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Abstract

Introduction. Physical activity (PA) is a modifiable factor that may influence the course of Parkinson’s disease (PD). This study
aimed to apply a simple behavioural intervention aimed at encouraging PD sufferers to increase their everyday PA and to as-
sess which parameters of motor functions will be improved.

Methods. The research covered 50 PD patients (28 men and 22 women) aged 40-81 years (65.38 + 9.23), with a duration of
the disease of 2-4 years, in stages 1-3 on the Hoehn and Yahr scale. The patients were randomly divided into two groups: the
experimental group with behavioural therapy and the control group without intervention. During 12 weeks, the patients from
the experimental group had five phone conversations. Each conversation lasted 15 min and was an interview about the subjects’
PA in the last month. The outcome was measured by the Timed Up and Go test (TUG), Unified Parkinson’s Disease Rating Scale
(UPDRS) — part lll, FIR [Functional Index “Repty” — own modification of Functional Independence Measure (FIM)], Functional
Ambulation Category (FAC), and International Physical Activity Questionnaire (IPAQ).

Results. The results showed that, after 12 weeks and five phone conversations, in the experimental group spontaneous PA in-

creased and motor functions improved.

Conclusions. PA improvement depended on age, body mass index, and gender.
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Introduction

Parkinson’s disease (PD) stands as the second most
prevalent neurodegenerative disorder, impacting over 4.5%
of individuals aged 80 and above. Predominant symptoms
encompass bradykinesia, tremors, rigidity, and postural in-
stability, contributing to challenges in walking, balance, and an
elevated risk of falls. Physical inactivity may manifest prior to
the disease onset, representing a potential symptom of PD.

The World Health Organization (WHO) has recently in-
tensified its focus on the influence of physical activity (PA)
on human well-being. In response, experts have formulated
an action plan spanning 2018-2030, aimed at enhancing
global health through the Global Action Plan on Physical Ac-
tivity (GAPPA) [1]. The British Journal of Sports Medicine has
dedicated a special edition wherein Bull et al. [2], represent-
ing WHO experts, presented guidelines advocating that all
adults engage in PA for 150-300 min weekly at moderate in-
tensity or for 75-150 min if the exercise is vigorous, or a com-
bination of moderate and high-intensity aerobic exercise.

The recommendations further underscore the impor-
tance of regular muscle-strengthening exercises across all
age groups [2]. Additionally, experts emphasise the necessity
to curtail sedentary habits. According to Pate et al. [3], seden-
tary behaviour comprises activities that maintain energy ex-
penditure within the range of 1.0—1.5 metabolic equivalent
units (METs) and includes actions such as sleeping, sitting,
lying down, and screen-based entertainment. Notably, a sed-
entary lifestyle, defined as sitting for more than 7-10 hours
daily, poses health risks, irrespective of adherence to WHO-
recommended PA levels. Silva et al. [4] referred the physical
inactivity to people who reported not participating in PA dur-
ing their free time in the last three months, partaking in intense

physical exertion at work, actively commuting to work or
school by walking or biking for at least 10 min, or performing
intense household cleaning. Lima et al. [5] due to a survey of
58,395 Brazilian adults, stated that older adults with a higher
level of education were more active in their leisure time and
were more optimistic about their health status; however, the
level of PA decreased with age in both sexes.

It is widely acknowledged that individuals with PD exhibit
lower levels of PA compared to the general population, a con-
sensus supported by various scientific studies [6, 7]. Despite
advancements in pharmacological therapy, deep brain stim-
ulation (DBS), and non-invasive thalamotomy and pallidotomy
via focused high-intensity ultrasound monitored by magnetic
resonance imaging (MRgFUS), progressive disability remains
challenging to control [8]. A recent meta-analysis by Ahmad
et al. [9] encompassing 25 eligible articles (n = 1505) empha-
sised the positive overall impact of therapeutic exercise on
PD patients, revealing no qualitative differences between
aerobic and non-aerobic forms of exercise.

While novel methods like music therapy, dance therapy,
Tai Chi, and Qigong have enriched comprehensive rehabilita-
tion approaches for PD [10], PA continues to play a pivotal
role in the disease’s trajectory. Increased PA not only delays
the progression of physical disability but also augments the
quality of life in affected individuals. A 2017 systematic review
by Wu et al. [11], incorporating 11 studies and 342 patients
engaged in 17 distinct PA programs, demonstrated that qi-
gong positively influenced UPDRS-III (motor) scores and re-
duced the occurrence of non-motor symptoms (NMS) and
depression. Moreover, balance-training programs like Tai Chi
exhibited improvements in postural stability and overall quality
of life. The authors concluded that PA holds the potential to
mitigate motor skills degeneration, alleviate depression, and
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enhance the quality of life for PD patients, with aerobic train-
ing yielding optimal results [11]. PA, exercise, and fitness are
occasionally viewed as synonymous and used interchange-
ably. However, it is essential to recognise that they represent
distinct concepts. The WHO relies on the 1985 definition pro-
posed by Caspersen et al. [12], defining PA as “any bodily
movement produced by skeletal muscles that results in en-
ergy expenditure.” Exercise, classified as a subset of PA, is
deliberate, structured, and repeatable, aiming to enhance or
maintain physical fitness — an amalgamation of attributes re-
lated to health and skills [12].

PA can be categorised into various types, including oc-
cupational, sports, conditioning, household, and others. Strath
et al. [13], as per the American Heart Association, identified
four dimensions of PA: mode or type, frequency, engagement
time, and intensity. The U.S. Chief Surgeon’s report further
classified PA into moderate (e.qg., walking, gymnastics, danc-
ing) and vigorous (e.g., climbing, swimming, jogging) [14].

Dontje et al. [15] conducted an analysis of accelerometer
data from 467 PD patients identifying as sedentary individu-
als, where over 98% of their day was spent in sedentary to
light-intensity activities. Their findings revealed that 82% of
participants were physically inactive (0 days/week of 30-minute
activity) and 17% were semi-active (1—4 days/week of 30-minute
activity). In summary, advanced age, female gender, and re-
duced physical capacity emerged as pivotal determinants of
diminished daily PA [15]. Some authors [16, 17] have sug-
gested that PA may enhance both motor and non-motor func-
tions, as well as the quality of life in PD.

Several methods exist to gauge PA, categorised as objec-
tive vs. subjective or quantitative vs. qualitative. Subjective
methods encompass questionnaires, diaries, etc., while ob-
jective methods involve motion sensors, heart-rate monitors,
etc. The International Physical Activity Questionnaire (IPAQ),
considered one of the world’s premier questionnaires, was
developed by an International Consensus Group in 1998.
Validated in 2003 across 12 countries, the long version com-
prises 27 questions measuring PA in metabolic equivalent
(MET-minutes/week) units across various life domains [18, 19].
Additionally, Washburn et al. introduced the Physical Activity
Scale for Individuals with Physical Disabilities (PASIPD) in
2002, encompassing 13 items related to leisure, household,
and occupational activities [20].

The WHO advocates for the Global Physical Activity
Questionnaire (GPAQ), designed in 2009 by Bull et al. [21],
capturing PA across work, transport, and discretionary do-
mains. The GPAQ aligns with the IPAQ, providing reliable data
with a moderate-strong positive correlation. The General Prac-
tice Physical Activity Questionnaire (GPPAQ), mandated by
the British NHS for general practitioners (GPs), classifies indi-
viduals into four levels based on their PA index [22].

Ainsworth et al. [23] emphasised in 2015 that assessing
PA aims to discern the frequency, duration, intensity, and
types of behaviours over a specific period. Methods encom-
pass self-report measures, including questionnaires and de-
tailed diaries, and direct measures like motion sensors. Se-
lection considerations should include literacy requirements,
the assessment’s purpose, recall or time period, validity evi-
dence, and generalizability to diverse populations [23]. Sken-
der et al. [24] conducted a comprehensive analysis, encom-
passing 57 articles featuring a minimum of 100 participants
aged 18 or older, in their systematic exploration of PA assess-
ments through both accelerometry and questionnaires. The
prescribed wear times across most studies was seven days
during waking hours, predominantly fastened on hips using
waist belts. The findings from this investigation suggested

that accelerometers yield marginally more reliable outcomes
concerning self-reported PA, particularly in male subjects.
Acknowledging the overall limited consistency, divergent
aspects measured by each method, and variations in the di-
mensions under examination, it is recommended that research
endeavours employ both questionnaires and accelerometers
to obtain the most comprehensive and accurate information
about PA [24]. Similarly, Dowd et al. [25], in alignment with
a systematic review, proposed that, although an unequivo-
cally “perfect” tool for scrutinising adult PA remains elusive,
researchers should strive to integrate appropriate objective
measures tailored to the specific behaviours of interest when
scrutinising PA in natural living settings.

The aim of our study was to apply a simple behavioural
intervention aimed at encouraging PD sufferers to increase
their everyday PA and to assess which parameters of motor
functions will be improved.

Subjects and methods
Subjects

The study group consisted of 50 non-demented PD pa-
tients aged 40-81 years (65.38 + 9.23 years, 22 women, 28
men). They were treated at the outpatient Neurology Clinic of
the Silesian Medical University in Katowice. The research was
conducted in 2015-2017 after obtaining approval by the local
Bioethics Committee. All participants signed the informed
consent form. PD was diagnosed based on the principles of
the United Kingdom Parkinson’s Disease Society Brain Bank
[26]. The inclusion criteria were duration of the disease be-
tween 2 and 4 years, stage |-l on the Hoehn and Yahr (H&Y)
scale, subjects able to walk independently: UPDRS question-
naire part lll = 0-42 points, FIR for walking = 3 or 5 points,
Functional Ambulating Category (FAC) = 2-5 points, IPAQ =
0-21 points, and unchanged pharmacological treatment —
constant doses of drugs during the study. The H&Y scale con-
sists of four stages of development of the disease [27]. The
Unified Parkinson’s Disease Rating Scale (UPDRS) was de-
veloped in 1987 as a rating tool used to gauge the severity and
progression of PD. The UPDRS scale consists of six seg-
ments: (1) Mentation, Behavior, and Mood, (2) Activities of
Daily Living — ADL, (3) Motor functions, (4) Complications of
Therapy (in the past week), (5) Modified H&Y Scale, and (6)
Schwab and England ADL scale [28]. Functional Index Repty
was developed in 1997 as a motor modification of the Func-
tional Independence Measure (FIM). FIR is an ADL scale
which consists of 15 items; the scoring system is 1-3-5-7
points [29]. Functional Ambulating Categories (FAC) was de-
veloped by Holden et al. [30] as a 6-point functional walking
test that evaluates ambulation ability, determining how much
human support the patient requires when walking. The Timed
Up and Go (TUG) test was developed in 1991 by Podsiadto
and Richardson [31].

Patients were randomised into two groups: experimental
(n = 26) and control (n = 24). Characteristics of the study
groups are presented in Tables 1-3.

Intervention

During 12 weeks, the patients from the experimental group
had five phone conversations. Each conversation lasted 15 min
and was an interview about the subject’s PA. The questions
related to walking in the period preceding the last phone call
— approximate time and distance per day. Another member
of the research team made the telephone calls and another
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Table 1. Characteristics of the experimental group (n = 26)

Table 2. Characteristics of the control group (n = 24)

Mediana SD Mediana SD
Gender: women/men (n) 9/17 Gender: women/men (n) 13/11
Age (years) 66.38 8.44 Age (years) 64.38 10.19
The duration of the disease (years) 6.96 3.30 The duration of the disease (years) 7.58 4.10
Hoehn and Yahr scale (degrees) 2.25 0.35 Hoehn and Yahr scale (degrees) 2.21 0.35
Body mass index (BMI) 27.32 2.69 Body mass index (BMI) 25.71 3.16
Table 3. Distribution of features in groups: experimental (n = 26) and control (n = 24)
Experimental Control

reatue nimean(sp) | NIMeAE | sy | %/medan P

women 9 35 13 54
Gender 0.791

men 17 65 11 46
Age (years) 66 (9) 65.5 (50-80) 64 (11) (40-81) 0.353
Hoehn and Yahr stage 2.25(0.35) 2 (1.5-3) 2.21 (0.35) 2 (1.5-3) 0.003
Duration of disease (years) 6.96 (3.30) 7 (2-15) 7.58 (4.10) 7 (2-20) 0.041
Body mass index (BMI) (kg/m?) 27.32 (2.74) 26.75 (21.88-32.19) 25.71 (3.16) (18.67-30.10) 0.544

member of the team made the calculations of the test results.
The patients from the control group had no telephone calls.

Statistical analysis

Quantitative variables of the analysed parameters were
described using mean value, standard deviation (SD), medi-
an, maximum and minimum values, and quartiles (Q1, Q2). In
the statistical analyses, a significance level of p < 0.05 was
adopted. The normality of the distribution of the analysed pa-
rameters was checked using the Shapiro-Wilk test. To deter-
mine the degree of relationship between the analysed quan-
titative variables, Spearman’s rank test was used due to the
lack of normality in the distribution of data parameters.

To check whether the results obtained on particular days
of the week differed statistically significantly for given param-
eters, a non-parametric Friedman’s ANOVA test for depend-
ent samples was performed. To compare the differences in
the analysed quantitative variables between two groups of
patients, the Student’s t-test or the Mann-Whitney U-test
were used, respectively, for parameters with a normal distri-
bution and variables without a normal distribution.

To determine whether there are statistical differences be-
tween the results obtained in the initial examination and the
examination conducted after the end of therapy, the Wilcox-
on test for dependent samples was used due to the lack of
normality of the distribution in the analysed variables. Sta-
tistica 12 by Statsoft was used for statistical calculations.

Results

The results are presented in Tables 4 and 5. In the experi-
mental group the parameters of gait, ADL, motor functions
(UPDRS part lll), and PA (in IPAQ) after 12 weeks improved
statistically significantly (Table 4). In the control group, the
parameters of gait, ADL, and PA (in IPAQ) improved statis-
tically significantly, but motor functions as a whole (UPDRS
part lll) did not improve (Table 5). PA in the control group did
not depend on the stage of PD, duration of disease, BMI, ability
to walk, or mobility. The improvement of PA in the experimen-
tal group depended on gender (better in males), age (> 66),
and BMI (< 26).

Table 4. Results of clinical tests in the experimental group (n = 26)

Experimental group

Test day 1 day 84 p

mean + SD median (min—max) mean + SD median (min—max)
Gait in Functional Index Repty 4.4 +0.91 4.5 (3.0-5.0) 4.88 +0.83 5.0 (3.0-7.0) 0.018
Functional Ambulation Category 4.12+0.88 4.0 (2.0-5.0) 4.52 +0.71 4.5 (3.0-5.0) 0.023
Timed Up and Go Test (s) 14.68 + 3.44 14 (11-26) 12.08 + 2.86 11 (10-19) 0.0002
UPDRS part Il (motor examination) 11.28 +6.83 11 (2-25) 13.76 £ 9.23 12 (4-30) 0.045
Functional Index Repty total 96.6 + 7.42 98 (75-105) 101.44 + 3.47 102 (89-105) 0.00006
International Physical Activity Questionnaire 13.76 + 6.91 14 (2-27) 17.36 + 4.47 18 (4-26) 0.005

UPDRS - Unified Parkinson’s Disease Rating Scale
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Table 5. Results of clinical tests in the control group (n = 24)

Control group
Test day 1 day 84 P
mean + SD median (min-max) mean + SD median (min—-max)

Gait in Functional Index Repty 4.05+1.2 4.0 (3.0-7.0) 5.19 +0.87 5.0 (3.0-7.0) 0.002
Functional Ambulation Category 4.19+0.87 4.0 (3.0-5.0) 4.81+04 5.0 (4.0-5.0) 0.007
Timed Up and Go Test (s) 14.52 + 4.35 15 (10-26) 11.24+1.55 11 (9-15) 0.0005
UPDRS part Ill (motor examination) 11.62 £ 9.36 10 (1-33) 11.95 +9.52 7 (2-30) 0.587
Functional Index Repty total 96.33 + 8.66 97 (41-105) 101.48 + 3.31 95 (77-105) 0.0008
International Physical Activity Questionnaire 14.76 £ 4.16 15 (6-23) 19 + 3.39 19 (12-24) 0.0001

UPDRS - Unified Parkinson’s Disease Rating Scale
Discussion

PA is increasingly recommended as an additional inter-
vention for individuals diagnosed with PD. Nevertheless, the
specific advantages of PA for the diverse range of impair-
ments observed in PD patients have yet to be conclusively
determined. The existing evidence suggests that PA could
emerge as a crucial non-pharmacological strategy in PD. In
2018, Stuart et al. [32] asserted that cortical activity tends to
rise with PA, such as walking and balance tasks, in both older
individuals and PD patients when compared to baseline con-
ditions (sitting/standing) or control groups. Monteiro-Junior
et al. [33] highlighted that the positive effects of exercise in PD
might be linked to various factors, including neurotrophic
elements, particularly the cerebral nerve growth factor, and
associated neuroplasticity.

Hidalgo-Agudo et al. [34] conducted a systematic review
and meta-analysis of randomised controlled trials (RCTSs) in-
vestigating the effectiveness of physical interventions in ad-
dition to conventional physical therapy in PD. This review
included a total of 11 RCTs, with five contributing to the meta-
analysis. The statistical analysis revealed favourable out-
comes for dance-based therapy in motor balance, assessed
by TUG and the Berg Balance Scale. Aquatic interventions
demonstrated positive results in balance confidence. The find-
ings from this review underscore the potential advantages of
incorporating dance-based therapy into clinical practice for
enhancing functional balance in individuals with PD. Never-
theless, numerous aspects necessitate clarification through
further research and high-quality studies in this domain [33].

Lauzé et al. [35] identified health parameters likely to im-
prove due to PA interventions in PD patients. They synthe-
sised results from studies examining PA interventions in PD
patients, providing statistical analyses from 106 papers pub-
lished between 1981 and 2015. This synthesis indicated that
PA appears most effective in enhancing physical capacities
and physical and cognitive functional capabilities, particularly
related to gait, mobility, posture, and balance. PA seems to
have highly positive effects on gait-related motor symptoms
as assessed by the UPDRS Part Ill — motor examination.
Conversely, PA appears less effective at improving clinical
symptoms of PD and psychosocial aspects of life, with only
50% or less of results reporting positive effects. However, the
impact of PA on disease symptoms and psychosocial as-
pects of life is moderate and exhibits more variability. This
review also underscores the necessity for further investiga-
tions into the impact of PA on cognitive functions, depression,
and specific manifestations of PD [35].

In 2020, Gorzkowska et al. [36] disseminated findings of
a study seeking to identify potential determinants of spon-
taneous PA in 134 PD patients, averaging 65.2 + 9.2 years,
with a H&Y scale score < 4. In the comprehensive explana-
tory model, more than 13% of the variance in time spent sit-
ting (R? = 0.135; F(16.130) = 2.267; p < 0.01) was accounted
for, with significant predictors being secondary education and
UPDRS results. Individuals with secondary and vocational
education, those starting dopamine antagonist treatment,
and those with milder Parkinson’s symptoms (UPDRS) ex-
hibited reduced daily sitting time. The researchers concluded
that the identification of determinants of spontaneous PA is
feasible, potentially shedding light on the repercussions con-
cerning modifiable PA conditions and the appropriate ap-
proach to patients with immutable PA factors [36].

In 2018, Mantri et al. [7] scrutinised self-reported PA
scores and their correlations with clinical characteristics in
383 subjects with early-stage PD and 175 healthy controls.
Activity scores were 8% lower in PD subjects than controls,
with higher scores linked to younger age and male gender.
Only 47% of PD subjects and 44% of controls reported ac-
tivity consistent with standard recommendations for adults.
The authors’ inference from these findings underscores the
imperative to promote exercise, even in the early stages of
PD [7]. Ellis et al. [37] found in their report that exercise can
diminish disability and enhance the quality of life in individu-
als with PD. Sustaining PA is presently regarded as a factor
enabling the maintenance or improvement of cognitive func-
tions and the function of the frontal cortex in elderly individu-
als [37].

Cusso et al. [16] explored the influence of PA on NMS in
PD. Through a systematic review, the researchers identified
20 papers meeting inclusion criteria. The participant numbers
ranged from 18 to 191, with most studies displaying a higher
male-to-female ratio, except for two with equal proportions
and three with a greater proportion of females. Participants’
ages ranged from 40 to 89 years, and the intervention char-
acteristics varied widely. The studies encompassed diverse,
active interventions, such as aerobic training, treadmill train-
ing, walking, resistance training, balance training, Tai Chi, and
Qigong, as well as customised programs like physiotherapy,
occupational therapy, physiotherapist-supervised exercise,
self-supervised exercise, group exercise, active theatre train-
ing, Argentine tango, early and delayed start exercises mod-
ified for PD [16].

The Feldenkrais physical therapy program, Nordic Walk-
ing, adapted fitness counts, gym-based exercise program,
and the Ronnie Gardiner Rhythm and Music Method were
implemented as diverse intervention approaches. However,
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comparing these methods proved challenging due to demo-
graphic variations and methodological distinctions. None-
theless, PA has the potential to positively influence the over-
all burden of NMS, encompassing depression, apathy, fatigue,
daytime sleepiness, sleep, and cognition. The authors em-
phasised the need for further adequately powered studies
to evaluate the therapeutic impact of PA on both motor and
non-motor facets of PD. These studies should be meticu-
lously designed to appraise non-motor aspects of the dis-
ease using instruments validated specifically for PD [16].

Cucusi assessed the effects of a customised PA (APA)
program on motor and NMS, functional capabilities, and quality
of life in a cohort of nine consecutive PD patients (5 men,
4 women, 64.4 + 6.8 years). The patients engaged in an APA
program, attending three sessions per week for a duration of
9 weeks. The exercises targeted balance, walking, strength,
and functional activities. Results indicated a significant reduc-
tion in resting heart rate, an increase in walking distances, and
notable muscle strength impairments. The Berg Balance Scale
revealed a significant enhancement in balance abilities, and
safety with mobility (TUG, p < 0.005) was improved. Ultimately,
a significant amelioration in both motor and NMS was ob-
served. The authors concluded that a tailored exercise pro-
gram in PD patients could serve as an effective complement
to conventional therapy, enhancing daily activities, motor,
NMS, and the overall quality of life in PD [17].

Our study drew inspiration from Dlugonski et al. [38], who
reported on a behavioural intervention applied to 23 individ-
uals with Multiple Sclerosis versus 22 controls. This interven-
tion led to increased PA, sustained for at least three months
post-intervention. Participants underwent seven one-on-one
5-10 min video coaching sessions with a health behaviour
coach as part of the 12-week intervention: four in the first
month, two in the second month, and one in the third month.

In our study, improvements in spontaneous PA were ob-
served in both groups. This could be explained by the ab-
sence of phone calls for the control group, but the anticipa-
tion of the controlled assessment may have motivated and
prompted them to be more active. Limitations of our study
include the potential for a pedometer to provide a more ob-
jective evaluation of PA, and it would be prudent to conduct
follow-ups, such as after 12 weeks. Feenne et al. [39] sought
to address whether measuring PA alone could increase self-
reported PA behaviour in primary care. Through a systematic
review and meta-analysis, the authors concluded that no
significant enhancements in objectively measured PA were
found within control groups in primary care. Further explora-
tion of noteworthy increases in PA levels within control groups,
particularly in specific sub-groups, is warranted, as it may im-
pact PA research and interventions in these populations [39].

Conclusions

The results obtained in this study indicate that a simple
behavioural intervention may help increase spontaneous PA
in PD. Behavioural intervention may also improve motor func-
tions in PD. Improvement of PA depends on age, body mass
index, and gender.
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