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Objective: Motor symptom in patients with Parkinson’s disease (PD) are related to reduced motor inhibitory ability (proactive and reactive inhibition). Although exercise has been shown to improve this ability, its effects on different levels of motor inhibition have not been determined.

Materials and methods: Sixty patients with PD aged 55–75 years were allocated randomly to 24-week exercise interventions [Wu Qin Xi exercise (WQX) and stretching exercise (SE)]. The stop signal task and questionnaires were administered pre and post interventions. Twenty-five age-matched healthy controls were recruited to obtain reference values for inhibition.

Results: Compared to healthy controls, patients with PD showed motor inhibition deficits in reactive inhibition, but not in proactive inhibition. Post-intervention, the WQX group showed significant improvement in reactive inhibition compared to the SE group. In both the WQX and SE groups, movement speed was improved post-intervention, accompanied by reduction in negative emotions, stable improvement of sleep quality, and high self-reported satisfaction levels.

Conclusion: This study demonstrated that Wu Qin Xi exercise can improve the reactive inhibition of patients with PD. Our results provide theoretical support for the formulation of reasonable and effective exercise prescriptions for PD rehabilitation.

Clinical trial registration: [http://www.chictr.org.cn], identifier [ChiCTR2000038517].
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Introduction

Patients with Parkinson’s disease (PD) have motor inhibition defects that are closely related to motor symptoms (Gauggel et al., 2004; Bokura et al., 2005; Antonelli et al., 2010; Wylie et al., 2010; Obeso et al., 2011; Bloemendaal et al., 2018; Pan et al., 2018). When facing uncertainty, reactive inhibition deficits in patients with PD result in patients tending to react prematurely or incorrectly to upcoming events, or shown more weaker proactive inhibition, being unable to adapt their motor strategy according to the context (Aron, 2011; Albares et al., 2015; Mirabella, 2021). These inhibition defects affect patients’ daily lives and quality of life (Dirnberger and Jahanshahi, 2013).

Dopaminergic medications, the mainstream PD treatment, do not alleviate motor inhibition defects (Robinson et al., 2013; Jana et al., 2020). Exercise has been used as an adjunct therapy to maintain motor function (Goodwin et al., 2008; Dibble et al., 2009; Duchesne et al., 2015), and has been shown to improve inhibitory control (Chang et al., 2012; Drollette et al., 2014). It has been suggested that the dopamine (DA) enhancing effect of exercise can partially compensate for dopaminergic deficit (Levin and Netz, 2015), related to the direct regulation of dopamine by exercise (Xiao-Xi, 2012). Studies have shown that exercise can delay the decline of executive function, likely related to improved inhibitory control (Voelcker-Rehage et al., 2011; Drollette et al., 2014).

Most exercise intervention studies conducted to improve cognitive inhibition have involved the short-term use of high-intensity exercises, such as high-intensity interval training and treadmill use (Stuckenschneider et al., 2019). Although these interventions may be effective, the training is intense, with high cardiopulmonary function and physical fitness requirements, and thus is not suitable as a long-term rehabilitation strategy in many PD patients with motor deficits. Physical and mental exercise can improve body and mind regulation in patients with PD (Kwok et al., 2019). The psychological state is related to inhibitory control; for example, such control can be enhanced by improvement in negative emotions (Pessoa, 2009). Wu Qin Xi (WQX), a traditional Chinese sport that integrates breathing and physical and mental regulation, which has low to medium intensity aerobic activities involving imitation of the movements and breathing of five animals (tiger, deer, bear, ape, and bird) (Guo et al., 2018). It has been shown to be an effective intervention to improve the physical and mental health in elderly adults (Zou et al., 2018). This exercise not only improves the dexterity of patients with mild to moderate PD (Wang et al., 2020), but also has been shown to reduce the risk of falls by improving balance and gait (Zhang et al., 2014). However, no conclusion has been reached regarding the effect of WQX on motor inhibition. In addition, a recent systematic review of the long-term effects of exercise revealed that most stretching training has clinically significant benefits for mobility, gait, and balance among patients with PD for the duration of its implementation (Ye et al., 2014), and stretching can reduce the shortening of flexor muscles that contributes to the abnormally flexed posture in PD patients (Corcos et al., 2013). Therefore, we also included stretch exercise (SE) in our intervention.

Two most widely used paradigms for the evaluation of motor inhibition control are the go/no-go (GNG) task (Donders, 1969) and the stop-signal task (SST) (Logan et al., 1984). GNG tasks measure the ability to suppress a potential action (action restraint), while SST measures the ability to inhibit an initiated action (action cancelation) (Mirabella, 2021). Reactive inhibition is quantified by measuring the stop-signal reaction time (SSRT), or the time it takes to inhibit an action after a stop signal is presented, and proactive inhibition is measured by determining the response delay effect. In this study, we used a modified SST (Ye et al., 2014) to examine changes in the reactive and proactive inhibition of patients with PD induced by exercise interventions.

The purpose of this study was to examine the effects of long-term low-moderate-intensity aerobic exercise (24 weeks of WQX) on motor inhibition in patients with PD, to provide insight into motor inhibition rehabilitation strategies for this patient group. We hypothesized that the WQX intervention would improve reactive and proactive inhibition in PD.



Materials and methods


Procedure

For this prospective, single-blind, randomized controlled trial, eligible participants with PD were randomized to WQX and SE groups at a 1:1 ratio. All participants attended 24-week group-based exercise interventions at the sports laboratory of the Shanghai University of Sport (Shanghai, China). Evaluations were conducted at baseline and immediately after the intervention. All procedures were performed according to the Declaration of Helsinki and approved by the Shanghai University of Sport Ethics Committee (102772020RT107). This study has been registered in the Chinese Clinical Trial Registry (ChiCTR2000038517). All participants provided written informed consent prior to study inclusion. The study flow is illustrated in Figure 1.
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FIGURE 1
Study flow. Flow diagram of the study design.




Participants

Sixty-six patients with idiopathic Parkinson’s disease were recruited through the neurology clinic of Punan Hospital, Pudong New Area, Shanghai, China, during a period of 3 months. All the patients fulfill the Movement Disorders Society Clinical Diagnostic Criteria for Parkinson’s Disease (Postuma et al., 2015). All eligible participants were right-handed (as determined by the Edinburgh Handedness Inventory) and had normal or corrected-to-normal vision. With normal cognitive function [screening for The Montreal Cognitive Assessment (MoCA)], and Hoehn & Yahr stages I–II. Additionally, those who had symptoms of impulse control disorders and were unable to stand and walk without assistive devices were excluded. The International Physical Activity Questionnaire (IPAQ) was used to collect data on their weekly physical activity. The patients in the study continued to receive medication treatment during the exercise intervention, and there were no de novo patients. Information on medication dosages, duration of disease, age, and behavioral symptoms were collected to ensure the information match between the two groups of PD. To explore differences in the motor inhibition of PD to age-matched healthy controls, we recruited healthy control subjects in the Yinhang community. Finally, 25 elderly people with normal or corrected right hand vision, without regular exercise and no history of neurological disease were included in study.



Interventions


Wu Qin Xi exercise

Participants in the WQX group attended a 24-week WQX exercise course with three 90-min sessions held per week. Each session consisted of 10 min warm-up followed by 60 min WQX exercise (including 10 min rest at 30 min) and 10 min cool down consisting of limb range-of-motion movements, sustained stretching, and relaxing. WQX exercise consists of full-body movements that imitate the movements and expression of a tiger, a deer, a bear, a monkey, and a bird (Figure 2A). During the intervention, participants’ performance details and heart rate (Polar-team 2 devices, Polar Electro, Finland) were recorded, in order to make real-time adjustments during the intervention based on individual condition. In the first 12 weeks, the participants were familiarized with the main components of the movements; subsequently, the practice was focused on the formal consistency of the movements and fluency of gait, posture, and balance. The participants were guided to perform the entire range of movements that felt safe to them and encouraged to practice WQX at home.
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FIGURE 2
Exercise maneuvers. (A) Wu Qin Xi, a commonly practiced traditional Chinese exercise, involves full-body movements in which one imitates (with two movements each) the movements and expressions of a tiger (1, 2), a deer (3, 4), a bear (5, 6), a monkey (7, 8), and a crane (9, 10). (B) The stretching intervention consisted of: (1) seated stretching up and down, (2) upper-limb stretching, (3) arm stretching, (4) torso stretching, (5) lower-limb stretching, (7) front thigh stretching, and (8) shoulder stretching.




Stretching exercise

The SE intervention comprised supervised sessions of the same frequency, duration, and length as for the WQX intervention. It was based on an experimental exercise format and consisted of 10 min warm-up, 60 min exercise with a 10-min break at 30 min, and 10 min cooldown. The participants performed eight actions: seated (a) stretching up and down, (b) upper-limb stretching, (c) forearm extension, (d) torso stretching, and (e) lower-limb stretching and standing (f) calf stretching, (g) anterior thigh stretching, and (h) shoulder stretching (Figure 2B).




Evaluations

All the evaluation procedure was all done in the ON state which consisted of the demographic information, questionnaires and motor inhibition tasks, totally took about 1.5–2 h per participant. Patients were assessed on mood [Hospital Anxiety and Depression Scale (HADS)], sleep [Parkinson’s Disease Sleep Scale (PDSS)], quality of life [39-item Parkinson’s Disease Questionnaire (PDQ-39)], exercise capacity [Timed Up-and-Go Test (TUGT)] and inhibition capacity (motor inhibition tasks) before and after the intervention. After the end of the questionnaires, the motor inhibition tasks were evaluated, and the order of MST and NST was counterbalanced between the subjects.

The maybe stop task (MST) was administered as a pseudorandom combination of 75% go trials, 17% stop trials, and 8% no-go trials (total, 480 trials in four blocks; Figure 3A). In go trials, subjects responded to left- and right-pointing black arrows (displayed for 1000 ms) by pressing corresponding buttons with the right index finger. In stop trials, responses were 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 (SSD). The SSD (initial duration, 250 ms) was varied among trials to adjust the task difficulty using a stepwise algorithm; it was increased by 50 ms following successful non-response and decreased by 50 ms following failed non-response (Benis et al., 2014) to maintain ∼50% successful inhibition. To prevent participants from deliberately slowing their reaction times to increase the probability of correct stopping, a commonly strategy to make the stop trials easier, participants were told before the task began that the error on stop attempts had a nearly 50%, regardless of whether they delayed their response. In no-go trials, subjects were required to make no response to a red arrow with a gray triangle (displayed for 1000 ms), in a setup equivalent to a 0-ms SSD. No-go inhibition requires action selection and restraint mechanisms for the prevention of a prepotent response, whereas SSTs invoke the cancelation of an initiated response and require inhibition of motor actions. The never stop task (NST), a reaction time task including only go trials, was administered in three blocks (total, 360 trials; Figure 3B) to measure participants’ general alertness and motor speed when pressing buttons with the knowledge that no stop signal would be presented. The participants were asked to respond as quickly as possible to the stimuli presented.
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FIGURE 3
Illustration of the motor inhibition tasks. Subjects sat in a relaxed position (with the elbows, hips, and knees flexed at 90–100°) in front of a computer with a monitor in their line of sight at a distance of 75 cm. Before the test, the subjects were instructed about the experiment and completed a practice test to become familiar with the experimental task. Then, they entered the formal experiment stage and randomly completed two experimental tasks. (A) Never stop task (360 go-only trials). (B) Maybe stop task (pseudorandom mix of 75% go trials, 17% stop trials, and 8% no-go trials). The gray triangle served as the visual stop signal.




Statistical analysis

Go reaction times (RTs), SSRTs, go errors (pressing of the wrong button or missing the button), and no-go errors (pressing of a button) were taken as behavioral parameters. Trials with RTs shorter or longer than the mean ± 3 standard deviations (SDs) were considered outliers and were excluded from the analysis. Before the analysis, Shapiro–Wilk test was performed on the data distribution, all data were distributed normally.

First, analysis of variance (ANOVA) was performed to examine the baseline characteristics of the three groups. Then, ANOVA was also applied to assess differences in behavioral parameters among the three groups. The Maybe Stop and Never Stop tasks were used to differentiate between the PD groups and the healthy controls pre- and post- intervention, to determine whether there were defects in motor inhibition in PD. To examine the effects of the interventions on different types of motor inhibition, two-way repeated-measures ANOVAs were performed with the group (WQX vs. SE) serving as the between-subject variable and timepoint (baseline vs. post-intervention) serving as the within-subject variable to examine the behavioral parameters (SSRTs, RTs, context effects). The same analysis was used to compare the effects of interventions on questionnaire (e.g., PDSS, PDQ-39, TUGT, and HADS) results between the PD groups. Bonferroni correction was applied for all multiple comparisons.

To further verify the effect of the interventions on reactive inhibition, Pearson analyses were performed to assess the correlation between SSRTs and physical activity levels and UPDRS-III scores. All data were expressed as means ± SDs.




Results


Participant characteristics

In total, 51 PD completed the intervention. Three participants in the WQX group were excluded because they did not meet the NST accuracy performance standard of 80%. Three participants in the SE group who failed to complete all tests for health reasons were also excluded. Thus, data from 70 participants (23 in the WQX group, 22 in the SE group, and 25 healthy controls) were included in the final analysis. The demographic and clinical characteristics of participants did not differ among groups, and the results are summarized in Table 1.


TABLE 1    Demographic and clinical features of the participants.
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Reactive inhibition

We first reviewed the data to explore whether the stepwise algorithm used for SSD adjustment was applicable in all study groups. The stop success probability did not differ among the three groups [F(2,67) = 2.529, p = 0.087, partial η2 = 0.070], indicating equivalent effectiveness of this algorithm.

ANOVA showed that motor inhibition defects affected only the reactive inhibition in patients with PD [F(2,67) = 6.608, p = 0.002, partial η2 = 0.165]. Bonferroni correction for multiple comparison indicated that SSRTs were significantly shorter in the healthy control group than in the WQX groups (p = 0.003) and SE groups (p = 0.038) (Figure 4A). The interventions conferred a significant main effect of time [F(1,43) = 8.564, p = 0.005, partial η2 = 0.168], with shorter SSRT after the intervention than at baseline. However, the there was no main effect of PD groups on SSRT, but the interaction between the group and timepoint was significant [F(1,43) = 6.976, p = 0.011, partial η2 = 0.140]. The SSRT became faster in WQX group after the intervention (297.04 ± 10.83 ms) than at baseline (328.50 ± 12.24 ms, p < 0.001; Figure 4A), indicating significant improvement of reactive inhibition; no such change was observed in the SE group. Compared with before intervention (p = 0.003), ANOVA with post hoc analysis revealed no significant difference in SSRTs between the WQX group and healthy controls after the intervention (p = 0.546), confirming that WQX effectively improved the reactive inhibition in patients with PD, to a similar level to that of healthy controls.
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FIGURE 4
Differences in reactive and proactive motor inhibition between the healthy control and PD groups pre- and post- intervention. (A) Reactive inhibition. Box plot of stop-signal reaction times. (B) Proactive inhibition. Average context effect values. In the box plots, thick black lines represent medians, box boundaries represent lower and upper quartiles, box centers are means, and whiskers represent values 1.5 times the interquartile range. *p < 0.05, **p < 0.01.




Proactive inhibition

Proactive inhibition, described as motor restraint in response to contextual cues indicating increased stop-signal probability, was assessed by comparing the RTs from no-stop MST and go-only NST trials to assess the effect of context. In contrast to reactive inhibition, proactive inhibition did not differ between the PD and control groups before [F(2,67) = 0.171, p = 0.843, partial η2 = 0.005] or after [F(2,67) = 0.347, p = 0.708, partial η2 = 0.010] the interventions (Figure 4B). ANOVA revealed no main effect of the interventions on MST or NST RTs and no significant interaction, reflecting no significant change in the context effect (Figure 4B). Thus, patients with PD showed no obvious proactive inhibition deficit, and there was no change after 24 weeks of exercise.



Questionnaire results

Pre- and post-intervention questionnaire scores are shown in Table 2. After the interventions, the PDQ-39 [F(1,43) = 4.273, p = 0.045, partial η2 = 0.090], HADS [F(1,43) = 6.231, p = 0.016, partial η2 = 0.127], PDSS [F(1,43) = 7.729, p = 0.008, partial η2 = 0.152], UPDRS-III [F(1,43) = 38.672, p < 0.001, partial η2 = 0.474], and TUGT [F(1,43) = 4.452, p = 0.041, partial η2 = 0.094] showed significantly main effect of timepoint. However, no significant main effect of group or interaction between time and group was observed. The IPAQ score showed main effects of the timepoint [F(1,43) = 11.744, p = 0.001, partial η2 = 0.215] and group [F(1,43) = 6.251, p = 0.016, partial η2 = 0.127], and a significant interaction effect between the group and timepoint [F(1,43) = 15.330, p < 0.001, partial η2 = 0.263]. The WQX group was more active, on average, after the intervention than at baseline (3820.09 ± 1892.09 vs. 2227.76 ± 1118.25 MET, p < 0.001).


TABLE 2    Pre- and post-intervention questionnaire scores of patients with PD.
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Correlation between stop-signal reaction times with physical activity levels

To examine the relationship between physical activity levels and reactive inhibition, the pre- and post-intervention SSRTs and physical activity with PD were analyzed. Pearson correlation analysis showed that SSRT and physical activity levels did not correlate pre-intervention (r = −0.151, p = 0.322; Figure 5A) but higher physical activity levels correlated with shorter SSRTs in post-intervention test in PD patients (r = CPS_H 0.402, p = 0.006; Figure 5B).
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FIGURE 5
Correlations between physical activity levels and motor performance with SSRTs pre and post intervention. (A) Correlation between SSRTs with physical activity pre-intervention (p = 0.322); (B) Correlation between SSRTs with physical activity post-intervention (p = 0.006); (C) Correlation between SSRTs with UPDRS-III scores pre-intervention (p = 0.099); (D) Correlation between SSRTs with UPDRS-III scores post-intervention (p = 0.016). SSRT, Stop signal reaction time.




Correlation between stop-signal reaction times with UPDRS-III scores

After 24 weeks of exercise, UPDRS-III scores showed significant reduction of the motor signs in PD patients. We analyzed the correlation between this score and reactive inhibition (SSRTs) before and after the interventions. Pearson analysis revealed no correlation pre-intervention (r = 0.249, p = 0.099; Figure 5C) but a positive correlation appeared in post-intervention between motor symptoms and SSRTs of patients with PD (r = 0.358, p = 0.016; Figure 5D).




Discussion

We found that patients with PD had reactive, but not proactive, inhibition defects compared to healthy controls. The 24-week WQX intervention significantly improved the patients’ reactive inhibition relative to the SE intervention. Both interventions significantly improved patients’ movement speed, accompanied by improvement in negative emotions, improvement in sleep quality, and higher self-reported satisfaction levels.


Parkinson’s disease inhibition deficits are reflected mainly in reactive inhibition control

As a bottom-up detection-driven control mechanism, reactive inhibition involves the flexible use of previous cues to resolve a present conflict (Braver et al., 2009). Our analysis of SSRTs revealed deficiencies in reactive inhibition in PD patients, which is consistent with previous studies (Obeso et al., 2013; di Caprio et al., 2020). This suggest that PD patients are slower to activate and apply the current cue information when using reaction control to resolve conflicts. The decreased inhibitory function in PD may be caused by functional changes in the frontal lobe-basal ganglia (BG) circuit caused by degeneration of dopaminergic neurons, resulting in changes in brain activity patterns, including in the prefrontal cortex (PFC) (MacDonald et al., 2000; Miller and Cohen, 2001), and changes in the functional connectivity of brain networks (Blandini et al., 2000; Fjell et al., 2017; Stuckenschneider et al., 2019). The PFC is the main cortical region activated for response inhibition during SSTs (Band and van Boxtel, 1999; Gauggel et al., 2004), and changes in its activity patterns combined with BG dysfunction (Bares et al., 2003; Farid et al., 2009) may be the basis of inhibition difficulties in patients with PD. PD patients may have difficulty sending stop signals to intercept BG output and the motor system generally when facing new situations, resulting in inhibition defects (Aron, 2011). In addition, this deficit in reactive inhibition is related to dopamine deficiency in PD. The midbrain dopamine system is responsible for gating signals to the PFC, actively maintaining task-related information (Braver and Cohen, 2000; O’Reilly et al., 2002). The gating mechanism maintains the input to PFC by means of the phasic burst of dopaminergic neuronal activities. With reduced dopaminergic input, the activation of PFC will decrease in the absence of external stimuli. Therefore, impaired reactivity control in PD may be due to reduced phase burst of DA, leading to decreased PFC activation caused by the cue, and thus interference with the continuous characterization of cue information (Xu et al., 2013).

Related to top-down cue-driven information processing, proactive inhibition is the ability to select attentional task-related cues and to actively maintain them at a subsequent time (Braver et al., 2009). Our finding of no obvious proactive inhibition deficit in patients with PD is consistent with the report of di Caprio et al. (2020). Proactive inhibition may be impaired on other clinical populations. For example, subjects with autism spectrum disorder (Mancini et al., 2018) have deficits in proactive inhibition. Moreover, proactive inhibition deficits are common in individuals with psychiatric disorders (Aron, 2011; Obeso et al., 2013), such as schizophrenia (Zandbelt et al., 2011) and bipolar disorder (Robinson et al., 2013). Although patients with PD may have anxiety and depression, these issues are more common in advanced PD (Chaudhuri and Schapira, 2009), while the participants in this study had mild to moderate PD. Additionally, changes in proactive inhibition result from the combination of cognitive processing and motor ability. Whereas the NST has one goal (going), the MST has two goals (going and stopping) (Logan et al., 1984), which increases the cognitive demands to monitor and judge different responses, thereby prolonging RTs (Verbruggen and Logan, 2009). Baseline cognitive screening revealed no cognitive impairment in our study participants. This may explain the similar levels of proactive inhibition between PD and healthy control in this study.



24 weeks Wu Qin Xi exercise can improve the reactive inhibition of patients with Parkinson’s disease

After the 24-week exercise interventions, SSRTs (reflecting reactive inhibition) were significantly shorter in the WQX group than in the SE group, with no difference for proactive inhibition. As an important part of executive control, inhibitory control is very malleable (Xu et al., 2013), which is improved significantly through training (Brevers et al., 2018). A fMRI observed changes in PFC activities related to improvements in executive function from exercise (Davis et al., 2011). Moreover, the activation of the lateral PFC (Wykes et al., 2002) can be altered by training to improve inhibition deficiencies in individuals’ schizophrenia (Edwards et al., 2010). For high-level athletes and elderly adults, systematic (long-term, repetitive) training results in improvements in inhibitory control, decision-making processes, and cue prediction when facing new situations (Brevers et al., 2018). Imaging studies have shown that training can lead to structural and morphological changes in the brain (Maguire et al., 2006; Rabipour and Raz, 2012), which including the increases in gray matter volume and the changes in white matter configuration (Wiesner et al., 2008; Scholz et al., 2009). Thus, the adult brain is plastic, even in advanced age (Xu et al., 2013). We speculate that the change in reactive inhibition in the WQX, but not SE, reflects the more comprehensive nature of WQX; whereas the SE intervention may have addressed muscle stiffness, the WQX intervention improved participants’ physical agility, flexibility, and balance. As a traditional Chinese integrated Qigong practice with physical and psychological components, WQX may have greater impact on the functional connectivity and plasticity of brain motor areas than practices such as stretching in elderly adults.

Exercise can improve motor symptoms in PD patients (Yang et al., 2014; Duchesne et al., 2015; Hampshire, 2015; Schenkman et al., 2018; Silva-Batista et al., 2018; Kwok et al., 2019; Leal et al., 2019). Training improves dopamine neurotransmission though increased dopamine release, as well as an increase in the density of postsynaptic dopamine D2 receptors in the basal ganglia (Fisher et al., 2008; Beeler et al., 2010), which may partially compensate for the loss of dopamine neurons in PD (Lees et al., 2009; Mazzoni et al., 2012; Ferrazzoli et al., 2018). Evidence showed that deficits in movement initiation in PD are related to executive and inhibitory deficits, which can be enhanced though exercise training (Albares et al., 2015). Dopamine plays a major role in the regulation of inhibitory control (Ghahremani et al., 2012). Exercise training not only enhances motor gain, but also increases dopamine release in the motor basal ganglia, which can improve inhibition in patients with PD (Smith et al., 2010; Drollette et al., 2014; Caciula et al., 2016; Fiorelli et al., 2019). These findings are also in line with our hypothesis that 24 weeks of exercise would increase the SSRTs of patients with PD, in view of WQX involves more interesting and dynamic movements, which increased patients’ interest in learning and the frequency of practice compared to stretching alone. We also found that patients in both PD groups had increased physical activity after the interventions. Participants in the WQX group exercised significantly more frequently (three times a week), and their motor symptoms decreased more than SE group. Moreover, SSRTs correlated positively with UPDRS-III scores and negatively with physical activity, which sheds light into the potential of improving the reactive inhibition in PD by exercise intervention.

In addition, we observed significant differences in PDQ-39, HADS, PDSS, and TUGT scores in the PD groups before and after the exercise interventions. Relative to baseline, patients’ positive emotion levels, motor ability, and symptom expression levels were improved after the interventions. Exercise as an adjunct therapy improves physical and mental health, enhances social skills, and promotes positive emotions. In turn, positive emotions can temporarily improve dopamine release, enhance the flexibility of working memory representation, and improve reactive control (van Wouwe et al., 2011).




Limitation

The results from imaging studies have shown that the right IFG, DLPFC, and pre-SMA regions play important roles in reaction inhibition (Mirabella, 2014). Exercise intervention can exert a powerful influence on brain neural plasticity in PD which significantly increase cortical motor excitability and enhance serum levels of brain-derived neurotrophic factor (BDNF), in case protects against a loss of dopamine transporter binding (Mak et al., 2017). While 24-week WQX exercise can significantly improve the reactive inhibition of PD, which we concluded is fundamentally the behavioral result of optimization caused by the changes of brain plasticity, but we did not further confirm this by fMRI. In future studies, we will combine imaging and electrophysiological techniques to further explore the brain neural mechanisms regulating the changes of PD response inhibition under the effect of exercise intervention.



Conclusion

Our study demonstrated that WQX exercise can improve the reactive inhibition in PD patients. Our results provide theoretical support for the formulation of evidence-based exercise prescriptions for PD rehabilitation.
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