskinesias in Parkinson’s dis-
ease. Expert Opin Drug Saf. Févr 2015; 14(2): 281–
94. DOI: https://doi.org/10.1517/14740338.2015.9
88137

 64. Rascol O, Goetz C, Koller W, Poewe W, Sampaio 
C. Treatment interventions for Parkinson’s disease: 
an evidence based assessment. Lancet Lond Engl. 4 
Mai 2002; 359(9317): 1589–98. DOI: https://doi.
org/10.1016/S0140-6736(02)08520-3

 65. Daneault J-F, Carignan B, Sadikot AF,  Panisset 
M, Duval C. Drug-induced dyskinesia in  Parkinson’s 
disease. Should success in clinical management 
be a function of improvement of motor repertoire 
rather than amplitude of dyskinesia? BMC Med. 
20 Mars 2013; 11(1): 76. DOI: https://doi.org/10. 
1186/1741-7015-11-76

https://doi.org/10.1177/0891988708328219
https://doi.org/10.1177/0891988708328219
https://doi.org/10.1016/j.parkreldis.2011.08.022
https://doi.org/10.1111/j.1365-2648.2010.05459.x
https://doi.org/10.1111/j.1365-2648.2010.05459.x
https://doi.org/10.1002/mds.10044
https://doi.org/10.1002/mds.10044
https://doi.org/10.1016/j.apmr.2011.02.003
https://doi.org/10.1016/j.apmr.2011.02.003
https://doi.org/10.1080/0963828021000043761
https://doi.org/10.1080/0963828021000043761
https://doi.org/10.1111/ner.12740
https://doi.org/10.1002/mds.21667
https://doi.org/10.1002/mds.21667
https://doi.org/10.1016/j.parkreldis.2017.08.003
https://doi.org/10.1016/j.parkreldis.2017.08.003
https://doi.org/10.1002/mds.27871
https://doi.org/10.1111/ene.13466
https://doi.org/10.1111/ene.13466
https://doi.org/10.1097/WNN.0b013e3181a722b0
https://doi.org/10.1097/WNN.0b013e3181a722b0
https://doi.org/10.1002/mds.27959
https://doi.org/10.1002/mds.27959
https://doi.org/10.1111/ane.12733
https://doi.org/10.1111/ane.12733
https://doi.org/10.1517/14740338.2015.988137
https://doi.org/10.1517/14740338.2015.988137
https://doi.org/10.1016/S0140-6736(02)08520-3
https://doi.org/10.1016/S0140-6736(02)08520-3
https://doi.org/10.1186/1741-7015-11-76
https://doi.org/10.1186/1741-7015-11-76


Art. 20, page 11 of 11Goubault et al: Parkinson’s Affect More the Life than Dyskinesia

How to cite this article: Goubault E, Bogard S, Blanchet PJ, Bézard E, Vincent C, Martino D, Sarna J, Monchi O, Duval C. Parkinsonian 
Symptoms, Not Dyskinesia, Negatively Affect Active Life Participation of Dyskinetic Patients with Parkinson’s Disease. Tremor and Other 
Hyperkinetic Movements. 2020; 10(1): 20, pp. 1–11. DOI: https://doi.org/10.5334/tohm.403

Submitted: 20 May 2020         Accepted: 25 May 2020         Published: 08 July 2020

Copyright: © 2020 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 
International License (CC-BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. See http://creativecommons.org/licenses/by/4.0/.

Tremor and Other Hyperkinetic Movements is a peer-reviewed open access journal published 
by Ubiquity Press. OPEN ACCESS 

https://doi.org/10.5334/tohm.403
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Methods 
	Participants 
	Standard protocol or procedures 
	Questionnaires administration 
	Symptomatology assessment 
	Statistical analyses 

	Results 
	Activity engagement 
	Affected activities 
	Health related QoL 

	Discussion 
	Clinical considerations 
	Data Accessibility Statement 
	Abbreviations 
	Ethics and Consent 
	Acknowledgements 
	Competing Interests 
	References 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

