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Abstract

Background: Physical activities performed under free-living conditions that are unsupervised in the home
or community have the potential to modulate non-motor symptoms in people with Parkinson’s disease.
Objective: This systematic review investigates the relationships between physical activities performed in
free-living conditions and non-motor symptoms in people with Parkinson’s disease: cognition, anxiety,
apathy, depression, sleep disturbances, fatigue, and pain.

Data sources: A database search was performed on Scopus, Web of Science, Ovid (PsycINFO),
CINAHL, PubMed, and ProQuest (Health and Medicine).

Review methods: Observational studies published from 2000 to 2024 that examined the relationships
between physical activity and non-motor symptoms were included. The methodological quality of reports
was evaluated using critical appraisal checklists appropriate to the study design. Where appropriate, a
meta-analysis was conducted to combine data from the included articles.

Results: A total of 14 articles met the criteria and used various tools to evaluate non-motor symptoms and
physical activity. Meta-analyses showed that people with Parkinson’s who are more physically active have bet-
ter global cognition [ ranged from 0.12 to 0.28; p =0.00-0.02] and less affective disorders [ -0.20, p =
0.00]. Increased physical activity levels were also associated with better sleep quality (n=1) and less chronic
pain (n=I). The overall methodological quality of the included articles was considered high.
Conclusion: Engagement in increased levels of physical activities performed under free-living conditions is
associated with better cognition and less anxiety, apathy, and depression in people with Parkinson’s disease.
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Introduction

The global burden of neurological conditions is sig-
nificant and increasing,' and as the population ages,
the prevalence of Parkinson’s disease is particularly
fast growing.” Parkinson’s is often characterised by
motor impairments, such as bradykinesia and postural
instability, rigidity, or tremor.> In more recent times,
research has highlighted the recognition of non-motor
symptoms which present in more than 90% of people
with Parkinson’s.*> Compared to healthy older
adults, the prevalence and severity of these symp-
toms, such as cognitive impairment, fatigue, affective
disorders (e.g. depression, anxiety, apathy), pain, and
sleep problems, are greater among people with
Parkinson’s.*” Non-motor symptoms typically
increase with disease progression®’ and negatively
affect health-related quality of life,'*!" daily routines,
planning/socialising, and independence.'?

While there is growing evidence from interven-
tion studies supporting the benefits of exercise'* ¢
and physical activities, such as dance,'’ aquatic
therapy,'® tai chi,'” and Nordic walking,*® for
improving physical domains of health, such as
muscle strength, balance, and gait speed, few have
focused on non-motor symptoms as the primary
outcome. Additionally, such interventions have
been critiqued for being highly supervised and not
reflecting a sustainable frequency or intensity of
activity under free-living conditions.?! Although
supervision ensures exercise safety and provides
encouragement and support for participants, upon
cessation of the intervention, many participants
return toward baseline activity levels without this
supervision.?'* In contrast, participation in
unsupervised physical activities that are performed
under free-living conditions, such as gardening,
housework, and community exercise classes,
which are part of an individual’s day-to-day life,>>~
%7 tends to be more sustainable throughout the life-
span.”®=° The potential for participation in physical
activities under free-living conditions to benefit non-
motor symptoms is important, particularly when
pharmaceutical interventions offer limited effective-
ness or unwanted side effects.®'° It is also import-
ant for people with Parkinson’s, who might
otherwise be sedentary due to factors, such as

access or resource constraints, and low self-efficacy
for exercise® *'; yet there is a dearth of reviews to
determine this relationship.

Therefore, the purpose of this systematic
review was to analyse the research literature to
understand whether there is a relationship
between physical activities performed under free-
living conditions and non-motor symptoms in
people with Parkinson’s: cognitive impairment,
fatigue, sleep problems, affective disorders, and
pain.

Methods

Search and identification of articles

The review has been performed and reported accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guide-
lines.*** The protocol has been published
elsewhere.**

The primary reviewer (AS) conducted a sys-
tematic search (first run in October 2021, subse-
quently updated in June 2023 and June 2024)
on the following six databases: Scopus, Web of
Science, Ovid (PsycINFO), CINAHL, PubMed,
and ProQuest (Health and Medicine). A
keyword search strategy** was designed and
developed in consultation with an experienced
subject librarian (TF). The search strategy,
filters, and limits were tailored appropriately to
the database. The full search strategy for all data-
bases can be found in Supplementary Tables S1
and S2. Titles identified in the database search
were exported to the Rayyan software. After
removing the duplicates, AS screened the titles
and abstracts of all citations for possible inclu-
sion. Two reviewers (AS and PJ) then independ-
ently screened the full texts to identify relevant
articles. A manual search of reference lists of
included articles was carried out to locate any
relevant publications that may have been
missed in the electronic search. A third reviewer
resolved any disagreement between the reviewers
if a consensus could not be reached. Articles were
considered based on the inclusion and exclusion
criteria below.
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Inclusion criteria

e Adults aged 18 years and above diagnosed
with idiopathic Parkinson’s disease or atypical
parkinsonism: atypical parkinsonism was
limited to multiple system atrophy, progressive
supranuclear palsy, corticobasal degeneration,
and dementia with Lewy bodies;

e Cross-sectional and longitudinal studies pub-
lished after the year 2000 that investigated
the relationship between at least one non-
motor symptom domain (i.e. cognition, affect-
ive disorders, sleep, pain, and fatigue) and at
least one physical activity characteristic (e.g.
metabolic equivalent minutes per week, daily
steps, frequency, intensity, duration, and type);

e Studies used quantitative measurement tools
to assess physical activities performed under
free-living conditions and each non-motor
symptom domain of interest.

Exclusion criteria

e Studies that included participants with a
diagnosis of secondary parkinsonism (e.g.
vascular and drug-induced parkinsonism);

e Studies that included participants with
various diagnoses (e.g. Alzheimer’s and
idiopathic Parkinson’s disease), but did not
present separate statistical analysis results
for the diagnoses of interest;

Studies on animals;

Conference publications, abstracts, editorials,
commentaries, case reports, reviews, rando-
mised controlled trials, clinical trials, theses,
or qualitative study designs;

e Studies published in languages other than
English;

e Studies that used a single measurement tool for
multiple non-motor symptom domains, with no
individual domain scores in statistical analyses.

Data extraction and analysis

Relevant data were extracted from the included arti-
cles by the primary reviewer (AS) using predeter-
mined data extraction tables (Supplementary

Tables S3 and S4) and verified by a second
reviewer (SA). The following data were extracted:
study characteristics, such as authors, year pub-
lished, study design, sample size, recruitment
country and setting; participant characteristics,
such as diagnosis, sex, disease stage, mean (SD)
age of participations, disease duration, and
Levodopa dosage equivalent [LEDD]; measure-
ment tools used to evaluate non-motor symptoms
of interest and physical activity measures; and rele-
vant statistical findings. The measures of interest
were correlation and regression coefficients meas-
uring the relationship between physical activity
and the five major non-motor symptoms of interest:
cognition, affective disorders, sleep, pain, and
fatigue. The sleep problems of interest were sleep
quality, total sleep time, and excessive daytime
sleepiness. The affective disorders of interest
include depression, anxiety, and apathy. The pain
types of interest included musculoskeletal, dys-
tonic, radicular, central, or akathisia. Results from
univariate and multivariable analyses were
included if they were reported. Physical activity
categories included total weekly physical activity,
daily light-intensity physical activity time, daily
moderate-to-vigorous physical activity time, daily
steps, daily energy expenditure, and monthly phys-
ical activity days.

Methodological quality assessment

The methodological quality of each article was
assessed independently by two reviewers (AS and
SA) using either the JBI critical appraisal checklist
for analytical cross-sectional studies, the JBI
critical appraisal checklist for case—control
studies (Supplementary Figure S1),*> or the
Critical Appraisal Skills Programme checklist for
cohort studies, as appropriate (Supplementary
Figure S2).** Any reviewer disagreements
were resolved by a discussion with a third reviewer
(PJ). A percentage score of methodological quality
was estimated for each article. The JBI scores were
classified as high quality if values were >70%,
medium quality if between 50% and 70%, and
low quality if values were <50%.** However, no
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a-priori decision was made to exclude articles
based on the methodological quality scores.

Data synthesis

Where appropriate, a meta-analysis of continuous
variables was conducted to combine data from the
included articles and presented visually as forest
plots. Standardised regression coefficients ()
were used as the effect size estimate as different
measurement methods, and metrics were used
across the included articles.*” Correlation coeffi-
cients and unstandardised regression coefficients
were transformed into standardised regression coef-
ficients using the formulas and approximations pre-
sented by Nieminen et al.** (Supplementary
Figure S3). The meta-analysis did not include
articles reporting odds ratios (OR) or relative
risks (RR).

The corresponding authors of the included arti-
cles were contacted to obtain additional data
where required (e.g. f, 95% CI(f), SD(X), and
SD(Y)). When g coefficients were not reported, it
was estimated using SD(X) and SD(Y)), as recom-
mended by Nieminen et al.*’ Where SD(X) and
SD(Y) were not attainable from authors, these
were imputed from another article within this
review or from another review with meta-analysis,
as described by Higgins et al.>°

To ensure that all pooled g coefficients are inter-
preted with the same directionality (i.e. higher
outcome scores indicate better symptoms), § coeffi-
cients and corresponding 95% ClIs were reversed
for outcomes where a higher score indicated
worse symptoms.>”

The methodological diversity (measurement
tools) and statistical diversity (statistical analyses,
covariates) of the included articles were evaluated
collaboratively by two reviewers (AS and PJ) to
determine the homogeneity for quantitative synthe-
sis. Initially, effect size estimates from both
unadjusted and adjusted models (‘combined
model’) were pooled. Where data from at least two
articles were available, separate statistical pooling
was undertaken for adjusted models with similar
predictor variables and unadjusted models. In situa-
tions where a study reported multiple effect size

estimates for the same non-motor symptom
domain and physical activity association, the stron-
gest estimate from the most comprehensive non-
motor symptom measure (i.e. assessed multiple
symptoms within one domain) and objective phys-
ical activity measure (e.g. estimate taken from accel-
erometry data over subjective recall of physical
activity), which had the greatest adjustment for cov-
ariates, was selected unless this selection method
reduced the homogeneity between articles, in
which case, homogeneity was prioritised.

A random-effects model was used to control for
any unobserved heterogeneity between articles.
Further, I statistics were used to determine the het-
erogeneity of the estimates and interpreted using
the following criteria: <30%, not important;
>30%, moderate; >60%, substantial; and >90%,
considerable heterogeneity.”’ The strength of the
pooled effect size (f) was interpreted as small if
values ranged between 0.10 and 0.19, medium if
between 0.20 and 0.29, and large if >0.30.* To
assess the level of certainty in the pooled effect
size estimates, 95% confidence intervals (Cls) and
p-values were reported. Meta-analyses were per-
formed using Stata/SE 16.0 software for Mac.

Results

Study selection

A total of 2246 references were identified through
an electronic database search. After removing
duplicates, 1752 titles were screened for relevant
articles (Figure 1). The full texts of 36 articles
were screened independently by two reviewers
(AS and PJ) with a substantial inter-rater agreement
(Cohen’s k 0.70). After conflicts were resolved by
discussion, 12 of the articles met the criteria for
inclusion after the full-text screening. An additional
two articles were identified from the updated
searches and included in the review. The remaining
22 articles were excluded due to no relevant phys-
ical activity evaluation (n=10),">"°" no relevant
non-motor symptom evaluation (n=4),>>%*"%* or
no relevant statistical analyses for the current
review (n=06).>°>""! No additional articles were
identified in the manual search of reference lists.
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Identification of studies via databases and other sources ]

Identification

Screening

Records identified through initial
database search (01/10/21):
Scopus (n = 846)

Web of Science (n = 155)
Ovid (PsycINFO) (n = 88)

New records identified through
updated search (08/06/23):
Scopus (n =571)

Web of Science (n =47)
Ovid (PsycINFO) (n=11)

CINAHL (n=33)
PubMed (n = 90)
ProQuest (n = 121)

CINAHL (n=2)
PubMed (n=12)
ProQuest (n = 62)

New records identified through
updated search (24/06/24):
Scopus (n = 185)

Web of Science (n = 0)
Ovid (PsycINFO) (n= 1)
CINAHL (n = 3)
PubMed (n=0)
ProQuest (n=19)

Included

A4

A 4

Records screened by title
and abstract

(n=1,725)

Duplicates removed

(n=521)

Full-text articles assessed
for eligibility
(n=36)

Records excluded with reasons:

Not relevant (n = 1,689)

\4

Articles included in
qualitative synthesis

(n=14)

A 4

Articles included in

quantitative synthesis
(n=10)

A

No relevant physical activity evaluation

No relevant non-motor symptom evaluation

No relevant statistical analyses for the

Records excluded with reasons:

(n=10)

(n=3)

current review

(n=T)

Records identified through manual search

of reference lists

(n=0)

Figure |. PRISMA flow diagram of the study selection process.
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Characteristics of included articles

A summary of descriptive data extracted from the
14 articles can be found in Table 1. Participants
were recruited from various settings: community,
local support groups, hospital-based neurology
units, movement disorder clinics, Parkinson’s
registries, and research databases. A total of 13
investigations had participants diagnosed with idio-
pathic Parkinson’s. One was restricted to mild
Parkinson’s signs.”* No eligible articles included
individuals with atypical parkinsonism.

The sample sizes in the included studies ranged
from 23 to 4866 people. All studies included
females and males with a mean age that ranged
from 62 to 78 years. Disease stage ranged from 0
(no clinical signs present) to 5 (wheelchair-bound
or bedridden unless aided) on the original Hoehn
and Yahr (H&Y) scale. The mean MDS-UPDRS
part III motor score (0—132) reported by eight arti-
cles ranged from 22 to 57. The mean Levodopa
equivalent daily dose reported by five articles
ranged from 187 to 764 mg/day. Six studies were
conducted in Europe,*”-"?:7+76-8084 seven in North
America,‘”’nﬂsﬂ&g1’84’85 three in Asia,77’82’84 and
one in Oceania.®

Physical activity was assessed objectively using
accelerometry in seven articles’* ' ¢7%8081.83 a4
assessed using participant self-reported question-
naires in nine articles.*’-">73-77-78:8285 The phys.
ical activity measures of interest were total
weekly physical activity, moderate-to-vigorous
intensity physical activity, and light-intensity phys-
ical activity.®® The following physical activity data
were also extracted as potentially relevant: total
daily steps, daily energy expenditure, and the
number of days per month considered physically
active.

Non-motor symptoms were typically evaluated
using  participant  self-reported  questionnaires,
except for cognition, which was often evaluated
using researcher-administered measures in eight
articles,*’">7+7081.8285 Relevant correlation estimates
were presented in eight articles.”*"*5%%4%> Regression
estimates were also presented in eight articles. Four of
these articles’*'™ reported standardised p-values,

while the remaining four’*">*  reported

unstandardised b-values. The standard error (SE) of
correlation (r;) and regression estimates (3, b) were
not reported in any of the articles. SE (/) for these arti-
cles were obtained from the respective association’s
95% CI. The computed standardised regression coeffi-
cient () with standard error SE (f) and 95% CI for
each article can be found in Supplementary
Table S5. Where multivariable regression models
were used, estimates were usually adjusted for age,
gender, Levodopa equivalent daily dose,
MDS-UPDRS part III motor score, and disease
duration.

The results from individual articles (Supplementary
Table S5) found that increases in physical activity
levels that are performed under free-living conditions
were associated with better cognitive function (eight
out of 11 articles),*”-">7>77781.8485 Joss affective disor-
ders (five out of eight articles),*”>""75% better sleep
quality (one out of two articles),’” and less pain (one
out of three articles).** Another article® found that
pain was significantly exacerbated when physical
activity increased. None of the articles found a signifi-
cant relationship between physical activity and fatigue
or excessive daytime sleepiness.

Combined results

The meta-analysis of five articles,*’-"7-8%8485

which evaluated cognitive function, indicated sig-
nificant positive effects with total weekly physical
activity (combined model=p, 0.13; 95% CI,
0.10-0.17; P, 0%; unadjusted model=4, 0.17;
95% CI, 0.09-0.24; I, 24.70%). A significant posi-
tive relationship was also found with daily
moderate-to-vigorous intensity physical activ-
ity’*7> 7881 (combined model =, 0.12; 95% CI,
0.05-0.20; I, 0%; adjusted model=p, 0.12; 95%
CI, 0.02-0.22; P, 17.66%.; unadjusted model =f3,
0.28; 95% CI, 0.12-0.45; I*, 34.28%) and light-
intensity physical activity’*”> (unadjusted model
=4, 0.23; 95% CI, 0.07-0.38; I*, 0%) (Figure 2).

The meta-analysis for four articles,*’”"-52-%4
which evaluated anxiety, depression or apathy,
also indicated significant positive effects with the
total weekly physical activity (combined model =
B, 0.20; 95% CI, 0.09-0.31; %, 81.03%) (Figure 2).
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AFFECT
Weekly Total Physical Activity

(apathy, anxiety, depression)

Pooled effect from adjusted & unadjusted models

Effectsize  Weight

Random-effects REML model

COGNITION
Weekly Total Physical Activity

COGNITION

Pooled effect from adjusted & unadjusted models

Daily Moderate-Intensity Physical Activity

Effectsize  Weight

Study With95% CI (%)
Amara, 2019 = 0.11[0.05, 0.18] 33.13
Duvdevani, 2024 - 036[0.18, 055] 18.95
Ng, 2021 - 033[0.06, 0.60] 11.87
Ough, 2014 L 0.15[0.11, 0.19] 36.05
Overall S 0.20[0.09, 0.31]
Heterogeneity: 17 = 0.01, I = 81.03%, H* = 5.27
Test of 8, = 8: Q(3) = 8.05, p = 0.05
Testof 8= 0:2=350,p=0.00

0 2 4 6

Pooled effect from adjusted & unadjusted models
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Figure 2. Forest plots with pooled estimates from articles
categories and non-motor symptoms in Parkinson’s disease.

No significant associations were found from the
meta-analyses of articles that evaluated sleep
quality (adjusted model, p=0.15),""** excessive
daytime sleepiness (adjusted model, p =0.69),*"%2
fatigue (adjusted model, p=0.58),""%* or pain
(combine model, p=0.78; unadjusted model, p=
0.63)"3%3%% with total weekly physical activity
levels. No significant pooled effect was found
between pain and moderate-to-vigorous intensity
physical activity (unadjusted model, p = 0.49).7%52
See Supplementary Figure S4.

estimating the relationship between physical activity

Methodological quality assessment

All articles were classified as having high methodo-
logical quality (72.7-100%).*® Tables 2, 3, and 4
present the results of the methodological quality
assessment for the included articles.

Articles excluded from meta-analysis

Four articles were not included in the
meta-analysis. Alwardat et al.”> did not contain
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sufficient information to compute an effect size for
statistical pooling. This article reported improve-
ment in anxiety and depression with increases in
the weekly physical activity. The methodological
heterogeneity of the remaining four articles by
Dontje et al.,76 Santos et al.,”? Leavy et al.,80 and
Bonde-Jensen et al.”' precluded their inclusion in
the meta-analysis.

Discussion

This review showed emerging evidence that people
with Parkinson’s who are more physically active in
their daily lives have better global cognition and
less anxiety, apathy, and depression. The preva-
lence of cognitive impairment and affective disor-
ders is relatively high in people with Parkinson’s
and contributes to a poor quality of life.*’~*°
While the benefits of physical activity on these
symptoms may be independent of each other,”
other reports suggest the cognitive benefits of phys-
ical activity may be mediated through improve-
ments in depression, anxiety, and apathy.”>* A
recent report by Engels et al.”® explored interac-
tions among cognition, affective disorders, sleep,
fatigue, and pain in people with Parkinson’s.
Significant positive associations were found
among all symptoms, with the strongest association
between cognition and affective disorders.
Cognitive benefits may also be mediated through
less affective symptoms facilitating greater phys-
ical activity engagement.”® Similarly, improved
cognition, such as executive function, may facili-
tate greater physical activity engagement and there-
fore the benefits of physical activity on affective
symptoms.95

Physical activity refers to any bodily movement
produced by skeletal muscles that results in energy
expenditure, such as walking, work activities, self-
care, household activities and sports.”® Exercise is a
form of physical activity that is planned, structured,
repetitive, and performed with the intention of
improving or maintaining physical fitness.”®
Physical activities in free-living conditions refer
to leisure activities (e.g. walking, swimming, gar-
dening, golf, dance), non-leisure activities (e.g.

transportation, occupational, housework), and
planned exercise (e.g. gym, community exercise
class) that people do in their everyday life.”” The
benefits of exercise and physical activity for symp-
toms experienced by people with Parkinson’s may
be mediated via a wide range of factors.”’ ™’
Among these factors are the increase in endogenous
dopamine, serotonin, noradrenaline, and acetylcho-
line'®'°% which are depleted in people with
Parkinson’s who present with non-motor symp-
toms.'%* The benefits may also be related to exercise
increasing the absorption and transportation of
Levodopa across the blood-brain barrier, which
enhances endogenous dopamine production.'®*'%

Many people with Parkinson’s reduce the
amount and intensity of their physical activities,
particularly moderate-intensity activity as the
disease progresses.®”’*!% In contrast, the preva-
lence and severity of non-motor symptoms
increase.'”” Given the progressive nature of
Parkinson’s and the known benefits of being phys-
ically active, it is important that people with
Parkinson’s can participate in physical activity
recommendations ~ that are  sustainable.”
Recommendations to increase current free-living
leisure, non-leisure, and planned exercise activities
is one solution to encourage greater physical activ-
ity engagement.”'

This systematic review suggested that increases
in physical activity are associated with changes in
some non-motor symptoms; however, the results
should be interpreted with caution due to the
nature of the observational data, which prevents
the assessment of causal relationships. It is also
possible that increases in non-motor symptoms
are associated with changes in physical activity
behaviours. Non-motor symptoms, such as cogni-
tion difficulties,”* depression,’’° apathy,'®®
fatigue,*® excessive daytime sleepiness,’® and
pain,** are argued to correlate with low physical
activity levels. This review did not explore the
effect of non-motor symptoms on physical activity
behaviour. People with Parkinson’s who experi-
ence motor impairments, fear of falling, low self-
efficacy for exercise, negative perceptions of exer-
cise, access, and resource constraints may further
limit their participation in physical activity and
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contribute to a sedentary lifestyle.*’*' There is a
need for further research to assess the causal rela-
tionship between non-motor symptoms and phys-
ical activity in people with Parkinson’s with more
appropriate designs such as a systematic review
of randomised controlled trials.

There were several limitations of this review. No
eligible articles included individuals with atypical
parkinsonism, so the findings may not be generalis-
able to this population. However, it is likely that the
eligible studies included participants with atypical
parkinsonism, but were not identified because
they can be indistinguishable from idiopathic
Parkinson’s due to symptom overlap, particularly
in the early stages of the disease.'*>''® Many arti-
cles used retrospective questionnaires, which are
inherently subject to recall bias, with participants
being more likely to over or underestimate their
activity and symptoms.''' "' Most investigations
assessed few and varied physical activity character-
istics (e.g. total weekly physical activity minutes,
daily light-, moderate-, and vigorous-intensity
activity time, daily steps, and total daily energy
expenditure) and used different measurement
tools to evaluate non-motor symptoms. This hetero-
geneity limited the number of articles that could be
sensibly pooled in the meta-analyses. While we are
confident that our search strategy was comprehen-
sive, having a second reviewer screen titles and
abstracts would have ensured no relevant articles
were missed. Including non-English language pub-
lications and qualitative study designs may have
provided this review with a greater breadth and
depth of information. In addition, including rando-
mised controlled trials would have provided the
review with more detail about exercise dosage
(e.g. type, intensity, duration, and frequency).

There is emerging evidence of an association
between increased levels of physical activity per-
formed under free-living conditions and better cog-
nitive function and less affective disorder
symptoms, especially anxiety, depression, and
apathy in people with Parkinson’s. There is a
need for further research to identify feasible and
sustainable physical activity recommendations as
such behaviour might slow the rate of functional
decline and symptom presentation.'*'*

Clinical messages

e Supporting people with Parkinson’s to
maintain or increase their usual daily activ-
ities affords them a sustainable approach to
managing non-motor symptoms

e Participation in physical activities in free-
living conditions is related to better cogni-
tion and less anxiety, apathy, and depression
in people living with Parkinson’s disease
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