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Background: Motor symptom disorders in patients with Parkinson disease (PD) are
closely related to reduced inhibitory ability. Although exercise has been shown to improve
this ability in patients with PD, its effects on proactive and reactive inhibition have not been
determined. Most previous studies of inhibitory control disorder in people with PD have
been behavioral, and little attention has been paid to functional cortical connectivity. Wu
Qin Xi, a low—medium-intensity gigong exercise that is safe and easy to do for elderly
individuals, can support physical well-being and help prevent and alleviate disease. In
this study, our aims were to explore the effects of a long-term Wu Qin Xi intervention
on response inhibition and to examine how improved inhibition control relates to cortical
connectivity using dual-site paired-pulse transcranial magnetic stimulation (ppTMS), in
patients with mild-moderate PD.

Methods: A single-blind randomized controlled trial will be conducted. A total of 90
elderly subjects will be recruited and allocated randomly to Wu Qin Xi, balance exercise,
and healthy control groups. The exercise interventions will be implemented in three
90-min sessions per week for 24 weeks; the healthy control group will receive no
intervention. The primary assessments will be response inhibition metrics and task-based
ppTMS. The secondary outcomes will include motor symptom severity, mobility, balance,
emotional state, and quality of life. Assessments will be conducted at baseline, at the
conclusion of the intervention period (week 24), and a few months after the intervention
(week 36 follow-up).

Discussion: This study is designed to provide insights into the effects of
practicing Wu Qin Xi on response inhibition function in people with PD. The
results will provide evidence on the value of traditional Chinese exercise as a
therapeutic rehabilitation option for these patients. They will also provide data
addressing how brain function—-related cortical connectivity is related to reactive
vs. proactive inhibition in people with PD participating in an exercise intervention.

Frontiers in Neurology | www.frontiersin.org

1 July 2021 | Volume 12 | Article 675050


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2021.675050
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2021.675050&domain=pdf&date_stamp=2021-07-19
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:punanyy2013@163.com
https://doi.org/10.3389/fneur.2021.675050
https://www.frontiersin.org/articles/10.3389/fneur.2021.675050/full

Wang et al.

Response Inhibition and Cortical Connectivity

Clinical Trial Registration: This study has been registered prospectively in the Chinese
Clinical Trial Registry (ChiCTR2000038517, 18 January 2021).

Keywords: Parkinson’s disease, Wu Qin Xi exercise, response inhibition, cortical connectivity, TMS

INTRODUCTION

A central part of motor control is response inhibition, defined
as the ability to cancel planned movements effectively (1).
Inhibitory disorders, manifesting as poor ability to inhibit
behaviors in various contexts, are prevalent among people with
neurodegenerative diseases, such as Parkinson disease (PD) (2,
3). Response inhibition is classified as reactive or proactive.
Reactive response inhibition describes the unexpected inhibition
of an anticipated response. An example of reactive inhibition
control is when one slows down to await a signal that will
tell them what to do. Conversely, proactive response inhibition
describes the outright termination of the response process (4).
An example of proactive inhibition control is when one is
anxiously waiting for a red light to turn green actively planning
to immediately step on the gas as soon as it does. Di Caprio et
al. (5) documented reactive inhibition deficits in patients with
early-stage PD. However, potential effects of PD on proactive
inhibition have not been examined. Differentiating between these
two control modes in people with PD would be helpful toward
obtaining an in-depth understanding of inhibitory control
disorders in this population.

The frontal-subcortical network may be important for
inhibitory control (6, 7); changes in its structural function leads
to cognitive and motor declines (8) and have been reported to
be accompanied by a decline in cortical connectivity (9, 10).
Clinical studies suggest that the right hemisphere is important
for inhibitory function (11). Duchesne et al. (12) showed that
improvement of inhibitory ability in people with PD is largely
dependent upon the integrity of the prefrontal network. Proactive
inhibition and reactive inhibition activate common brain regions
in the response inhibition network, including the right inferior
frontal gyrus (rIFG), dorsolateral prefrontal cortex (DLPFC),
pre-supplementary motor area (pre-SMA), and subthalamic
nucleus (STN) (13). Activity in these regions has been associated
with stop commands from the STN (in the basal ganglia).
The STN inhibits basal ganglia output that has an inhibitory
effect on the primary motor cortex (M1), thus intercepting
motor behavior. In the case of weak activation (proactive
inhibition), the motor output is immobilized; in the case of strong
activation (reactive inhibition), it is stopped completely (4).
Executive function modulation of downstream activities requires
coordinated processes between the prefrontal lobe and associated

Abbreviations: DLPFC, dorsolateral prefrontal cortex; rIFG, right inferior
frontal gyrus; pre-SMA, pre-supplementary motor area; ppTMS, paired-pulse
transcranial magnetic stimulation; MEP, motor-evoked potential; RMT, rest
motor threshold; TS, test stimulus; CS, conditioning stimulus; MoCA, Montreal
Cognitive Assessment; UPDRS, Unified Parkinson’s Disease Rating Scale; PDQ-39,
39-item self-report Parkinson Disease Questionnaire; PDSS, Parkinson’s Disease
Sleep Scale; HADS, Hospital Anxiety and Depression Scale; TUG, timed up-and-
g0; SWEDD, scans without evidence of dopaminergic deficit.

brain regions (9). The interconnectivity of interior frontal and
motor cortices specifically may play a crucial role in successful
inhibitory control (13). Ponzo et al. (14) found a weak inhibitory
cortico-cortical interaction between the inferior frontal cortex
and contralateral motor cortex and obtained data suggesting that
it could be involved in levodopa-induced dyskinesia.

The motor symptoms of PD have been related to decreased
inhibitory ability (15). Pharmacological treatments are not
very effective for alleviating response inhibition deficits, and
the long-term use of such treatments may cause impulse
control disorder (ICD). Exercise may be used as a supplement
to medical interventions, including pharmacotherapy and
functional surgery, to improve the quality of life of patients with
PD by delaying motor degeneration and extending functional
independence (16). As a supplemental treatment, exercise can
help reduce symptoms and slow the progression of PD (10). The
potential effects of exercise on reactive and proactive inhibition
have not yet been investigated in people with PD.

Wu Qin Xi is an integrated gigong exercise system that consists
of movements that imitate the technical actions and breathing of
five animals (tiger, deer, bear, monkey, and crane) while attending
to unification of the regulation of one’s body, respiration, and
mind (17). It incorporates movement of all body joints and
stretching of the upper and lower limbs and is thus considered to
be an effective mind-body rehabilitative intervention for elderly
individuals (18). Wu Qin Xi has been found to improve hand
dexterity in patients with mild-moderate PD (19). Thus, we
plan to explore the effects of long-term Wu Qin Xi practice on
reactive and proactive inhibition and whether it improves the
connectivity of brain regions related to inhibitory control in
people with PD.

The stop task is becoming a gold standard for the evaluation
of inhibition control. In the stop task, stop signal response
time (SSRT) is used as a metric of one’s ability to respond
to stop orders and considered to be an indicator of reactive
inhibition efficiency (20). Meanwhile, proactive inhibition is
assessed by measuring the effect of stop-signal probability on go-
trial response times (13). Although there is relevant evidence to
better cognitive control processes (21-23), a causal relationship
between cortex function and motor output has not been proven.
Due to the limitations of drug and surgical treatment, non-
invasive stimulation therapies, including transcranial magnetic
stimulation (TMS), have been recognized among clinicians as
a potential therapeutic intervention for PD. In addition to
altering excitability at the site of stimulation, repeated magnetic
pulses have been shown to influence brain regions anatomically
connected to the stimulation site (24). TMS has been reported
to ameliorate bradykinesia when applied to M1 at high (>5Hz)
frequencies or when applied to motor regions anterior to M1
low (<1Hz) (25). Continuous theta-burst stimulation over the
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inferior frontal cortex has been shown to restore weak inhibitory
cortico-cortical interactions between the inferior frontal and
contralateral motor cortex in people with PD (14). Dual-site
paired-pulse transcranial magnetic stimulation (ppTMS) can be
used to explore interactions between brain functional areas and
the motor cortex (26) and to detect the promotion and inhibition
of M1 activity, thereby providing physiological evidence for
causal relationships of cortico-cortical interactions, including
information regarding directionality and timing (27). Such data
have been used to detect bilateral excitatory and inhibitory
changes in M1 accurately in healthy elderly people (28).

We propose a prospective randomized clinical trial designed
to examine the effects of Wu Qin Xi training on the primary
outcomes of response inhibition ability and cortical connectivity
using task-based ppTMS and on the secondary outcomes of
balance, emotional status, and quality of life in patients with
mild-moderate PD. We hypothesize that Wu Qin Xi training will
improve response inhibition ability and increase brain network
connectivity and response inhibition coherence in the motor
network in this population. We further hypothesize that observed
network connectivity changes will occur in association with
improvements in response performance.

METHODS
Study Design

For this prospective, single-blind, randomized controlled trial,
eligible participants with PD will be randomized to Wu Qin Xi
and balance groups at a 1:1 ratio. Both the Wu Qin Xi group
and the balance training group will receive group-based exercise
intervention at the sports laboratory of Shanghai University of
Sport. Participants who meet the criteria will undergo evaluations
at baseline, immediately after the intervention, and at 36-week
follow-up intervals (Figure 1). This study protocol has been
approved by the Shanghai University of Sport Research Ethics
Committee (102772020RT107).

Participants

Potential recruits for this study will be prescreened through
outpatient neurology clinics, media advertising, and telephone
outreach in the region of Shanghai, China. Participants will
be enrolled via convenience sampling. To obtain a standard
measure of inhibitory control and to enable the examination of
differences in reactive and proactive inhibition between healthy
elderly individuals and people with PD, we will recruit healthy
right-handed elderly participants aged 55-75 with normal or
corrected-to-normal vision and no history of neurological
disease. TMS will be applied to healthy control participants just
as it will be applied to patients with PD.

Participants will follow their regular medication regimens
during the study period. All participants will be required to
provide written informed consent prior to study inclusion.
Detailed information to be collected on participants is listed in
Table 1. Information on participants’ current medication use,
including dosages, will be collected at all evaluations so that
changes in medication over the course of the study can be noted
and controlled for in statistical analyses. All participants will

maintain diaries to record daily exercise, in the laboratory and
at home, throughout the trial.

Inclusion and Exclusion Criteria

The study’s inclusion and exclusion criteria are presented in
Table 2. Eligible patients will be right-handed (as determined
by the Edinburgh Handedness Inventory), with no history of
significant neurological or psychiatric disorders, have normal or
corrected-to-normal vision, and be aged 55-75 years. They will
have clinical diagnoses of Hoehn and Yahr stages I-1II idiopathic
PD without a family history of parkinsonism and be able to
stand unaided, walk without an assistive device, and provide
informed consent.

The following exclusion criteria will be applied: prior surgery
(e.g., deep brain stimulation), overt signs of cognitive impairment
[Montreal Cognitive Assessment (MoCA) score <26], symptoms
of impulse control disorder (which accelerate the stopping of
initiated motor actions), history of epilepsy, and participation in
any other behavioral or instructor-led exercise program during
the study period.

Sample Size

Given that there has not been any previous TMS study examining
cortical connectivity in people with PD after a Wu Qin Xi
exercise intervention, we estimated the required sample size
based on the number of subjects included in a previous behavioral
experimental study (29). A power analysis in G*power software
indicated that 63 participants (21/group) will be required to
demonstrate effects on primary and secondary outcomes with
repeated-measures analyses of variance (ANOVAs) at a 0.05
significance level and 80% power. The observation of significant
interhemispheric inhibition of motor cortex changes in a sample
of elderly individuals (10/group) obtained with a similar TMS
paradigm (30) supports the adequacy of the proposed sample
size. With anticipation of a 20% attrition rate, we plan to recruit
90 subjects (30/group).

Interventions

Wu Qin Xi Exercise

Participants in the experimental group will attend a 24-week Wu
Qin Xi exercise course. The intervention will be implemented
in a group format, with three 90-min sessions per week;
each session will consist of a 10-min warm-up followed by
60 min of Wu Qin Xi exercises (with 10 min of rest within the
exercise period), and a 10-min cooldown consisting of limb
range-of-motion movements, sustained stretching, and relaxing
(Figure 2). Detailed records of each person’s performance will be
collected at each intervention, and movements will be adjusted
based on real-time practice so that they are individualized to the
needs of each patient. During the sessions, participants’ heart
rates will be monitored with Polar-team 2 devices (Polar Electro,
Finland) to enable progressive control of intensity. During the
first 12 weeks, participants will be familiarized with the main
components of the movements; subsequently, the focus will
be on formal consistency of the movements, fluency of gait,
posture, and balance. Participants will be guided to perform
the entire range of movements that feels safe to them. After
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Recruitment
Assessment of eligibility
Excluded
Not meeting inclusive criteria
Randomized (1:1)
Wauginxi exercise PD Balance exercise PD Healthy elderly control
T0:(0 weeks) - >
Pre-Intervention Evaluation
Behavioral Task
TUGT Three times a Three times a 4 weeks
HADS week for 90 week for 90 healthy
PDSS minutes minutes education
UPDRS-III
PDQ-39 T1:(24 weeks) : :
MoCA Post-Intervention Evaluation
™S
T2:(36 weeks) .
v Follow-up Evaluation
FIGURE 1 | Study flow. Flow diagram of the study design. HADS, Hospital Anxiety and Depression Scale; MoCA, Montreal Cognitive Assessment; PD, Parkinson
disease; PDQ-39, 39-item Parkinson Disease Questionnaire; PDSS, Parkinson’s Disease Sleep Scale; TMS, transcranial magnetic stimulation; TUGT, timed
up-and-go test; UPDRS, Unified Parkinson’s Disease Rating Scale Part Il

TABLE 1 | Demographic and clinical characteristics of the study participants.

Wu Qin Xi exercise PD (N)

Balance exercise PD (N) Healthy elderly (N)

Age, mean (SD), years
Sex (females), N
Education, years

Living status Alone
With spouse
Family

MoCA

HADS

PDSS

PDQ-39

TUG (s)

Duration of disease, years
Antiparkinsonian medications Levodopa or carbidopa
Pramipexole or ropinirole
Other

UPDRS-III

Hoehn & Yahr stage

HADS, Hospital Anxiety and Depression Scale; MoCA, Montreal Cognitive Assessment; PD, Parkinson disease; PDQ-39, 39-item Parkinson Disease Questionnaire; PDSS, Parkinson’s
Disease Sleep Scale; TUG, timed up-and-go; UPDRS-III, Unified Parkinson’s Disease Rating Scale Part Ill.

each weekly training session, participants will be encouraged to
practice at home. Participants in the Wu Qin Xi exercise group
will be asked to not perform other exercises at home during the
intervention period.

Balance Exercise

PD participants in the balance exercise control group will attend
a supervised balance exercise program of the same frequency,
duration, and session length as the Wu Qin Xi groups. The
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TABLE 2 | Inclusion and exclusion criteria.

Inclusion Exclusion

Aged 55-75 years
Right-handed

Without neurological or
psychiatric disorder

Surgery (e.g., deep brain stimulation)
Family history of parkinsonism
Montreal Cognitive Assessment score <26

Hoehn and Yahr stages I-lI Symptoms of impulse control disorder

Stand unassisted Histories of epilepsy

Walk without an assistive device Participate in other exercise interventions

format will be modeled after the experimental exercise format,
including a 10-min warm-up, a 60-min exercise period with
a 10-min break after the first 30 min, and 10-min cooldown
(limb range-of-motion movements, sustained stretching, and
relaxing). The balance training will consist of: (1) static balancing
on unstable surfaces with the maintenance of postural control
and progression to weight shifting; (2) dynamic balancing with
postural control while standing and performing upper-limb and
trunk movements; (3) balance strategy development with a focus
on the hips while maintaining ankle balance, including stepping
in different directions under interference; (4) and adaptation to
varying bases of support and standing in a narrow space and on
an uneven surface (31, 32).

Control Condition

Healthy control participants will maintain their normal work and
daily routines, with no exercise intervention. They will attend
a 90-min health lecture once a month on exercise and healthy
eating habits for older adults.

Evaluations

Transcranial Magnetic Stimulation Protocol
Electromyographic Recording

Surface electromyograms will be recorded from the right first
dorsal interosseous (FDI) muscle with 9-mm-diameter Ag-AgCl
surface electrodes. The active and reference electrodes will
be placed over the stomach muscle and metacarpophalangeal
joint, respectively. The signal will be amplified (1,000x%),
bandpass filtered (2-2.5kHz; Intronix Technologies Model),
digitized at 5kHz by an analog-digital interface (Micro1401;
Cambridge Electronics Design, Cambridge, UK), and saved for
oft-line analysis.

Transcranial Magnetic Stimulation

TMS will be applied to the bilateral M1 with a figure-of-eight-
shaped coil (7-cm external loop diameter) connected to two
single-pulse monophasic stimulators (Magstim Co., Whitland,
Dyfeld, UK). The M1 hotspot will be defined as the scalp location
inducing the largest peak-peak motor-evoked potential (MEP)
amplitude in the contralateral FDI muscle. The handle of the
test stimulus (TS) coil will be positioned posteriorly, 30°-45° off
the midsagittal line. TS;mv will be defined as the lowest TMS
intensity required to generate MEPs of 1 mV in the relaxed FDI
muscle in at least five of 10 trials. The resting motor threshold was

defined as the lowest TMS intensity required to generate MEPs of
more than 50 pV in at least five out of 10 trials with the target
muscle completely relaxed (33).

Dual-Site Paired-Pulse Transcranial Magnetic Stimulation
To investigate changes in connectivity between the left M1 and
right hemispheric response inhibition after long-term exercise
training, we will apply ppTMS with two high-power Magstim
200 devices and two figure-of-eight coil sites (Figure 3A). Coil
placement will be performed as in a similar hemispheric study
(34) to avoid overlap. The smaller conditioning stimulus (CS)
coil will be placed over the right hemisphere to induce medially
directed current in the brain and will be used to stimulate the
DLPEC, rIFG, and pre-SMA. The TS coil will be applied over
the hand representation of the left hemisphere for induction of
a posterior-anterior (PA) current in the brain. The CS intensity
will be set to 110% of the resting motor threshold (RMT) based
on the finding that a suprathreshold conditioning pulse can elicit
functional interaction between the frontal lobe and M1 (19). The
TS (M1) intensity will be set to evoke a resting MEP with the same
TMS coil.

TMS assessments will be performed before and after the
intervention and at a follow-up appointment 12 weeks after
completion of the 24-week intervention period, with the subjects
sitting relaxed in a chair (elbow, hip, and knee maintained at
90°-100°) in front of a computer monitor placed 75 cm in front
of their eyes. Before the assessment, the subjects will receive
instructions and practice the behavioral task for familiarization.
They will be instructed to respond as quickly and accurately
as possible to the arrow and not to delay their responses in
anticipation of the stop signal. The zero time point will be set at
the onset of the stimulus, and the TS will appear for 50, 100, 150,
200, and 250 ms [10 times per interstimulus interval (ISI) and 10
times for TS-alone trials; Figures 3B,C]. Participants will receive
ppTMS stimulation during each ISI while pressing a button.

Outcomes

Primary Outcomes

Behavioral Task: Response Inhibition Task

The task will consist of randomly interleaved no-go and stop-
signal trials, enabling us to examine both types of inhibition
(32). A total of 480 trials (75% go, 17% stop, and 8% no-
go) will be administered (Figure4). In go trials, subjects will
respond to left- and right-pointing black arrows (displayed for
1,000 ms) by pressing corresponding buttons with the right index
finger. In stop-signal trials, responses will be cued initially by
left- and right-pointing black arrows, followed by a red arrow
with a gray triangle (requiring non-response) after a stop-signal
delay. The duration of the stop-signal delay will be varied from
trial to trial using a step-up/down algorithm, with an initial
duration of 250 ms to maintain 50% successful inhibition. In no-
go trials, subjects will be required to make no response to the red
arrow with the gray triangle (displayed for 1,000 ms) in a setup
equivalent to a 0-ms stop-signal delay.
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as follows: (A,B) tiger, (C,D) deer, (E,F) bear, (G,H) monkey, and (I,J) crane.

FIGURE 2 | Exercise maneuvers. Wu Qin Xi, which translates to “five animals play,” is a commonly practiced traditional Chinese exercise. It involves full-body
movements in which one imitates the movements and expressions of a tiger, a deer, a bear, a monkey, and a crane. Two moves for each animal as shown in this figure

Cortical Connectivity

The ppTMS will be used to assess changes in cortical connectivity
in specific brain regions associated with inhibitory control before
and after the intervention and at the follow-up appointment.

Secondary Outcomes

The subjects mobility, balance, emotional state, motor
symptoms, daily living ability, and sleep quality will be
assessed using the following instruments: Timed up-and-go test
(TUG), Hospital Anxiety and Depression Scale (HADS), Unified
Parkinson’s Disease Rating Scale Part ITI (UPDRS-III), Parkinson
Disease Questionnaire (PDQ-39), and Parkinson Disease Sleep
Scale (PDSS).

1. The TUG is a simple measure of mobility and motor ability
in older adults. The total time, in s, needed for the subject to
get up from a chair and walk 3 m at their usual walking pace,
then turn around and walk back to the chair, and sit down
(with his or her back against the seat) will be measured (35).
The participants will be instructed to perform the test at a safe,
self-selected pace.

2. The HADS is a 14-item clinical and research instrument
widely used to screen patients with chronic illness for
depression and anxiety symptoms in the past week and
recommended for use in people with PD; due to potentially
overlapping somatic symptoms, parkinsonian manifestations
are not assessed with this scale (36, 37). It is composed
of anxiety and depressive symptoms subscales. Clinically
relevant thresholds for subscale and total scores are >8 and
>15, respectively.

3. The UPDRS-III is currently recognized as the standard tool for
the clinical evaluation of PD motor symptoms. Higher scores
indicate greater PD motor sign severity.

4. The 39-item PDQ was used to assess health-related
quality of life (exercise, daily living ability, emotional
state, stigmatization, social support, state of consciousness,
communication, and physical discomfort) in the previous
month in people with PD. Each item is rated on a 5-point
(0-4) ordinal scale, with higher scores indicating worse
quality of life (38).

5. The 15-item PDSS was used to rate the severity of sleep
disturbances in people with PD. Items inquire about daytime
sleepiness, nocturia, and nocturnal sleep quality, restlessness,
and psychiatric and movement symptoms. Patients rate the
frequency or intensity of symptoms on a scale ranging from
0 (poor or frequent) to 10 (good or never), with a total
possible score of 150 and higher scores indicating better sleep
quality (39).

Statistical Analysis

To explore the effects of Wu Qin Xi practice on inhibition of
responses, between- and within-group differences in behavioral
outcomes over time (pre-intervention, post-intervention, and 12-
week follow-up) will be examined using mixed-model ANOVA.
Peak-peak MEP amplitudes from the conditioned (CS and TS)
TMS trials will be expressed as percentages of the mean peak-
peak MEP amplitude from the unconditioned (TS only) test
pulse. Values <100% and >100% will be taken to indicate
inhibition and facilitation, respectively. Values will be reported
as means =+ standard errors of the mean. MEP values will be
interpreted as representations of the influence of the DLPFC,
pre-SMA, and rIFG on M1 under the given condition. Three-
factor mixed-design repeated-measures ANOVA (three groups
x three times x five ISIs) will be used to analyze the effect
of Wu Qin Xi practice on the inhibitory control of brain
network connections in people with PD. The MEP values will
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FIGURE 3 | Placement of transcranial magnetic stimulation (TMS) coil sites and flow configuration of the study. (A) TMS setup. There was a 10-ms interval between
the conditioning stimulus (CS) and test stimulus (TS). The stimulus signals of TS or TS + CS were applied at the time points of 50, 100, 150, 200, and 250 ms. (B)

(Continued)
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FIGURE 3 | Stimulation sites (blue dots). Red and black arrows indicate CS and TS current directions, respectively. The CS coil (small figure-of-70 mm-coil) will be
placed over the right hemisphere to induce medially (M) directed current in the brain (red arrow). The three blue dots represent the areas to be stimulated with the CS
coil, namely, the dorsolateral prefrontal cortex (DLPFC) (1), right inferior frontal gyrus (rIFG) (2), and pre-supplementary motor area (pre-SMA) (3). The TS (regular
figure-of-7 coil) will induce current in the posterior-to-anterior direction (blue arrow) and will be applied over the hand representation in the left hemisphere. (C)
Schematic of go and stop trials with paired-pulse transcranial magnetic stimulation (ppTMS). The subjects will sit in front of the computer, with their right hand
connected to the electromyogram (EMG), and perform keystroke response tasks. The coils will be placed in the target brain regions of each hemisphere for TMS
stimulation. Motor-evoked potential (MEP) amplitudes will be displayed on the screen in real time.
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1

FIGURE 4 | Stop behavioral task. The task will consist of randomly interleaved no-go and stop-signal trials, enabling us to examine both types of inhibition. Each

session will include a total of 480 trials (75% go, 17% stop, and 8% no-go).

serve as the dependent variable, while time, group, and ISI
will be treated as independent variables. Repeated-measures
ANOVAs will be used to determine the effects of Wu Qin
Xi practice on the secondary outcomes, with group and time
as factors.

DISCUSSION

Exercise experience has been shown to improve inhibitory
control (22), and aerobic exercise training has been found
to promote processes related to inhibitory control selectively
(40). However, primarily short-term, high-intensity exercise
interventions have been reported to improve inhibition
defects in people with PD (41). Studies showing that
response inhibition overall is defective in people with PD
have not examined the two distinct modes of reactive
and proactive inhibition. Examination of the effects of
long-term  Wu Qin Xi practice on different inhibitory
control modes in people with PD will improve our

understanding of inhibitory disorders in this population
and support the development of diversified rehabilitation
training programs.

Long-term specialized exercise generates exercise experience-
related changes in neural mechanisms (21-23) and enhances
brain connectivity (42). Exercise can improve dopamine
neurotransmission and increase local cerebral blood flow
through the regulation of neuroplasticity in the cortical striatum
(43, 44). Such changes may lead to enhancement of basal ganglia
and cortical-thalamic neural circuits, which may, ultimately,
lead to improvements in motor, non-motor, and cognitive
behaviors in people with PD (45). Because dopamine loss
in the frontal striatum is associated with cognitive deficits,
the frontal region is considered an important reflex area for
response inhibition control (46, 47). Thus, we will use ppTMS
to detect changes in cortical connectivity after the Wu Qin Xi
exercise intervention relative to baseline. We will explore the
effects of long-term Wu Qin Xi exercise on functional changes
coincident with cortico-cortical interaction connectivity changes
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with behavioral assessments of dyskinesia and executive ability
for response inhibition control. To further clarify the effects
of the long-term Wu Qin Xi intervention, the relationship
between the two modes of response inhibition will be explored
in relation to changes in prefrontal network connectivity.
This neurological evidence will improve our understanding
of the physiological basis of impulse control disorder in
people with PD. If the present results provide evidence of
beneficial effects of Wu Qin Xi on response inhibition ability
in people with PD, then this study will provide neurological
evidence favoring the use of a supplemental exercise-based
clinical therapy.

This study will have several limitations. First, because we are
recruiting only subjects with mild-moderate PD, our findings
will not be generalizable to patients with advanced PD. Second,
we did not plan to match subtypes of the disease, and the cohort
may include patients with and without SWEDD (scans without
evidence of a dopaminergic deficit). Studies have suggested
that the inhibitory ability associated with abnormal activity in
cerebello-thalamo-cortical circuits during movement in SWEDD
cases may differ from those of patients with imaging evidence of
a dopaminergic deficit. In future studies, we intend to consider
patients with different PD subtypes comprehensively and to
conduct experiments designed to delineate neural mechanisms
(48). Finally, because the intervention will be apparent to the
participants, the single-blind design may expose the study to risks
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