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Abstract

Introduction. The second most prevalent neurological condition in adults over 50 years is Parkinson’s disease (PD). Individu-
als with PD(IwPD) experience motor and non-motor symptoms during disease progression. One of the most significant vari-
ables in non-motor symptoms is cognitive impairment, andthe disease may lead to dementia. Even though the cognitive impair-
ment in IwPD is mild, there should be concern regarding its rehabilitation because there is no pharmacological management for
cognitive impairment, and just a handful of studies on functional cognitive training for IwPD have been published. This raises the
prospect of task-specific training among IwPD and functional rehabilitation of cognitive function.

Methods. Thisquasi-experimental study involved 30 participants, who were assessed and selected based on inclusion and exclu-
sion criteria. Pre-test and post-test values were obtained using the Montreal Cognitive Assessment (MoCA), Unified Parkinson’s
Disease Rating Scale (UPDRS) Part lll, and Parkinson’s Disease Questionnaire (PDQ)-39. All subjects underwent task-specific
training with cognitive training for 8 weeks.

Results. Statistical analysisshowed significant improvements in motor activity, cognitive function, and quality of life. The p-value
of each outcome measure was < 0.0001 after analysingpre-test and post-test data.

Conclusions. According to the findings ofthis study, task-specific training combined with cognitive training significantly improved
motor activity, cognitive function, and quality of life among IwPD.
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Introduction

Parkinson’s disease (PD) is a progressive neurological
disorder characterised by motor and non-motor symptoms,
in addition to specific motor symptoms like resting tremor,
bradykinesia, rigidity, and walking difficulty. Individuals with
PD (IwPD) also experience various non-motor symptoms such
as tip-of-the-tongue phenomenon, bradyphrenia, anhedonia,
apathy, depression, and other psychiatric and behavioural
disorders. Quality of life (QoL) is negatively impacted by sen-
sory disorders such as paresthesia, anosmia, dysautonomia,
ageusia, and sleep problems, which frequently occur years
before motor and non-motor symptoms [1, 2]. The overall
prevalence of PD is estimated at around 0.3% in the general
population and around 1% in those over sixty years in indus-
trialised nations. The prevalence of PD rises with age and can
reach 4% in the oldest age categories, making it clear that it
is an age-related disease [3].

Cognitive impairment is a disabling comorbidity for many
IwPD and represents a major challenge for physicians, car-
egivers, and health care workers. The clinical symptoms of
cognitive impairment in PD can impact a variety of domains,
including executive function, visuospatial thinking, memory,
and language. Additional features include visual hallucina-
tions, paranoia, and attention swings [4]. In the Sydney Mul-
ticentre Study of PD, it was discovered that, after 15 years of
follow-up, 48% of those assessed had cognitive decline, and
84% had satisfied the diagnostic criteria for dementia.

Dopamine levels in the striatum are significantly decreased
in those with PD [2]. PD dopaminergic neurodegeneration

manifests as difficulties in motor execution and associated
challenges with volitional action preference, motivation, high-
level cognition, and mood [5]. Cognitive impairments are
common in PD and eventually progress to dementia in 24 to
31% of sufferers [6]. Therefore, concentrating on cognitive
training (CT) for those with PD plays a crucial role in rehabilita-
tion. IwPD who receive CT report relatively positive improve-
ments in cognitive function [6]. Most goal-directed motivation,
such as seeking food or water, promotes dopamine [7, 8].
Studies on motor learning suggest that exercise progress de-
pends on both training intensity and circumstances [9]. Also,
the most debilitating PD symptoms are impairments in bal-
ance and gait, which reduce functional mobility and decrease
an individual’s self-confidence to retain their balance.
Task-specific training is one of the most effective meth-
ods for encouraging neuroplasticity and enhancing functional
ability. The majority of everyday functional activities include
processing outside information while doing motor tasks. How-
ever, distractions such as answering a phone while walking
have an impact on these activities [10-12]. At present, there
is no treatment for PD, and treatments like deep brain stimu-
lation and injecting dopaminergic drugs (such as levodopa and
bromocriptine) merelymanage the symptoms of the condition
by temporarily relieving its motor manifestations. The effec-
tiveness of the medicines has been proven to decline over
time, and adverse effects such as pulmonary valve fibrosis,
dyskinesia and depression have been linked to their use [13].
Game-based interventions, which leverage motivation and
engagement to improve rehabilitation outcomes in clinical
settings, have gained popularity over recent years. These ad-
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vantages of gamification are primarily attained by providing
rewarding experiences through the application of multimodal
stimulation, interactivity, and entertaining gameplay [14] with
the aim of improving QoL, which is negatively affected by
cognitive impairments [15]. Indeed, digital game paradigms
using technology created for leisure (e.g., Nintendo Wii and
Microsoft Kinect) improved cognitive and motor outcomes as
well as conventional or traditional rehabilitation [16]. However,
access to game-based rehabilitation may not be possible for
most of the IwPD in the Indian population. To maximise the
research outcome and rehabilitation protocol, this study aimed
to encourage task-specific training combined with CTin the
daily environment of IwPD to improve their QoL.

Subjects and methods
Study design and participants

This quasi-experimental study involved individuals with
idiopathic PD who visited a private medical college and hos-
pital in Chennai. General screening procedures were em-
ployed to evaluate 53 individuals with PD, of which 30 met the
inclusion criteria of individuals of both genders aged between
50 and 75 years, Hoehn and Yahr stage < 3, and a Montreal
Cognitive Assessment (MoCA) score of less than 26. Exclu-

sion criteria encompassed individuals with dementia, psycho-
logical disorders, irregular medication usage, or motor fluctu-
ations/severe dyskinesia and those who underwent training
previously.

Study procedure

The enrolled participants underwent a comprehensive as-
sessment using the MoCA, Unified Parkinson’s Disease Rat-
ing Scale (PDRS), and Parkinson’s Disease Questionnaire-39
(PDQ-39) to establish baseline values before the initiation of
the intervention. Subsequently, IwPD engaged in an 8-week
task-specific training program, complemented by CT. The
training sessions, lasting 60 min each, were conducted 3 days
a week. The program, tailored to meet the unique needs of
each participant, featured 10 workstations with the overarch-
ing objective of improving motor activity, cognitive function,
and overall QoL. Commencing with a 10-minute warm-up
comprising activities such as marching, neck circles, arm
swings, shoulder circles, and trunk rotations, the training pro-
gressively intensified in difficulty and complexity. Participants
advanced through each task at 10 workstations, with a 1-minute
interval, as outlined in Table 1. Following the 8-week interven-
tion, post-intervention values were analysed and documented.

Table 1. Task-specific training with cognitive training

Workstations

Progression

1. Chair sitting to standing . Different chair heights.

1
2. Keep feet on a stable and rubbery surface.

3. The patient has to hold the objects in their hand.

4. The patient has to count numbers in multiples of two.

2. Standing from chair
and walking six metres

1. Overcome barriers on five and ten-centimetre lines.

2. On a stable and rubbery surface.

3. The patient has to hold the objects in their hand.

4. The patient has to observe the orientation of the surrounding objects and replicate it after the task.

3. Three metre obstacles
walk over

w N =

. Overcome barriers on five-centimetre lines.
. On a stable and rubbery surface.
. The patient has to hold the objects in their hand.

4. Stepping up

. Five, ten, and twenty-centimetre steps up and down.

w N =

. On a stable and rubbery surface.
. The patient has to hold the objects in their hand.

5. Six metres picking up objects
from the ground while walking

. The objects were spaced apart by 50 cm and 100 cm, respectively.

. On a stable and rubbery surface.

. The patient has to hold the objects in their hand.

. The patient has to recall the words, which will be instructed before the task.

6. Figure of eight walking

w N =

. The cones were spaced apart by 100 cm, 50 cm, and 25 cm, respectively.
. On a stable and rubbery surface.
. The patient has to hold the objects in their hand.

7. Stair climbing 1. 15 cm step height is used for stair climbing.
and descending 2. On a stable and rubbery surface.
3. The patient has to hold the objects in their hand.
8. Touch several points 1. On stable and rubbery surface.
designated in a semicircle 2. The patient has to hold the objects in their hand.
3. Patient has to draw the picture shown to them during the task.
9. Standing and reaching 1. Reach 10, 15, 20, and 30 cm.
for an object 2. Placing feet wider, together and in tandem position.
3. On stable and rubbery surface.
4. The patient has to hold the objects in their hand.
5. The patient has to quickly reach out for the things according to the colour instructed by the therapist.

10. Standing on a wobble
platform

N =

. Unexpected forward and backward perturbation given.
. On stable and rubbery surface.
. The patient has to hold the objects in their hand.
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Outcome measures

The procedures were consistently conducted during the
‘on-medication’ phase to ensure a more representative as-
sessment of participants’ functional abilities under the influ-
ence of medication.

Montreal Cognitive Assessment

In order to assist healthcare practitioners in identifying
moderate cognitive impairment (MCI), MoCA was developed
by Dr Ziad Nasreddinein in Montreal, Canada, in 1995. The
MoCAis a 30-point test that may be finished in 10 min, with
a score of 26 or above considered normal. MoCA evaluates
various cognitive domains, including visuospatial/ executive
(copy a cube and draw a clock), naming, memory (read a list
of words and subjects), attention (read a list of digits, read
a list of letters, and serially subtract seven), language (words
repetition, and fluency), abstraction, delayed recall (word re-
call), and orientation (date, month, year, day, place, and city).
The MoCA has been shown to outperform the Mini-mental
state examination as a common diagnostic tool, particularly
in identifying the early stages of cognitive loss [17].

Unified Parkinson’s Disease Rating Scale

The severity and progression of IwPD are assessed us-
ing the UPDRS, which is divided into 6 segments, including
(1) mentation, behaviour, and mood, (2) activities of daily liv-
ing (ADL), (3) motor sections, (4) complications of therapy
(in the past week), (5) modified Hoehn and Yahr scale, and
(6) Schwab and England ADL scale. Parts one to three are
evaluated on a 04 scale, with the fourth section rated on a yes/
no scale. Higher scores represent greater severity. The lIwPD
in this study were evaluated using the part Ill motor section [18].

Parkinson’s Disease Questionnaire 39

A QoL questionnaire known as PDQ39 was created ex-
clusively for IwPD, thoroughly examined for validity, and is
presently in use. Eight aspects of health are measured by the
39 items, with 10 mobility, six ADL, 6 emotional well-being,
four stigmas, 3 social support, 4 cognitions, 3 communication,
and 3 bodily discomfort. The PDQ39 scale ranges from 0
(best health) to 100 (worst health) [19].

Statistical analysis

A Wilcoxon signed-rank test was calculated using Sigma
plot software to analyse differences between the post-test
and pre-test values of MoCA, UPDRS part lll, and PDQ 39.
Results

The statistical analyses of MoCA, UPDRS Part Ill, and

PDQ-39 in individuals with idiopathic PD revealed significant
changes in post-test values compared to pre-test values fol-

lowing task-specific training combined with CT (p < 0.0001).
For a comprehensive overview of participant demographics,
please refer to Table 2. Additionally, Table 3 presents a de-
tailed comparison of IwPD values before and after the inter-
vention, offering insights into the multifaceted impact on vari-
ous aspects of motor function.

The results of this quasi-experimental pilot study examin-
ing the effect of 8 weeks of task-specific training on motor
activity, cognitive function, and QoL among IwPD revealed
significant improvements across all measured outcomes. In
terms of cognitive function assessed using the MoCA, partici-
pants demonstrated a mean pre-test score of 23.4 + 1.37,
which significantly increased to 25.2 + 1.27 post-intervention
(p < 0.0001), reflecting a percentage change of 7.69% and an
effect size (Cohen’s d) of 1.36. Similarly, motor activity, as eval-
uated by the UPDRS Part lll, displayed notable enhancement,
with pre-test and post-test mean scores of 33.1 + 5.67 and
27.8 £ 5.90, respectively (p < 0.0001). This corresponded to
a percentage change of —16.01% and an effect size of —0.92.
Furthermore, QoL, as measured by the PDQ-39, exhibited sig-
nificant improvement, with pre-test and post-test mean scores
of 30.4 + 3.05 and 24.8 + 2.48, respectively (o < 0.0001), re-
flecting a percentage change of —18.42% and an effect size
of - 2.05. These findings underscore the efficacy of task-spe-
cific training combined with CT in enhancing cognitive func-
tion, motor activity, and QoL among IwPD.

Discussion

The current research looked into the effects of CT and task-
specific training among IwPD. The main outcome showed
significant improvement in motor activity, cognitive function,
and QoL.In addition, patients improved in confidence when
approaching QoL and ADL activities. These findings were
consistent with earlier research by Straudi et al. [20] investi-
gating the impact of task-oriented training. According to Cruise
et al. [21], exercise-specific training in PD individuals improved
frontal lobe-based executive function but had no effect on QoL.
Contrary to Cruise et al. [21], our study showed that task-

Table 2. Demographic characteristics of participants

Age (years, mean + SD) 68+5

Participants 30
male (n) 21
female (n) 9

Disease duration (years, mean + SD) 4 +1.11

Hoehn and Yahr stage

stage 1 (n) 3

stage 2 (n) 20

stage 3 (n) 7
Levodopa dose (mg/day, mean + SD) 700 + 123.03

Table 3. Comparison between pre-test and post-test variables

Outcome measure Pre-test Post-test p-value Percentage Effect ?ize
(mean £ SD) (mean £ SD) change (Cohen’s d)
Montreal Cognitive Assessment 23.4 +1.37 252 +1.27 < 0.0001 7.69 1.36
Unified Parkinson’s Disease Rating Scale Part IlI 33.1 +5.67 27.8 +5.90 < 0.0001 -16.01 -0.92
Parkinson’s Disease Questionnaire 39 30.4 +3.05 24.8 +2.48 < 0.0001 -18.42 —2.05
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specific training with CT improved QoL among IwPD. The
training programme created and implemented in this study
addresses needs specific to IwPD, which is supported by
a meta-analysis carried out by Radderet al. [22]that revealed
physiotherapy is effective in enhancing certain patient-related
outcomes. Based on the precise symptoms they seek to re-
lieve and the patient’s preferences for the exercise technique
they relate to, therapists and patients can select from various
therapy techniques. This will enable a more patient-focused
approach in which patients and therapists can choose in-
terventions based on the best available research [22].

CT has been suggested to improve cognition by trigger-
ing brain plasticity. Most studies on PD exclude individuals
with cognitive impairment, but this study included individu-
als with MCI because one of its goals was to delay the onset
of dementia in IwPD and improve cognitive function. As our
results show improvements in cognitive function, this training
method can be used for IWPD.A study by Spano et al. [23],
found that a dual-task motor-cognitive intervention pro-
gramme improved balance, fear of falling, walking endurance,
gait and speedin patients with various neurological conditions.

Regarding MoCA, improvements in visuospatial abilities,
attention, and memory are attributed to our tailored CT. UP-
DRS Part Ill analysis reveals substantial enhancements in
gait, hand movements, and arising from a chair, highlighting
the positive impact of our task-specific training on critical
motor functions. PDQ-39 examination showcases multifac-
eted improvements in emotional well-being, mobility, and ADL,
and offers insights into how our intervention positively influ-
enced overall QoL. Research by Wollesen et al. [24] in 2021
found that an intensified DT training approach with an em-
phasis on task management was both feasible and success-
ful for treating PD gait disorder and might be used as a com-
ponent of a multidisciplinary treatment strategy [24-26].

Orgeta et al. [25] published a systematic review with meta-
analysis in 2020. The results revealed that most CT studies
used computers, and some also included pencil and paper
homework assignments. They were unable to provide any in-
sight into whether single-domain or multi-domain CT may sig-
nificantly impact cognition for individuals with PD-MCI [25, 27].
During the initial phase of this study, we also faced problems
identifying a training protocol for IwPD, but we finally applied
task-specific training with CT (Table 1). A control group would
have allowed for a more robust comparison and a clearer
understanding of the specific impact of our intervention. In the
absence of a control group, we recommend interpreting the
observed improvements cautiously. Comparisons with con-
trol groups in previous studies have demonstrated the effi-
cacy of various interventions, and our findings should be con-
sidered within this context.

Limitations and recommendations

The small participant size necessitates a cautious inter-
pretation of results, emphasising their preliminary and de-
scriptive nature. The choice of a quasi-experimental design
over a randomised control trial was a pragmatic decision, op-
timising feasibility within our specific context. The lack of as-
sessment beyond 8 weeks hinders understanding of long-
term effects, necessitating future studies with extended
follow-up. Additionally, the awareness of treatment allocation
may influence results, highlighting the need for exploration
in future investigations.

Conclusions

According to the study findings, motor activity, cognitive
function, and QoL significantly improved in IwPD individu-
als after task-specific training. The positive outcome suggests
that an appropriate combination training program used in real-
life circumstances can improve everyday living for IwPD. Fur-
ther research is needed to determine these impacts among
the PD population over a longer time span.
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