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Abstract: Rehabilitation is a high-potential approach to improving physical and cognitive functions in
Parkinson’s disease (PD). Dual-task training innovatively combines motor and cognitive rehabilitation
in a comprehensive module. Patients perform motor and cognitive tasks at the same time in dual-task
training. The previous studies of dual-task training in PD had high heterogeneity and achieved
controversial results. In the current review, we aim to summarize the current evidence of the effect of
dual-task training on motor and cognitive functions in PD patients to support the clinical practice
of dual-task training. In addition, we also discuss the current opinions regarding the mechanism
underlying the interaction between motor and cognitive training. In conclusion, dual-task training
is suitable for PD patients with varied disease duration to improve their motor function. Dual-task
training can improve motor symptoms, single-task gait speed, single-task steep length, balance, and
objective experience of freezing of gait in PD. The improvement in cognitive function after dual-task
training is mild.
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1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disease characterized by cardinal
motor dysfunction (bradykinesia, resting tremor, rigidity, and postural instability) and
non-motor symptoms such as cognitive impairments. Patients with PD have difficulty
in daily activities and the difficulty increases with the disease progression. Although
anti-Parkinson drugs can relieve motor symptoms, patients with PD suffer from gait and
balance dysfunction in their daily lives during the disease’s course [1]. No disease-modified
treatment is available. In addition to the above-mentioned motor symptoms, there are
specific motor dysfunctions that add to the burden of disease on patients. Freezing of
gait (FoG), defined as sudden and usually brief episodes of inability to produce effective
stepping, is a commonly reported motor dysfunction in PD. FoG is related to a higher risk
of falls and significantly decreased patients” quality of life. As FoG shows a poor response
to pharmacotherapy, other treatments such as rehabilitation have been proposed [2,3].

The prevalence of cognitive impairment is also high and increases with disease pro-
gression in patients with PD. At diagnosis, from 10% to 38% of de novo PD patients have
mild cognitive impairment. After 5 years, around 14% to 28% of PD patients reached
the point of dementia. Unfortunately, only symptomatic treatment is currently available

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.

for cognitive impairment and no treatment can modify the progression of cognitive de-
cline. Preventing cognitive decline before the incidence of dementia has received increased
attention in recent years [4].

A motor-cognitive task involves performing two independent tasks at the same time,
for example, answering arithmetic questions while walking. The conduction of motor-
cognitive tasks requires the involvement of both the motor and the cognitive systems. In
patients with PD, the performance of the motor-cognitive task is decreased compared to
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age-, sex-, and education-matched healthy controls [5]. The dual-task cost is the deficit in
task performance in the dual-task condition compared to that in the single-task condition.
The dual-task cost is higher in patients with FoG compared to that in patients without
FoG [6].

Rehabilitation is a potential way to improve physical and cognitive function in patients
with PD [7]. Motor-cognitive dual-task training is a comprehensive rehabilitation method
combining motor training and cognitive training [8]. The interaction between motor and
cognitive tasks may have an extra benefit compared to single-task training [9]. A large
number of studies researched the effect of dual-task training on improving gait, balance,
motor symptoms, and cognition in patients with PD [10-12]. Several meta-analyses were
conducted in the past few years but achieved controversial results [13-15]. In the current
review, we summarize the current evidence of the physical and cognitive effect of dual-task
training on patients with PD.

We searched the following online databases: the Cochrane Database of Systematic
Reviews, MEDLINE, Scopus, EMBASE, and PROSPERO. The research was performed in
September 2022. We used the following keywords and searched for them in the title and
abstract: (dual task or dual-task or motor cognitive or motor-cognitive or cognitive-motor),
and (Parkinson or Parkinson’s disease). We also searched through the references of related
articles to capture other studies that met the eligibility criteria. The PICO strategy was used
to conduct the study selection. The eligibility criteria were: (1) included subjects were PD
patients; (2) the intervention was dual-task training, and the control was other training or
single-task training or no intervention; (3) outcomes were cognitive or physical functions
and performances. The exclusion criteria were: (1) articles not written in English; (2) the
full article was not available.

2. Construction of Motor-Cognitive Dual-Task Training

The basic method to construct motor-cognitive dual-task training is to add a cognitive
task to a motor task [8]. The cognitive task can be simple (arithmetic problems) or complex
(combining verbal fluency tasks and reciting switching and working memory tasks). The
level of difficulty of motor tasks also varied from gait training to a highly intensive HiBal-
ance program [16]. The difficulty of the training can be unstable and increase with time as
the participants adapt to a lower level of difficulty and reach a previously settled aim. In
addition, the use of electronic devices adds numerous advantages to training. The motor
task and cognitive task can be combined through video-based or virtual-reality-based
exergames, adding fun and convenience to the training [17]. Portable exercise instruments,
such as stationary bikes and sensors, move the scenario of rehabilitation from the hospital
or rehabilitation center to home.

3. Effects of Dual-Task Training on Cognitive and Physical Function
3.1. Motor Symptom

Previous studies found that motor symptoms were improved after dual-task train-
ing [18-20]. Twenty patients were randomized into a 24-session single-modal training
group (performing gait and cognitive training sequentially) or a dual-task training group
(performing gait and cognitive training simultaneously). Both groups had a significantly
decreased Movement Disorder Society-Unified Parkinson’s disease Rating Scale motor sub-
scale score (a higher score indicating a more severe symptom) after 8 weeks of training. The
dual-task training group had a larger decrease in scale score compared to the single-modal
training group (15% vs. 8%). The improvement in motor symptoms could be preserved
for at least 4 weeks [18]. Another study found that the shorter session of cognitive-cycling
training (16 sessions) also showed benefits [20]. The Hoehn—Yahr stage of the included
patients ranged from two to three, indicating that the dual-task training was suitable for
mild to moderate PD [18-20]. Some studies assessed motor function outcomes using other
scales. Previous studies found that performances of the Timed Up-and-Go Test and the
6-Minute Walk Test were improved after dual-task training [21].
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3.2. Single Task Gait

Studies showed that some gait parameters in the single-task condition improved after
dual-task training [16,22,23]. After 30 sessions of the HiBalance program, the training group
had a significant improvement in speed and step length compared to the no-intervention
group [16]. One study included seventeen patients and found that achieved walking
distance increased after four weeks of training. The gait variability in the step length in the
single-task condition decreased but did not reach statistical significance [23]. The cadence
of the dual-task training group was not improved compared to that of the no-intervention
group [16,24].

3.3. Dual-Task Gait

In daily life situations, the motor task is always accompanied by cognitive tasks,
for instance, walking while reading signs. Dual-task walking can simulate the complex
walking scenario in reality. Previous findings of the dual-task performance after dual-task
training were controversial [16,18]. A RCT with one hundred participants found that the
gait speed and step length in the dual-task condition was not improved [16]. However,
another study included twenty patients and found increasing velocity and step length in
dual-task conditions after training. The improvement in the step width and arm swing
varied in different cognitive tasks [18]. The different cognitive tasks may contribute to
inconsistent results.

3.4. Balance and Fall

Dual-task training can lead to an improvement in balance [10,11,16]. Large-sample-
size RCTs found an improvement in balance assessed by the Mini-BESTest or Berg Balance
Scale in the dual-task training group compared to the no-intervention group [10,16]. The
results of previous studies regarding decreasing fall risk were controversial. An RCT with
one hundred and twenty-one participants found that the 24-week frequency of falls did
not decrease after dual-task training [25]. However, another RCT with a total of twenty-
one patients found that 8 weeks of dual-task training decreased the 30-day frequency of
the falls by 60% [19]. The dual-task training may decrease the risk of all groups for a short
duration after training but the benefit is not persistent.

3.5. FoG

Several primary studies indicated a potential improvement in FoG after dual-task
training [23,26,27]. A randomized, single-blinded, cross-over design trial included forty-six
patients with PD and FoG. Patients received the cognitively challenging Agility Boot Camp
Program (dual-task training) and education (control), sequentially. Compared to education,
dual-task training showed a significant improvement in the subjective experience of FoG
assessed by the Freezing of Gait Questionnaire. But there was no significant improve-
ment in the objective measurement of FoG [27]. An improvement in the Freezing of Gait
Questionnaire score was also found after dual-task training in an RCT that included sixty
participants [21]. Another study included seventeen patients with PD and also found a
decrease in scores on the Freezing of Gait Questionnaire after dual-task training, but this
decrease did not reach statistical significance [23]. Killane et al. included thirteen patients
with PD and FoG and found the mean number of FOG episodes per trial for the dual tasks
decreased from three to one after dual-task training [26].

3.6. Cognitive Function

The effects of dual-task training on cognition in PD have been rarely researched [28,29].
An RCT found that the dual-task training group had an increased performance of the
cognitive task in dual-task walking compared to the no-intervention group [16]. A single-
blind RCT included forty patients with PD and found that the dual-task group showed a
trend but no significant improvement in the executive function test (Frontal Assessment
Battery and Trail Making Test) after training compared to the single-task training group
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(gait training) [28]. The trend of improvement in the cognitive test (Stroop) after dual-task
training was also found in another study, but this improvement failed to reach statistical
significance [29].

4. Advantages and Enhancement of Dual-Task Training
4.1. Dual-Task vs. Single-Task Training

Dual-task training may have some advantages over single-motor training but further
studies are needed because the current evidence is not adequate. An RCT found that
the dual-task training group had better gait velocity and stride length compared to the
single-motor training group [28]. However, another small-sample-size RCT found that
there were no differences in gait and motor symptoms between the dual-task training group
and the single-task training group [18]. The improvement in balance was also comparable
between the two training groups [10]. One primary study indicated that the dual-task
group performed better in mediolateral balance with an eye closed but performed worse
in anteroposterior balance compared to the single-motor-training group [11]. However, a
previous study found that dual-task training was more effective in the improvement of
motor symptoms and decreased the frequency of falls in a 30-day period compared to the
separate motor and cognitive training [19].

4.2. Enhancement of Dual-Task Training

Several studies researched combining dual-task training and other rehabilitation to
boost their effectiveness. Dual-task training plus action observation and motor imagery
had a better effect on motor and cognitive function [30]. The intervention group was asked
to observe a task before conducting the task while the control group only conducted the
task. The intervention group had greater improvements in gait, balance, and executive
function compared to the control group [30]. An RCT found that transcranial direct current
stimulation enhanced the effect of dual-task training. The transcranial direct current
stimulation device was placed in a small bag positioned around the participant’s hips,
and was active (intervention group) or sham (control group) during the gait training. The
cognitive performance during the dual-task and Timed Up-and-Go Test was improved.
However, the gait and bradykinesia were not enhanced by the transcranial direct current
stimulation [31]. The enhancement depends on the specific type of supplementary training.
A previous study that included sixty participants showed that the multi-intervention group
(combining dual-task training and aquatic therapy) did not improve motor function (FoG,
balance, gait, and motor symptoms) compared to the single-intervention group (dual-task
training) in PD [21].

5. Mechanism of Dual-Task Training
5.1. Motor Automaticity

One of the potential mechanisms of the physical benefit of dual-task training is the
improvement in motor automaticity after training. Motor automaticity is the ability to
conduct a skilled motor task without conscious attention or executive control, and plays an
important role in performing dual tasks [32,33]. Functional magnetic resonance imaging has
been used to assess the brain activity associated with motor automaticity in patients with PD.
Participants practiced dual tasks until they could conduct the tasks automatically and then a
visual letter-counting task was added to the dual tasks. Compared to healthy controls, fewer
patients with PD automatically performed the combined tasks. The neuroimaging showed
that only the bilateral superior parietal lobes and left insular cortex were less activated in PD
when the proficiency of the task reached the automatic stage, while activities in more areas
decreased in healthy controls [34]. In the automatic stage, the parietal cortex, premotor
area, cerebellum, precuneus, and prefrontal cortex were more active in patients with PD
compared to healthy controls [34]. The impaired motor automaticity in PD contributes
to automaticity-associated motor deficits, such as akinesia, slowness of simple repetitive
movements, shorter stride length, and FoG [35].
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The striatum is the main pathological region in PD and is also related to the mainte-
nance of the motor automaticity in PD [35,36]. Increased activity of the anterior putamen
was found in patients with PD in the automatic stage compared to the controls [35]. Par-
ticipants were asked to direct their attention back to the previously practiced automated
tasks. Patients with PD had a decreased connectivity from the putamen to the motor cortex
in the controlling attention stage compared to the automatic stage. However, in healthy
controls, the activity and connectivity of the striatum at the controlling attention stage were
comparable to those at the automatic stage [36]. Impaired sensorimotor striatum in PD
results in the loss of previously learned automatic skills and the deficit in learning new
skills [35].

Previous studies indicated that exercise can improve the function of the striatum.
Positron emission tomography showed that expression of the striatal dopamine D2 receptor
increased after high-intensity treadmill exercise in MPTP mouse models of PD compared
to that in controls [37]. The improvements in striatum function were replicated in vivo in
patients with PD. Four patients with PD were randomized into 24 sessions of an intensive
treadmill exercise group or a control group. Increased dopamine D2 receptor binding
potential and improved postural control were found in the exercise group after training,
while there were no differences found in the control group [38]. Fifty-six patients with
PD were randomized into an aerobic exercise group or stretching group and received
six months of intervention. The performance of the oculomotor cognitive control task
was improved in the exercise group compared to that of the stretching group. Functional
magnetic resonance imaging found that the anterior putamen had increased functional
connectivity with the sensorimotor cortex compared to the posterior putamen in the exercise
group, while this phenomenon was absent in the stretching group [39]. Another study
included ninety-one patients with PD and randomized them into the HiBalance group
or the active control group (speech training). After 20 sessions of training, the HiBalance
group had increased left putamen volumes and stronger thalamic—cerebellar connectivity
in structural covariance networks, while the active control group showed no changes
post-training [40].

5.2. Dual-Task Practice Advantage

In addition to the improvements achieved by motor training, there are additional ben-
efits from combining motor and cognitive training, named the dual-task practice advantage.
The dual-task practice advantage is described as an advantage in dual-task performance
after dual-task practice compared to single-task practice (where tasks are completed se-
quentially) [41]. The dual-task practice advantage was found in a previous RCT of older
adults. Older adults with balance problems were assigned to a single-task training group
or dual-task training group (fixed-priority or variable-priority instructions). After four
weeks of training, all the groups showed improvements in balance and single-task walking
speed. However, only the dual-task training group had improved dual-task walking speed.
In addition, the dual-task training group with variable-priority instructions was the only
group that quickly showed improvement in the second week of training and maintained
the training effect in the twelfth week after training [42].

The classical theoretical mechanism of the dual-task practice advantage is the allocation
and scheduling hypothesis [41]. This hypothesis assumes that dual-task training improves
the cognitive resource for allocation and scheduling tasks during comprehensive tasks.
In a previous study, participants were arranged to conduct dual tasks, such as copying
different sentences while reading stories, and then were tested for the meaning of the
sentences. As they understood the meaning of sentences, the research considered that the
completion of the two tasks was not automatically performed as one task but by switching
between different tasks. In addition, they found that the skill to switch attention during
dual tasks could be improved with practice [43]. Through dual-task training, patients can
improve their ability to manage multiple tasks and the achievements can be transferred to
other untrained dual tasks shared with the same neural circuit. A previous study divided
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dual-task performance-matched participants into hybrid training (combine single-task and
dual-task training) or single-task training groups. A visual-manual task and an auditory-
vocal task were trained. After training, the hybrid training group was found to have
better performance in practiced dual tasks and new dual tasks compared to the single-task
training group [44]. Another study explored the synergistic effect of cognitive training and
motor training. A total of one hundred and thirty-six older adults were randomized into
four intervention groups: cognitive training plus motor training, cognitive control plus
motor training, cognitive training plus motor control, and cognitive control plus motor
control. The task-set cost is the ratio between the trial mixed with two different single tasks
and the trial composed of pure single tasks, and reflects the ability to memorize specific
requirements of different single tasks and respond to distinct single tasks. The cognitive
training was associated with a reduction in the dual-task cost. The dual-task training group
predicted a decreased task-set cost, which indicated that dual-task training improved the
ability to manage and switch between different tasks [45].

The neuroimaging studies found increased connectivity in older adults after dual-
task training, which supported the theory. The right cerebellar vermis, left lobule V of the
cerebellar anterior lobe, and precuneus were activated in the dual-task processing. The dual-
task training increased the functional connectivity between these cerebellar regions and
cerebellar areas related to motor and cognitive control during dual tasks [46]. However, the
existence of dual-task practice advantages in patients with PD remains unclear. One study
found that compared to the sequential gait and cognitive training group, the simultaneous
training group had better upper extremity performance [18]. However, another study
evaluated the dual-task practice advantages in PD and found that the improvements in
gait parameters were comparable between simultaneous motor-cognitive training and
sequential motor-cognitive training [47]. Different domains of cognitive training may
contribute to the reverse results of the previous studies, as the former study trained verbal
fluency, working memory, discrimination and decision making, mental tracking, and
reaction time, while the latter study trained language, memory, executive function, and
attention. More studies are needed in the future to establish the theory of additional
improvements resulting from dual-task training in PD.

5.3. Guided Plasticity Facilitation Hypothesis

The guided plasticity facilitation hypothesis may contribute to the improvement in
cognition by motor-cognitive dual-task training. In this hypothesis, motor training facili-
tates the neuroplasticity and cognitive training guides the neuroplasticity. An experiment
in mice found that exercise can stimulate hippocampal neurogenesis. Mouse undergoing
exercise and cognitive stimuli (environmental enrichment) recorded a greater increase in
new neurons in the dentate gyrus compared to that in mice with single exercise or cognitive
stimuli [48].

Brain-derived neurotrophic factor (BDNF) is a potential factor that mediates the
neurogenesis induced by exercise. BDNF is known as a synapse regulator and plays an
important role in the underlying mechanism of learning and memory, and hippocampal
long-term potentiation (synaptic efficacy enhancement) [49]. In patients with PD, the
level of serum BDNF was found to be decreased compared to that of the healthy controls,
and was related to the binding ratio of the presynaptic dopamine transporter in caudate
and putamen [50]. Previous animal experiments found that the level of BDNF in the
circulation increases after intensive exercise [51]. A meta-analysis confirmed that the level
of serum BDNF significantly increased after exercise in patients with PD [52]. In addition,
the volume of the left hippocampal subfields CA1, CA4/dentate gyrus, and subiculum
showed a group-dependent increase in PD [53]. When BDNF function was inhibited using
a specific immune-adhesin chimera that selectively binds BDNEF, the benefit of exercise on
cognition vanished. The learning and recall abilities of animals that received exercise and
the BDNF blocker were reduced to those of the control level [54]. However, the increase
in BDNF induced by exercise is temporary, which indicates that the interaction of the
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motor and cognitive training is influenced by the execution arrangement and interval of
the two tasks. The level of serum BDNF was elevated at day seven of the motor training
program compared to baseline in patients with PD, but showed no changes compared to
baseline in the following days of training and at the sixty-day follow-up after the end of
the training [55].

The two tasks induce neurogenesis through distinct but complementary mechanisms
as exercise stimulates the proliferation of precursor cells, whereas cognitive stimuli promote
the survival of the newborn cells [56]. The synergic effect of motor-cognitive tasks may be
based on neurotrophic factors. Ninety-five healthy young participants were divided into
exercise, dual-task training, and control groups. Participants who had a greater cognitive
improvement after training had a greater increase in BDNF and insulin-like growth factor-
1. These participants who had greater increases in neurotrophic factors after exercise
also showed a greater improvement after dual-task training compared to single-exercise
training [57]. In patients with PD with mild cognitive impairment, the level of serum BDNF
increased after the training of executive cognition compared to the control group [58].
Further research is needed to establish the role of cognitive training in dual-task training
and the neural mechanism behind the synergic effect of motor-cognitive tasks.

6. Future Studies

There were some limitations of the previous studies. First, the selections of motor and
cognitive tasks to build dual-task training were different between studies and this may
influence the results [15]. In addition, the settings of the control group may be another
source of heterogeneity. There were three main types of control group. The first was no
control group. Researchers evaluated the effect of dual-task training by comparing the
performance of patients before and after training [59]. The second was that the control
group received no intervention or maintained daily activity [60,61]. The third was that
the control group had a different activity, such as a single motor or cognitive task [62,63],
or performed motor and cognitive tasks separately [47]. The third kind of setting was
more likely to achieve a negative result compared to the others because the positive effect
of exercise on physical function has been proved by previous studies [14]. However, the
results of the three kinds of studies were combined in the previous meta-analysis. This
partly explained the controversial results of the previous meta-analysis [13-15]. The settings
of control groups in future studies should be chosen carefully and more attention should
be paid to the separate training of motor and cognitive tasks.

There were some gaps in the specific outcomes of dual-task training. First, the effect
on cognition in PD deserves more attention. The positive effects of dual-task training on
cognition were found in older adults and patients with Alzheimer’s disease [64]. To date,
few studies have researched the cognitive benefit of dual-task training in PD, and further
studies are needed to determine whether dual-task training can kill two birds with one
stone. [12,28,29] Second, because of the prosperity and diversity of rehabilitation methods in
neurodegenerative disease, there is a trend to build comprehensive rehabilitation modules
by combining different interventions to achieve better effectiveness [65]. Although the
standardized mean difference of the different modules can be calculated and compared
in a meta-analysis [14], the best way to establish evidence for a comparison between
them is to use a randomized controlled trial. In addition, a training program with high-
intensity and high-diversity tasks seems to result in a greater improvement in motor and
cognitive function, which has guided the direction of the design of the training program [66].
However, the safety of the comprehensive module with challenging tasks should be tested
because heavy training may be beyond the physical and cognitive endurance range of
patients, resulting in negative results.

Individualized rehabilitation is also important, as a previous study found that the
effects of dual-task training were different among patients with different characteristics.
A worse cognitive status was associated with higher dual-task costs in cognition and gait
in PD. The existence of other PD non-motor symptoms was related to a higher dual-task
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cost in cognition [67]. A large-sample-size RCT found that a lower dual-task gait velocity
and a higher cognitive performance at baseline were related to a larger improvement
in the dual-task velocity after training [68]. Different strategies used in dual tasks and
different learning abilities may contribute to this phenomenon. Patients with PD with mild
cognitive impairment used a posture-first strategy while patients with PD with normal
cognition used a posture-second strategy [67]. Evidence showed that high physical activity
was related to a slower apolipoprotein e4-related cognitive decline in PD [69]. To date,
the classification of PD patients in rehabilitation clinical trials has been based on motor
symptoms. Future studies should consider more clinical and genetic characteristics as
stratification factors and design individualized training programs for PD patients.

There are also some limitations of the current review. First, we did not pool the results
of studies because the control intervention and the construction of dual-task training varied
between studies. Second, we did not include studies not written in English. Third, we
included RCT studies and non-RCT studies, so the quality of studies varied.

7. Conclusions

In the current review, we summarize the present evidence of the impact of dual-
task training on motor and cognitive function in patients with PD. The summary of the
current review please check Figure 1. Significant improvement has been observed in motor
symptoms, single-task gait speed, single-task step length, and balance, but the effects of
dual-task training on FoG, dual-task gait, and cognition are still being researched. Trends
of improvement in these fields were observed in previous studies. Large-sample-size
randomized control tails of dual-task training are needed to establish the effectiveness of
this training. In addition, the settings for intervention and control groups should be more
specific, and more attention should be paid to the additional benefit resulting from the
interaction between motor and cognitive training and the mechanism of the synergic effect.

Motor Motor improvement
« severity of motor symptoms decreases

automaticity : Sy S
« gait performance in single-condition

Motor task improve§
T—— T * balance improves
[ .. ] ua-tas ) * severity of freezing of gait decreases?
fammg (__advantage? * frequency of fall decreases?
Cognitive task —_—
Guided .
plasticity Cognitive improvement
facilitation * cognitive performance during dual-task
\_ hypothesis? ) improves
* cognitive tests performance improves?

Figure 1. Summary of the motor and cognitive effect of the dual-task training.
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PD: Parkinson’s disease; FoG: freezing of gait.

References

1.  Samii, A.; Nutt, ].G.; Ransom, B.R. Parkinson’s disease. Lancet 2004, 363, 1783-1793. [CrossRef]

2. Zhang, WS,; Gao, C,; Tan, Y.Y.; Chen, S.D. Prevalence of freezing of gait in Parkinson’s disease: A systematic review and
meta-analysis. J. Neurol. 2021, 268, 4138—4150. [CrossRef] [PubMed]

3. Okuma, Y. Freezing of gait and falls in Parkinson’s disease. J. Park. Dis. 2014, 4, 255-260. [CrossRef]

4. Aarsland, D.; Batzu, L.; Halliday, G.M.; Geurtsen, G.J.; Ballard, C.; Ray Chaudhuri, K.; Weintraub, D. Parkinson disease-associated
cognitive impairment. Nat. Rev. Dis. Prim. 2021, 7, 47. [CrossRef] [PubMed]

5. Rochester, L.; Hetherington, V.; Jones, D.; Nieuwboer, A.; Willems, A.M.; Kwakkel, G.; Van Wegen, E. Attending to the task:
Interference effects of functional tasks on walking in Parkinson’s disease and the roles of cognition, depression, fatigue, and
balance. Arch. Phys. Med. Rehabil. 2004, 85, 1578-1585. [CrossRef]

6. de Souza Fortaleza, A.C.; Mancini, M.; Carlson-Kuhta, P.; King, L.A.; Nutt, ].G.; Chagas, E.E,; Freitas, .E].; Horak, EB. Dual task
interference on postural sway, postural transitions and gait in people with Parkinson’s disease and freezing of gait. Gait Posture
2017, 56, 76-81. [CrossRef] [PubMed]

7.  Abbruzzese, G.; Marchese, R.; Avanzino, L.; Pelosin, E. Rehabilitation for Parkinson’s disease: Current outlook and future
challenges. Park. Relat. Disord. 2016, 22 (Suppl. 1), S60-S64. [CrossRef]

8.  Herold, FE; Hamacher, D.; Schega, L.; Miiller, N.G. Thinking While Moving or Moving While Thinking—Concepts of Motor-
Cognitive Training for Cognitive Performance Enhancement. Front. Aging Neurosci. 2018, 10, 228. [CrossRef]

9.  Zhu, X,;Yin, S,; Lang, M.; He, R.; Li, ]. The more the better? A meta-analysis on effects of combined cognitive and physical
intervention on cognition in healthy older adults. Ageing Res. Rev. 2016, 31, 67-79. [CrossRef]

10. Perumal, V.; Melam, G.R.; Alhusaini, A.A.; Buragadda, S.; Sharma, N. Instruction prioritization in task-based balance training for
individuals with idiopathic Parkinson’s disease. Somatosens. Mot. Res. 2017, 34, 27-33. [CrossRef]

11. Fernandes, A.; Rocha, N.; Santos, R.; Tavares, ].M. Effects of dual-task training on balance and executive functions in Parkinson’s
disease: A pilot study. Somatosens. Mot. Res. 2015, 32, 122-127. [CrossRef]

12.  Salazar, R.D.; Ren, X,; Ellis, T.D.; Toraif, N.; Barthelemy, O.].; Neargarder, S.; Cronin-Golomb, A. Dual tasking in Parkinson’s
disease: Cognitive consequences while walking. Neuropsychology 2017, 31, 613-623. [CrossRef] [PubMed]

13. Radder, D.L.M,; Ligia Silva de Lima, A.; Domingos, J.; Keus, S.H.J.; van Nimwegen, M.; Bloem, B.R.; de Vries, N.M. Physiotherapy
in Parkinson’s Disease: A Meta-Analysis of Present Treatment Modalities. Neurorehabilit. Neural Repair 2020, 34, 871-880.
[CrossRef] [PubMed]

14. Hvingelby, V.S.; Glud, A.N.; Serensen, ].C.H,; Tai, Y.; Andersen, A.5.M.; Johnsen, E.; Moro, E.; Pavese, N. Interventions to improve
gait in Parkinson’s disease: A systematic review of randomized controlled trials and network meta-analysis. J. Neurol. 2022, 269,
4068-4079. [CrossRef] [PubMed]

15. Li, Z; Wang, T; Liu, H.; Jiang, Y.; Wang, Z.; Zhuang, J. Dual-task training on gait, motor symptoms, and balance in patients with
Parkinson’s disease: A systematic review and meta-analysis. Clin. Rehabil. 2020, 34, 1355-1367. [CrossRef]

16. Conradsson, D.; Lofgren, N.; Nero, H.; Hagstromer, M.; Stahle, A.; LoKKk, J.; Franzén, E. The Effects of Highly Challenging Balance
Training in Elderly With Parkinson’s Disease: A Randomized Controlled Trial. Neurorehabilit. Neural Repair 2015, 29, 827-836.
[CrossRef]

17.  Chua, L.K,; Chung, Y.C.; Bellard, D.; Swan, L.; Gobreial, N.; Romano, A.; Glatt, R.; Bonaguidi, M.A.; Lee, D.J; Jin, Y.; et al.
Gamified Dual-Task Training for Individuals with Parkinson Disease: An Exploratory Study on Feasibility, Safety, and Efficacy.
Int. ]. Environ. Res. Public Health 2021, 18, 12384. [CrossRef]

18. Rosenfeldt, A.B.; Penko, A.L.; Streicher, M.C.; Zimmerman, N.M.; Koop, M.M.; Alberts, ].L. Improvements in temporal and
postural aspects of gait vary following single- and multi-modal training in individuals with Parkinson’s disease. Park. Relat.
Disord. 2019, 64, 280-285. [CrossRef]

19. Penko, A.L.; Barkley, J.E.; Rosenfeldt, A.B.; Alberts, J.L. Multimodal Training Reduces Fall Frequency as Physical Activity
Increases in Individuals With Parkinson’s Disease. . Phys. Act. Health 2019, 16, 1085-1091. [CrossRef]

20. Chang, H.C; Chen, C.C.; Weng, Y.H.; Chiou, W.D.; Chang, Y.].; Lu, C.S. The efficacy of cognitive-cycling dual-task training in
patients with early-stage Parkinson’s disease: A pilot study. NeuroRehabilitation 2020, 47, 415-426. [CrossRef]

21.  Clerici, I.; Maestri, R.; Bonetti, E; Ortelli, P.; Volpe, D.; Ferrazzoli, D.; Frazzitta, G. Land Plus Aquatic Therapy Versus Land-Based
Rehabilitation Alone for the Treatment of Freezing of Gait in Parkinson Disease: A Randomized Controlled Trial. Phys. Ther. 2019,
99, 591-600. [CrossRef] [PubMed]

22. Fok, P; Farrell, M.; McMeeken, J. The effect of dividing attention between walking and auxiliary tasks in people with Parkinson’s
disease. Hum. Mov. Sci. 2012, 31, 236-246. [CrossRef]

23.  Wollesen, B.; Rudnik, S.; Gulberti, A.; Cordes, T.; Gerloff, C.; Poetter-Nerger, M. A feasibility study of dual-task strategy training
to improve gait performance in patients with Parkinson’s disease. Sci. Rep. 2021, 11, 12416. [CrossRef] [PubMed]

24. Canning, C.G.; Ada, L.; Woodhouse, E. Multiple-task walking training in people with mild to moderate Parkinson’s disease: A

pilot study. Clin. Rehabil. 2008, 22, 226-233. [CrossRef] [PubMed]


http://doi.org/10.1016/S0140-6736(04)16305-8
http://doi.org/10.1007/s00415-021-10685-5
http://www.ncbi.nlm.nih.gov/pubmed/34236501
http://doi.org/10.3233/JPD-130282
http://doi.org/10.1038/s41572-021-00280-3
http://www.ncbi.nlm.nih.gov/pubmed/34210995
http://doi.org/10.1016/j.apmr.2004.01.025
http://doi.org/10.1016/j.gaitpost.2017.05.006
http://www.ncbi.nlm.nih.gov/pubmed/28521148
http://doi.org/10.1016/j.parkreldis.2015.09.005
http://doi.org/10.3389/fnagi.2018.00228
http://doi.org/10.1016/j.arr.2016.07.003
http://doi.org/10.1080/08990220.2016.1278203
http://doi.org/10.3109/08990220.2014.1002605
http://doi.org/10.1037/neu0000331
http://www.ncbi.nlm.nih.gov/pubmed/28414497
http://doi.org/10.1177/1545968320952799
http://www.ncbi.nlm.nih.gov/pubmed/32917125
http://doi.org/10.1007/s00415-022-11091-1
http://www.ncbi.nlm.nih.gov/pubmed/35378605
http://doi.org/10.1177/0269215520941142
http://doi.org/10.1177/1545968314567150
http://doi.org/10.3390/ijerph182312384
http://doi.org/10.1016/j.parkreldis.2019.05.021
http://doi.org/10.1123/jpah.2018-0595
http://doi.org/10.3233/NRE-203090
http://doi.org/10.1093/ptj/pzz003
http://www.ncbi.nlm.nih.gov/pubmed/30657995
http://doi.org/10.1016/j.humov.2011.05.002
http://doi.org/10.1038/s41598-021-91858-0
http://www.ncbi.nlm.nih.gov/pubmed/34127721
http://doi.org/10.1177/0269215507082341
http://www.ncbi.nlm.nih.gov/pubmed/18285432

Brain Sci. 2023, 13, 437 10 of 11

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Strouwen, C.; Molenaar, E.; Miinks, L.; Keus, S.H.].; Zijlmans, ].C.M.; Vandenberghe, W.; Bloem, B.R.; Nieuwboer, A. Training
dual tasks together or apart in Parkinson’s disease: Results from the DUALITY trial. Mov. Disord. Off. J. Mov. Disord. Soc. 2017,
32,1201-1210. [CrossRef]

Killane, I.; Fearon, C.; Newman, L.; McDonnell, C.; Waechter, S.M.; Sons, K.; Lynch, T.; Reilly, R.B. Dual Motor-Cognitive Virtual
Reality Training Impacts Dual-Task Performance in Freezing of Gait. IEEE |. Biomed. Health Inform. 2015, 19, 1855-1861. [CrossRef]
[PubMed]

King, L.A.; Mancini, M.; Smulders, K.; Harker, G.; Lapidus, ].A.; Ramsey, K.; Carlson-Kuhta, P.; Fling, B.W.; Nutt, ].G.; Peterson,
D.S.; et al. Cognitively Challenging Agility Boot Camp Program for Freezing of Gait in Parkinson Disease. Neurorehabilit. Neural
Repair 2020, 34, 417-427. [CrossRef]

San Martin Valenzuela, C.; Moscardo, L.D.; Lépez-Pascual, ].; Serra-Afo, P.; Tomas, ].M. Effects of Dual-Task Group Training on
Gait, Cognitive Executive Function, and Quality of Life in People With Parkinson Disease: Results of Randomized Controlled
DUALGAIT Trial. Arch. Phys. Med. Rehabil. 2020, 101, 1849-1856.1841. [CrossRef]

Pereira-Pedro, K.P; de Oliveira, .M.; Mollinedo-Cardalda, I.; Cancela-Carral, ]. M. Effects of Cycling Dual-Task on Cognitive and
Physical Function in Parkinson’s Disease: A Randomized Double-Blind Pilot Study. Int. ]. Environ. Res. Public Health 2022, 19,
7847. [CrossRef]

Sarasso, E.; Agosta, F.; Piramide, N.; Gardoni, A.; Canu, E.; Leocadi, M.; Castelnovo, V.; Basaia, S.; Tettamanti, A.; Volonte, M.A;
et al. Action Observation and Motor Imagery Improve Dual Task in Parkinson’s Disease: A Clinical/fMRI Study. Mov. Disord.
Off. J. Mov. Disord. Soc. 2021, 36, 2569-2582. [CrossRef]

Schabrun, S.M.; Lamont, R.M.; Brauer, S.G. Transcranial Direct Current Stimulation to Enhance Dual-Task Gait Training in
Parkinson’s Disease: A Pilot RCT. PLoS ONE 2016, 11, e0158497. [CrossRef] [PubMed]

Strouwen, C.; Molenaar, E.A.; Miinks, L.; Keus, S.H.; Bloem, B.R.; Rochester, L.; Nieuwboer, A. Dual tasking in Parkinson’s
disease: Should we train hazardous behavior? Expert Rev. Neurother. 2015, 15, 1031-1039. [CrossRef] [PubMed]

Cameron, I.G.; Watanabe, M.; Pari, G.; Munoz, D.P. Executive impairment in Parkinson’s disease: Response automaticity and task
switching. Neuropsychologia 2010, 48, 1948-1957. [CrossRef]

Wu, T.; Hallett, M. A functional MRI study of automatic movements in patients with Parkinson’s disease. Brain A ]. Neurol. 2005,
128, 2250-2259. [CrossRef]

Wu, T,; Hallett, M.; Chan, P. Motor automaticity in Parkinson’s disease. Neurobiol. Dis. 2015, 82, 226-234. [CrossRef] [PubMed]
Wu, T,; Liu, J.; Zhang, H.; Hallett, M.; Zheng, Z.; Chan, P. Attention to Automatic Movements in Parkinson’s Disease: Modified
Automatic Mode in the Striatum. Cereb. Cortex 2015, 25, 3330-3342. [CrossRef] [PubMed]

Vuckovic, M.G.; Li, Q.; Fisher, B.; Nacca, A.; Leahy, RM.; Walsh, J.P.; Mukherjee, J.; Williams, C.; Jakowec, M.W.; Petzinger, G.M.
Exercise elevates dopamine D2 receptor in a mouse model of Parkinson’s disease: In vivo imaging with [(1)(8)F] fallypride. Mov.
Disord. Off. J. Mov. Disord. Soc. 2010, 25, 2777-2784. [CrossRef]

Fisher, B.E.; Li, Q.; Nacca, A.; Salem, G.J.; Song, J.; Yip, ].; Hui, ].S.; Jakowec, M.W.; Petzinger, G.M. Treadmill exercise elevates
striatal dopamine D2 receptor binding potential in patients with early Parkinson’s disease. Neuroreport 2013, 24, 509-514.
[CrossRef]

Johansson, M.E.; Cameron, I.G.M.; Van der Kolk, N.M.; de Vries, N.M.; Klimars, E.; Toni, I.; Bloem, B.R.; Helmich, R.C. Aerobic
Exercise Alters Brain Function and Structure in Parkinson’s Disease: A Randomized Controlled Trial. Ann. Neurol. 2022, 91,
203-216. [CrossRef]

Albrecht, E; Pereira, J.B.; Mijalkov, M.; Freidle, M.; Johansson, H.; Ekman, U.; Westman, E.; Franzen, E. Effects of a Highly
Challenging Balance Training Program on Motor Function and Brain Structure in Parkinson’s Disease. J. Park. Dis. 2021, 11,
2057-2071. [CrossRef]

Strobach, T. The dual-task practice advantage: Empirical evidence and cognitive mechanisms. Psychon. Bull. Rev. 2020, 27, 3-14.
[CrossRef] [PubMed]

Silsupadol, P.; Shumway-Cook, A.; Lugade, V.; van Donkelaar, P.; Chou, L.S.; Mayr, U.; Woollacott, M.H. Effects of single-task
versus dual-task training on balance performance in older adults: A double-blind, randomized controlled trial. Arch. Phys. Med.
Rehabil. 2009, 90, 381-387. [CrossRef]

Hirst, W.; Spelke, E.S.; Reaves, C.C.; Caharack, G.; Neisser, U. Dividing attention without alternation or automaticity. J. Exp.
Psychol. Gen. 1980, 109, 98-117. [CrossRef]

Liepelt, R; Strobach, T.; Frensch, P.; Schubert, T. Improved intertask coordination after extensive dual-task practice. Q. J. Exp.
Psychol. 2011, 64, 1251-1272. [CrossRef] [PubMed]

Bherer, L.; Gagnon, C.; Langeard, A.; Lussier, M.; Desjardins-Crepeau, L.; Berryman, N.; Bosquet, L.; Vu, T.T.M.; Fraser, S.; Li,
K.Z.H,; et al. Synergistic Effects of Cognitive Training and Physical Exercise on Dual-Task Performance in Older Adults. ] Gerontol.
B Psychol. Sci. Soc. Sci. 2021, 76, 1533-1541. [CrossRef] [PubMed]

Wu, T,; Liu, J.; Hallett, M.; Zheng, Z.; Chan, P. Cerebellum and integration of neural networks in dual-task processing. Neuroimage
2013, 65, 466—475. [CrossRef]

Geroin, C.; Nonnekes, J.; de Vries, N.M.; Strouwen, C.; Smania, N.; Tinazzi, M.; Nieuwboer, A.; Bloem, B.R. Does dual-task
training improve spatiotemporal gait parameters in Parkinson’s disease? Park. Relat. Disord. 2018, 55, 86-91. [CrossRef]

Fabel, K.; Wolf, S.A.; Ehninger, D.; Babu, H.; Leal-Galicia, P.; Kempermann, G. Additive effects of physical exercise and
environmental enrichment on adult hippocampal neurogenesis in mice. Front. Neurosci. 2009, 3, 50. [CrossRef]


http://doi.org/10.1002/mds.27014
http://doi.org/10.1109/JBHI.2015.2479625
http://www.ncbi.nlm.nih.gov/pubmed/26394439
http://doi.org/10.1177/1545968320909331
http://doi.org/10.1016/j.apmr.2020.07.008
http://doi.org/10.3390/ijerph19137847
http://doi.org/10.1002/mds.28717
http://doi.org/10.1371/journal.pone.0158497
http://www.ncbi.nlm.nih.gov/pubmed/27359338
http://doi.org/10.1586/14737175.2015.1077116
http://www.ncbi.nlm.nih.gov/pubmed/26289490
http://doi.org/10.1016/j.neuropsychologia.2010.03.015
http://doi.org/10.1093/brain/awh569
http://doi.org/10.1016/j.nbd.2015.06.014
http://www.ncbi.nlm.nih.gov/pubmed/26102020
http://doi.org/10.1093/cercor/bhu135
http://www.ncbi.nlm.nih.gov/pubmed/24925772
http://doi.org/10.1002/mds.23407
http://doi.org/10.1097/WNR.0b013e328361dc13
http://doi.org/10.1002/ana.26291
http://doi.org/10.3233/JPD-212801
http://doi.org/10.3758/s13423-019-01619-4
http://www.ncbi.nlm.nih.gov/pubmed/31152433
http://doi.org/10.1016/j.apmr.2008.09.559
http://doi.org/10.1037/0096-3445.109.1.98
http://doi.org/10.1080/17470218.2010.543284
http://www.ncbi.nlm.nih.gov/pubmed/21462091
http://doi.org/10.1093/geronb/gbaa124
http://www.ncbi.nlm.nih.gov/pubmed/32803232
http://doi.org/10.1016/j.neuroimage.2012.10.004
http://doi.org/10.1016/j.parkreldis.2018.05.018
http://doi.org/10.3389/neuro.22.002.2009

Brain Sci. 2023, 13, 437 11 of 11

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lu, B.; Nagappan, G.; Lu, Y. BDNF and synaptic plasticity, cognitive function, and dysfunction. Handb. Exp. Pharmacol. 2014, 220,
223-250. [CrossRef]

Hernandez-Vara, J.; Saez-Francas, N.; Lorenzo-Bosquet, C.; Corominas-Roso, M.; Cuberas-Borros, G.; Lucas-Del Pozo, S.; Carter,
S.; Armengol-Bellapart, M.; Castell-Conesa, ]J. BDNF levels and nigrostriatal degeneration in “drug naive” Parkinson’s disease
patients. An “in vivo” study using I-123-FP-CIT SPECT. Park. Relat. Disord. 2020, 78, 31-35. [CrossRef]

Walsh, ].J.; Tschakovsky, M.E. Exercise and circulating BDNF: Mechanisms of release and implications for the design of exercise
interventions. Appl. Physiol. Nutr. Metab. Physiol. Appl. Nutr. Metab. 2018, 43, 1095-1104. [CrossRef] [PubMed]

Ruiz-Gonzalez, D.; Hernandez-Martinez, A.; Valenzuela, P.L.; Morales, ].S.; Soriano-Maldonado, A. Effects of physical exercise on
plasma brain-derived neurotrophic factor in neurodegenerative disorders: A systematic review and meta-analysis of randomized
controlled trials. Neurosci. Biobehav. Rev. 2021, 128, 394-405. [CrossRef] [PubMed]

Schaeffer, E.; Roeben, B.; Granert, O.; Hanert, A.; Liepelt-Scarfone, I.; Leks, E.; Otterbein, S.; Saraykin, P.; Busch, ].H.; Synofzik, M.;
et al. Effects of exergaming on hippocampal volume and brain-derived neurotrophic factor levels in Parkinson’s disease. Eur. J.
Neurol. 2022, 29, 441-449. [CrossRef] [PubMed]

Vaynman, S.; Ying, Z.; Gomez-Pinilla, F. Hippocampal BDNF mediates the efficacy of exercise on synaptic plasticity and cognition.
Eur. J. Neurosci. 2004, 20, 2580-2590. [CrossRef]

Angelucci, F; Piermaria, J.; Gelfo, F; Shofany, J.; Tramontano, M.; Fiore, M.; Caltagirone, C.; Peppe, A. The effects of motor
rehabilitation training on clinical symptoms and serum BDNF levels in Parkinson’s disease subjects. Can. J. Physiol. Pharm. 2016,
94, 455-461. [CrossRef]

Kempermann, G.; Gast, D.; Gage, EH. Neuroplasticity in old age: Sustained fivefold induction of hippocampal neurogenesis by
long-term environmental enrichment. Ann. Neurol. 2002, 52, 135-143. [CrossRef]

Heisz, ].J.; Clark, LB.; Bonin, K.; Paolucci, E.M.; Michalski, B.; Becker, S.; Fahnestock, M. The Effects of Physical Exercise and
Cognitive Training on Memory and Neurotrophic Factors. J. Cogn. Neurosci. 2017, 29, 1895-1907. [CrossRef]

Angelucci, F; Peppe, A.; Carlesimo, G.A.; Serafini, F.; Zabberoni, S.; Barban, E; Shofany, J.; Caltagirone, C.; Costa, A. A pilot study
on the effect of cognitive training on BDNF serum levels in individuals with Parkinson’s disease. Front. Hum. Neurosci. 2015, 9,
130. [CrossRef]

Brauer, S.G.; Morris, M.E. Can people with Parkinson’s disease improve dual tasking when walking? Gait Posture 2010, 31,
229-233. [CrossRef]

Duncan, R.P; Earhart, G.M. Randomized controlled trial of community-based dancing to modify disease progression in Parkinson
disease. Neurorehabilit. Neural Repair 2012, 26, 132-143. [CrossRef] [PubMed]

de Bruin, N.; Doan, ].B.; Turnbull, G.; Suchowersky, O.; Bonfield, S.; Hu, B.; Brown, L.A. Walking with music is a safe and viable
tool for gait training in Parkinson’s disease: The effect of a 13-week feasibility study on single and dual task walking. Park. Dis.
2010, 2010, 483530. [CrossRef] [PubMed]

Costa-Ribeiro, A.; Andrade, S.; Ferrer, M.L.V,; Silva, O.; Salvador, M.L.S.; Smalili, S.; Lindquist, A.R.R. Can Task Specificity Impact
tDCS-Linked to Dual Task Training Gains in Parkinson’s Disease? A Protocol for a Randomized Controlled Trial. Front. Aging
Neurosci. 2021, 13, 684689. [CrossRef] [PubMed]

Wong-Yu, 1.S.; Mak, M.K. Multi-dimensional balance training programme improves balance and gait performance in people with
Parkinson’s disease: A pragmatic randomized controlled trial with 12-month follow-up. Park. Relat. Disord. 2015, 21, 615-621.
[CrossRef]

Ali, N; Tian, H.; Thabane, L.; Ma, J.; Wu, H.; Zhong, Q.; Gao, Y.; Sun, C.; Zhu, Y.; Wang, T. The Effects of Dual-Task Training on
Cognitive and Physical Functions in Older Adults with Cognitive Impairment; A Systematic Review and Meta-Analysis. J. Prev.
Alzheimer’s Dis. 2022, 9, 359-370. [CrossRef]

Feng, Y.S,; Yang, S.D.; Tan, Z.X.; Wang, M.M.; Xing, Y.; Dong, F.; Zhang, F. The benefits and mechanisms of exercise training for
Parkinson’s disease. Life Sci. 2020, 245, 117345. [CrossRef] [PubMed]

Machado, S.; Teixeira, D.; Monteiro, D.; Imperatori, C.; Murillo-Rodriguez, E.; da Silva Rocha, F.P.; Yamamoto, T.; Amatriain-
Fernandez, S.; Budde, H.; Carta, M.G; et al. Clinical applications of exercise in Parkinson’s disease: What we need to know?
Expert Rev. Neurother. 2022, 22, 771-780. [CrossRef] [PubMed]

Johansson, H.; Ekman, U.; Rennie, L.; Peterson, D.S.; Leavy, B.; Franzen, E. Dual-Task Effects During a Motor-Cognitive Task
in Parkinson’s Disease: Patterns of Prioritization and the Influence of Cognitive Status. Neurorehabilit. Neural Repair 2021, 35,
356-366. [CrossRef] [PubMed]

Strouwen, C.; Molenaar, E.; Miinks, L.; Broeder, S.; Ginis, P.; Bloem, B.R.; Nieuwboer, A.; Heremans, E. Determinants of Dual-Task
Training Effect Size in Parkinson Disease: Who Will Benefit Most? J. Neurol. Phys. 2019, 43, 3-11. [CrossRef]

Kim, R; Park, S.; Yoo, D.; Jun, ].S.; Jeon, B. Association of Physical Activity and APOE Genotype With Longitudinal Cognitive
Change in Early Parkinson Disease. Neurology 2021, 96, e2429-e2437. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/978-3-642-45106-5_9
http://doi.org/10.1016/j.parkreldis.2020.06.037
http://doi.org/10.1139/apnm-2018-0192
http://www.ncbi.nlm.nih.gov/pubmed/29775542
http://doi.org/10.1016/j.neubiorev.2021.05.025
http://www.ncbi.nlm.nih.gov/pubmed/34087277
http://doi.org/10.1111/ene.15165
http://www.ncbi.nlm.nih.gov/pubmed/34724287
http://doi.org/10.1111/j.1460-9568.2004.03720.x
http://doi.org/10.1139/cjpp-2015-0322
http://doi.org/10.1002/ana.10262
http://doi.org/10.1162/jocn_a_01164
http://doi.org/10.3389/fnhum.2015.00130
http://doi.org/10.1016/j.gaitpost.2009.10.011
http://doi.org/10.1177/1545968311421614
http://www.ncbi.nlm.nih.gov/pubmed/21959675
http://doi.org/10.4061/2010/483530
http://www.ncbi.nlm.nih.gov/pubmed/20976086
http://doi.org/10.3389/fnagi.2021.684689
http://www.ncbi.nlm.nih.gov/pubmed/34276344
http://doi.org/10.1016/j.parkreldis.2015.03.022
http://doi.org/10.14283/jpad.2022.16
http://doi.org/10.1016/j.lfs.2020.117345
http://www.ncbi.nlm.nih.gov/pubmed/31981631
http://doi.org/10.1080/14737175.2022.2128768
http://www.ncbi.nlm.nih.gov/pubmed/36168890
http://doi.org/10.1177/1545968321999053
http://www.ncbi.nlm.nih.gov/pubmed/33719728
http://doi.org/10.1097/NPT.0000000000000247
http://doi.org/10.1212/WNL.0000000000011852

	Introduction 
	Construction of Motor-Cognitive Dual-Task Training 
	Effects of Dual-Task Training on Cognitive and Physical Function 
	Motor Symptom 
	Single Task Gait 
	Dual-Task Gait 
	Balance and Fall 
	FoG 
	Cognitive Function 

	Advantages and Enhancement of Dual-Task Training 
	Dual-Task vs. Single-Task Training 
	Enhancement of Dual-Task Training 

	Mechanism of Dual-Task Training 
	Motor Automaticity 
	Dual-Task Practice Advantage 
	Guided Plasticity Facilitation Hypothesis 

	Future Studies 
	Conclusions 
	References

