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Abstract

Background—Dopamine replacement medication has positive effects on existing motor skills
for people with Parkinson disease (PD), but may have detrimental effects on the learning of motor
skills necessary for effective rehabilitation according to the dopamine overdose hypothesis.

Objectives—This study aimed to determine whether dopamine replacement medication (i.e.
levodopa) affects: learning of a novel upper extremity task, decrements in skill following
withdrawal of practice, the rate of learning, and the transfer of movement skill to untrained upper
extremity tasks compared to training “off” medication, in people with PD.

Methods—~Participants with mild-moderate PD (Hoehn and Yahr stage 2) were randomized to
train “on” (n=12) or “off” (n=11) levodopa medication. Participants practiced 10 blocks of five

trials of a functional motor task with their non-dominant upper extremity over three consecutive
days (acquisition period), followed by a single block of five trials two and nine days later.
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Participants were also assessed “on” levodopa with two transfer tasks (the nine-hole peg test and a
functional dexterity task) prior to any practice and nine days after the end of the acquisition

period.

Results—Participants who practiced “on” levodopa medication learned the upper extremity task
to a greater extent that those who practiced “off” medication, as determined by retained
performance two days after practice. Skill decrement and skill transfer were not significantly
different between groups. Rate of learning was unable to be modelled in this sample.

Conclusions—Levodopa medication improved the learning of an upper extremity task in people
with mild-moderate PD.
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1.

Introduction

Parkinson disease (PD)1 is associated with symptomatic declines in motor function due to
loss of dopaminergic neurons within the basal ganglia [1]. Most people with PD report
difficulties performing upper extremity activities that interfere with activities of daily living
(e.g., writing and dressing) [2]. There is, however, little research evaluating the effect of
upper extremity rehabilitation for people with PD. Two recent large randomized controlled
trials (RCTs) have investigated the effect of functional upper limb training involving
handwriting [3] and hand dexterity [4] training for 4—-6 weeks in people with PD while “on”
medication. While both studies showed improvements in upper extremity task performance
following intervention compared to a control group, performance following a period of no
training (i.e. retention) were mixed [3, 4], which may be due to difficulties with motor
learning in this population [5, 6].

Motor learning is most commonly defined as a relatively permanent change in motor
performance due to experience/practice [7]. Key features of the acquisition phase include
how quickly and how much motor performance changes, as well as how much performance
at retention is different from the start or end of practice. Studies of motor learning in
neurologically-intact healthy participants and individuals with PD generally show that
people with PD learn new motor tasks more slowly and to a lesser extent than healthy adults
[5, 8]. A recent meta-analysis demonstrated that movement time improved in both people
with and without PD following practice of reaching tasks (one to 10 acquisition sessions,
depending on the study), though learning effects were smaller in people with PD compared
to people without PD, particularly at retention [8]. One possible mechanism relates to the
neural circuitry involved in the early stages of motor learning, namely cortico-striatal and
cortico-cerebellar pathways [9, 10]. It is speculated that people with PD partially
compensate for lack of cortico-striatal activation with excessive cortico-cerebellar activation
during this stage of learning [11]. Thus, the notable deficits in retaining newly learned motor

LAbbreviations: MDS-UPDRS: Movement Disorders Society-sponsored version of the Unified Parkinson’s Disease Rating Scale; PD:
Parkinson disease; RCT: randomized controlled trial; RM-ANOVA: repeated measures analysis of variance; 9HPT: nine-hole peg test.
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skills in people with PD following a period of no practice arises from the cortico-striatal
deficits in people with PD, as the striatum is responsible for the consolidation of learned
tasks during late stages of motor learning [6, 10, 12]. Further, reductions in long term
potentiation of the primary motor cortex may also limit the ability of people with PD to form
new motor memories and fully automate newly learned motor tasks [6, 13].

In addition to variations in learning based on the task type and practice features, medications
used to treat PD may also influence motor learning. Ironically, exogenous dopamine
replacement medication (i.e., levodopa) may have positive effects on existing motor skills
but has been theorized to have potentially detrimental effects on (re)learning motor skills in
the context of rehabilitation. Studies that have suggested that learning deficits are larger in
persons with PD when they learned tasks “on” levodopa [14, 15] compared to “off” form the
basis for what has been termed “the dopamine overdose hypothesis”.

Examination of the pattern of striatal degradation may provide insight into the physiologic
and anatomic basis for the dopamine overdose hypothesis. PD-associated degradation of the
striatum appears to follow a sequential pattern with the dorsal and lateral (sensorimotor)
portions of the striatum degenerating early in the disease, presumably when patients are yet
undiagnosed or at Hoehn and Yahr stages 1-2 [16], while the ventral (associative) region is
relatively spared. Paradoxically, the pattern of recruitment of striatal structures for motor
sequence learning proceeds in a ventral to dorsal direction [12, 17], suggesting that any
dopamine overdose will most likely affect the early stages of acquisition. Although
dopamine replacement medications are prescribed to replace lost dopamine in the earlier
degenerating sensorimator areas of the striatum, these may actually be “overdosing” the
relatively spared associative striatum, a neuroanatomical correlate for motor learning [18,
19], particularly during early disease stages [14]. While this overdose hypothesis has been
tested in specific motor learning paradigms such as reversal learning and motor sequence
learning, its relevance to functional tasks performed in rehabilitation is not clear [8]. This is
due in part due to the fact that few motor learning studies have utilized functional tasks, or
evaluated motor learning with clinically relevant delays until retention testing following
practice (i.e. 1 week).

The primary aim of this pilot randomized controlled trial (RCT) was to determine whether
dopamine replacement medication affected learning of a functional upper extremity task.
Given that motor learning is typically defined as a relatively permanent change in
performance due to experience [7], task performance was re-evaluated following a two-day
retention period after acquisition, compared to baseline task performance. Secondary aims
were to determine whether dopamine replacement medication affected i) decrements in
acquired skill two and nine days after acquisition, relative to task performance at the end of
practice; ii) rate of skill acquisition during practice; and iii) transfer of acquired skill to
untrained upper extremity tasks. Based on the dopamine overdose hypothesis [18], we
hypothesized that skill learning, skill decrement, rate of skill acquisition, and skill transfer
would be worse in individuals with PD who practiced the upper extremity task “on”
levodopa compared to those who practiced “off”.
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2. Material and methods

2.1 Design

A pilot RCT involving people with PD practicing an upper extremity functional motor task
[20] was undertaken during January to December 2016. The study was approved by the
University of Utah Institutional Review Board and participants gave written informed
consent prior to study enrollment. This trial was prospectively registered on
ClinicalTrials.gov (NCT02600858) and adhered to CONSORT guidelines.

A computer-generated randomization schedule stratified according to each participant’s
Hoehn and Yahr disease stage (threshold of 2) was generated prior to recruitment.
Immediately following pretest assessment), the project manager randomly allocated
participants to practice the functional motor task “on” or “off” levodopa according to the
randomization schedule. Outcomes were assessed and intervention delivered at the
University of Utah or in participants’ homes.

2.2 Participants

Participants were recruited via advertisements posted at a Movement Disorders Center, local
PD support groups and through a PD wellness exercise group in Salt Lake City, USA.
Individuals were included if they had idiopathic PD diagnosed by a neurologist, were aged
50-80 years, in Hoehn and Yahr stages 1-3, and had been on a stable antiparkinsonian
medication regime for one month prior to pretest assessment as well as throughout the study.
Individuals were excluded if they were not taking levodopa medication, or had prior deep
brain stimulation, a Montreal Cognitive Assessment score <18 [21], or any health conditions
that would interfere with safe participation.

To determine participants’ responsiveness to levodopa, PD severity as determined by the
motor section of the Movement Disorders Society revised version of the Unified Parkinson
Disease Rating Scale (MDS-UPDRS) [22] was scored at pretest “off” medication following
overnight withdrawal of levodopa, then subsequently “on” medication 30—60 minutes after
participants had taken their usual morning dose of levodopa. Participants continued to take
other antiparkinsonian medications as usual, e.g. dopamine agonists. This was by design,
given the multiple days of practice and the longer half-life of dopamine agonist medications,
to minimize participant burden. As participants were not withdrawn from all
antiparkinsonian medication, a difference that exceeded the standard error of measurement
of the MDS-UPDRS motor section was taken as being responsive to levodopa for the
purposes of study inclusion [23].

2.3 Intervention

The “off” medication group practiced the functional motor task in the morning following
overnight withdrawal of levodopa. The “on” medication group practiced the task while their
antiparkinsonian medications were working optimally, usually 60 minutes following
ingestion of their morning dose. Both groups practiced the motor task over three consecutive
days, (i.e., acquisition) with care being taken to practice the task at the same time each day
to control for the effects of fatigue.
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The upper extremity task used in this study is well-documented among clinical and
nonclinical samples as a motor skill learning paradigm, such that repeated exposure to the
task results in improved performance, even after long retention periods [20, 24, 25]. This
task involves learning a basic motor sequence and mimics functional movements involved in
feeding oneself, a critical activity of daily living [26]. Participants sat behind a desk with the
training board placed 15 cm from their torso. Four cups were secured to this board with the
proximal “home” cup aligned with the participant’s non-dominant shoulder (see Figure 1).
Using their non-dominant hand, participants transported two raw kidney beans within each
spoonful from the “home” cup half filled with beans to a target cup distal to their body as
quickly as possible in a unidirectional arc starting with the cup ipsilateral to their non-
dominant arm and working to the contralateral cup. Each trial consisted of 15 repetitions
(i.e., five arcs to each of the three target cups). Trials started when participants picked up the
tablespoon and stopped when they touched the spoon back to the wooden board upon
completion of a trial. The time taken to complete each trial was timed in seconds with a
handheld stopwatch. If participants made an error (e.g., placing the wrong number of beans
into a target cup), they had to correct the error before continuing with the remainder of the
trial; thus, any errors resulted in increased trial time. Because the dominant hand is typically
used in daily life to handle a spoon [27], participants in this study were instructed to use
their non-dominant hand. We have already demonstrated in older adults that the non-
dominant hand is initially much slower on this task than the dominant hand [28], and that
with practice, performance with the non-dominant hand can improve significantly [25] and
these improvements are retained for at least one month [29]. Thus, using the non-dominant
hand minimized any ceiling effects on the learning task. That being said, this task mimics an
activity of daily living and is therefore not entirely novel to the participant, yet is likely
novel to the non-dominant hand based on our previous data [28]. This further points to our
hypothesis that the “on” levodopa group would have worse motor learning outcomes than
the “off” group, since the learning of novel tasks may be selectively impaired by levodopa
[18]. Participants were given no information about their performance strategy during
practice. Practice consisted of ten blocks of five trials and lasted approximately 60-90
minutes per acquisition day. Participants were re-tested on a single block (five trials) of the
task two (early retention) and nine (late retention) days following the end of acquisition.
These retention blocks were used to determine motor skill learning and skill decrement [25,
28]. Participants completed these retention blocks according to their group allocation, i.e.
“on” or “off” levodopa.

2.4 Outcome measures

The primary outcome was motor skill learning, which compared the average trial times of
the first block of acquisition on Day 1 (referred to as ‘baseline’) and the early retention
block. Secondary outcomes were skill decrement, rate of skill acquisition, and skill transfer.
Skill decrement compared average trial time of the last block of acquisition and both
retention blocks (to measure early and late decrements). The exponential decay function, y=
a+ be*’ was used to determine rate of skill acquisition [25], where ais the final trial time
value that the exponential decay function approaches (i.e. asymptote), &is the scale of
learning from the first trial time to the value &, xis the trial number, and Z/cis the number of
trials needed to obtain asymptote (i.e. 1 — e™1); thus, cindicates rate of learning. Transfer,
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i.e. the extent to which practicing the motor task would enhance performance on other
untrained upper extremity tasks, was determined with the nine-hole peg test (9HPT) [30] and
a functional dexterity task [20], the latter with precedence for transfer effects following this
motor learning paradigm [20, 31]. The 9HPT required participants to pick up a peg from a
bowl, transfer it to one of the nine holes and repeat until all nine pegs were in a hole, then
return each peg to the bowl. Timing started when participants touched the first peg and
stopped when participants released the ninth peg into the bowl. The functional dexterity task
required participants to fasten then unfasten 10 buttons (2.5 cm diameter, center spaced 5 cm
apart) sewn on plain weave cotton fabric secured to a wooden board. The row of buttons was
aligned with the participant’s non-dominant shoulder and the button-holed side of the fabric
was unfolded on the table lateral to that arm. Participants had to completely fasten each
button consecutively, starting with the button distal to their body and working their way
along the row to the most proximal button, and once the tenth button was fastened,
completely unfasten each button in the reverse order until they could reopen the fabric.
Timing started when participants touched the fabric to start fastening the buttons and
stopped when they had completely unfastened the last button. Participants performed two
trials of each task as quickly as possible, with the average time across both trials used for
analysis. All participants were assessed on the transfer tasks by a trained physical therapist
blinded to participants’ group allocation during pretest (i.e. 3—4 days prior to the start of
acquisition) and again at posttest nine days after the end of acquisition (i.e. the same day as
late retention) while “on” their prescribed dopamine replacement medication, regardless of
group allocation.

2.5 Data analysis

Power calculations showed that a sample size of 15 participants per group was required to
detect a 22% improvement in task performance at early retention (baseline mean 75.3 s, SD
14.4 s, power 0.8, alpha 0.05), allowing for 10% drop-out [25].

Visual inspection of the data revealed missing data due to two participants who were unable
to complete all 10 blocks of training on each day of acquisition, along with some outliers in
trial time due to participant inattention. The mean trial time from the first block of each day
of acquisition was calculated for each individual, and extreme outliers exceeding three times
the mean from this first block on each day of acquisition were excluded. Total data loss was
2.2%. An intention-to-treat analysis was used with the last observation carried forward for
missing data.

Separate 2 x 2 repeated measures analyses of variance (RM-ANOVA) were used to test the
primary and secondary aims. Group (“on” versus “off” levodopa) was modelled as the
between-subject factor and time was modelled as the within-subject factor. Assumptions of
homoscedasticity were confirmed using Levene’s test (p=.40). For the primary aim, the
timepoints of interest were baseline and early retention. Depending on the secondary aim,
the timepoints of interest were end of acquisition and early or late retention (for skill
decrement), and pretest and posttest (for the transfer tasks). Tukey HSD tests were used to
determine whether significant interactions were due to differences in group and/or time.
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Data were analyzed by an investigator blinded to group allocation (SYS) using JMP Pro v13
(SAS Institute, Cary NC).
3. Results

3.1 Participant flow

3.2

3.3

A total of 23 participants were randomized to practice the functional motor task “on” (n=12)
or “off” (n=11) levodopa (Table 1), with participants completing all allocated acquisition
and retention sessions (Figure 2). All participants were right-hand dominant and thus
practiced the functional motor task with their left hand. Thirty percent (n=7) of all
participants had a more symptomatic right hand, 39% (n=9) had a more symptomatic left
hand, and the remainder did not have a significant difference in symptom presentation
between hands (Table 1). Two participants (one in each group) were unable to complete all
150 acquisition trials due to fatigue. One participant in the “off” levodopa group completed
76% of acquisition, and one participant in the “on” levodopa group completed 82% of
acquisition. These participants were included in all analyses using an intention-to-treat
approach.

Impact of levodopa on skill learning (primary outcome)

As shown in Figure 3, the “on” levodopa group tended to improve performance on the motor
task over the acquisition period, while the “off” levodopa group’s performance got worse
(i.e. longer trial times) during each practice session, despite starting at the same level of
performance each day. The two participants with incomplete acquisition are not included in
Figure 3, with their data are reported separately in Figure 4. Moreover, those who practiced
“on” levodopa had improved performance at early retention compared to those who
practiced “off”. There was a significant group (“on” versus “off”) x time (baseline versus
early retention) interaction for skill learning (F1 21=5.15; p=.03). Tukey HSD tests indicated
that only the “on” levodopa group improved from baseline to early retention (p<.0001),
whereas the “off” levodopa group did not (p=.14). Descriptive statistics for all blocks of
interest are provided in Table 2.

Impact of levodopa on skill decrement, rate of skill acquisition and skill transfer

(secondary outcomes)

As the “off” levodopa group showed substantial declines in performance within each day of
the acquisition period, there was little skill ‘decrement’ from the end of acquisition to early
and late retention periods given the poor performance at the end of acquisition on Day 3
(Figure 3). Nevertheless, there were no significant group x time (end of acquisition versus
retention) interactions for early (Fq 21=0.99; p=.33) or late (F1 »1=0.86; p=.36) skill
decrement.

We were unable to statistically compare rates of skill acquisition between groups as
originally proposed in our clinical trial registration, given that the three-parameter
exponential decay model to measure rate of skill acquisition could not be applied to our
data. Very low R? values indicated poor goodness-of-fit to the typical ‘acquisition curve’
[32] (e.g. R2=0.003 for the “off” group on Day 1), due largely to the marked increases in
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trial time (i.e. decrements in performance) within each day of acquisition for the “off”
levodopa group (refer to Figure 3). However, a more exploratory analysis using RM-
ANOVA revealed a group x block interaction for Day 1 (F1 ¢=2.16; p=.03), Day 2
(F1,9=2.81; p=.004), and Day 3 (F1 9=4.04; p=.0001), providing statistical evidence of group
differences in the acquisition phase of this study. Some key post hoc findings from this
exploratory analysis were the similarities between the groups in Block 1 for all three days of
acquisition (all p=.99) and clear differences between the groups in Block 10 for Days 2 and
3 (all p<.0001), indicating significant decrements in performance while practicing “off”
levodopa.

Average performance for each group at pretest and posttest for the 9HPT (Figure 5A) and
the functional dexterity task (Figure 5B) are reported in Figure 5 and Table 3. Contrary to
our hypothesis, there were no significant group x time interactions for either transfer task,
nor any main effects of group or time (all 7>.13).

4. Discussion

This pilot RCT of dopamine replacement medication on upper extremity motor learning
showed that levodopa positively impacted learning in people with mild to moderate PD, with
the “on” training group showing improved performance at retention compared to those who
trained “off” levodopa, thereby contradicting our hypothesis.

People with PD successfully acquired and retained performance of a novel upper extremity
task following practice “on” levodopa, but less so “off” levodopa. Although a dopamine
overdose hypothesis has been suggested based on the results of prior upper extremity motor
learning studies [14, 15], our results add to growing evidence suggesting that the influence
of dopamine replacement medication on the learning of motor tasks is more complicated
[33, 34]. Our results demonstrating learning at early retention concur with previous studies
showing that people with PD are capable of acquiring new skills with practice [5],
underscoring the value of rehabilitation for these individuals to improve and/or maintain
performance. Similar to a longer duration upper extremity motor learning study [3], our PD
participants retained newly acquired skills following a short period of no practice, with
greater skill retention demonstrated in those who trained “on” levodopa. This suggests that
the learning task (functional reaching) may not be novel enough to demonstrate a dopamine
overdose effect [18].

This training did not, however, appear to generalize to the 9HPT or the functional dexterity
task. It is noted, though, that neither the “on” nor “off” levodopa group showed significant
differences in these transfer tasks from pretest to posttest on average. This is similar to data
from a larger cohort of older adults without PD (i.e. ‘healthy controls”) who showed no
transfer overall to functional dexterity task following the same dose of training on functional
reaching [31]. In that study, age was a signficant predictor of transfer, with ‘old old’ adults
showing little to no transfer while ‘young old’ adults did, such that any transfer effect was
washed out when grouped together [31]. The RCT nature and small sample sizes of the
current study precluded us from analyzing individual differences in transfer, but we mention
it here in light of earlier findings that suggest that age-related factors, rather than PD- or
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levodopa-specific factors, may explain the lack of transfer at the group level. It is also noted
that this study tested for transfer between functionally different motor tasks (reaching vs.
dexterity), suggesting an expectation of “far’ transfer [35] between tasks that are not very
similar [20, 36, 37]. Transfer between different conditions of the same task (i.e., ‘near’
transfer) has been reported in PD, with more transfer “on” levodopa compared to “off” in
lower-extremity training [34], thereby warranting future studies to determine the extent to
which transfer in PD is dependent on effector (lower- vs. upper-extremity), task similarity
(near vs. far transfer), age, and/or levodopa.

Unlike recent lower extremity motor learning paradigms in PD that demonstrated no
significant difference between practicing “on” or “off” levodopa [38, 39], the results of the
current study concur with other studies examining both upper [33] and lower [34] extremity
motor learning paradigms demonstrating better learning when a motor task is practiced “on”
levodopa. These differences may be due to the known benefits of levodopa on acquired
motor skills [18], the effector used in this study, and severity of disease in this sample.
Firstly, cardinal PD impairments such as bradykinesia and tremor have greater impact on
acquired upper extremity motor skills than lower extremity tasks such as balance-demanding
activities. These cardinal impairments are responsive to dopamine replacement medication
[40] whereas impaired balance and gait that affect lower extremity task performance are
predominantly influenced by non-dopaminergic pathways [41]. It is also plausible that both
groups had comparable acquisition early on Day 1 (see Fig. 3) and the marked differences in
performance between the groups during the later portions of each practice session reflect the
deleterious effects of levodopa withdrawal on an already-acquired skill rather than any effect
on learning. Similarly, if the “off” levodopa group had been tested on their typical
medication at retention, the group differences at Days 5 and 12 may have been attenuated,
given the benefits of levodopa on acquired motor skills [18, 42]. However, the presence of
group differences at retention but not at the start of any other day (see Figure 3 and
exploratory analysis during acquisition phase) suggest that, at least to some extent,
practicing “on” levodopa positively impacted long-term learning. These improvements in
learning when practicing “on” levodopa may also be partially attributable to levodopa’s
effect on increasing motivation and effort [43], unlike the “off” levodopa group who
struggled with the motoric components of the task and became frustrated with the difficulty
of the task and lack of improvement during the acquisition phase. Lastly, in this and other
studies [33, 34], participants most likely had mild-moderate PD, whereas the dopamine
overdose hypothesis appears to be most pronounced in very early disease [14] before
levodopa is commonly prescribed. Taken together, these results suggest that the motoric
benefits of levodopa [42] on acquired skills [18] outweigh any decrements in learning new
skills while “off” levodopa in people with mild-moderate PD who are already taking
medication.

One unexpected outcome was the substantial decline in task performance over the course of
each day of acquisition. The increases in trial time limited our ability to use standard
approaches to fitting acquisition curves [32], given the lack of a nonlinear decrease in trial
time, particularly for the “off” levodopa group. Recent work has developed new methods for
dissociating such decrements in performance (that may arise from fatigue or other factors)
from any underlying learning [44]. Interestingly, worse motor performance over time during
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skill acquisition does not appear to impair longer-term learning in chronic stroke survivors
[32], suggesting that learning processes are still underway regardless of decrements in
performance. Given the tendency for the “off” levodopa group to worsen performance
within-session yet show improved performance the following day of acquisition (see Figure
3), future studies can apply this novel approach to dissociate performance changes due to
learning from those associated with fatigue or attentional factors.

4.1 Limitations and Future Directions

We utilized an RCT design to limit threats to internal validity. However, an RCT does not
remove the influence of factors such as sample size, group imbalance despite randomization,
or issues inherent to motor learning studies such as the interaction of participant with task
difficulty. Our small sample of mild-moderate participants may have contributed to
variability that may have concealed between-group differences on the secondary outcomes,
as we were unable to recruit the intended number of participants to fully power the study.
Additionally, while all participants trained using their non-dominant hand, an uneven
number of participants in each group trained using their more symptomatic upper extremity,
despite random assignment.

The influence of cognitive function on motor learning is unclear [24, 45] and not well
examined within this study as our participants did not have significant cognitive impairment,
based on their performance on the Montreal Cognitive Assessment. Future motor learning
research should utilize large samples of people with PD with varying degrees of cognitive
impairment in an effort to uncover specific cognitive domains that may be predictive of
motor learning capability [24].

Although upper extremity tasks are impaired in people with PD compared to healthy
individuals [46], practicing upper limb tasks may still be beneficial [3]. Our experimental
task has previously been used in neurologically-impaired and neurotypical samples [20, 25]
and now, for the first time, in PD. Participants in the “off” levodopa group were not
withdrawn from all antiparkinsonian medications to minimize participant burden, as the long
half-life of dopamine agonists would require these participants to take no antiparkinsonian
medication for multiple consecutive days. Yet the motoric difficulty seen in individuals
randomly assigned to train “off” levodopa medication over each day of acquisition may have
confounded some of the skill acquisition that may have been occurring. This observation,
along with these participants’ change in “on” versus “off” levodopa scores on the MDS-
UPDRS [23], suggest that these participants were functionally “off” medication. Clinically
this provides an additional rationale to consider task practice while “on” medication.

4.2 Conclusion

People with PD demonstrated significantly better acquisition and retention of a functional
upper extremity motor task following practice “on”, but were less successful at learning this
task when they practiced “off”, levodopa. The improved retention in the “on” levodopa
group argues against the adverse effects of dopamine on motor learning in people with mild-
moderate PD.
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Figure 1.
Functional motor task performed with the nondominant upper extremity.
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Participant flow through the pilot randomized controlled trial.
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Figure 3.
Average trial time for each block of the acquisition period (Days 1-3) and the two retention

sessions (Days 5 and 12). Arrows indicate blocks of interest for the primary and secondary
outcomes. Gray = “off” levodopa group; Black = “on” levodopa” group. Error bars indicate
standard error. Lower trial times indicate better performance.
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Figure 4.

Average trial time data are shown for the two participants who were unable to complete all
10 blocks of training on each day of acquisition (one from the “off” levodopa group, shown
on top, and one from the “on” levodopa group, shown on the bottom). Similar to Figure 3,
average trial time for each block of the acquisition period (Days 1-3) and the two retention
sessions (Day 5 and Day 12) are shown. Note that most acquisition days have less than 10
blocks, indicating incomplete acquisition.
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Figure 5.

Average trial time for pretest (3—4 days prior to start of acquisition) and posttest (9 days
following end of acquisition) are shown for the (A) nine hole peg test (9HPT) and (B)
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pretest

posttest

functional dexterity task. Gray = “off” levodopa group; Black = “on” levodopa” group. Note

that both groups performed the 9HPT and functional dexterity task “on” levodopa,

regardless of group allocation. Error bars indicate standard error. Lower times indicate better

performance.
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