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Abstract: Engaging in physical activity (PA) is crucial for individuals with Parkinson's disease (PD) to maintain
functional independence and enhance their quality of life. However, difficulties in measuring PA create
challenges when comparing and combining results from various studies, hindering the identification of
effective, efficient, and beneficial PA interventions, therefore the study aimed to compare the self-reported and
objective PA of people with PD in the context of participation in functional physical rehabilitation (FPR).
International Physical Activity Questionnaire and an Actigraph GT3X+, to measure the PA were used. The
study included 47 patients with idiopathic PD, aged 64.37+7.12 yrs., disease duration of 6.29 + 4.02 yrs., in the
IT and III stages of the disease according to the Hoehn and Yahr scale. The patients were divided into two
groups, participating (group A), and not participating (group B) in FPR. The study showed that in both groups,
the self-reported level of physical activity was higher than the accelerometer-measured level. However, these
differences were not statistically significant in the group participating in FPR. It was concluded that
participation in FPR increases the possibility of a reliable assessment of the level of PA.

Keywords: physical exercise; physiotherapy; Parkinson’s disease; IPAQ; accelerometer;
self-reported; measurement

Introduction

Regular physical activity (PA) is critical to a healthy lifestyle. Scientific studies have repeatedly
demonstrated its positive impact on quality of life, health, and well-being. Numerous scientific
studies indicate that physical exercise induces beneficial neuropathic changes in the brain of people
suffering from neurodegenerative diseases, including Parkinson's disease (PD) [1-2].

It has been proven that PA is a recommended intervention for older adults, as it affects cognitive
functions, the number of falls, mobility, and mood, among other factors (2). In the realm of physical
activity (PA) research, there exists a fundamental need for consistent guidelines that measure specific
aspects of PA in older individuals. At present, there is a significant degree of heterogeneity in the
selection of outcomes, which can lead to biases and hinder the ability to compare and combine results
across studies. As a consequence, this presents challenges in identifying effective, ineffective, and
untested PA interventions, thereby making it difficult to make informed decisions relating to
healthcare programming and promoting PA for public health initiatives aimed at supporting the
aging population [3].
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In this context, measuring PA in older individuals is crucial for understanding PA's impact on
health and quality of life, identifying the best forms of activity for this age group, maintaining
independence, and monitoring the effectiveness of intervention programs [4].

There are limitations to the PA measurement tools available as physical fitness levels vary
significantly. While some tools work well for assessing PA in active individuals, they may not be
effective in differentiating PA in those with physical limitations or who lead sedentary lifestyles.
Furthermore, advanced age is often associated with chronic conditions and diseases that can impact
physical exertion. Recommendations for PA within specific disease entities may not provide an
accurate view. Conditions that limit maximal or submaximal intensity efforts require engaging in
lower intensity efforts, which complicates proper measurement and interpretation [5-6].

Studies have demonstrated that the rapid advancement of technology and measuring devices
can lead to challenges when attempting to operate them. For instance, specific measuring techniques,
like activity monitors worn on the wrist, may not be practical or comfortable for older people, which
can lead to inaccurate readings. Psychological aspects are also an additional consideration.
Measuring PA requires a certain level of self-awareness and motivation. Older individuals might
struggle with self-esteem and may also have concerns that measuring PA could lead to a loss of
privacy or be perceived as an intrusion into their daily lives [4].

Parkinson's disease (PD) is the second most common neurodegenerative disorder. The primary
risk factor is the brain's aging, which occurs due to metabolism and neuronal homeostasis
disturbances. PD can result from the interaction of genetic and environmental factors [7-9]. It is
estimated that 7 - 10 million people worldwide suffer from PD. The average age of onset is 60 years,
and along with it, the incidence increases. However, in about 5 - 10% of the population, the disease
begins before age 50 [10-11]. Clinicians identify four main motor symptoms of PD: tremor, muscle
rigidity, bradykinesia, and impaired postural reflexes [12]. Due to the complex mechanism
underlying motor impairments, which can lead to progressive loss of independence and, ultimately,
disability despite optimal medical or surgical treatment, physical rehabilitation is an essential
complement to pharmacological therapy [13-16].

Rehabilitation is primarily focused on improving specific aspects of mobility (stretching-
strengthening exercises, balance exercises, posture, and occupational therapy) [17]. Resistance
exercises are also used, among others, to enhance specific gait parameters. The effectiveness of
externally generated control signals facilitating the initiation and maintenance of motor activities has
been demonstrated [18-19]. Researchers often focused on selected aspects of physical fitness,
proposing a traditional approach based on motor symptoms or a conditioning (aerobic) exercise-
oriented approach [20].

A thorough analysis of studies in the literature has shown that physical rehabilitation yields
clinically significant benefits, yet the interventions presented are largely heterogeneous [17,21].
Therefore, in this work, a functional physical rehabilitation (FPR) was implemented, combining a
traditional approach with a modern perspective, and symptom-based therapy is directly linked to
task-oriented training [22].

According to the literature, multiple studies suggest that physical rehabilitation and physical
activity are closely connected [23-24]. Engaging in physical activity during middle age can lower the
risk of Parkinson's disease and potentially influence its progression. Many exercise programs are
effective in slowing down the progression of the disease and reducing the severity of motor
symptoms. Recommendations regarding physical activity should be a significant component of the
rehabilitation process for individuals with PD. Emphasizing the regularity of exercises to achieve and
maintain good physical condition, the selection of practices should not only be tailored to patients'
capabilities but also consider their interests to motivate them for regular physical exercise [25-26].

Accurate measurement of PA is therefore critical for understanding the effects of the disease and
developing effective treatment strategies. Measure the PA in people with PD to track the progression
of the disease and its effects on motor function. Regular measurement of PA allows us to monitor
changes in motor function over time and identify potential improvements or declines. This
information is essential for developing effective treatment plans and making adjustments as needed
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to ensure optimal management of PD symptoms [14,27-28]. Moreover measuring PA is to evaluate
the effectiveness of different treatment options. PA is often prescribed as part of a comprehensive
treatment plan for people with PD. Regular measurement allows us to assess the impact of PA on
motor function and quality of life, and to identify areas for improvement. This information is valuable
for developing targeted interventions that are most effective for individual patients [29]. Measuring
PA also provides a valuable tool for tracking the impact of lifestyle factors. People with PD may
engage in PA for a variety of reasons, including for exercise, leisure, or work-related activities.
Regular measurement allows healthcare providers to understand the impact of these activities on
motor function and quality of life and to identify strategies for optimizing PA in people with PD [29-
31].

Research has indicated that individuals with Parkinson's Disease (PD) often report higher levels
of physical activity (PA) than they perform. This discrepancy may arise from a divergence between
their perception of PA and the actual definitions of the term, leading to an overestimation of
engagement in such activities. The subjective nature of self-reported PA plays a significant role in
this phenomenon. Individuals with PD may need to fully recognize or comprehend the various
activities that qualify as PA, such as household chores or walking, which may result in a lower
reported activity level. Furthermore, challenges associated with the motor symptoms of PD,
including tremors, stiffness, and difficulties with balance and coordination, can hinder participation
in physical activities. This can lead to a reduced perception of engagement even when actual activity
levels may be relatively substantial. Additionally, individuals with PD may tend to avoid certain
types of physical activity or may require assistance with specific tasks, further diminishing their
perceived involvement in PA [32-33].

How the PA is measured can also contribute to the discrepancy between perception and reality.
Self-reported is typically measured using self-reported questionnaires or diaries, subject to the
abovementioned biases and inaccuracies. Objective PA tracking devices, such as wearable devices or
accelerometers, can provide a more accurate measurement.

The discrepancy between the perception and reality of PA in people with PD is a complex issue
with multiple factors contributing to the problem, therefore the aim of the study was to compare the
level of self-reported and objective PA of people with PD in the context of participation in FPR.

Material and methods.

The study included 47 patients with idiopathic PD, according to criteria set by the United
Kingdom Parkinson’s Disease Society Brain Bank, aged 64.37+7.12 yrs., disease duration 6.29 + 4.02
yrs., in II and III stages of the disease according to the Hoehn and Yahr scale [34]. To determine the
clinical status of patients, the Movement Disorder Society-Sponsored Revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) was applied [35].

The patients volunteered to participate in the study. A Committee for Bioethics of the Academy
of Physical Education in Katowice gave consent for carrying out the examinations (30/2017). All
examined patients were informed about the purpose and the course of examinations and provided
expressed written consent for their participation in them. The patients did not have other coexisting
neurodegenerative diseases.

The subjects were randomly assigned to two groups: participating (group A) and not
participating in the FPR program (group B). The characteristics of the subjects divided into groups
are presented in tab.1.
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Table 1. Characteristics of subjects.

Group A Group B t-student test
Characterisctic (n=25) (n=22)
X+ SD X+ SD T P

Age (years) 63,27+5,86 64,42+6,45 2,31 0,21

Disease duration (years) 5,93+1,34 6,73+1,97 3,72 0,49

ME-DL 7,89+0,81 8,27+0,72 1,63 0,12

MDS - ME 25,67+2,08 28,97+3,23 2,52 0,02*
UPDRS

[pts] MC 2,89+0,84 3,12+0,79 2,74 0,06

Total 36,45+4,89 40,36+4,72 2,32 0,03*

MDS-UPDRS - Movement Disorder Society-Sponsored Revision of the Unified Parkinson’s Disease Rating Scale,
ME-DL — Motor Experiences of Daily Living (Part IT of MDS-UPDRS); ME — Motor Examination (Part III of MDS-
UPDRS); MC — Motor Complications (Part IV of MDS-UPDRS)X - arithmetic mean, SD — standard deviation, T -
value of T test, p — probability degree, *- statistically significant differences

Subjects from group A participated in 60 minutes of FPR in the gym twice a week, for 9 months,
before the study commenced. The researchers conducted a program that aimed to improve the
functional independence and quality of life of individuals with PD. The program focused on
addressing motor symptoms and concurrent task-oriented training. The main principles of the
program were based on combining therapy that targets motor symptoms with task-oriented therapy.
Each exercise was functionally justified and designed to help patients cope with daily activities.

Rehabilitation in this form allows for the prevention and correction of secondary changes
leading to functional impairment and effective modification of the complexity of exercises at each
stage of cooperation based on the patient's functional priorities. In each functional exercise, the
following were used: strategies targeted at motor problems resulting from symptoms and
particularly recommended and useful in a specific functional motor task. The rehabilitation process
was adapted to the needs and capabilities of the patient and focused on the most important problem
related to movement (muscle stiffness, slowness of movement, postural reflex disorders, tremors).
Rehabilitation sessions consisted of performing simple and complex movement patterns to increase
the fluidity of motor skills. These patterns were based on movement templates, were functionally
justified, and aimed at developing the ability to manage everyday activities (independent turning
and getting out of bed, dressing, putting on and lacing shoes, going up and down stairs and crossing
thresholds, moving around in the field) [31,36].

Additionally, exercises targeting reduced muscle tension and strategies for coping with tremors
were implemented. The essence of the condition was taken into account, where motor programs are
preserved, automatic movements fade or become voluntary-dependent, and voluntary activities
emerge with delay, slowness, and incompleteness. In each functional exercise, targeted strategies
were employed to address motor issues arising from symptoms, specifically recommended and
valuable for the defined functional movement task [31,36].

Used sets of exercises were worked out by authors of the research work based on literature.

The patients from group B did not participate in the rehabilitation sessions.

The International Physical Activity Questionnaire (IPAQ)[37,38] and triaxial accelerometer,
Actigraph GT3X+, were used to measure the weekly physical activity (AC)[4,29].
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The assessment of PA was conducted using a weekly physical activity, which recorded
accelerations in the sagittal, frontal, and transverse planes. The device was worn by the participants
for seven consecutive days at hip level and removed only during sleep and water-related activities.
According to the PA assessment guidelines, measurements were conducted in October and March
[4].

The accelerometer-recorded data were subjected to statistical analysis using ActiLife 5.10.0
software, which allowed for obtaining physical activity parameters such as the duration of physical
efforts of low, moderate, and high intensity. The following thresholds of recorded accelerations
(signals) per minute (counts per minute - cpm) were adopted for this purpose:

200-2689 cpm for low-intensity physical activity,

2690-6166 cpm for moderate-intensity physical activity,

6167 cpm and above for high-intensity physical activity [39].

The respondents filled out an IPAQ questionnaire during the time reading data from the
accelerometer in order to determine the level of self-reported PA. They were supposed to assess their
PA of the previous week, in which they wore the accelerometer. A short version of the IPAQ
questionnaire was used and contained questions about the number of days of the week when they
made efforts in the respective zones of intensity. Based on the responses of the surveyed people, the
volume of PA was evaluated in the intensity zones as follows: low (walking), moderate, high
(vigorous).

Based on the collected data, frequency of PA, intensity, and duration during the day, the weekly
volume of PA was determined for three intensity zones. The intensity of the activity was determined
using the metabolic equivalent of task (MET), 8.0 MET for activity with vigorous intensity (PA1), 4.0
MET for moderate intensity (PA2) and 3.3 MET for low (walking) intensity (PA3). The calculation
procedure involved multiplying the number of days, duration, and the MET values for each intensity
zone separately. The total weekly physical activity (WPA) was determined by summing up its level
in the three intensity zones (MET-min/week) [40]. The calculations were made separately for the data
obtained from the questionnaire and from the Actigraph.

The obtained results were compiled and prepared in accordance with statistics rules. Basic
descriptive statistics were calculated and the normal distribution was examined by means of the
Kolmogorov-Smirnov test. In order to evaluate the significance of differences, the Student’s t-
distribution test was applied for independent samples.

Results

Comparing self-reported weekly physical activity with the objective showed statistically
significant differences in both groups (Table 2). In relative values, the self-reported physical activity
level was 8.61% higher in group A, while in group B it was higher by 56.70%.

Table 2. Comparison of self-reported and objective PA.

Group IPAQ AC " b
[MET /week] [MET /week]
A 981,60+78,25 903,77+77,45 17,85 0,002
B 424,51+32,58 271,05+31,28 8,45 0,003

t - value of the student's t test; p - probability degree

According to the methodology adopted in this study, the size of WPA is the sum of PA in each
intensity zone; therefore, further analysis was conducted on the level of weekly PA divided into
intensity zones (Fig.1). In both studied groups, efforts in the low-intensity zone dominated. In group
A, the declared level of PA was higher than the objective in all intensity zones. Specifically, the
reported level was 19.50% higher in the high-intensity zone, 10.52% higher in the moderate-intensity
zone, and 7.35% higher in the low-intensity zone. However, only the differences in the moderate-
intensity zone (p<0.01) and high-intensity zone (p<0.02) were statistically significant.
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In group B, similar to group A, self-reported PA was higher than objectively measured PA. The
highest relative difference was observed in the high-intensity zone (250%), followed by the moderate-
intensity zone (90.66%) and the low-intensity zone (48.32%). These differences were statistically
significant (PA1- p<0.001, PA2- p<0.01, PA3-p<0.002).

1200
1000
800
X
()
()
E 600 mPAl
& mPA2
=
400 HPA3
- .
0
IPAQ AC IPAQ AC
Group A Group B

Figure 1. Weekly PA in MET MET - Metabolic equivalent of task, IPAQ — Weekly PA measure by
International Physical Activity Questionnaire, AC — Weekly PA measure by accelerometer, PA 1 -
Physical activity of high intensity, PA 2 — Physical activity of moderate intensity, PA 3 — Physical
activity of low intensity.

As the PA level in individual zones is a product of the number of days at a given intensity and
the duration of effort, these parameters were analyzed (Table 3).
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Table 3. Frequency and value of daily physical activity in 3 zones of intensity (min).

Intensity Frequency of daily PA Volume of daily PA
(day/week) (min/day)
relative difference o) relative difference P
(%) (%)
Group A
PA1 13,82 p<0,01 4,99 p<0,001
PA2 1,55 p<0,06 8,73 p<0,02
PA3 1,81 p<0,07 5,44 p<0,01
Group B
PA 1 4,99 p<0,06 83,33 p<0,04
PA 2 8,73 p<0,01 64,19 p<0,01
PA3 5,44 p<0,01 33,83 p<0,01

Analyzing the data of frequency and volume of daily PA in three intensity zones within the
group, it was found that statistically significant differences occurred in both examined parameters in
the high-intensity zone. However, in the moderate and low-intensity zones, statistically significant
differences were found in the duration of efforts. Statistically insignificant differences in the
frequency of undertaking efforts were observed in these zones.

In group B, statistically significant differences were found in the duration of efforts in all zones
and in the frequency of undertaking efforts in the moderate and low-intensity zones. Statistically
insignificant differences occurred in the frequency of undertaking efforts in the high-intensity zone.

Discusion

Identifying the main factor responsible for discrepancies between reported and actual PA levels
is complex [41]. Studies have shown that there are significant differences between subjectively
reported and objectively monitored, especially in people with PD. Accurate measurement, especially
in older people and those with PD, is difficult due to both movement and non-movement disorders.

Objective measurement, e.g., using accelerometers, allows for precise determination of activity
level and exercise intensity, but self-report methods, although practical and widely used, are prone
to overestimation or underestimation due to difficulties in planning and executing tasks, focusing
attention on PA, the influence of social expectations, and misinterpretation of data [42-43].

Although questionnaires such as the IPAQ, often used in clinical and population studies,
provide useful information on weekly PA, they have limitations [38,44,45]. Studies by Kang [46] and
Kelly [47] indicate that in many social groups, there is a tendency to over report, which may result
from the desire to improve one’s self-image, feel better, or meet expectations related to a healthy
lifestyle.

Another important factor that may influence the differences between reported and actual PA is
the physical limitations associated with PD. For example, studies by Clina et al. [48] have shown that
people with disabilities, compared to healthy people, tend to have a higher subjective assessment of
activity related to performing household chores. This may be due to the incredible difficulty these
people experience when performing daily activities, affecting their perception of effort.
Musculoskeletal problems like pain and fatigue may complicate precise task performance, affecting
their PA self-assessment [48].

Cognitive impairment, which often accompanies PD, further complicates the accurate
assessment of activity levels. Reduced ability to assess physical effort and problems with planning
and organizing activities may lead to incorrect retrospective assessments of the intensity and
duration of activity. As a result, subjective assessments of activity in older populations should be
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treated with caution because cognitive dysfunctions may partially explain the differences between
objective and subjective measures of PA [49,50].

Our results indicate that people with PD who participated in FPT had a lower tendency to
overestimate their level of effort and a higher level of PA compared to those who did not participate
in the rehabilitation program. These results suggest that FPT may be an effective intervention to
improve both the level of activity and the accuracy of its assessment.

Studies presented in the literature suggest that physical rehabilitation improves brain plasticity,
essential for improving motor and cognitive functions [51]. Regular exercise can support brain
function by inhibiting inflammation, reducing oxidative stress, and stimulating synaptogenesis and
angiogenesis, which affects more accurate self-assessment of physical effort [52]. Therefore, exercise
therapy is a valuable tool in managing non-motor symptoms of PD and can support pharmacological
treatment [51].

Accurate determination of the actual level of PA in the context of PD is crucial, as PA is a
potentially modifiable risk factor for disease progression. Further research is needed to identify the
main factor responsible for the discrepancies between subjective and objective measures of PA.
Therefore, studies that consider physical fitness level and disease severity may contribute to a better
understanding of the interaction between reported and actual activity and its impact on motor and
non-motor symptoms.

Conclusions

A reliable assessment of PA levels is an important tool for evaluating disease progression,
monitoring treatment effectiveness, and assessing the efficiency of rehabilitation programs. The
conducted research revealed significant discrepancies between self-reported and objectively
measured PA levels in individuals with PD, depending on their participation in FPT. Based on the
study results, it was concluded that participation in functional physical rehabilitation improves the
accuracy of self-assessment of physical activity levels.
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