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Introduction
Parkinson’s Disease (PD) has been primarily considered to be a disorder 

of motor function, notably affecting gait and balance performance largely 
as a result of striatal dopaminergic dysfunction or an imbalance in the 
dopaminergic and cholinergic pathways [1-3]. However, it has become clear 
that in many, probably most, patients the progressive neuronal deterioration 
and loss is accompanied by psychological and psychiatric issues. Prominent 
among these is the presence of cognitive dysfunction [4-7]. Whether 
part of this decline is related to normal deterioration with age is an issue 
under discussion [8] but there is no doubt about the existence of primary 
links with PD pathology.  Indeed, some aspects of cognitive deterioration 

Abstract
Introduction: The reaction times of Parkinson's disease (PD) patients in 
dual-task accuracy tests depend on their cognitive ability.

Objective: The non-disabled PD patients’ cognitive ability assessed 
by dual-task tests deteriorates and is recovered by a short training with 
dual-task activity. Dual-task training was found to produce improvement 
sustained for several months in the cognitive function of PD patients.

Method: Forty-six PD patients were compared with 47 age matched 
healthy controls and 26 patients were followed for one year. Five dual-task 
tests consisting of a primary cognitive task performed simultaneously with 
a secondary motor task were repeated for five consecutive days. Testing 
was repeated after 6 and 12 months. Participants‟ reaction times, number 
of Hits and Misses, and other cognitive and motor tests were quantified.

Results: In the initial tests slower reaction times, fewer Hits and more 
Misses were indicated in the patients‟ group  especially over 65 years, 
while the other cognitive and movement tests were similar to the normal 
controls. The decayed cognition of the early PD patients was primarily 
characterized by the increased number of Misses. The dual-task  
performances were significantly improved by the training within 3 days, 
except for Misses. No deterioration up to 6  months was observed.

Conclusion: It is concluded that dual-tasks are objective and sensitive tests 
reflecting the global cognitive deterioration  arising before the appearance 
of clinical symptoms when the movement is unaffected. Dual-task testing 
is recommended as an objective measure of cognitive function and as 
training to reduce cognitive deterioration
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have been demonstrated in other neurological disorders 
including traumatic brain injury and epilepsy in addition to 
PD [9], and may indicate that cognitive deficits are likely 
to be associated with any condition in which neuronal loss 
or damage have occurred. The cognitive loss can clearly 
be an additional, major source of difficulty for patients and 
their careers and therefore demands therapeutic efforts to 
minimize it, but at present there are no reliable methods of 
preventing or slowing cognitive decline. More information is 
being accumulated on the neurochemical factors involved in 
cognitive dysfunction [10.11], with suggestions of potential 
pharmacological and metabolic treatments.  For example, 
there are deficits in glutamatergic neurotransmission and 
possible links with glucose metabolism which could be 
targeted pharmacologically [12, 13]. At a more fundamental 
level, deficits have been found in the expression of growth 
factors such as glial cell derived growth factor, leading to 
a reduction in dopaminergic transmission [14]. A range of 
pharmacological options have been proposed and discussed 
for their psychiatric use in PD, but with the recognition 
that none have been able to convincingly or reliably hinder 
the development of cognitive dysfunction [15]. Since 
these approaches currently have little impact on cognition 
in PD, better ways are needed to promote the halt of 
cognitive dysfunction and facilitate rehabilitation. Several 
commentators have detailed the need for further studies, 
agreeing that cognition is indeed a significant problem in 
patients with PD, but that it is amenable to treatment [16]. 
Potential treatments include the use of dual-task exercises 
[17]. These are tasks involving the simultaneous use of two 
distinct areas of brain activity such as, in this study, a motor 
task and a cognitive task. Compared with performance on 
single tasks, the distractive influence of a second task places 
a greater demand on the first [18]. Thus, the cognitive activity 
is being challenged more than in a single task test, potentially 
improving it or slowing its decline. The advantages of 
dual-task training are supported by the fact that there are 
mutual, bi-directional influences between motor control 
and cognition, such that improving one may be beneficial 
to improvements in both. This is also to be expected since, 
despite some variations, cognition is correlated with aspects 
of motor function [19-21], with a decline in executive function 
showing the highest association [22]. Conversely, the strongly 
positive effect of improving cognition on motor performance 
has also been reported [19]. It is well established that even 
focused, single task physical activity itself can stabilize or 
improve the motor deficits in PD [23] and there are several 
previous studies on the effect of dual-task training in PD, 
with the emphasis on improving gait, balance or other motor 
functions, which show significant functional improvements 
[18, 24, 25]. In some cases, cognitive ability has also been 
assessed but with relatively unclear or inconsistent results 
[26-30] although the ability of dual-task training to improve 
both motor performance and aspects of cognitive function has 

been presented [31]. The variability in results may be related 
to the fundamental differences between studies, as in the 
focus on limited, specific tasks, or in the choice of treatment 
duration. 

The present study has therefore been designed with features 
which address this question. Firstly, a battery of cognitive 
tasks has been employed, so that overall performance can 
be judged across a range of cognitive demands. Secondly, 
we have not just performed testing on single days, but have 
repeated testing on up to five consecutive days, to assess a 
possible synergistic, ‘wind-up’ of performance, or a more 
effective consolidation of the neuronal changes. Thirdly, 
patients have been re-tested at six months and 12 months after 
the training period, to assess the persistence of improvement. 
The overall objective is to determine whether an extended 
period of dual task training can produce a lasting improvement 
in cognitive function and whether that improvement is 
sustainable for several months. Since several variables are 
being examined, this work can only be regarded as a pilot 
study. However, as the results show a very encouraging, clear 
increase in cognitive ability lasting up to one year after one 
week training, it is hoped that more detailed and sophisticated 
studies will be performed in the future. 

Materials and Methods
Ethics

Permission for the present trial was provided by the 
Regional Ethics Committee of the Petz Aladár County 
Hospital in Győr, Hungary,(The number of permission: 76-
1- 6/2019). A written informed consent at the onset of the 
trials according to the  Helsinki Declaration was provided by 
each patient. The study was listed on the ISRCTN registry 
with study ID ISRCTN49538525 (www- isrctn.com/
ISRCTN49538525). The concept of the study was arranged 
by JM and the delivery of the protocol was supervised by an 
independent committee. The recruitment was started in June 
of 2019 and the study was finished in December 2021.

Study Design
The first part of this work was a comparative study with 

age-matched healthy, control subjects. The second part was 
a self-controlled study, where each individual participated as 
their own control. The 5-day, 6-month and 1-year test values 
were compared with the baseline values. The study design is 
shown in Figure 1 (Figure 1).

Participants
Participants were enrolled in the study after coming 

from different regions of Hungary and visiting the recruiting 
ambulance of the Institute of Neurorehabilitation (Sopron, 
Hungary). The study was not randomized statistically but 
involved sequential recruitment of patients from around 
Hungary. All of the examinations, and the  tests were carried 
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disease responding well to levodopa; (b) no evidence of 
dementia or minimal mental impairment according to 
different cognitive tests (c) no other chronic disease. Patients 
with PD in H-Y I and II without any functional deterioration 
were included in this study although some patients. 
had a slight tremor and bradykinesia. Two independent 
neurologists, specialized in movement disorders, made the 
decision according to Hoehn-Yahr stages and UPDRS for the 
inclusion of the patients. The  control subjects were selected 
from the relatives of the patients and from the staff of the 
Institute of Neurorehabilitation. The subjects were divided 
into two groups according to their age (under and over 65 
years) (Table1). Patients were given levodopa retard at a low 
dose.

Table 1 shows the demographic data. The controls and 
the patients with Parkinson’s disease were divided into two 
groups according to their ages (≤ 65 years and > 65 years). 

out by the staff of the Institute.  Healthy relatives of the PD 
patients were asked to take part in this study as controls. 
Fifty patients with Parkinson’s disease and 50 age-matched 
healthy controls were recruited. The number of participants 
was considered large enough to draw initial, provisional 
conclusions, because they were selected according to the 
severity of their disease and were not based on inter-personal 
comparisons Four patients and 3 controls dropped out because 
of their business schedule (Figure 1). Thus, 46 patients with 
PD (F/M:23/23) were compared with 47 (F/M: 26/21) age-
matched healthy controls. This number of participants has 
been generally used for studying patients with a larger range 
of disability at Hoehn-Yahr I- III but in this study, patients 
were rigorously selected according to a narrow range of 
disability (Hoehn-Yahr I and II), where the motor disability 
was negligible. The  inclusion criteria were based on the UK 
PD Brain Bank, as follows: - (a) the presence of Parkinson’s 

 

Figure 1:  Consort diagram of participants’ flow.  The diagram shows the interventions and the changes  in the number 
of participants in both groups. The study focused on the maintenance of the improved global cognitive function of the 
PD patients in a follow-up study.
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There was no significant difference between their duration of 
disease (p = 0.9110), dose of levodopa (p = 0.3805), total 
score of UPDRS (p = 0.6339), Hoehn-Yahr stage (H-Y 
stage) (p = 0.2766). T = tremor H = hypokinesia. Twenty-
six patients with PD (N = 13 ≤ 65 years, N = 13 > 65 years) 
were followed for one year. The reduction in the number 
of patients compared to the initial number was  due to the 
distance of their dwelling place and their busy schedule and 
the fact that participation was voluntary, with no pressure for 
follow-up. Although the number of  cases in the study was 
lower, similar scientific parameters were shown in this group 
and in the initial group. As for the p values, no difference 
could be seen between the initial and the followed-up group. 
In the severity in UPDRS total between the initial group (I) 
≤ 65 years and followed patients (F) ≤ 65 years (p = 0.4681) 
and H-Y stages in I group≤65 years and F group≤65 years (p 
= 0.3308) no significant difference could be seen between the 
groups. There was no significant difference in UPDRS total 
(p = 0.7366) and in H-Y (p= 0.6545) above 65 years. Their 
detailed demographic data are involved in Table 2.

Table 2 shows the demographic data of patients with 
Parkinson’s disease (PD) (N = 26). Comparing patients ≤ 
65 years and > 65 years in the categories of “Baseline (B)”, 
“Half year (H)” and “One year (O)” time points, there were 
no significant differences in the duration of disease (p = 
0.5302), total score of Unified Parkinson Disability Rating 
Scale (UPDRS) (B: p = 0.5719; H: 0.9708; O: 0.9272), the 
dose of levodopa (B: p = 0.5203;H: 0.2018;O:  0.2629) and 

Hoehn-Yahr stages (H-Y stages) (B: p = 0.2676; H: 0.2059; 
O: 0.5248). T = tremor H = hypokinesia.

Assessments
Dual-tasks performances were examined using Dividat 

Senso equipment (HUR, Finland), with subjects standing 
wearing no-slip socks on a glass platform (106 x 106 cm) 
overlying 20 force sensors. The platform was surrounded on 
three sides by a railing that could be held on to. The person 
stood in the middle of the platform. The force sensors made it 
possible to detect the sole pressure.  A monitor was placed at 
104 cm from the floor. The diameter of the monitor was 108 
cm. A cognitive task was combined with a motor activity task 
in each test period, with subjects asked to focus on a game 
presented on a visual monitor. For the motor task, patients 
were asked to detect an object appearing at one edge (top, 
bottom, right or left) of the screen and were required to react 
immediately using leg movements. Focusing on the cognitive 
tasks, involving attention and decision-making, the patients 
were required to make four-way leg movements. Five dual-
task tests were applied. The tasks were selected in such a way 
as to include a visual, auditory perception, and an abstraction 
task. For cognitive testing, at first a ‘Simple’ task was used, 
where red spots were shown at different positions. It was the 
easiest game, where the participants could learn the process 
of the activity.  A ‘Bird’ task was performed in which a bird 
had to be selected from different colored figures. In this game 
the participants’ ability to differentiate between similar forms 

  Control Parkinson's Control Parkinson's
  ≤ 65 years > 65 years
Number 29 26 18 20

Age (yrs) 54.6 ± 8.8 58.3 ± 7.1 68.1 ± 2.6 71.5 ± 4.1

Female; male 16; 13 14; 12 10; 8 9; 11

Duration of disease (yrs)   5.6 ± 3.0   5.8 ± 3.5

H-Y stages   1.5 ± 0.55   1.7 ± 0.58

UPDRS total.   21.94 ± 11.46   23.2 ± 7.1

T/H   15-Nov   11-Sep

Dose of levodopa (mg/d)   357.8 ± 161.8   320.5 ± 182.0

Table 1: The demographic data of the comparative study with dual-task tests

  ≤ 65 YEARS PD > 65 YEARS PD
  Baseline Half year One year Baseline Half year One year

Number of patients 13 13 13 13 13 13

Age 57.6 ± 7.5     71.3 ± 3.5    

Duration of the disease 4.8 ± 2.7     5.6 ± 3.6    

UPDRS total 18.9 ± 11.0 20.3 ± 12.9 21.0 ± 11.4 21.3 ± 7.3 20.4 ± 10.5 21.4 ± 9.6

H-Y stages 1.38 ± 0.5 2.00 ± 0.7 1.96 ± 0.66 1.65 ± 0.55 1.69 ± 0.59 1.80 ± 0.63

T/H 07-Jun     06-Jul    

Dose of levotopa (mg/day) 315.3 ± 158.6 376.9 ± 183.2 369.2 ± 201.5 269.2 ± 163.9 284.6 ± 189.7 288.4 ± 188.3

Table 2:  Demographic data of patients with Parkinson’s disease included in this follow-up study.
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and colors was detected. In the game ‘Divided’, red spots were 
interrupted with high and low-pitched sounds. The difficulty 
of the task was that the participants were required to make 
quick changes between the visual and auditory impulses and 
to react for them with leg movements. In the game ‘Habitat’ 
four different animals had to be allocated to their appropriate 
living area. If the animal was not in its right living area, 
the patient had to take a step. This negative reply was the 
most difficult task.  In the game of ‘Target’, black bullets 
were moving with different speeds around on the monitor, 
and when they reached the target the subject  was required 
to make a step. The number of correct (Hits) and incorrect 
(Misses) responses were recorded. Dual-task interactions, 
namely Simple, Bird, Divided and Target were quantified 
by the average reaction times appearing immediately on the 
screen at the end of the game. All figures randomly appeared 
on the screen to disclose the automatic movement. The tasks 
lasted for one and a half minutes and were repeated each 
day for five consecutive days. The training with these dual-
task performances were repeated after 6 and 12 months. The 
following traditional tests were also applied; the Mini Mental 
Rating Scale (32), the Ziehen Ranschburg Word Pair Test, 
the Trail Making Test (33), the Clock Drawing Test (34), and 
the Hamilton Depression Scale

Tests (35). For the detection and quantitation of 
Parkinsonian symptoms the Hoehn- Yahr Stages were used 
(36) together with the Unified Parkinson Disability Rating 
Scale (37). Walking ability was measured as distance walked 
in 6 mins (in m), and time taken to walk 10 m (in sec). The 
walking tests were performed on the first and fifth days of 
training. The test took a total of one hour. The cognitive test 
was administered by a psychologist, and the dual-task test 
with Dividat Senso were controlled by a physiotherapist. The 
tests took a total of one hour. The mathematical statistical 
analysis was made by a mathematician. Participants had a 

good compliance, because performance was enhanced by the 
competitive nature of the tests.

Statistical analysis
Results are expressed as the mean ± standard deviation 

of mean and sample size for  each age group with Parkinson. 
The normality of data was checked by applying the Shapiro-
Wilk’s test and the homogeneity of variances was assessed 
through the  Levene’s test. For baseline values, we performed 
the necessary statistical analysis with the nonparametric 
Mann-Whitney test to determine significant differences 
for the PD age groups examined (< 65, > 65 years), but no 
significant differences were found. The means of different 
date (baseline, half year, one year data) were compared by 
nonparametric Friedman ANOVA, significance values have 
been adjusted by the Bonferroni correction for multiple tests. 
The analysis was two sided with a level of significance of α 
= 0.05. All statistical analyses were performed using the SAS 
9.4 (SAS Institute Inc., Cary, NC, USA) software package.

Results
There was no difference in symptom severity or cognitive 

performance in PD patients under or over 65 years of age 
assessed by UPDRS total, H-Y stages and cognitive tests  
(Table 1). However, there was a significant difference 
between the age matched healthy  controls and the patients 
with PD ≤ 65 years in their dual-task tests of Bird (p<0.001),  
Divided (p<0.05) and Misses (p<0.05) (Figure 2).

Figure 2. Comparing the patients’ and the controls' results 
during training with dual- task tests ≤ 65 years Figure 2 
demonstrates the differences between the controls and the 
patients with Parkinson’s disease (PD) ≤ 65 years during the 
training with dual- task tests for 5 days.  The asterisks (*) 
indicate significant difference when controls were compared 
with PD patients ≤ 65 years on the first, third and fifth days. A 

Figure 2:  Comparing the patients’ and the controls' results during training with dual- task tests ≤ 65 years
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remarkable delay in reaction time was observed in the ‘Bird’ 
test and in the  difference between results of first days and the 
others. Columns represent the mean ± S.D. The columns were 
labeled as follows: 1st days with horizontal stripes, control 3rd 
days with gray, control 5th days with vertical lines, results of 
PD patients on the 1st  days with black, 3rd days with oblique 
striped lines, and values on the 5th days with dotted columns.

There was a significant difference between the two 
Parkinsonian groups in the dual-task activities to the detriment 
of the older group of patients, namely: Bird (p<0.05), Habitat 
(p<0.05), Hits (p<0.05), Misses (p<0.05) (Figure 2 and 3), 
although the controls exhibited age-related differences in the 
dual-task test of Bird (p<0.05). Dual-task training effectively 
influenced the results of dual-task activities in controls and 
PD patients (Figure 2, 3).

Figure 3. Comparing the patients’ and the controls' results 
during training with dual-task tests > 65 years Figure 3 
shows the differences between the controls and patients with 
Parkinson’s disease (PD) > 65 years during training with dual-
task tests for 5  days.  The asterisks (*) indicate significant 
difference when controls were compared  with PD patients ≤ 
65 years on the first, third and fifth days. A notable  delay in 
reaction time was observed in the ‘Bird’ test and between the 
results of first  day and the others test. Columns represent the 
mean ± S.D. The columns were labeled  as follows: 1st days 
with horizontal stripes, control 3rd days with gray, control 
5th days  with vertical lines, results of PD patients on the 1st 
days with black color, 3rd days with oblique striped lines, 
values on the 5th days with dotted columns.

Our data were analyzed in two ways, comparing the 
results on the first day to the 3rd and the 5th days (Figure 2, 
3). In controls ≤ 65 years, the reaction times on dual-task Bird 
(p<0.001), Divided (p<0.01) and Habitat (p<0.001) were 
decreased, and the Hits elevated (p<0.001), but the Simple 

and Misses tests did not change on the 3rd day of training 
compared to the results on the  1st day (Figure 2). A similar 
improvement was detected on the 5th day of training. 

PD patients ≤ 65 years showed reduced reaction times 
in Bird (p<0.001), Simple  (p≤0.001) and Habitat (p<0.01), 
but an elevation in Hits (p<0.001) when results were taken 
on the 1st day, but the Divided and Misses tests showed no 
alteration during the training. Similar favorable changes were 
also obtained on the 5th day. Significant changes were noted 
with results on the 1st day, although they did not reach control 
values. The patients’ results on day 5 were significantly 
different from the controls, in the Bird (p≤0.01), Divided 
(p<0.05), Habitat (p<0.001), and Misses (p<0.05)  paradigms 
(Figure 2). The number of Hits in the PD patients ≤ 65 years 
did not differ significant from the controls and the elevation 
of the number of Hits after training was remarkable elevation 
in both groups of participants (Figure 4).

Figure 4 depicts the performances of training with the 
‘Hits’ test for 5 days. There was no significant difference 
between the controls and the PD patients ≤ 65 years, although 
the PD patients > 65 years were significantly different from the 
controls (p<0.05). While both groups’ performances increase 
significantly (mark +), the PD groups showed significantly 
less (*) achievement than the controls after training with  
dual-tasks. Columns represent the mean ± S.D. The columns 
were labeled as follows:  1st days with horizontal stripes, 
control 3rd days with gray, control 5th days with  vertical 
lines, results of PD patients on the 1st days with black color, 
3rd days with  oblique striped lines, values on the 5th days 
with dotted columns.

Comparable results were obtained in participants > 65 
years, but the amount of change during dual-task training 
was more impressive than in the age matched group under 
65 years. Decreased reaction times were demonstrated 
in the controls > 65 years in dual task performances; Bird 

Figure 3: Comparing the patients’ and the controls' results during training with dual-task tests > 65 years
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(p<0.001), Divided (p<0.01), Habitat (p<0.05), with an 
increase in the number of Hits (p<0.001) on the 3rd day of 
training. The changes were preserved on the 5th day. The 
dual-task tests Simple and Misses did not change as in the 
younger control group of participants. The greatest changes 
were observed in the Parkinsonian patients > 65 years. All 
dual-task results were changed on the 3rd day compared to 
the 1st day (Figure 3), and these changes further increased 
on the 5th day after training (p<0.001). However, the values 
of PD patients > 65 years remained elevated compared to the 
controls, namely: Divided (p<0.05), Habitat (p<0.05), on the 
5th day of training. The number of Hits showed a significant 
elevation (p<during the training, but their number was less 
than the values of the controls (Figure 4). The number of 
Misses was also decreased in this group of patients, but the 
results were significantly higher at the end of training than 
that of the controls (p<0.05).

Repetition after 6 and 12 months
The short-term dual-task training was repeated after 6 and 

12 months. After 6 months, average reaction times on the first 
day were lower than the baseline, but only the  reaction times 
of ‘Bird’ (p<0.05) and ‘Simple’ (p<0.01) were decreased 
significantly. After one year these changes further increased 
on the first day of training (p<0.001) compared to the baseline 
(Figure 5).

Figure 5. Follow-up of the effect of training in the PD 
≤ 65 years Figure 5 represents the results of the follow-up 
study after training with dual-task activities in patients with 
Parkinson’s disease ≤ 65 years (N = 13), which was repeated 
a half year and one year later. After one half year the average 
reaction times  on the first day were lower than that of the 
baseline, but only the reaction time in the ‘Simple’ (p<0.01) 

and the Bird (p<0.05) tests were statistically significant. 
The  repetition of the dual-task activities after a half year 
led to a significant decrease in the average reaction time of 
‘Bird’ (p<0.001), ‘Divided’ p<0.05), and ‘Simple’ p<0.001). 
The columns represent the mean ± S.D: The black column 
indicates baseline values, the obliquely striped column shows 
the results after one half year, and the dotted column shows 
data after one year.

The number of ‘Hits’ was elevated (Baseline (B): 85.1 
±16.1; Half year (H): 99.5 ±16.5 p<0.05; one year (O): 110.7 
±11.3 p<0.001) in PD patients ≤ 65 years. No changes were 
noted in the 5-day dual-task tests of ‘Habitat’ and ‘Misses’. 
In our study, improvement was maintained in the PD patients 
> 65 years in ‘Bird’ and ‘Simple’ as in the younger group 
of patients, although with higher significance (p<0.001)  
(Figure 6).

Figure 6. Follow-up of the effect of training with PD > 
65 years Figure 6 depicts the results of the follow-up study 
after training with dual-task  activities in the patients with 
Parkinson’s disease > 65 years (N = 13). Training for  five 
days was repeated after one half and one year. The average 
reaction times  on the first days were compared with baseline 
results. A remarkable decrease  was detected in dual-task 
activity in ‘Bird’, ‘Simple’ and ‘Habitat’ tasks (p<0.001) 
after a half year, but not for ‘Divided’ (p< 0.05). The columns 
represent the mean ± S.D. The black column is for the 
baseline, the striped column is for one half year later, and the 
dotted column is after one year.

A similar change was observed in Hits (B: 60.3 ±21.6, 
H: 83.9 ± 26.1 p<0.001 O: 89.4 ± 16.2 p<0.001). The dual-
task Habitat was not altered in PD patients ≤ 65 years, but 
results were significantly attenuated in PD patients > 65 

Figure 4: Comparing the patients’ and the controls' results in the dual - task activity assessed by the Hits
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years compared to the baseline (half year: p<0.05, 12 months 
p<0001) (Figure 6). PD patients > 65 years was the only 
group where the Misses decreased after dual-task training for 
five days and this favorable tendency was observed 6 and 12 
months later (B: 23.3 ±13.1 H: 16.8 ± 5.5 p<0.05, O: 11.8 ± 
6.0, p<0.001). 

Walking tests detecting lower limbs’ bradykinesia
During the dual task tests the participants used their lower 

limbs, so we tested their limb movements when walking as 
an objective assessment suitable for future comparisons, in 
spite of UPDRS III, which mainly measured bradykinesia 
on upper limbs. PD patients were compared to age-matched 
controls in different walking tests to detect their degree of 
bradykinesia. Patients under 65 years were significantly 
different from healthy controls during a walking test for 6 
min (Control (C): 614 ± 125 m PD: 452 ± 143 m (p<0.01) or 
along a 10 m distance (C: 5.8 ± 0.54 sec, PD: 8.3 ± 3.8 sec 
p<0.01). Patients > 65 years tended to be slower, although not 
significantly, to the 6 min criterion: (C: 482 ± 97 m, PD: 392 

± 147 m), or walking 10 m: (C: 6.6 ± 1.6 sec, PD: 8.8 ± 2.9 
sec p<0.01). There were no differences between the first and 
fifth day of testing in the 6 min test, or between the 6 min and 
10 m tests at 6 and 12 months after training.

Cognitive tests
There were no significant differences in the scores of 

patients and control subjects in either age group (over or 
under 65 years) on the Mini Mental Rating Scale, the Ziehen- 
Ranschburg Word Pair Test, the Clock Drawing Test, the 
Hamilton Depression Scale, and the Trail Making Test, 
neither after half a year nor after a year later.

Discussion
The efficacy of dual-task tests was demonstrated in this 

study in the assessment of  cognitive decline in PD patients 
with H-Y I and II in an age-dependent way. The deterioration 
of dual-task performances was higher in the PD groups 
than in the age matched healthy controls, with the greatest 
decline in PD patients > 65 years. Training with dual-

Figure 5: Follow-up of the effect of training with dual - task performances in the PD patients ≤ 65 years

Figure 6: Follow-up of the effect of training with dual - task performances in the PD patients ≤ 65 years
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task performance tests for a short period had a rapidly and 
beneficial effect on the delayed reaction times and the number 
of Hits. However, the level of the control participants was 
never reached by the values of the patients. Dual-task training 
proved to be the most effective in patients > 65 years and the 
cognitive improvements were retained for at least 6 months. 
The increased number of Misses in the ‘Target’ test may be 
the most sensitive parameter for the assessment of cognitive 
decline. A delay in the reaction time is induced by the 
simultaneous performance of two tasks as opposed to single 
task activities, suggesting the interference of the attention and 
executive function in dual-task testing which are diminished 
in patients with PD (38 - 41, 25, 30). Recently, a report noted 
a significant decline in the performance of treadmill walking 
with visuomotor and cognitive game dual-tasks has been 
described (42), and illustrated by  Johansson et al. (43). The 
influence of dual-task performance on cognitive function 
were considered only in a few studies including walking 
tests, with a strong focus on the spatiotemporal parameters 
of walking (44, 45).  It has been reported that the walking 
time component of a cognitive dual-task performance was 
influenced by practice, but not with a motor dual-task activity 
(46). In addition, the cognitive ability of PD patients was 
improved by cycling with cognitive tasks (47, 48). The motor 
achievement was improved after training for several weeks 
and the spatiotemporal walking parameters of PD patients

were influenced by training with dual-tasks after just 
one session (49). Although attention has been drawn to 
the cognitive difference between the H-Y stage II and 
III (50), and the differences between PD patients with 
and without minimal cognitive impairment (MCI) were 
stressed in a later publication (43). The view that dual-task 
activities are strongly influenced by the cognitive ability 
has been confirmed by several studies. In the light of these 
observations, the number of Hits and Misses was examined 
for the assessment of the patients’ global cognitive ability, 
clearly showing differences between the patients and the age-
matched healthy controls. The increased reaction time delays 
in PD patients was indicated in several studies, although 
later stages of the disease were examined than in the present 
study (51 - 53). The alterations in cognition assessed by 
dual-task tests between PD groups at different ages were also 
observed in our study and are consistent with earlier work 
studying an older population (54, 55). It is suggested the 
cognitive deficits are detectable with dual-tasks in a younger 
age than previously assumed thought. It has been stated 
that cognitive impairment was apparent subjectively in 20 
% of PD patients at the time of diagnosis (56), even when 
cognitive tests appeared to be within normal limits. The data 
were interpreted as indicating a subjective cognitive decline 
with no discussion of this paradox (57). Recently cognitive-
motor interference was studied in patients following strokes, 
where the number of correct responses (NCR) was highly 

correlated with the walking distance, but no correlation was 
found with cognitive domains (58). This influence of dual-
task training on post-stroke cognition has been supported by 
objective measurements of the rate of oxygen utilization in 
the frontal lobe (59, 60). This raises a critical issue in the 
rehabilitation of PD patients: there is an urgent need to detect 
cognitive impairment as early as possible, since it may predict 
the future decline of PD patients (61). At present a detailed 
cognitive testing is not applied routinely to PD patients, since 
the psychological tests of memory, executive function and 
attention are time consuming and need special requirements 
and dedicated staff. Dual-task performances can be performed 
relatively quickly and easily and can reveal much about 
the global cognition of patients. Here, a motor activity was 
employed as a part of the dual-task test, and no difference 
was demonstrable between the motor tests  during the short 
training with dual-task activity. Nevertheless, the parameters 
of every dual –task test slightly or significantly improved 
after training, mainly in PD patients over 65. In accordance 
with the work of Johansson et al. (43), we concluded that 
bradykinesia did not play a role in the improved results after 
dual task training. 

Duration of training
Previous studies of dual task training required extended 

periods of time with one or two occasion per week, for several 
weeks, to achieve improvement (28, 44 – 46, 62 - 68). One 
of our objectives was to determine whether shorter periods 
would be sufficient. One of our most striking observations 
was the rapidity of improvement after dual-task training. We 
hypothesize that rapid neural re-organization led to decreased 
interaction between the dual tasks, a view which would 
underline the importance of cognition in dual-task tests, 
consistent with the poorer performances seen even in the early 
stages of PD. On the other hand, not every test in the dual-
task paradigm was improved by training. This might suggest 
that neural network organization is related  to the nature 
of the dual-task performances, with some tasks requiring a 
higher level of cognitive input. The idea would be consistent 
with the greater improvement after training in PD patients 
> 65 years. The greater cognitive deficiency is present, the 
more defective is the dual task performance (> 65 years) 
and the greater potential for improvement can be seen after 
even a minimal training as it happened here. In our present 
study it was confirmed that the delay observed in dual-task 
activity depends on the modality of the dual-task tests (55, 
56). Some dual task tests are better than others for generating 
cognitive improvements. One question to be addressed is 
whether a positive outcome in dual- tasks training can be 
transferred to other cognitive tasks. A few earlier studies of 
dual-task training focused on walking parameters, showing 
a slight, non-significant improvement in executive function 
assessed by the Trail Making Test in the DUALGAIT trial 
(28). Evidence suggests that not only the trained dual tasks 
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are improved, but also non- trained dual-tasks such as the 
auditory Stroop test (the DUALITY trial) (62). A greater 
improvement in cognitive performance was achieved  by the 
highly challenging tests, and it could be transferred to daily 
activities (44). The rapidity of cognitive improvement after 
training might indicate the general increase demanded in the 
exercise of attention, concentration and executive function 
necessary for the successful completion of a dual task session 
(70). However, a diversion of attention to irregularly changing 
objects our observations suggested. Our trial was conducted 
over several consecutive days, therefore it is possible that the 
novelty of those extraneous factors declined, allowing greater 
focus on the dual tasks.

Resumption of testing at 6 and 12 months
In the second part of this study, patients with PD were 

followed for one year to determine the sustainability of the 
response improvement. This represents the longest study 
using dual-task performances, since former studies generally 
followed the patients for only a few weeks after training (28, 
44, 62, 64 – 68, 71).  The transferred effectiveness of dual-
task training has been detected in a few dual- task studies 
(48, 48). Our extended successful testing at 12 months 
provides a strong argument that patients can be provided 
with a prolonged period of enhanced cognitive  function by a 
relatively transient training. Importantly, the reproducibility 
of these results across a 12 - month time span is demonstrated 
by these results.

Mechanisms
In spite of its effectiveness, the underlying central 

mechanisms of training by dual-tasktests remain unclear. The 
complexity of motor and cognitive networks during dual-
task activities were confirmed by the comparison of mental 
parameters with the  interaction of dual-task tests, although 
there is little association between them (46). Examination 
of functional networks relevant to dual-task activities was 
performed by functional MRI, showing positive activity in 
the precuneus nuclei of the parietal lobes during dual-task 
activities compared to that of single tasks (72). Furthermore, 
there  was a shortage of activation in the right vermis of the 
cerebellum in PD patients, and this may be responsible for 
the integration of motor and cognitive networks (73). Some 
of these observations may be relevant to the present results. 
Overall, this study indicates  the usefulness of dual-task tests 
in the detection of global cognitive decay in the early stage 
of PD, where other assays are normal. The cognitive deficit 
apparent in dual-task testing was rapidly improved by dual-
task training, but not to the level of the controls. The cognitive 
improvement generated remained for at least 6 months.

Limitations
The most important limitation of the study is the lack 

of classical randomization in the recruitment and treatment 
of patients and healthy subjects. Participants were recruited 

from the entire population of Hungary based on their ability 
and wish to attend our (mobile) recruiting office, while 
their relatives were used as controls. Although it was not a 
mathematically rigid randomization, however, a conventional 
analysis of the results generated statistically significant 
differences. It is hoped that this pilot study will therefore 
encourage others to expand the work in the continuing search 
for methods to promote cognitive function in PD patients.  It 
should be noted that no distinction has been made between 
male and female participants in this study. We believe this 
aspect deserves to be the subject of a dedicated study in its 
own right in the future. It must be emphasised that the number 
of patients participating in this study is small, and no ‘a priori’ 
calculations of an ideal sample size were performed. Although 
the results show statistically significant differences between 
the study groups, therefore, it is not possible to extend our 
conclusions to a wider spectrum of patients. Nevertheless, we 
feel that the results are sufficiently encouraging – qualitatively 
– to indicate the potential importance and value of replication 
the study with larger cohorts.

Conclusion
Simultaneously performed dual task paradigms were 

used to monitor the cognitive functioning in PD patients. 
Considering the response delay and the increased number  of 
Misses in the patients compared to the controls, a decline in 
global cognition was  demonstrated in Hoehn-Yahr stages I 
and II, mainly in patients above 65 years of age  (Tables 3 
and 4). Cognitive decline assessed by dual-task performances 
coincided with the appearance of movement difficulties 
in patients with PD who had been without early clinical 
symptoms. Cognitive performance was improved by training 
with dual- task activities for only a few days, with greatest 
improvement in patients > 65 years. These favorable results 
were maintained for at least 6 months after the initial training 
(Figure 5 and 6). It must be emphasised that the number of 
patients participating in this study is small, and no ‘a priori’ 
calculations of an ideal sample size were performed. Although 
the results show statistically significant differences between 
the study groups, therefore, it is not possible to extend our 
conclusions to a wider spectrum of patients. Nevertheless, we 
feel that the results are sufficiently encouraging – qualitatively 
– to indicate the potential importance and value of replication 
the study with larger cohorts
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