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Abstract

BACKGROUND: Par ki disease (PB)is a progressive, neurodegenerative disorder
characterized by resting tremors, instability, slowness of movement and rigetigrally

accompanied by nemotor symptoms such asood disturbancdatigue,constipation,

incontinence andleepdisordersAnyone of these symptoms can affe
for home and community mobility bdbes not independently determimebility performance.
Theobjectives of this multiplenethods study werte identify a diverse set of explanatory
factorsthatcontributed to a model lifspace mobilityn people with PCand determine

facilitators and barriers to mobility a sample of this population.

METHODS: We recruited 22tdividuals with (n = 113) and witut (n = 114PD, who were
comparable in agé;om the community to complete a cresesctional survey regarding mobility.
The primary outcome wakelife-space mobilitycomposite score (LSL), which ranges from
0-120(University of Alabama Bmingham Lie-Space Assessment). Higher L&Arepresents
more mobility in the home and community based on the frequency, distance, and independence
of trips. Explanatory variables included demographics, lifestyle behavidtving statusself
reported health statusocial participation ancharacteristics of thieuilt environment.
Descriptive statistics were useddescribe andompare patterns of lfgpace mobility between
participants with and without PDultivariable linear regression was used to identifydes

that explained lifespace mobility. Ten participants with PD participated in a stractured
interview about facilitators and barriers to mobili§uided by a comprehensive framework for

mobility in older adults, transcripts were content analyzed.



RESULTS: MeanLSA-C was reduced for people with PLif¢-space mobility composite score
64.2, SD = 25.8) in comparison to people without PD (70.3, SD=23.1; mean difference = 6
points, 95% CI:0.4, 12.5) Participants with PD employed assistive mobiligydes in higher
proportionsthanparticipants without PD to reathe samdife-space levelsAmong people with

PD, not driving, receiving caregiving and not having extra money in the house were associated
with reduced lifespace mobility. Social participation wtee only factorassociated with

increased lifespace mobilityn the multivariable mdel. Data from qualitative interviews

supported quantitative findings regarding the facilitating influence of driving, having social
support and participating in the community. Interviewees identified additional barriers to
mobility, which included PErelated anxiety and certain characteristics of the built environment

such as being in crowded and confined spaces.

CONCLUSIONS: People with PD reach similar levels of {épace compared to their
counterparts without PD, batore commonly use an assistive nibypidevice to do soWe
provide evidence that a diverse set of factors related to the individual, and social and built

environments are associated wife-space mobility among people with PD.

IMPLICATIONS: Clinicians and policymakers shouldonsidempersonal, social and
environmental factorehen developing interventions to improve tife-spacemobility of the

PD population.
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Chapter 1:Statement of theproblem & organization ofthe
dissertation

| ntroduction

Mobility is fundamental to optimal ageing as it allows individuals to complete daily
tasks, meet the challenges of the environment, and spsigthosocial needs. Broadly defined
as the movement within and between environments, mobility can take form as unassisted
ambulation, ambulation assisted by mobility aids, or other forms of transportationingciud
bicycle or a city bugProhaska et al., 20LAVhen and how someone chooses to be mobile is
influenced by a complex set of circumstances including ability, preferences, resandces,
motivation. For older adults, the changes in physical and cognitive functioning that often
accompany ageing further complicate the matter.

An important consideration in the discussion of mobility is the distinction between
capacity and performanceagacity represents what an individual is capable of doing and is
generally defined by the physical and cognitive abilities of the individual. Performance
represents what an individual actually does, and is affected by capacity as well as a plethora of
othe internal and exteial factors at multiple level@orld Health Organization, 2002)
Understanding the theoretical gap between capacity and performance can help us understand the
role of the social, political, and physical e
older adults or people with mobility limitations, capacityigher than performance indicating
that some aspects of these environments could be altered to lower the barrier to (Wétildy
Health Organization, 2002)

Par ki ns o (PDkis achraie rresradegenerative disorder affecting approximately

1



120,000 Canadians, 8bof whom are aged 65 or old@orsey et al., 2007; Guttman et al.,

2003) It is characterized by a set of cardinal motor featubgadykinesia, rigidity, and resting
tremor- resulting primarily from a loss of dopaminergic neurons in the basal ganglia, a midbrain
structure associated with the activation and inhibition of move(B&vie, 2008; Lanciego et

al., 2012) and noamotor features including mood disorders, fatigru@stipation, sleep
disturbancegrthostatic hypotension and cognitive chan@&siffer, 2016) The presence of any

of these features lkely to affect ambulation but does not necessarily restrict mobility. As the
number of older adults in Canada increases, so will the prevalence of PD. PD poses a serious
challenge to persons wishing to ageplace, that is, to remain in their home aathmunity as

long as possible. Symptom progression can severely limit independence, in large part by
affecting the ability to be mobile.

The featuregsssociated with the diseasgpact movement. Ambulation is one type of
movement that is affecteddditionally, difficulty with activities of daily living (ADLS) such as
grooming, dressing, and eating; and instrumental activities of daily living (IADLs) such as
cooking, doing housework, and driving are affected by the features of PD. IADLs also include
participation in social and recreational activities which can become more difficult to partake in
when one experiences difficulty with movement. Previous research has observed that the
psychosocial needs of people with PD may have a more significanttionpteeir helth-related
quality of life (HRQ.) than their functional needs, underscoring the importance of participation
and strong interpersonal relationshipspeople of this populatiofKwok et al., 2018)

In PD, the loss of the neurotransmitter dopamine within the basal ganglia is associated
with mood and cognitive disturbances which impact HRQL and challenge mablatgd

independencg@lones et al., 2009Reports in the literature vary but it is suggested that up to 50%



of people with PD have some form of depression, wtii81% of people with PD are estimated
to have PD dementia impairing memory and mental proceésargland et al., 2005; Reijnders
etal,2008)As i s expl ained in Webber, Porter, and WM
Mobility in Older Adults, increasing social and cognitive demands are required as an individual
vertures futher away from their hom@010) Therefore, the overall space in which a person
with PD lives their life is likely to shrink as the disease progresses due to playsiaabgnitive
changes.

Although there is a growing body of literatuhatmeasures the mobility of older adults
in terms of performance, almost none has focused on the specific needs of people with PD
(Ireland et al., 2013; Liddle et al., 2014; Rantakokko et al., 20A&ility research thais
specific to PD tends tmeasure mobility by testing functional outcomes such as the motor
examination of the Unified Par)kQoetzsepah,@¥3)Di seas
the Timed Up and Gtest(Vance et al., 2016y the Berg Balance ScalBerg et al., 1992)
While functional capacity is an important piece of the magbgitture, it does not comprise the
whole. It is necessary to consider factors beyond the level of the individual, such as the built,
interpersona{social) and policy environment when designing interventions to improve the
mobility of people with PD. Bypromoting performangen addition to capacity, interventions are
more likely tofacilitate meaningfulimprovements for individuals with mobility challenges.

Life-space mobility is one concept of mobility that bridges capacity and performance to
holistically define mobility in the home and commun{Baker et al., 2003Data forlife-space
mobility is most commonly collected with a sefport survey called the University of Alabama
Birmingham Lfe-Space Assessment (LSA) and transformed into a composite setiz8)(0

where lower scores indicate more restricted mol(igel et al., 2005 he LSA has been



extensively validated and is widely used to measure the comprehensive mobility of older adults
due to its bserved associations with executive functioning, motor performance, sense of
autonomy, health literacy, and accessibility of the built environiiMatsuda et al., 2018;
PoranerClark et al., 2018; Portegijs, Rantakokko, et al., 2014; Ullrich et al., 2018¢n

measured longitudinally, the LSA has been shown to predict besihutilization, frailty,

cognitive decline, quality of life, and mortality in older adults, suggestimgit be a suitable

and inexpensive tool for monitoring PD progression in addition to evaluatingszossnal

mobility (Crowe et al., 2008; Kennedy et al., 2017; Rantakokko et al., 2016; Xue et al., 2008)

Problem Statement

PD is a prevalent condition among older adults which affects mobility; movement within
and between environmentdobility is fundamental for optimal ageing and ageingplace as it
allows individuals to complete daily tasks and meet the demands necessary to remain in their
homes. Additionally, mobility is an important determinant for participation in activitiegdeuts
of the home which is fundamental for sustaining HRQL. By 2030, the number of Canadian
adults aged 65 and over is expected to make up close to 25% of the national population, a large
number ofwhom will be diagnosed with P@sovernment of Canada, 2016)

People living with PD face unique mobilitglated challenges resulting from a loss of
dopamine in brain areas responsible for coordinating motor planningiatetiaking, and
motivation(Emamzadeh & Surguchov, 2018; Lanciego et al., 2@&h motor (i.e. walking
difficulties and postural instability) and nenotor symptoms (i.e. depression and executive
functioning) can affect the mobility of persons with PD. However, little is known about the
patterns by which people with PD move throughout their homes and communities, or what

environmental, social, or personal factors facilitate or restrict the desiebditygl of persons in



this population to be mobile.

The purpose of our research is to address this gap in knowledge by understanding the
impact of living with PD orlife-space mobilitythat is, how the condition may alter the
frequency or distanceaoftavel wi thin an individual 6s commun
the differences itife-space mobilitypetween a population of people with and without PD in
terms ofoverall and individual attributes of IHfgpace mobility (e.g. frequency and distawnd
trips, use of assistive mobility devices)

The information generated from this study is some of the first to examihtetispace
mobility of people with PD and, to our knowledge, the first research of its kind to examine the
influencing effect oftie social and built environment and employ a healthy control group for
comparison. Understanding how fife-space mobilityof persons with PD differs from that of
the general population is an initial step in develogiogessibleocial and physical spas that

facilitate the mobility of people living with PD.

Research overview
Research questions and objectives

The overall purpose of thisuttiple-methods research is to understand the impact of
living with PD onlife-space mobilityWe will achieve thisaim by sequentially conducting two
complementary components, each with its own main research question and a unique set of

objectives. Then, we will synthesizeethindings of the two studies.

Component 1 (quantitative):



Primary objective:

1 To identify explanatory factorshatcontribute to anodel of lifespace mobility in people

with PD.

Secondary objective:

1 To compare the lifspace mobility patterns of people with PD to healthy peers of a

similar age

Component 2 (qualitative):

Primary objective:

1 To explore barriers and facilitatorslife-space mobilityhat can be targeted by

interventions and policies to promote community mobility in this population

Organization of the dissertation

This dissertation follows the papkased theis guidelines forthesisa s ed Mast er 0's

students set out by the University of Albe&ahool of Public Health. It consists of five chapters
in total including one standlone study intended for publication in aenednt journal at a later
time. Chapter 1this opening chapter, has provided an overview of the context pertinent to the
research and outlined a problem statement. As well, a research overview lists the purpose,
guestions, and objectives of the research. Chapter 2 provides a more comprelaehgnoibd
into three themes related to this study: PD, mobility in general, and the conceptsphlife

mobility. In Chapter 3, original researchtittdo es | i ving with Pa+ ki

ns on:



space mobility: Anultiplemethodsstudy is introduced. The studegports orfindings from

guantitative and qualitative methodisedto explore questions relevant to tife-space mobility

of people with PDIt is comprised of an abstract, introduction, methods, results, discussion, and
conclwsions section. Chapter 4 offers an expanded discussion of the results of the quantitative
and qualitative components of the study. Chapter 5 offers an expanded conclusion in the form of

a summary of the research, important findings, and future directions.



References

Aarsland, D., Zaccali, J., & Brayne, C. (2005). A systematic review of prevalence studies of
dementi a i n P aviodementdDsardérs: OfficiasJeuenal ef iovement
Disorder Society20(10), 125%1263. https://doi.org/10.1002/mds.20527

Baker, P. S., Bodner, E. V., & Allman, R. M. (2003). Measuringdfface mobility in
communitydwelling older adultsJournal of the American Geriatrics Socighl(11),
1610 1614.

Berg, K. O., WooeDauphinee, S. L., Williams, J. I., & Maki, B. (1992). Measuring balance in
the elderly: Validation of an instrumer@anadian Journal of Public Health = Revue
Canadienne De Sante Publiq@3 Suppl 2S711.

Crowe, M., Andel, R., Wadley, V. G., Okonkwo, O. C., Sawyer, P., & Allman, R. M. (2008).
Life-Space and Cognitive Decline in a Commuigsed Sample of African American
and Caucasian Older AduliBhe Journals of Gerontology: Series68(11), 12411245.
https://doi.org/10.1093/gerona/63.11.1241

Davie, C. A. (2008) . ABritise MadieahBultetin86Pp 108 125Hh s on 6 s
https://doi.org/10.1093/bmb/Idn013

Dorsey, E. R., Constantinescu, R., Thompson, J. P., Biglan, K. M., Holloway, Re@uytz,
K., Marshall, F. J., Ravina, B. M., Schifitto, G., Siderowf, A., & Tanner, C. M. (2007).
Projected number of people with Parkinson disease in the most populous nations, 2005
through 2030Neurology 68(5), 384 386.
https://doi.org/10.1212/01.wi0l000247740.47667.03

Emamzadeh, F. N., & Surguchov, A. (2018). Par
Risk FactorsFrontiers in Neurosciencd 2. https://doi.org/10.3389/fnins.2018.00612

Goetz, C. G., Tilley, B. C., Shaftman, S. R., Stebbing}.G-ahn, S., Martinekartin, P.,
Poewe, W., Sampaio, C., Stern, M. B., Dodel, R., Dubois, B., Holloway, R., Jankovic, J.,
Kulisevsky, J., Lang, A. E. , Lees, A., Leu
Movement Disorder Society UPDRS Revision TaskcEo(2008). Movement Disorder
Societys ponsored revision of the Unif4ied Parki

UPDRS): Scale presentation and clinimetric testing resvttsement Disorders: Official



Journal of the Movement Disorder Socjét§(15),2129 2170.
https://doi.org/10.1002/mds.22340

Government of Canada. (2016, OctoberG)vernment of CanadaAction for Seniors report
https://www.canada.ca/en/employmeotcialdevelopment/programs/senieastion
report.html

Guttman, M., Slaughter, P. Mlheriault, M-E., DeBoer, D. P., & Naylor, C. D. (2003). Burden
of parkinsonism: A populatichased studyMovement Disorderd8(3), 313 319.
https://doi.org/10.1002/mds.10333

Ireland, D., McBride, S., Liddle, J., & Chenery, H. (2013). Towards quantithi@gmpact of
Parkinsonds disease usi a3ethmMm&maiondl | i f espac
Conference on Biomedical Engineering and Informa&eési 569.
https://doi.org/10.1109/BMEI.2013.6747004

Jones, C. A., Pohar, S. L., & Patten, S. B. (2009). Mdgpression and heaitblated quality of
i fe 1 n Par Genera ldospitad Psychiaanglédys 384 340.
https://doi.org/10.1016/j.genhosppsych.2009.03.009

Kennedy, R. E., Sawyer, P., Williams, C. P., Lo, A. X., Ritchie, C. S., Roth, D. L.aA|IR.
M., & Brown, C. J. (2017). LiféSpace Mobility Change Predictsvonth Mortality.
Journal of the American Geriatrics Socigbp(4), 833 838.
https://doi.org/10.1111/jgs.14738

Kwok, J. Y. Y., Auyeung, M., & Chan, H. (2018). Examining Factors Relai¢tealthRelated
Quality of Life i n Pe®&ghbbditatidiNurecingPar ki nsonés
https://doi.org/10.1097/rnj.0000000000000179

Lanciego, J. L., Luquin, N., & Obeso, J. A. (2012). Functional Neuroanatomy of the Basal
Ganglia.Cold Spring Habor Perspectives in Medicing(12).
https://doi.org/10.1101/cshperspect.a009621

Liddle, J., Ireland, D., McBride, S. J., Brauer, S. G., Hall, L. M., Ding, H., Karunanithi, M.,
Hodges, P. W., Theodoros, D., Silburn, P. A., & Chenery, H. J. (2014). Maagugin
| i fespace of people with ParkinsonlR di sea
MHealth and UHealth2(1), e13. https://doi.org/10.2196/mhealth.2799



Matsuda, N., Murata, S., & Ono, R. (2018). Association between life space and healthiliterac
communitydwelling older adultsNihon Ronen Igakkai zasshi. Japanese journal of
geriatrics 55(4), 650 656. https://doi.org/10.3143/geriatrics.55.650

Peel, C., Baker, P. S., Roth, D. L., Brown, C. J., Bodner, E. V., & Allman, R. M. (2005).
Assessingviobility in Older Adults: The UAB Study of Aging Lif&pace Assessment.
Physical Therapy85(10), 1008 1019. https://doi.org/10.1093/ptj/85.10.1008

Pfeiffer, R. F. (2016). Nomot or sy mpt oms i nParkmsonikm & Relatedd s di s e
Disorders 22, S1191 S122. https://doi.org/10.1016/j.parkreldis.2015.09.004

PoranerClark, T., von Bonsdorff, M. B., Rantakokko, M., Portegijs, E., Eronen, J., Pynnénen,
K., Eriksson, J. G., Viljanen, A., & Rantanen, T. (2018). The Temporal Association
Between Executive Fution and LifeSpace Mobility in Old AgeThe Journals of
Gerontology: Series A/3(6), 835 839. https://doi.org/10.1093/gerona/glx217

Portegijs, E., Rantakokko, M., Mikkola, T. M., Viljanen, A., & Rantanen, T. (2014). Association
Between Physical Performemand Sense of Autonomy in Outdoor Activities and-Life
Space Mobility in Communitppwelling Older PeopleJournal of the American
Geriatrics Society62(4), 615 621. https://doi.org/10.1111/jgs.12763

Prohaska, T. R., Anderson, L. A., Hooker, S. P., HugBek., & Belza, B. (2011). Mobility and
aging: Transference to transportatidaurnal of Aging ResearcB011

Rantakokko, M., lwarsson, S., Slaug, B., & Nilsson, M. H. (2019)-§ace Mobility in
Parkinsonds Disease: AsMoworcSyngptomsdhe Jourmeist h Mo t
of Gerontology: Series,A4(4), 507 512. https://doi.org/10.1093/gerona/gly074

Rantakokko, M., Portegijs, E., Viljanen, A., lwarsson, S., Kauppinen, M., & Rantanen, T.
(2016). Changes in lifspace mobility and quality of lifamong communitgdwelling
older people: A Zrear followrup studyQuality of Life Researgt25(5), 1189 1197.
https://doi.org/10.1007/s1113851137X

Reijnders, J. S. A. M., Ehrt, U., Weber, W. E. J., Aarsland, D., & Leentjens, A. F. G. (2008). A
systemai ¢ review of prevalence stuMovementof dep
Disorders 23(2), 183 189. https://doi.org/10.1002/mds.21803

Ullrich, P., Eckert, T., Bongartz, M., Werner, C., Kiss, R., Bauer, J. M., & Hauer, K. (2019).

Life-space mobilityn older persons with cognitive impairment after discharge from



geriatric rehabilitationArchives of Gerontology and Geriatricl, 192 200.
https://doi.org/10.1016/j.archger.2018.12.007

Vance, R. C., Healy, D. G., Galvin, R., & French, H. P. (2015)] Dasking With the Timed
AUp & Goo Test | mproves Detection of Risk
Physical Therapy95(1), 95 102. https://doi.org/10.2522/ptj.20130386

Webber, S. C., Porter, M. M., & Menec, V. H. (2010). Mobility in older ad#itcomprehensive
framework.The Gerontologistc0(4), 443 450.

World Health Organization. (2002). Towards a common language for functioning, disability, and
health: ICF.The International Classification of Functioning, Disability and Health

Xue, Q:L., Fried, L. P., Glass, T. A., Laffan, A., & Chaves, P. H. M. (2008).-Bif@ce
Constriction, Development of Frailty, and
Health and Aging Study American Journal of Epidemiolog¥67(2), 240 248.
https://doi.orgl0.1093/aje/kwm270



Chapter 2:Literature review

Introduction

Within this chapter, Parkinsonds disease (
neurodegenerative disorder affecting mobility, as well as other aspects of health. The pathology
of the disease occurring in the brain is briefly described, as weB@®mary of hypothesized
etiologies. PD epidemiology is discussed from a Canadian perspective, with insights from the
international prevalence and incidence raiés diagnosis of PDcommon motor and nen
motor symptomsnanifest inPD, and current stratégs for treating those symptoms, including
pharmaceutical and nggharmaceutical interventiorse outlinedMobility is thendiscussed
using definitions and conceptual frameworks that guide and inform modern understandings of
health and healthelated isges. Then the relationships between mobility and agenpiace,
healthrelated quality of life, the built environment, and social participation are elucidated with
evidence from previous research. Lastly, the concept e$igee mobility is explored tbugh

its history and commonly used iterations.

Parkinsonbdébs di sease

Parkinsonds di sease: pathology and etiology
Parkinsonds disease was original dothe descri b

Shaking Palsy in 18 bAParkinson, 1969Pathologically, PD featurggsult primarily from a

loss of dopaminergic cells of the pars compacta in the substantia nigra leading to a loss of



dopamine in the striatufwirdefeldt et al., 2011)Dopamine plays an important role in motor
planning, movement initiation, motor learning, decismaking, and motivatiorfYager et al.,
2015) It is notuntil about 5670% of the nigral neurons have degenerated and abe85%00f
the striatal dopamine content is lost that parkinsonian symptoms start to ¢@ieegg et al.,

2010)

Although the cause of this loss of dopaminergic neurons is skifawn, it is
hypothesized to be some combination of genetic and environmental factors. A 2018 review of
thegenetic forms of PD provided evidence that 23 loci and 19 diseasing genes may be
associated with the development of PD, and that many more may be lirdeatadic cases of
the diseas@eng et al., 2018However, 1 is estimated that these genetic variations explain only
between 510% of monogenic form@e Lau & Breteler, 2006; Deng et al., 201&)some of
these monogenetic cases, such as that of familial PD, the condition may not be properly
diagnosed as the nical characteristics presented are often atypical of PD. For example;young
onset, dystonia, and early onset of dementia are common in familial cases of PD but are not
typically expected in cases of idiopathic PD. This is leading to a new conceptuatanderg
of PD and related disorders as a group of neurodegenerative diseases with clinical and
pathological overlagde Lau & Breteler, 2006; Schiesling et al., 2008)e remaining 90% of
cases are still considered to be sporadic (idiopathic) but are potentially induced by interactions
between susceptible genes and cellular processes such as oxidative stress, mitochondrial
dysfunction, and protein mishandlif@reenamyre & Hastings, 2004)hese processes result in
variations in the gene that can modify susceptibibty?D. Studies testing the relationship of PD
to proposed susceptible genes are often limited by, among other concerns, small sample sizes and

low statistical reproducibilityBorrageiro et al., 2018)



In 2003,Braakandcolleagues formed a noveypothess that sporadic PD begins when
pathogens enter the neurons of the nasal cavity anthe neurons in the gut triggering the
aggr e g a-Synutlain, adonstiduent protein in Lewy bodiBsaak et al., 2003; Rietdijk et
al.,2017)Accor di ng t o -Syrhudeinthgmptravelstewsarndssthe cemtral nervous
system via the olfactory bulb and vagus nerve, ultimately arriving at the sidbsitignd. Braak
Staging divides PD progression into six phase
Synuclein through the lower brainstem to the neocortex (Braak et al., 2003). Early stages are
considered to be presymptomatic but potentially explamesnormotor (olfactory and
autonomic) symptoms early in the disease course (Braak et al., 2003; Jellinger, 2019). Later
stages are associated with mild and then severe motor symptbitis are hallmarks of the
disease.

B r a astagingand pathologicaheoryhave been met with criticisms, among which is
the observation that many people with PD do not present with the features proposed by the
staging systen{Rietdijk et al., 2017)However, disease progression in people of yeomget
with long disease duration is well predicted by Braak Staging and research theorizing that
changes to gut microbiome may be related to PD onset continue to gain tfideliatay et al.,
2008) A body of research is forming showing that people with PD lack bacterial diversity and
richness in comparison to healthy conti@sheperjans et al., 2015; Tetz et al., 2008)rk in
this area of PD research provides a promisirenae for future diagnostic tools and

interventions

In literature examining possible associations between PD and occupational,
environmental, and lifestyle factors, reliable findings are limited. A systematic review examining

these relationships identitieonly two factors with sufficient epidemiologic evidence to suggest



a protective association: smoking, and to a lesser degree, coffee consyhjrtitafeldt et al.,
2011) The same review identified 4 other factors with limited epidemiological evidence to
suggest an assm@tion. Pesticides and consumption of dairy products may be positively
associated with PD, while physical activity and dietary intake of antioxidants maydreely

associated with PD.

Preval ence and incidence of Parkinsonb6s disea
A 2014 systematicaview and metanalysis of the prevalence of PD by geographic

region, sex, and age reported that in Europe, North America, and Australia, the prevalence of PD
in the 5059 age group was 113 per 100,000; in Asia, 88 per 100,000; and South America, 228
per 100,000(Pringsheim et al2014) For each subsequent decade, the prevalence per 100,000 in
Europe, North America, and Australia increased to 540 for tho$8,6D,601 for those 709;

and 2,953 for those 80+. For each subsequent decade, the prevalence per 100,000 in Asia
increased to 376 for those @D®; 646 for those 7#J9; and 1,418 for those 80+. For each
subsequent decade, the prevalence per 100,000 in South America increased to 637 for those 60
69; 2,180 for those 709; and 6,095 for those 80+. The review found thatsacadl regions, the
prevalence of PD was slightly higher in males than in females, but the difference was only found

to be statistically significant (p<0.05) in the-50 age group.

A 2016 systematic review and metaalysis of the incidence of PD by agela@ender
reported that the overall incidence rate of PD in females 40+ was 38 per 100,006yparson
and in males 40+ was 61 per 100,000 pengears(Hirsch et al., 2016)or both females and
malestheincidence rate of PD increased with age. For fem#iesncidence rate increased
from 3 per 100,000 perseyears between the ages of4@to 103 per 100,000 persyaars at

and above age 80. For males, the incideneeinateased from 4 per 100,000 peryears



between ages 449 to 258 per 100,000 persgnars at and above age 80. The gespecific

analysis also revealed that in all age groups, incidence rates were higher for men than women,
but this finding was onlgtatistically significant in the 669 and 7679 age groups. Of 27

studies included in the review, 16 were performed in Europe, 5 in Asia, 4 in North America, and

1 in Australia.

In Canada, PD affects approximately 120,000 Canadians, 85% of whom aGbaged
older(Dorsey et al., 2007; Guttman et al., 20@3Hly a small number of peeeviewed articles
have measured the prevalence of PD by province yielding essifinate 74 to 359 per 100,000
(Guttman et al., 2003; Lai et al., 2003; Snow et al., 1989; Svenson et al., A@98)berta
specifically, oveall crude prevalence rates were estimated to be 248.9 and 239.8 per 100,000 for

men and women, respectively, during a 19889 time periodSvenson et al., 1993)

One study of incidence rates in Alberta using physician billing for case ascertainment
observed 11.5 per 100,000 new cases of PD per year during the decade 200®®artin et
al., 2010) In British Columbia, using a cohort created from five provincial databtsssude
annual incidence rate was found to be 252 per 100,000 pgesos in persons 65 and older
(Jones etla 2012) Over nine years, persons of advanced age and males were more likely to
develop PD than persons who were younger or female. In Ontario, using linked pophdatoin
health administrative databas# crude annual incidence was 45.9 per Q00,persoryears

for the year20132014(Wong et al., 2019)

Di agnosis of Parkinsondés disease
Making an accurate diagnosis of PD cacbmplicated as there is no specific test or

assessment that is definitive. Instead, it is a diagnosis of exclusion where clinicians rely on a



careful examination of medical history and clinical criteria to rule out other possible explanations
of symptomssuggestive of P@Jankovic, 2008)A definitive diagnosis of PD caonly be

confirmed postmortem (Dickson et al., 2009).

Bradykinesia (slowness of initiation of voluntary movement &iginogressive reduction
in speed and amplitude of repetitive actions), rigidity, resting tremor, and postural instability are
motorsymptoms characteristic to PD or a parkinsonian syndfdlagonal Institute for Health
and Clinical Excellence, 2006. According to the Parkinsonbds F
Parkinsonds Disease Society Br ai mostBvaelyk CIl i ni ¢
employed set of diagnostic criteria. Inclusion criteria for the diagnosis of PD according to these
criteria include bradykinesia and at least one of muscular rigidity, resting tremor, or postural
instability. The diagnostic criteria also inckid list of other symptoms that can be used as
evidence for or against a diagnosis. Newer criteria such as those published by the International
Parkinson and Movement Disorder Society (MDS) task force are believed by some to be more
relevant given advanceats made in the last 30 yeésarsili et al., 2018; Postuma et al.,
2015) The MDSPD criteria are bradykinesia and rigidity, resting tremor, or both. The task force
excluded the criteria of postural instability suggesting that its presence in the early stages of PD

is indicatve of an alternative diagnogiBostuma et al., 2015)

Because there is raefinitive diagnostic testor PD, diagnostic accuracy ae of
exclusion In the early stages of the disease when symptoms are more subtle, rates of
misdiagnoses are as high as3 (Poewe & Wenning, 2002Non-experts, specifically, only
properly diagnose PD in about 74% of cases and accuracy has not improved significantly in the

last 25 yeargRizzo et al., 2016)An accurate diagnosis is more likely to be made by a specialist



such as a neurologist who is an expert in movement disorders, but in clinical practice,

overdiagnosis is commdiughes et al., 2002; Litvan dt,a1998)

A diagnosis of PD is more likely if there is a sustained improvement in response to
dopaminergic medications such as levod@paewe & Wenning, 20027 poor response to
levodopa, possibly with additional symptomsharacteristic of idiopathic PD, points to a
different parkinsonian diagnosis. Typical differential diagnoses include the Paxihson
Syndromes, also known as atypical parkinsonian syndromes or atypical parkinsonism. These
syndromes have been charaaed into two distinct groups, based on the type of proiein
accumulates in the brain. Synucleinopathies are characterized by an aggregation of alpha
synuclein proteins in neurons, nerve fibres, or glial cells and form a group comprised of PD,
dementiawith Lewy bodies, and multiple system atrogMcCann et al., 2014 auopathies are
characterized by an accumulation of tau proteiceits in the subcortical and cortical areas and
form a group comprised of progressive supranuclear palsy and corticobasal degefrtwatian
& Wenning, 2002)In a clinicopathologic study comparing the diagnostic accuracy of PD,
dementia with Lewy bodies, and Lewy body disease, the authors found that PD was
overdiagnosed (median sensitivity= 73.3% and 80% for first and last visit, respectively), while
dementia with Lewy bodies was underdiagnosed (median sensitivity=17.8% andf@Bfid8t

and las visit) (Litvan et al., 1998)

Symptoms

Motor symptoms
Based on the MD®D diagnostic criteria, the ainal symptoms of PD are bradykinesia

plus rigidity, resting tremor, or both. Bradykinesia is defined as slowness of movement with

decreased amplitude or speed as the movement contifassma et al., 2015l is the aly



criteria that must be present for a clinical diagnosis of PD and it must be measured in a limb,
specifically, even though it can occur in other parts of the body including the face. Rigidity is
judged to be presemthen resistance mncounteredby anexaminerpassively moving thaeck

or amajor jointof the limbswhile the client is relaxed. Resting tremor is defined as a 4 to 6 Hz
tremor in a limb fully at rest. When movement is initiated, the tremor is supp@sattdnuated
People with PD can @erienceseveraimotor symptoms in addition to these classic criteria,
including instability, gait disorders, loss of postural reflexes, dystonia, reduced facial expression,
micrographia, and bulbar symptoms such as dysphagia, sialorrhea, hypophoniaaatintia

(Garcia Ruiz et al., 2011)

Nortmotor symptoms
Virtually all people with PD report experiencing associatedmotor symptoms. Non

motor symptoms tend to correlate with age and déssasgerity, and many are suggested to be
preclinical markers of the conditig€haudhuri et al., 2006Lommon normotor symptoms of

PD include depression, sleep disruptioongipation,incontinence, cognitive impairment, and

pain- all of which have been shown to affect levels of mob{lBychman et al., 2017; Finlayson

& van Denend, 2003; Kong eStenhlmetal., 2000Dpther O6 Co nn
norrmotor symptoms that can affect HRQL include fatigue, anxiety, apathy, psychosis,

orthostatic hypotension, decreased olfaction, and restless leg syrnéark& Stacy, 2009)

Norn-motor symptoms present in the vast majority of PD cases and contribute
substantially to healthelated quality of lifecost of care anthelikelihood of institutionalization
(Pfeiffer, 2016) Although the recognition of nemotor symptoms by physicians has improved
recently these symptomare underecognizedand umeitreated due to the gap inadequately

powered research focusing their prevalence, effect and treatment efficé€laudhuri et al.,



2006) Underreporting of nomotor symptoms by patients themselves may also contribate to

lag in the diagnas and treatment of these symptofR$eiffer, 2016)

Monitoring symptom progression
The Hoehn and Yahr Scale (HY) is widely used to represent the severity of overall PD

dysfunction related to motor symptoms. Developed in 1967, the scale charts PD progression
across five stages: unilateral disease (1), bilateral disease without balfinaotiés (2), and

then bilateral disease in addition to postural instability (3), loss of physical independence (4), and
wheelchaifr or bedbound (5)Hoehn & Yahr, 1967)More than 20 years later, the development

of a modified HY Scale for use in some clinical trials added two additional stages at 0.5
increments: unilateral disease and axial involvement (1.5) and mild bilateral distase wi

recovery on pull test (2.%Jankovic et al., 1990)

In addition to monitoring the progression of motor symptoms, the Movement Disorder
Societyds Unified Par ki nrndPDRS somdahensvalg asses®est i n g
norrmotor symptoms associated with PGoetz et al., 2008Yhe MDSUPDRS is comprised of
four parts including the nemotor experiences of daily living, motor experiences of daily living,

and motor compliations.

Dual-tasking
In PD, dopamine loss in the basal ganglia disrupts motor and cognitive performance.

Historically treatment has focused on treating the motor Bymg Increasing awareness and
knowledge of complex neurocircuitry in the basal ganglia highlights the close relationship
between movement and cognition. Studies of gait performance in people with PD provide
evidence for their intimate relationshidorak, 2006; Penko et al., 2018; Rodket al., 2014;

Yogev Sel i gma bDuatasking isathe.perforrdahd® 8f)a motmgnitive activity



such as walking at the same time as holding a conversation. This is especially challenging for
people with PD because cognitive and motor @sses compete for the same compromised
resources of the basal ganglia to coordinate and completg @alkan et al., 2015; Peterson &
Horak, 2A6). In the example of walking, the addition of a cognitive demand results in decreased
gait velocity and increased gait variabilityhich both increase the risk of fallifBenko et al.,

2018; Pieruccinfaria et al., 2020)Eviderce shows thafor people with PDchanges in gait,

and consequently fall risk, are furtheraerrbated on irregular terrgidu et al., 2018)

Management of Parkinsondés disease

Pharmacological interventions
Alone, andn combination, PD medications atm manage functional impairment, thus

also helping to avoidocial embarrassment resulting from the disé@sanolly & Lang, 2014)

Each medication has its own set of risks and possible adsidesffects which may be
compounded with each additiontoiam di vi dual 6s phar maceuti cal
managed by the gold standard treatment of levodopa in combination with a peripheral
decarboxylase inhibitor (carbidopa or benserazide). The combination helps reduce side effects
such as vomiting, nauagarrhythmia, and postural hypotension resulting from the conversion of
levodopa into dopamine in the peripheral nervous sy§Bmaong et al., 2019)Vhile most

people experience treatmengtated symptom improvemewith levodopa, the risk of lonterm

motor and nofmotor side effects is substant{@avie, 2008)

Marsdenand Parkers werthe first to describe motor fluctuatiossen inpeople with PD

with chronic use ofevodommand advancing diseafidarsden & Rrkes, 1976)Theytermed

t hese di s toufrfboa necfefse c tisoon and i dentified Aoff o

di sabilityo. Today the term fimotor fluctuat:.

c



experiences stemming from the decreased bdnafit levodopa between doses (whether it be
gradual or abrupt)-of &9 (@édekat 2&13Momrflscuiaion® s A on
are part of a | arger group offAdifmfogdrarcd mpy d lkciar
The latter are involuntary muscle movements which can be the result of PD medication or the

disease itself. Studies report that betweeid@% of people with PD taking levodopa will

experience some sort of weariaff within two yeas of starting treatmeriFahn et al., 2004,

Parkinson Study Group, 2000Q)ials investigang the relationship between levodopa and

wearingoff showed motor complications are more prevalent in people who are younger age,

female, have higher disease severity and dosage of lev@@bpa et al., 2018 Non-motor

fluctuations are also likely and tend to arise in people who experience motor fluctuations.

Severabther pharmacological therapiegy beused as monotheragarly in the course
of the disease to disease to delay treatment with dopamine,eaatbtlk the onset of dyskinesia
or motor fluctuationspr in combination with dopamine replacement theragmeschieve optimal
symptom contro{Connolly & Lang, 2014)Pharmacological alternatives to dopamimgude
dopamine agonists, monoamine oxidagatBbitors, catecheb-methyltransferase inhibitors,
anticholinergics, and amantadine. Dopamine agonists directly activate dopamine receptors, while
the otherdrugswork with existing dopamine to slow its breakdown or improve its uptake

(Borovac, 2016; Robottom, 2011; Sharma et al., 2018)

There is a separate set of pharmaceuticals udegtonoamotor symptoms associated
with PD. These commonly include rivastigmine, for improving symptoms of dementia;
clozapine, an antipsychotic agent; and macrogol for constip@iogong et al., 2019The
effective management of nemotor symptoms is limited by the scarcity of large, higiality

studies (Connolly & Lang, 2014).

10



Deep brain stimulation
Deep brain stimulation is a therapeutic intervention that uses electrical impulses from an

implant inside the brain to offer lasting reliefsfmemotor symptoms of PD, with relatively

few side effects. A number of anatomical target areas have beeffiedifati this surgery over

the years based on beneficial effects in motor regulation, but the most common regions are the
subthalamic nucleus and the globus pallidus intéDadlapiazza et al., 2018%ince its clinical
establishment in 1997, it has become the most common surgical intervention for PD and research
is continuously underway to improve the range of symptoms it addresses and the number of PD
patients it camelp(Lozano et al., 2019 he therapy aimsottreat the debilitating motor

symptoms of the disease, such as rigidity, bradykinesia, and resting tremor. Currently, DBS is
most effective for-ofdoplperwiotdls,| an g afbwed anrgi ng e
related adverse effects such as dyskias. In a cohort of 400 patieatsh PD, DBSwasfound

to offerthestability of motor functioning and ADLsver 10 years of follovup (Hitti et al.,

2019) Although it can providéonglastingrelief fromsomesymptoms, DBS does not slow the

underlying disease proceye disease

Physical activity
Since it was first suggested in 1992 by Sasco et al., a considerable amount of research has

been conducted to test the hypothesis that physical activity is one avenue for treating symptoms
of PD(Sasco et al., 1992\ 2018 review of systematic reviews outlined the clinical studies that
have been conducted for specific types of exercise as well as exercise in (redsahg et al.,

2018) Aerobic exercise, treadmill training, dance therdgai, Chi, and Qigongvere all found to

be suitable types of physical activity to provide relief of motor symptoms while improving
mobility and balanceA systematic review of randomized triatsidying nommotor symptoms

showed that physical activity improved the overall burden ofmotor symptoms including

11



depression, apathy, fatigue, daytime sleepiness, sleep problems, and cognition, although the risk
of bias in the studies was variable aheyt could not be pooled due to methodological
heterogeneityCusso et al., 2016/ Cochrane review investigating the effectiveness of
physiotherapy (including exercise generally, but also cueing, treadmilhggaphysiotherapy,

dance, and martial arts) in PD, concluded that there is evidence for théesimobenefits of
physiotherapy for theeatment of PD motor symptoriBomlinson et al., 2013However, due

to an umwlear or high risk of bias in many of the included studies, the authors cautioned against

overinterpretatiorof the observed effect.

The mechanism by which physical activity enhances functioning is poorly understood,
but there is evidence to suggest statictural changes in the brain, including the proliferation of
grey matter or striatal dopamine receptor density and dopamine levels, might be ifFahed
et al., 2013; Hou et al., 2017; Sehm et al., 20Ad)mal models continue to be used to better
undersand these exercigaduced improvements at a cellular level antlile interesting results
in the areas of neuroprotection, neurogenesis, andndlatnmation have been seen, researchers
work continuously to translate these findings to humans. One guoapssfully translated
findings in mouse models to humans, showing that treadmill exercise increased dopamine D2
receptor binding potential in people with easbkage PD, resulting in improved postural control
(Fisher et al., 2013P2 receptors are implicated in indirect pathways in the basal ganglia which
help to control movement. InélPD model, dopamine depletion leads to inappropriate inhibition

of neural pathways and induce motor impairmébesl_ong & Wichmann, 2010)

Presently, physical activity is recommended for people with PD. Although there is
disagreement regarding how the diseasag affect the functional characteristics of exercise such

as oxygen uptake, the health benefits of physical activity experienced by the general population

12



are still relevant to those with RBblaas et al., 2004; Protas et al., 1988)me motor and nen

motor symptoms of PD might make participation in regular physical activity difficult. For

example, fatigue is a common symptom among individuals with PD and one study found that
morethan2®% of peopl e with PRDxeromnisd @reg @ dr ¢ po rbtee di | fo
to physical activityAfshari et al., 2017)Nevertheless, ith regular physical activity, muscle

strength and aerobic fithessprove while the risk of physical disability, sleep problems,

demenia, and depressiathecreas¢Candow et al., 2006; Eldar & Marincek, 2000; Hamer &

Chida, 2009; Kredlow et al., 2015; Van Den Brink et al., 2005; Warburton et al., ROy

authors agree that future research should focus on identifying the frequency and intensity of

physical activity that is most beneficial to people with PD.

Mobility
Definitions of mobility
The Worl d Health Organi z aaofFuoaiahiag, Disadiliigr nat i o
and Health (ICF) has a broad definition of mobility, which recognizes indoor and outdoor
movement, as well as the use of assistive devices and/or transpditéidc Health
Organization, 2002However, scientific research aiming to quantify mobility still commonly

use narrow definitions that insufficiently capture all the possible approaches to achieving it.

Definitions of mobility can influence conversations abmaibility disability defined as a
case in which functional mobility is reduced to a point where individuals have difficulty carrying
out tasks essential to everyday life and consequently mobdélf iecomes the disabilifPatla

& ShumwayCook, 1999) If we disciss mobility as a product of an individual, we may see
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mobility disability using thenedical modebf disability. This model describes disability as a
feature of an individual, directly caused by a health condition, and requiring medical

i ntervemtrirercg 6t d heec problem (Worl d Health Orga
discuss mobility as a product of the environment or society, we may see mobility disability using
thesocial modebf disability. This model describes disability as a sociatlyatel problem
independent of the characteristics of an individual and requiring political response leading to
changes in attitudes and the environment in an attempt to accommodate individuals with
limitations (World Health Organization, 20023lone, neither model is complete, which is why

the ICF uses thkiopsychosocial modgileflecting the role of the biological, individual and

social factors contributing to disability. Despite tivelation of conversations surrounding

disability, in most research mobility is still viewed as a feature of an individual and therefore
interventions to improve or maintain it are designed to treat physical limitations experienced by
the individual. Thisspproachdisadvantages older adults in particular, as they face additional
social, financial, cognitive and environmertakriers to mobility in comparisain younger

adults or children.

A transdisciplinary approach: the ecological model
The ecological ggroach to problersolving examines the interplay within and between

factors at the intrapersonal, interpersonal, institutional, community, and policy levels to
understand the various influences affecting iseae(McLeroy et al., 1988)Sallis and
colleague42006)employed an ecologicabproach to suggest that a multilevel inéztion is
best suited to eate active living communitiek their 2006 paper, they proposed a madel
informed by contributions from research in public health and behavioural science; urban

planning and transportation; leisure and recreation studidgubiic policy, economics, and

14



political science illustrating the array of factors requiring consideration before attempting to
define an intervention. These factors, broadly grouped into categories such as the information
environment, natural environmi perceived environment, and behaviour, can be easily applied
to discussions about mobility as many of the factors influencing physical activity and mobility

are the same.

An ecological modeis an applicablenodel for representing realorld challengswithin
the context of mobility in daily liveMost research discussing strategies to improve mobility
problemsolve at the level of the individual: an exercise regime, a home modification, a walking
aid. What is lacking is a body of comprehensive retetrat can be used to inform muével
strategies for sustainably improving the mobility of @wen community or populatioWVithout
consideration of the broader social, political, and environmental context, interventions designed
for the individual &e likely to fail. To build on the examples given above related to improving
mobility: an exercise reginmight not be completed if the individual does not have
transportation to a recreation facility; a home modificatioght not be made if the individua
lacks the funds to pay for, &and a walking aignight not be employed if its use is stigmatized by
an i ndi vi du &dnéeptualziagenobility arml stpategies to improve and maintain
mobility using a sociaécological model can help to close tiap between capacity and

performance.

A framework for mobility in older adults

To addressnobility in older adultghe need for a conceptual model of the environmental
impact on mobilityPatla and Shumwa§ookdeveloped a framework to help quantify the
relationship between t he en{Patla&ShomevesCooka nd an i

1999) As someone moves along the mobility continuum, fromfooctional ambulator to
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independent community ambulator, they face more and greater challemgegyating the

environment (Figire 21).

Mobility Continuum

Non-functional Household Limited [ndependent
Ambulator Ambulator Community Community
Ambulator Ambulator

Figure 2.1. Patlaand Shumwago o k 6 s mo b i [(1999)yepresemirtg the numbar of

skills required by an older adult to be mobile in increasingly complex environfents.

Eight environmental dimensions were @ed to capture the physical demands that must
be met for an individual to be mobile in the community: minimum walking distance, time
constraints, ambient conditions, terrain characteristics, external physical load, attentional
demands, postural transit®and traffic level. These dimensions were conceptualized as spokes
on a wheel with optimal performance on all eight dimensions represented as the perimeter of the

wheel (Figur.2) . An i ndividual 6s operating range can

! Patla, A. E., & ShumwagZook, A. (1999). Dimensions of Mobility: Definjnthe Complexity and Difficulty
Associated with Community Mobilitydournal of Aging and Physical Activjty(1), 7 19.
https://doiorg/10.1123/japa.7.1.7
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environmental context to elucidate mobility restrictions that may not be apparent through clinical
tests in an ideal setting. With this model, the authors also showed that mobility within the home

requires a different set of capabilities than mobilityhie tommunity.

Dimensions of Mobility

Minimum
Walking
Traffic Distace [ime
Level Constraints
Postural Ambient
I'ransition Condition
Attentional T'errain
Demands e Characteristic
External
Physical
l.oad
(a) Normal Operating Range for (b) Individual Operating
Independent Community Ambulator Range
Figure 2.2. Patlaand Shumwago ok 6 s Wh e el Mo d e | of environmen

mobility in older adult§1999)a) Each dimension is characterized as a spoke on the wheel with
optimal performance on all eight dimensions represented as the perimeter of the wheel. b) The
operating range of a hypothetical individual in each of the eight environmental dimensions is

maped onto the wheel to reflechalistic measure of mobility.
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Webber, PorteandMenec(2010)built upon the Wheel Model and published the
Comprehensive Framewofor Mobility in Older Adults.This framework is more
comprehensivéhan the Wheel Moddly including psychesocial environmental, physical,
cognitive, and IADLfactors.This model has been used by othtershape recent research related
to mobility inolder adultyLevasseur et al., 2004; Rosso, Taylor, et al., 2@Bunderstanding
that older adults use means other than walking to achieve community mobility, the authors
considered additional contextual factors that can impact mobility. In the conical model of this
framework, mobility is determined by cognitive, psychaab@hysical, environmental and
financial factors, which are all shaped by gender, culture and biographical influences (Figure
2.3). A conical shape is used to represent the idea that as one moves further away from their
bedroom, an increasing number ohtextual factors contribute to each determinanidgace

area.
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Financial

Psychosocial
Environmental
Physical

Cognitive

Gender, Cultural and
Biographical Influences

EEEEEN

Figure23. Webber, Porter &20Mar&cmmpsehensivae framewbrk aho d e |
mobility in older adults in which an increasing number of finanpisychosocial, environmental,
physical, and cognitive factors are at play with each level eéptece and these factors are

influenced by gender, dure and biographical contexts.

2Webber, S. C., Porter, M. M., & Menec, V. H. (2010). Mobility in older adults: a comprehensive framé&herk.
gerontologist50(4), 443450.
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Mobility and ageing-in-place
One of the motivating factors for maintaigimobility as we age is the prospect of

ageingin-p | ac e, or Aremaining in the coalmutmnty, wi
i n resi d@®aveyietal., 20040 1P This concept is a priority of many older adults

who associate the community or area in which they live with a sense of securdl, soc

connecton, and autonomiWiles et al., 2012)Socially, ageingn-place allowsgeople to reap

the health and personal benefits of living in an area that is familiar to ihernmportant to note

that the majority of research related to agemglacei and indeed, the research that is

described in the following sectionseflects North Amerian and Western European culture.

Thus, this research may not be representative of individuals belonging to other races/ethnicities,

for whom the experience of ageing may manifest differgitiyg, 2013)

Due to improved medical technologies gnublic health interventions, older adults are
living longer while managing more chronic diseases and physical limitations. In Canada, more
than onethird of the older adult population (65+) lives with a mobility disability which affects
the ability to comfete ADLs, engage socially with others, and generally maintain a good quality
of life (Government of Canada, 201Epr this reason, this group is more likely to have to leave

their home for a nursing home, sei@oresidence, or some other kindarig-termcare.

While some older adults may welcome the transition into assisted living, the
overwhelming majority (93%) choose to remain in private houselitdsistics Canada, 2011)
Policymaker s al so value ageing in place because
progression into long tercare makes economic and social s€lgerld Health Organization,
2007) In Canada, long term care is offered through a mix of public, prigagerofit and

privatenotfor-profit institutions, depending on the policies of individpeovinces(Hirdes,
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2002) According to evidence from a prospective study of older adults living in Melbourne,

Australia, people who aga-place tended to like their neighbourhood or have made recent

modi fications to their homes. The®mgatlzome consi
(Kendig etal., 2017)Jncont ast , Apul |l 0 factors centred arour
for care, and included being ovege75 at baseline, female, without a partner, depressed, non

home owning, and dependent in daily living. This evidence is in agreement with reseaich abo

older adults in the United Kingdom, who were found to be less likely to stay in their home and
agein-place if they were dissatisfied with their personal dwelling, specifically if they had

concerns about the amount of property maintenance reqtiiembat-Nallétamby & Ogg,

2014) Furthermore, hang at least one chronic condition and lack of interaction with the

community and neighbours both significantly increased the odds of wanting to move out of the

home.

Sometimes ageinm-place does not result from preference, but rather a need. Research
in Detroit, USA found that lovincome older adults were more likely to expect to-imgplace
than their highincome counterparfd.ehning et al., 2015Although the authors acknowledge
that the reasoning was unclear, they speculated that this was a result of having nowhere else to
go. The same study found that those with more neighbourhood and housing problems and fewer

feelings of safety were less déiky to expect to agm-place.

In anticipation of the needs of this growing population, researchers studying ageing and
mobility have turned their attention to the care and support of older adults choosingrie age
place. The ability to move around irethome and community is essential to remaining in the
home. Strategies for improving mobility can be focused on remediation or adaptation.

Remediation is centred on the restoration of function or ability that has been lost, while
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adaptation refers to an @ution of habits, compensatory strategies, and skills to suit a changing
context(Radomski & Trombly, 2008 5ome argue that an adaptive applosicould be

implemented first because it can have immediate effects and make a change at the individual and
community leve(Chippendale & Beatehman, 2010)For example, adding a ramp up to the

front door of a house yields immediate benefit to the occupants who no longer have to navigate
stairs and can more easily maneuver in and out of the home with mobility aids, such as a walker.
This small change removedbarrier to independence and improves the ability teiagaace.
Similarly, | osing the ability to drive can di
become overly reliant on their car over the years as mawg. In this caseemediations not a

plausible solution: for the safety of the driver and others around them, the driver may never
regain their ability to drive. However, an adaptation such as offering free public transit to those

without a driver s | i owtheircommanty moldlityp ol der adu

The ability to agen-place is dependent on a complex and dynamic set of factors
including those of the built and social environment. Previous literature, primarily from the fields
of occupational therapy and environmentabgéology, has suggested physical changes that can
be made inside the home to promote vbeling and deter adverse events such as(faillespie
et al., 2012)Outside the home, frameworks for agendly communities can direct policy
makers and local governments towards the development of communities that encourage optimal
ageing andliscourage withdrawal from social lifeui et al., 2009) Originally conceptualized
by the World Health Organization (WHO) in 1986 throughHkealthy Cities Projectthe
intention to build communities that maximize the health of residents by leveraging tred,natur
social, and built environment has gained traction in countries experiencing a major shift in the

average age including Canada, the United States, and the Kimtggtbm (World Health
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Organization, 2020)Although models in each country emphasize change at different points
along the sociaphysical spectrum, each of thentludes key dimensions of the social

environment and physical infrastruct(teli et al., 2009)

Mobility and health -related quality of life
When discussing mobility, it is necessary to consider how changes in mobility may

impact an individual's life. Mobility is generally of concern becatisea reflection of health

and chronic conditons The WHOG6s commonl y cietsed td dfoi rbiet ifima
of complete physical, mental, and social wading, and not merely the absence of disease or
infirmityo (Worl d Hpg.a59tThis defimitioa of health tan loerusedté 9 5 8
provide a degree of specificity when talkialgout happiness or satisfaction, and conversely

unhappiness or dissatisfaction, in our lives as a direct or indirect result of our health status.
Healthr el at ed qual ity of | ife (HQRL) is often us
assigned teheduration of life as modified by the impairments, functional states, perceptions,

and social opportunities that are (Paritklkuenced

Erickson, 1993pg. 23.

It is well-established that mobility is an important determinant of HRQL and therefore
should be targeted to improve hedlthang et al., 2010; La Grow et al., 2013; Shafrin et al.,
2017) This is especially true for older adults, for whom functional decline may accompany
advancedige.When one is mobile, household chores, ADLs, and IADLs are undertaken
without, or with less of, a reliance on othees| | owi ng control over oneods
independence, a domain that older adults emphasize as one of the most important factors
contributing tothe quality of life improves welbeing and prolongs the ability to ageplace

(Gabriel & Bowling, 2004)
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Mobility and the built environment
To be functionally independent requires

Both the natural (g. a river) and the built (g. a bridge) environment can change the way we
move around and the ease at which we travel from A to B. These areantmmmsiderations

when working to help people maintain or regain mobility.

Places with green space, open space, and structures such as restaurants, cafes, libraries
and parks help to facilitate social interaction and engagefBanm, 2002; Richard et al., 2009)
Safe and welmaintained pedestrian walkways encourage people to travel on foobmybie
and are an important feature for people with strollers, walkers, wheelchairs, or other assistive
devices (. scooters, walkers and crutches). In contrast, a negatively perceived environment can

discourage trips outside the home for social pgaioon, physical activity, or IADLs.

Older adults, especially those with mobility limitations, perceive the natural and built
environment differently than those who do not face the same challenges. Glass and Balfour
(2003)outlined three reasons why older adults are more viteeta the effects of the
environment in their homes and neighbourhoods: 1) a longer duration of exposure to potentially
hazardous neighbourhood environments, 2) changes in cognitive capacity resulting in a
decreased capacity to cope with environmentahgbaand 3) an increase in the relative amount
of time spent in the home and immediate community. The p&nganonment interaction
described by Lawton and Nahem¢¥®73)over five decades agmncerninghe ageing process
is a surprisingly contemporary idea. They argued that it is imgddaionsider the unintended
consequences of every change we make to the natural anchadgnenvironment, such as
building roads instead of improving public transport, especially in regard to how decisions affect

older adults. A recent study identifiedigiegoourhoodlevel characteristics promote
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participation of older adults in activities such as sports, social, or other clubs; organizational
meetings; and volunteerirfgland & Howrey, 2019)They found that having a high proportion

of older adults in the neighbourhood was the only variable associated with participation in all of
these activitiesHigh population density, neighbdwod social cohesion, ability to drive, and the
ability to walk several blocks were also significantly associated with participation in some of
these activities. Tésefeatures are important whaddressing the impact of the built

environmenbn themobility and social participatioof older adults.

The built environment can also influence the likelihood of older adults to walk in the
community- a facilitator to physical activity, independence, and social interaction. According to
a systematic review exaning the health implications of outdoor walking groups in 41 studies,
walking is associated with a significant reduction in blood pressure, resting heart rate, weight,
and depression scores; and significant improvement in physical functioning incluahimg @
walk time(Hanson & Jones, 2015)ery few adverse events, such as falls, were reported across
74,000 participant hours, indicating that outdoor walking is a safe and healthy activity for older

adults.

While previous work tends to confirm that various characteristics of the built
environment can facilitate or restrict walking, the associations can become muddled when
comparing characteristics associated wmiibbility for different purposed-or example,
envronmental factors may affect walking for recreation differently than walking for
transportatior{Saelens & Handy, 2008proximity to commercial and public spaces, population
density, and mixed land tend to promote walking fangprtation. However, these attributes are
not necessarily needed to promote recreational walking. Some evidence suggests that pedestrian

infrastructure and perceptions of safety are particularly important to promote walking for older
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adults(Li et al., 2005) Other evidence exists suggest that these factors are not associated with
the likelihood of walking, but rather the level of walking activity among those who already walk
(Nagel et al., 2008)These uncertainties may be a result of the complexity of the person
environment relationship or a shortcoming of research, such as inconsistent use of valid and
objective measurements for walkingcrosssectional studies of specific sites or sub

populations

Mobility and social participation
The ability to move independently within the community contributes to HRQL because it

creates better access to social participai@mdar et al., 2016Although there is some debate
about the meaning obsid participation( Pi g k ur  gittcan &d simply defindd 49
involvement in life situations such as work, religious practice, civil engagement an@\fdeyl
Health Organization, 2001, pg..LOApproximately 20% of trips that older adults makeside

of the home are related to this purpose and include activities such as unpaid community work,
visiting with friends and family, and involvement with recreational organizafidofienkopf et

al., 1997) These activities are importarmt the creation of a strong social network that relates to
health and life satisfactiadiNakagawa & Hulur, 2019However, adults tend to experience
shrinkingsocial networks as they age due to changes in their stage of life (i.e. retiring from the
workforce, fewer family responsibilities), declining health, and increasing ryolnifiitations
(Kemperman et al., 2019y he result of this can be a transition into loneliness, social isolation,
or other unwelcome feelings related to lack of companipr(®ational Seniors Council, 2014)
Mobility is directly or indirectly related to most risk factors for social isolation including loss of
social networks, older age, poor functional status, poverty, female gendemamder of

chronic ilinessegCohenMansfield et al., 2016; Havens et al., 2Q04)
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Human connectednesssa fundamental human need. This is clear from the evidence that
social participation is associated with, among other thimfgstter quality of life, improved
cognition, lower rates of depression and less premature moftlags et al., 1999, 2006;
Levasseur edl., 2004; Zunzunegui et al., 200Byotecting older adults from a loss of mobility
with age isone approach to encouragggcial participation and redesocial isolatiorwith this
population.This aim is especially important among individuals withwB o mosor and non
motor symptoms can affect the ability to participate meaningfully with friends, family, and their

community.

Life-space mobility
History
In their 1985 study, May, Nayandl saacs i ntroducea@atcle®® @snce
At he area which [ a] subject (pgol8xahdsdividedthat ough i
area into 5 concentric zones: 1) the bedroom, 2) the rest of the dwelling, 3) the garden, courtyard,
or ground surrounding the dwelling, 4) the block on which the dwelling was located, and 5) the
area across a traffic bearing str@day et al., 1985)Subjects were to report their movements in
relation to each of theones every dafpr one monthThis was considered by the authors to be
of value, as lifespace measured what subjects were actually doing, instead of measuring what
they were capable of, a distinction that is known as the difference between capacity and

performancgWorld Health Organization, 2002)
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Measures of Life Space Mobility
Over the years, the concept of igpace has evolved gnd some casefas been

developed into assessments to sartain populations, such as the Nursing Home-§ipace
Diameter(Tinetti & Ginter, 1990) The University ofAlabama Birmingham Study of Aging
Life-Space Assessment (LSA) was introduced by Baker et al. in 2003 and aimed to capture the
original intention of lifespace by using a oftene interview or survey (Figurz4) (Baker et al.,
2003) Since then it has become a commonly used measure-sphiee, because of its validity

and ease of use.

The assessment consists of 15 items and asks subjects to recalitthigyrin an average

week in the month prior to the assessmeé&here are five levels of lifspace: 1) outside the

bedroom, 2) outside the house, 3) outside the community, 4) outside the city, 5) beyond the city.

Respondents are asked to recall howyrtanes in a typical week during the last month they
travelled to each of these levels on a scale4if 1) less than once a week, 23 Zmes a week,

3) 4-6 times a week, 4) daily. They are also asked to recall what type of assistive device or
personahbssistance they required to reach each level: 1) personal assistance required, 1.5)
equipment required, 2) no assistance required from person or equipmentspalife composite
score (LSAC) reflecting the distance, frequency and level of independeedcidated by

multiplying the three characteristics foreach-ffo ace | evel and summi ng
[level score*frequency score*assistance score]). The scores range from 0 (totddlyulpell to

120 (travelling outside the city, every day, witth@ssistance).

The life-space assessment composite score has been shown to reflect physical function
and performance, sociodemographic factors, and to a lesser extent, cognitive famdtion

depressive symptoms, while simultaneously showing unshared variance with theséPaetiors
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et al., 2005) This indicates that the LSA and traditional performapagsed measures are not
redundant but instead may capture performance and capacity, respetheetpal of the LSA

is to measure mobility comprehensively, exploring why it might be limited and tracking changes
over time. So far, little research focuses on mobility as measured by the LSA so it is not well
understood how it impacts the HRQLalfler adultsindependent of disabilitfRosscet al.,

2013)

Life-Space 0
Bedroom

Life-Space 1
Home

Life-Space 2
Qutside house

Life-Space 3
Neighborhood

Life-Space 4

T :
oW Life-Space 5

Unlimited

Figure 2.4. A conceptual model of concentric lifpace zones as depicted in Peel eR@D53

Psychometric properties of the University of Alabama Birmingham LifeSpace Assessment
The validity and reliability of the LSA were tested by its original authors in 2Baker

et al., 2003)Study participants in the longitudinal study were a random sample of 306 Medicare

3 peel, C., Baker, P. S., Roth, D. L., Brown, C. J., Bodner, E. All&an, R. M. (2005). Assessing Mobility in
Older Adults: The UAB Study of Aging LifSpace Assessmemhysical Therapy85(10), 1008 1019.
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beneficiaries aged 65 and older in Alabama, USA. The sample was stratified by county, race,
sex, and urban or rural residence. The-$if|mce composite score was most highly correlated
with physical performance, IADLS, comorbid conditions, depressive symptoms, and self
reported health, demonstrating its validity for holistically representing #sgsexts of health and
well-being. Testetest reliability was evaluated by intraclass correlation coefficienife of

space mobilityover a tweweek period. Between baseline and@ek followrup assessments, the
correlation was 0.96 (95% confidence interval: €09%7) for the LSAC scoreg(Baker et al.,
2003).0Over this period of time, 97% of participants reported a consistent dafioitithe

distance to the perimeter of their neighbourhood and town.

Theconstructvalidity of the LSA was tested using Spearman correlations between life
space and measures of physical function and mental healthCL\8&s most highly correlated
with acomposite measure of physical function involving scores from tests of standing balance,
walking speed, and the ability to rise from a chair (0.603); ADLs (0.309); IADLs (0.392);
depressive symptoms (0.411), and-sefforted health (0.421Baker et al., 2003Peel and
colleague42005)also demonstrated construct validity amongst the same populatibedatare

beneficiaries studied by Baker et al.

Baker et al. (2003) also demonstrated tt#A-C is sensitive to chang€&his is in
contrast to lifespace maximal (LSMM) scores and lifespace independence (LSAscores
which experience more serious ceiling effects. H8Aepresents the farthest distance from
home that the participant travellediout considering the frequency of travel. Sisiy percent
of the population experienced a ceiling effect and their scores would not be sensitive to an
improvement in mobility. LSA represents the farthest distance from home that the participant

traveled without assistance. Forgeven percent of the population would not be sensitive to an
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improvement in mobility. Floor effects are less of a concern, with 1% ofMS#&ores and 15%

of LSA-I scores being unable to decline.

The LSA has been found toveacceptable validity and reliability in other populations
such as older adults in South Amer{€arcio et al., 2013)SwedenKammerlind et al., 2014)
and ChingJi et al., 2015)Creation of a Frencltanadian LSA for power mobility device users
with neurological, orthopedic, or medically complex conditions showed a higretest
reliability for LSA-C of 0.87 over a twaveek periodAuger et al., 2009)When investigating
content \alidity by comparing the French LSA with the originalanang the authors expressed
some concerns with the ambiguity of certain questadnmitwhat is defined as a
Anei ghbourhoodo but generally deemed the ques
participants. Floor or ceiling effects, defined in this case as clustering of 20% and over of the
highest or lowest possibtesponses, were obsed/for LSAI and LSAM, respectively. LSAC

was normally distribute@Auger et al., 2009)

Weather can ab impact lifespace mobilityln a sample of commun#giwelling older
adults aged 75 and older in Finland, L-EAscores were found to be higher in people assessed in
spring versus winter indicating worse mobility in the wir{fortegijs, Iwarsson, et al., 2014)
One of the original LSA studies by Baker et(@003)foundno significant difference in the
LSA-C of older adults over 6 months, but the study was conducted in Alabama where there is not
as much vadtion in seasons as in Finlafidvo-week intraclass correlation of LSAC was 0.72,
but it was marginally higher fdhe spring population versus the winter populafaortegijs,
Ilwarssan, et al., 2014)Together, these findingaiggesthat theenvironment location and timing

should be consisterspecially wheseasonabvariationexists

31



A minimal importantthange iglefinedagsit he smal |l est di fference
of interest which pa(laesshkdesal,d%g)eeinima impostanto e n e f i
changehas been ascertained to be five for the LSA based on associated changes in walking
ability over a period of timé a population of AfricatAmerican and notiispanic White adults
aged 75 yearand older(Kennedy, Almuairi, et al., 2019; Suijker et al., 201 o minimal

important changéor theLSA has been defined with older adults of persons with PD.

Predictive value of the LifeSpace Assessment

Healthcare utilization
Thelife-space assessment could be impleeim a healthcare setting to quickly

identify individuals who are at an increased risk of cBoe example, in individuals with heart
failure and in a population of older adults more generkférspace mobilitywas shown to

predict healthcare utilization such as emergency department visits and hospital admissions in
intervals as short as 1 mor{tkennedy, Williams, et al., 2019a; Lo et al., 2Q1Sijnilarly,

restricted lifespace was associated with hospital readmission within 90 days of discharge in
older adults with congenital heart failure and chronic obstructive pulmonary dig¢badler et

al., 2017) The LSA has also been suggested as a useful tool for predicting nursing home

admission in older adults as far as 6 years in adv@ieeppard et al., 2013)

Mortality
Constricted lifespace is associated with greater mortality in older agikiienedy et al.,

2017; Xue et al., 2008hn one study, this relationsh{piR 1.18, 95% CI 1.09.27)was found to
be independent of potential confounders such as physical activity, perforbasentphysical

function, and th@umber of chonic medical condition@Boyle et al., 2010)Another found that
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a life-space score of 40 or beloweplicted mortality in older men iegendent of age and gait

speedMackey et al., 2014)

Cognitive decline
The relationship betwedife-space mobity and cognitivestatuss one of the more

frequently studied associations in the domain of thesli@ce of older adis. In a population of
African American andVhite older adults|ife-space mobilityhas been shown to predict

cognitive decline over 4ears regardless of age, race, or gef@eswe et al., 2008)These

findings were mirrored in older Mexican Americans over 5 yéaitberschmidt et al., 2017)
However, the crossectional relationship between cognition dfelspace mobilitys more
inconclusive with one study findirtgat older adults with better cognition have a bigger life

space, but another found the association to be poorly defined while noting the moderating effect
of depressive symptongBéland et al., 2018; Sartori et al., 201R)individuals with mild

cognitive impairment (MCI), selfeported exhaustion has been shown to afifiecspace

mobility, while individuals with amnestic MCI have been shown to experiemded life-space

with fearof-falling, slower processing speed, and restricted independent activities of daily living
(Uemura et al., 2013).ife-space assessments may be useful for predicting the risk of MCI, in
addition to gl obal c o gni tJanwes et @.n2011Bedassdife-of Al z h
space mobilityassessments typically rely on recall of activity, this type of molméptured by

the concept of lifespace maye better evaluated with technology suclglaal positioning

system GP§ and personal activity monitors to asiaecall in persons with MCI.

Frailty
Studies investigating the relationship betwéfrspace mobilityand frailty in older

adults have suggested that constricteddgace predicts frailty, but also that frailty predicts
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constricted lifespacgPortegijs et al., 2016; Xue et al., 2008)though limited research has
evaluated frailty wth life-space mobilitylife-space mobility may serve to be a useful screening

tool for frailty.

Quiality of life
Over two years of followp, life-space mobilithas been shown to predibe quality of

life as measured using th¢orld HealthOrganization Quality of LifeWWHOQOL)-BREFin a
sample of 761 older adul(Rantakokko et al., 2016 comparison to those who maintained
their life-space mobilityscore over the 24 month folleup period, those who experienced any
sort of decline late, early, or constantof >10 points showed a greater decreas®/HOQOL-

BREF

The LSA is a valid and reliable sefported tool to measure mobylin many
populations of older adulté&lthough it is seHreport tools are commonly usedepidemiologic
and medical researctiey are proné biasesuch asecall bas and social desirability biashe
psychometric properties of this test have not
diseasebutits performance in older populations with cognitive, memory, and physical

difficulties implies that it wold be appropriate to study PD.

Life-spacemo bi | ity of people with Parkinsonés di sea
To our knowledge, only one published article has studied associationgevigpace

mobility in people with PD. Rantakokko et al. observed 164 commughsiling people with

PD in Sweden to collect data on the associations of motor symptoms antbt@mrsymptoms

with life-space mobilitfRantakokko et al., 2019Yotor symptoms were quantified using the
selfreport UnifiedP ar ki nsonds Di s e asgnetor Byamptoms werejcantifieed | | |

using selreport questionnaires about depressive symptoms (Geriatric Depressici™cale
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(Sheikh & Yesavage, 198@atigue (Nottingham Health ProfiléHunt et al., 198Q)pain( A Ar e
you bot her ed bandgpmlalcagrition (MengeallCoghitivespessment)

(Nasreddine et al., 2005)fter cortrolling for confounders, onlperceived walking difficulty

was significantly associated wilifie-space mobilitysuggesting this is an important symptom to
target with interventions. Furthermore, this cresstion&study highlighted the importance of
mobility aids and assistance for this population, as almost all (90%) of participants reached the
highest level of lifespace with the use of an assistive aid, but less than half (47.5%) reached this

level without(Rantakokko et al., 2019)

Although the study by Rantakoklat al. 019 provided an initial glimpse into tHee-
space mobilityof people with PD, more studies are needed to further exjalci@ sthat
contribute to lifespace mobility among individuals with PBpecifically, the authors noted that
the role of environmental and personal factoréiferspace mobilityn this population has not
been properly elucidatetllo evaluation ofife-space mobilityvith PD has compared thige-
space mobilityith a healthycohortthathas employed a control group to make direct
comparisons and better discern if PD affdifésspace mobilityamong a population living in a

similar area.

Conclusion
The complexity of mobilityparticularly in older adultaith chronic conditionsmakes it

achallenge to evaluaiaterventons aiming to improve mobilityLife-space mobility is one
conceptualization of mobility that has been used to understand how olderfawctitsn within
their community an@nvironmentLittle evidenceexists which examind3D, a chronic

condition known for poverty of movemenising the concept of lifsspace mobility Thus farthe
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single study investigating factors related to-Bfgace mobility among people with RIRI not

consider the rolefgersonal and environmental factors or made comparisons to a contral group
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Abstract

BACKGROUND: Motorand normot or symptoms of Parkinsonods
i ndividual 6s capacity for movement, but are
the hane and community. Using multiplaethods, we explored associationsnéérnaland

externalfactors with lifespace mobility in PD.

METHODS: 227 individuals with (n = 113) and without (n = 114) PD were recruited from the
community to complete a croesectonal surveyof mobility. The primary outcome wabelife-
space mobilitycomposite score, which ranges fromi 20, for which a higher value indicates
more trips that are more frequent, distant and indepeKidantersity of Alabama Birmingham
Life-Space Asessment). Explanatory variables included demographics, lifestyle behaviours,
seltreported health status, social participation gr&built environment. Multivariable linear
regression was used to identify factors that explainegigeee mobility. Teparticipants with

PD patrticipated in a sersiructured interview about facilitators and barriers to mobiiata

werecontent analyzed.

RESULTS: Mean life.space mobility was reduced for people with PD (64.2, SD = 25.8) in
comparison to people without PD (70.3, SD=23.1; mean difference = 6 points, 959#CI:
12.5). Among people with PD, not driving, receiving caregiving and not having extra/imone
the house were associated with reduceeésiiface mobilityHigher ocial participation was
associated with increased lépace mobility. Data from qualitative interviews supported
guantitative findings and offered additional insigint® the featues of the built environment

that facilitate and restrict mobility.
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CONCLCUSION: Bothinternalandexternalfactors are associated with the {§pace mobility
among people with PD. Clinicians and pohmyakers shoulihclude both individual and
communitybased factorashen developing interventions émcouragé¢helife-spacemobility of

the PD population.

KEYWORDS:Par ki ns on 0-spacg mabidity soeiglartitipatforg built environment

54



| ntroduction

Parkinsondés disease (PD) is a chronic neur
approximately 120,000 Canadians, most of whormagee65 or oldefDorsey et al.,
2007; Guttmanteal., 2003) The disease manifests as a variable set of motor (i.e.
slowness of movement, rigidity, instability) and amiotor (i.e. depression, incontinence,
cognitive impairment, fatigue) symptoms which are managedrgngdegrees of
success by ntications and surgical interventio@srmstrong & Okun, 2020)Alone,
and in combination, the symptoms of PD can make excursions out of the home
challenging. Disease progressionyniartherhamper functional independence, have
deleteriouseffects on social participation and generally undermine the ability tchage
place(Benharoch & Wiseman, 2004; KenneBlghr & Hatchett, 2017)it is important
for people with PD to maintain mobility, the ability to move between environments,

throughout the disease coet® facilitate these amg-related goal¢Gardner, 2014)

Life-space mobility is a concept movementind participation in and out of the
home(Baker et al., 2003}t is designed to reflect what an individual actually does,
instead of what thelgave the ability talo, and recognizes that mobility can be achieved
by means other than unased ambulation. Generally, lHgpace mobility is structured as
concentriclifes pace fl evel so or fAzoneso, which are ce
commonly the bedroom. The frequency and approach by which an individual enters each
specific level of lifespace in a given time period determines theirdace mobilityln
older adults, measures of lifpace mobility have been strongly associated petisonal

(internal)factors such as executive functioning and motor performance, as well as
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externalfactors such as the accegbt of the built environmen{PoranerClark et al.,

2018; Portegijs, Rantakokko, et al., 2014; Rantakokko et al., 2015; Ullrich et al., 2019)
When measured over time in older adults, reducegptee mobility has been shown to
predict the healtltareutilization, cognitive decline, mortality and lower health status
making it an indicator of overall health and resilience in late(Gi®we et al., 2008;

Kennedy, Williams, et al., 2019b; Rantakokko et al., 2016)

To our knowledge, only one cressctional study has examined associations with
life-space mobility in people with PRantakokko et al., 2019ocusng on the impact
of motor and nommotor PD symptoms, the authdagind that depressive symptoms, pain
and perceived walking difficulties were negatively associated witisfitece mobility.
However, they did not evaluate the relationdbepweerenvironmetal and social factors
with life-space mobility. Tius,there isadearth of knowledgeegardingenvironmental

and sociafactors relevant to community mobility in this population.

Using a multiplemethods approach, we explortbe life-space mobility opeople
with PD residing primarily in an urban setting. The primary objective of the quantitative
component was to identiffemographice.g. family finances, educatigmealthrelated
(e.g. walking limitations, chronic conditionspcial(e.g. level of social participationyr
environmentafactors(e.g. neighbourhood cleanlinessatexplainedife-space mobility
in PD. The secondary objective was to compare thesfifeee mobility patterns of people
with PD tocommunitydwelling olderadults without PD residing in the communifyhe
primary objective of the qualitative component waexplorefi p a t -identifiedo
barriers and facilitators tiife-space mobilitythat can be targeted by interventions and

policies to promote community rbdity in this population
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M ethods

Participants
We conducted a staged multipteethodsstudyusing a crossectional survey and

a concurrent qualitative narrative inquiry. Participants with PD (n=113) were recruited
from the community via private neurolpglinics (Edmonton, ABCanadg a PD

specific research participant registry (Calgary Parkinson Research Initiative [GaPRI])
PD-specific fitness class (Camrose, AB, Canadad t he Par ki nsonds Assoc,]
Alberta (PAA); a norprofit organization. Péicipants with PD were eligible for inclusion

if they had a diagnosis of PD for at least 6 morpecific recruitment strategies varied

by site. Recruitment strategies included practitioners (neurologists and fitness instructors)
asking interested pactpants, on behalf of the researchers, to review the information

sheet and fill out the survépppendix 1 and 2)Alternatively, the researcher made in

person or ovethe-phone contact with potential participants identified through the PAA

or CaPRI. To pyvide a comparison, group of agematched adults without PD (n=114)
wasrecruitedin-p e r s o n f rassociasoesm EdmantdrsAlberta.Edmonton and
Calgary are both large, metropolitan centers with comparable population sizes and public
services including transit systems. Camrose is a much smaller city relative to Edmonton
and Calgary, but a minority of the PD participants were recrénoeal this site.

Participants irthe PD and without PBroupsmet the following inclusion criteria: 1)

residing in the community, 2) able to speak and understand English, and 3) willing to
participate. Surveys were completeeperson at PAA events (PD gmmuands e ni or 6 s

centerqwithout PD group) or taken home and returned by niltticipants from CaPRI
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completed the survey over the phone. Participants in both groups were permitted to have
a proxy, such as a caregiver, to help them complete the S@saegnaugh & Crawford,

2014)

In addition to measuring lifespace mobility, the survey captured demographics,
lifestyle behaviours (aoking and alcohg] finances, caregiving, ndecal conditions
(comorbidities andgelf-ratedhealth statusand mobility (valking distance and
limitations, aml transportation Physical activity was measured by asking participants if
they engaged in more or less than 150 minutes per week of exéreisees of eight
guestions concerning the part iwkeretheyhveds 6 per cep
was ncluded to measure phgal disorder (i.e. cleanliness apdrceived safety) and
cohesion (i.e. feeling part of the area) in the built environif@@smadian Longitudinal

Study on AgingRaina et al., 2008)

Participants with PD additi@lly reported disease duration and medications and
compl eted the Par ki nson-8@endinsometalsl®97Questi onnai
Moreover,if they were recruited from the greater Edmonton atres; wereasked if they
could be contacted for an intervialout their experience navigating their homes and
community with PDTo capture a varigtof experiences, we considerde-space
mobility, gender, and ageghen determining which participants were contacted first.
Specifically, we contacted individualgtivthe highest and lowest IHgpace mobility
first, alternating male and female participants, while also attempting to include people of
various ages and thus various stages of Tiém participants agreed to participate and
were interviewed before dasaturation was achieved. Data were collected between

January and November 20Farticipants who only completed the survey reviewed an
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information sheet and implied consent was given upon submission. Interview participants
reviewed a separate informatisheet and gave informed conséippendix 3) Ethics
approval was obtained from the Health Research Ethics Board at the University of

Alberta (Pro00086390)Appendix 4)

Measures

Life-Space Assessment
The University of Alabama Birmingham LH8pace Assssment (LSA) is aelf

report measure that includes 15 items concerning mobility in five distindddee
areasbedroom, home, outside the home, neighbourhood, outside of town. For each life
space area, participants report how frequently they travielldftbse areas (1x per week,

2-3x per week, $bx per week, daily) and whether they required a mobility device or the
help of another person to get théiPeel et al., 2005)he recall period is &ypical week

in the last month A composite score (LSA&), ranging fronD-120 where higher values
indicate increased mobility, was calculated to represent overasiddee mobilitySome
studies have definechdSA-C s core of < @Allmaaetalfi2006;st r i ct ed?o
Portegjs, lwarsson, et al., 2014hd longitudinal studies have found a fpveint change

in LSA-C to be clinically meaningfuKennedy, Almutairi, et al., 2019Jhree other life

space mobility indicatorare also generated from the LSPhese indicators represent the
frequencies in which participants reach each level ok|i@ce given certain criterid)
independent lifespace (LSA), the maximum level achieved without help from an
assistive device another person; 2) lifspace with equipment (LSA), the maximum

level achieved using equipment but without the help of another person; and 3) maximum

life-space (LSAM), the maximum level achieved with help from a mobility device or
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another person. TheSA isreported to bealid and reliable in populations of

communitydwelling older adult¢Baker et al., 2003)

Social Participation

An eightitem questionnaire from the Canadian Longitudinal Study on Aging
capturedifferentactivities participants engage in, and how frequently theycjgzate in
a typical weeKRaina et al., 2008 social participation index (range32) was created
to indicate an individual s | evel of soci al p
part of in the last yedHarasemiw et al., 2018participants responded to how frequently
they engaged in eight different types of activities with other peopleifast 12 months
(never, at least once a year, at least once a month, at least once a week, at least once a
day). Responses were reverse coded and summed across the eight activities to determine

the social participation score.

Par ki nsonodsonmhireSease quest.

The Parkinsonods -B(PB@3xwillde ddmieisteted as pantafi r e
the survey to collect information related to quality of life and experiences living with PD
(Jenkinson et al., 1997)yhe PDQ@8 ranges from 0 (normal) to 100 (worst disability)
based on a scaled response to eight questions related to mobility, ADLs, emotional well

being, stigma, social support, cognition, communication and bodily discomfort.

Quantitative analysis
Quantitative measures were scored according to their standardized algorithms.

Descriptive statistics including means and standard deviations (SD) or frequencies and
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percentages were calculated for all variables including the thresphlige mobility
indicators: LSAI, LSA-A and LSAM. St u-ttstswéreused to comparthelife-
space mobility composite score betwegoups with and without PODther covariates
were compared descriptively. For missing items on the LSA, we used the nearest
neighbour apgrach to impute one or more missing items\it® PDand 15without

PD).

A univariate analysis was performed using simple linear regression to determine
the individual contribution of each potential factorlid@-space mobilityn the overall
cohort, thePD subset and the group without RBultivariable linear regression models
were generated to identify personal, environmental and social fasswsiatedo
explainthe primary outcome, lifspace mobility. To identify whether the covariates that
explaned lifespace mobility differed by PD status, separate multivariable models were
examined for PD only andithout-PD only participantsVariables were initially
collected on their clinical relevance within the literature aedeguided bya mobility

framework for older adultfor inclusion of the regression modéWebber et al., 2010)

Forwards and backwards stepwise elimination was applieeiein mportant
variables and those wiftvaluesO 0. 2 at the uni varthefaiste | evel we
model as covariate$hose variables that were clinically meaningful (age, gender, and
where applicable, PD status) were forced into the mansubsequent models, the
variables with the highegtvalues were eliminated sequentially until the final model was
fitted. Confounding, set at a threshold@5% change itheregression coefficientvas
investigated in each festimated model. Whenever a confounding relationship occurred

between any twoariables, both were retained in the model, and the variable with the
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next highest statistically nesignificantp-valuewas considered for elimination. This
iterative process of variable elimination and retention persisted until the best fitted model
was dtained. In the final model, interactions between covariatesimeasstigated, but

no interaction terms for any two of the covariates were found to be statistically
significant. For each fitted regression model, assumptions of linearity, independence,
nomality, and homoscedasticity were tested and confirmed using residual plots and
residual histogram@ppendix 5) All assumptions were satisfied in each domain model.

Analyses wereonducted using Stata Version (8ataCorp, 2019)

Qualitative study
Interviews took placén-person, so only local (Edmonton and area) participants

were invited to be inteiewed. Participants chose the setting for the interweich
included a quiet room at the University of
each interview, a mastelavel student with basic qualitative training (CRB) asked
participants dur main operended questions related to their understanding of mobility

and their liveemobility experiences with PD (Appendi3.@Probes were used when
necessary, but an effort was made to encourage natural discussion. The interviews were
20-30 minutesn duration, at the end of which the researcher summarized the key points
from the discussion and asked the participant to confirm their accuracy. Field notes were
generated by the researcher commenting on the body language, emotions and responses
of the m@rticipant, and reflected on her thoughts about the interview as well as her

position within it These data sources informed the interpretation of transcripts and the
subsequent generation of codEle participants were aware that the research was being

conductedas a master's thesis project.
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Qualitative analysis
All interviews were audigecorded and transcribed verbatim using pseudonyms

to replace names. Content analysis was conducted on the transcript data using the phases
of preparation, organizinghd reporting to objectively and systematically derive a
description of mobility determinants affecting ipace mobilitfElo & Kyngas, 2008)
Content analysis was chostnprovidenew insights andriowledge that can act as a

practical guide for interventior{&rippendorff, 2004) Our analysis was guided by

Webber and colleagues' comprehensive framework for mobility in oldesaditch

outlines five broad, interrelated categories that determine mobility: financial,
psychosocial, environmental, physical, and cognitive, each of which is influenced by
gender, culture and biograpfWebber et al., 2010Pne author (CRB) selected a subset

of the transcripts to review to create an initial codebook and later consulted with the other
authors (CN, MW, AJ) to determine if the codebook was representative of the substance
of thetranscripts and emerging themes. The coding scheme was then applied to all
transcripts and iteratively updated to reflect new topics captured by the remaining

transcripts. The code tree is availablédppendix7.

Results

Life-space mobility survey
Participants with PO0n = 113)wereyounger (mean 71, S®0 vs. 75, S[¥.6)

and more frequentlgnale (60% vs. 3%), married (83% vs. 51%) amith lesspost
secondargducation (62% vs. 70%) than participants without(RB 114) Participants

with and without PDwere comparable in their family finances and employment status (>
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85% retired)Table 3.1) The vast majority of participants in both groups lived in an

urban s#ing (PD 91%; withouPD 99%).Eighty-five percent of participants witho&D

did not use an assistive mobility device, in comparison to 56% of PD participaotfsG
were similar in their health behaviours: smokingphtd use and physical activity (p >

0.05). The mean number of comorbidities was sinfior both groups (PDmean 2.1, SD

1.6; without PD, mean 2.3, SD5) with musculoskeletal conditions (49%),

cardiovascular conditions (35%) and depression (34%) being the most prevalent chronic
condition listed for participants with PParticipants with PD had been diagador a

mean of 8.3 years (S@3, range 0£25.4 and had anverage PD@B score of 27.4 (SD

18.5, range /8.1) suggesting that most participants had mild (Stage 1) to moderate

(Stage 1l) PD(Jenkinson et al., 1997; Katsarou et al., 2004)

PD patrticipantsvere less socially active than participawithout PD(mean
social participation index 12.8, SD 5.7 vs. 16.8,66D), and engagement in
volunteer/charity, club/organizational, neighibmoodrelated or other types of
recreational activities outside of the home contributed less to their overall participation in
comparison to participantsithout PD(Figure 3.1). Both groups generally perceived

their communities to be safe and cleanly, altld sense of social cohesion.

LSA-C was normallydistributedfor both groups (Appendix 8).he meanoverall
LSA-C scorewas64.2 (SD 25.8) for the group with PD and 70.3 (SD 23.1) for the group
without PD. Although no statistical difference was seen between the two groe@s
difference 6, 95% CFk0.36, 12.45)a higher proportion of PD participants reported
requiring assistnce withmobility within boththe home and communitigan participants

without PD Specifically, 77% (n=87) of participantsth PD and 95% (n=108)ithout-
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PD reported that they moved independently throughout the home, that is, without the help

of an asstive device or another person (L$A The majority of participants required the

use ofassistivemobility devices (LSAA) (PD, n = 9080% withoutPD, n = 104, 91%)

to navigate within their neighbourhoodssmaller proportion reported being able to

trav e | beyond their 0PQmbs 8% withouhRDunt=63 s si st ance
54%). Lastly, when considering aid from assistive devices or other people N\DSA

participants reached each {épace level in almost equal proportions, with nearly all

patticipants reporting that they can leave their bedroom and their fohigher

proportion of the PD cohort reported travel outside of their commu@i€s, n = 73)

than the cohort without P[®5%, n = 63)Yespitea larger proportion of the PD group

repot i ng not having a driverso6é |license (21.8% v

Using a univariate regression, several environmental and social variables were
statisticaly significant with the LSAC . Not having a driverods | icen
caregiving, and having no extra monaythe house were associated véatlbower LSA-C
score (Table 3.3). Having a higher level of social participation and not feeling lonely in
the neighbourhood were associated with high {Gacores. Other mobility factors, such
as walking distance, physicattavity, or reporting issues with balance, freezimgait
were significant at the univariate level but were not statistisgnificant in tle

multivariate model (Appendix)9

When controlled fogendey age and PD status in the overall multivaridiviear
regressiommodel,environmental and social factors explained-$iface mobility both. y
(Table3.4)Speci ficall vy, not having a drisverds | ice

lowerLSAC score than having a drminfformal 6s | i cense.
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caregiving and having no extra money had lower {G8Acores, 15.1 points for receiving
caregiving and 8.8 points for having no extra money in the house. Having greater levels
of social participatiorand not feeling lonely in the neighbourhamglained greatelife-

space mobilityFor instance, a decrease in 10 points in the social participation index was
associated with a 1@oint increase in lifespace mobility. Activities with family and

friends werethe most commonly reported activity for both groups (PD 22%; witR@ut

18%). Overall, 39.8% othevariation in lifespace mobility was explained by the model.

The factors explaininlife-spa@ mobility specifically among people with PD
were simila to those of the overall multivariable linear regression model developed for
participants with and without PD. Of all the factors included in the final model, not
having a dr i v-@40arslhaling greateslevels(ofbsocrl participatiorb =
0.36 contributed most to the model. The variables in this model explained 56 % of
variation seen with LSAC. The variables in the multivariable model for the group
without PD had a lower R squared (17%) which may be in part to the inclusion of other

variables such as respiratory condition and the exclusion of dideese status.

Semkistructured interviews
Of 113 participants with PD surveyed, 32 (28%) indicated they were interested in

participating in an interview, 24 were contactedan interview, of whom 14 refused and
10agreed to participate. We purposely include@qual number of women and men so
that a variety of experiences could be captuiredomparison to survey participants with
PD, interviewees were slightiyounger(68.9 years, SD = 6.0I)nterviewees tended to be
similar to survey participants in levels of education, family finances, and employment

and marital statuGAppendix 10Q. A larger percentage of interviewees used an assistive
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device (60%) &cande (TO%)butahe thean hépaae 8core of the
interview participants was the same as survey participants (64.6, SD = 21.6).
Intervieweeshad been diagnosed with PD for an average of 10.9 years (SD = 8.0) and

two hadundergonealeep brain stimulatiosurgery.

Mobility determinant: PhysicdHealth
Four themes related to physical health emerged from our transcriptsndton

and motor symptoms, Experiences with medication, Managing sympaochshe Ability
to participate. For most participants, diffities with stability, gait, freezingf gait,
incontinence and/or anxiety impacted their ability to be mabitbwere often somewhat
unpredictable. PBpecific medications, assistive devices and physical activityrish
prominently in interviewssapproaches that were ugedsuccessfully manage
symptoms However, each of these coping strategies came with drawbacks that could
further inhibit mobility, including the owoff effects of levodopdased medications,
environmental challenges when usingistsge devices or risk of injury during exercise

(Appendix 1).

ifMovement is sl ower, bal ance is much

medi cation is something that | have t

wor s e,

o deal

were problems before...butnowkessn t o be getting more difficu

(P78,femals.

Physical symptoms affected the ability to participate directly, by limiting the

activities that an individual could comfortably partake in, or indirectly, by making getting

67



to the activity a ballenge. For example, in response to PD symptoms, many participants
ceased driving entirely or in certain circumstances. Thus, participants needed to arrange
alternate transportation to and from activities outside the home, which most commonly
involved aging family or friends to drive them. However, if family or friends were
unavailable to drive, or if participants felt they were being a burden by asking for a ride,

it was possible that they would forgo the activity entirely.

Mobility determinant: Cognibn

Only one unigue theme emerged from the interviews relating to cognition as a
mobility determinant, whiskh nwas MPNawuwiigadtpiann sa
cognitive symptoms such as memory loss and slower processing speed sometimes
affectedtheir ability to navigate to new or familiar destinations. Moreover, participants
described changes to their concentration which, in turn, affected their ability tadkal
In particular, participants who required focus for ambulation sometimes dugg|
situations that required them to split their attention, such as walking and talking at the

same time.

Mobility determinant: Environment

Barriers to mobility in the built environment were represented by the themes of
AChall enging spaces$odoc whbi b, wasdsinAccessibildi
which was relevant for anyone with mobility limitations. For participants with PD,

having to move through crowded or confined spaces resulted in instability and episodes
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of freezing.

Al f t he mepéople araumdlikenthe hockey gamesometimes the
concourse is really quite crowsapealé | canodt t
over the place and then itéds hard to keep yo

|l t6s just diffigulwthetho trheveramwadundeé wheart bad.

Descriptions of difficult experiences related to theeastility of public
washroomsrose frequently throughout the interviews, with participants reporting
that they avoided locations or events without swghtifacilities. Washrooms with
ample space (i.e. family units) and a suitable solution for temporarily storing assistive
devices were the most desirable. For participants with incontinence, proximity was
also an essential criterion. Generally speaking,ilityplwvas additionally hampered in
spaces that had poor lighting, stairs, or are otherwise inappropriate for the use of

assistive devices.

Mobility determinant: Psychosocial
Five psychosocial themes emerged from our interviews: Activity avoidance,

Receiving help from others, Planning excursions, Setting expectations and Navigating the
social environment. Participants avoided activities for which they doubted their own self
confidencgeg. driving), feared falling or risked feeling embarrassed. @osely,there
wereseveralWways that having a social networkamely family, friends, healthcare

professionals and other people with Pielped them to meet their participation and
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mobility goals. Notably, participation in PD support groups was cruzialany

participants for knowledge sharing, encouragement and emotional comfort.

Taking the time to plan excursions facilitated successful trips into the community.
Participants with PD worked with their spouses to coordinate schedules, helped choose
accessible destinations for socializing with friends and planned out safe routes for
driving. Psychosaocial factors also influence setpectation, thereby shaping

participantsd understanding of what activitie

AMy anxiety | evel was so high that | coul dn

beenthavay a couple of times.o (P71, male)

Lastly, some participants found selfivocacy to be a valuable tool when
navigating a social environment. Those who openly talked about their health
succeeded in having their financial, physical and psychosocial netghos
facilitating mobility and participation in the communitfowever, not all participants
were able to successfully advocate for themselves in their personal relationships and

consequently had fewer opportunities for participation outside the home.

i lused to be able to run and jognd kick a football and soccer ball with my
grandsons. | dondét see them very much. They

want to pl ayo landomdtcanAmnd so wedre drifting
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Mobility deerminant: Finance
Only one participant directly talked about how financial constraints affected her

mobility, especially in situations when her symptoms prevented her from otherwise
driving. Although this finding was not sufficient to constitute a theinegptures the

importance of considering finances as a determinant of mobility.

~

Al dondt want to take the taxi to the [ParKki
[which driver] you get. You either get someone who goes really slow and it costs
you$40eaclvay, or you can get somebody whodés pre

each way and that can be expensive for somet

(P97, female)

Influence of gender, culture, and biography

The theme of Al dent it ews Mobditywgs dissssent i n man
as an essential aspect of independefiocayhich participants closely associated with

their identity: the person that they are, and wish to continue to be.

|l nterviewer : AAnd why is mobility important

Par t i c idpeapnetn:d efinl cne . | dondt want somebody hav
to walk by myself.o (P78, female)
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Discussion

While we did not find that the lifspace mobility of people with PD was
statistically significantly different from people without PD, the factors explaining life
space mobility differed between the two grodpfe space mobility for persons with PD
was &sociated with personal and social factors, suchdsaov i ng a dyri ver o0s
level of social participatigireceiving caregiving and family finances. Qualitative
interviews offered insights intoternalandexternalmobility determinants, which both
supported and broadened the findings from the quantitative findmgarticular,
physical themes, related to driving; psychosocial themes, related to participation in the
community; and environmental themes, relatethéaccessibility of pblic spacs,
emerged as important mobility factors for people with €Bllectively, findings from
our multiplemethods research suggest tietimpact of PD on lifespace mobility is
multidimensionabnd support the application of the mobility framework develdped
Webber et al. (2010) to populations with PD. Moreofastors influencing lifespace

differ among people with and without PD

We found thatthat a large proportion of participants with BB&l assistive
mobility devices to reach simildvels of lifespace as their counterpanighout PD.
The life-space mobility of PD participants in our study Waser in relation to another
crosssectional study examining Ifgpace mobility in 164 commun#ywelling people
with all severities of PDiving in SwedenRantakokko et al., 2019articipants in the
two studies were comparable in their independent (DSéd assisted (LSA) life-
space, but 25% fewer participants reached the highesipliee level with maximal

assistance (LSM) within this studyAlthough age and gender/sex wsemilar in both

72



studies, the sample population in our study was overwhelmingly based in an urban area,
whereas most (57%) of participants in the previous study lived in rural otusban

areas. Participants living rurally may be more likely to havedwd their community to
access shops, services, healthcare or social gathering places, resulting in additional trips

into higher levels of lifespace.

Possession of avaldlir i v e r Gemerded aa en@asirgyful facilitator of life
space mobility. Drivig is intimately linked with autonomy and mobility in North
American society and is the preferred means of transportation by Can@izkesson
et al., 2007; Turcotte, 2012pIlder adults who do not drive, or who drive but avoid
certain situations, have reduced-#ace mobility, and this association appears to be
exacerbted in people with walking difficultieKuspinar et al., 2020; Viljanen et al.,
2016) Otherstudiesof older adulthave shown that driving cessation leads to
progressive lifespace restriction, although the mesgbstantiatiecline (28 points)
occuredat the time of driving cessati¢®hah et al., 2012; Huisingh et al., 201Me
authors noted that this pattern may be expected because an iadwinduis a passenger
in a car requires the help of another person (the driver) to reach their destination.
Requiring assistance is a criterion on which-§fmce mobility is scored; therefore, that
individual would reflect a lower score, even if thewdeand frequency of travel stayed
the saméHuisingh et al., 2017) Participants who drove often adapted their driving
behaviours imesponse to PD; learning to carefully plan excursions around medication
schedules, symptoms and driving conditidviedifying driving behaviours (i.e. avoiding
driving in the dark or in traffic) was also a theme of a previous qualitative study

exploring experiences of driving in people with RBlolmes et al., 2019participants
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who did not driveconceded that they worried about burdening their loved ones by asking
for rides, andhuswere not as participatory as they may like tqtBelmes et al., 2019)
Inthe PDgrop, f ewer participants had driveros

likely able to drive them to where they needed to go.

Social participation was significantly associated with-dfmce mobility
however, the directional relationship between dqmasticipation and lifespace mobility
is undetermined within this cohoRD participants in the present and previous studies
discussed activity avoidance, including social participation, due concerns about self
efficacy, feeling embarrassed and falliidgnasson et al., 2018; Sjédahl Hammarlund et
al., 2018) Quantitative evidence has also emerged to support a relationship between fear
of falling and decreasdie-space mobility in older adul{®uais et al., 2017)in an
international cohort of 1,985 older adulise frequency and severity of injurious fll
were increasingly ass@ated with reductions in lifspace mobility over 4 yeafdhmed
et al., 2020)People who expgenced recurrent or neinjurious falls were able to
improve their lifespace mobility over time with the use of assistive devices,
underscoring the importance of these devices for individuals at risk of falling. Aside from
intentional activity avoidancénterviewees in our study described missing out on social
activities for reasons beyond their control. The unpredictable nature of symptoms (i.e.
freezing, tremors) and medications (i.e-adheffects) affected the ability of some
interviewees to engageith friends and family. An earlier qualitative study conducted
among people with all stages of PD also found that unpredictable symptoms influence
social participation, but restrictions were most profound in participants with severe PD

(Thordardottir et al., 2014)
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Althoughaspects of the community cleanliness, cohesion and perceived safety
were not associated with lfgace mobility among peopletWwiPD in this study
intervieweedlid revealother aspects of the environment tbatild facilitate or restrict
their mobility in the community. Crowded and confined spaces were problematic because
frequent stopping, starting and changing direcéigacerltedmotor symptoms and
anxiety. Interviewees discussed either avoiding activities involving large crowds (such as
outdoor festivals) or requiring help from another person to manage these environments.
Lamont and colleagu€2012)also found crowded environments to be overwhelmingly
disliked by people wit PD, additionally noting that these circumstances lead to more
frequent episodes of freezionf gait The inability to manage walking difficulties such as
these can negat i vel yonceptan ahility to sociallynpdrticipated u al 6 s
(Hammarlund et al., 2014)Valking outdoors is, in and of itself, an activity used for
leisure, socializing, and transportation, but not all outdoor spaces provide a safe and
enjoyable physical environmentrfavalking. In recent quantitative studies, features of the
built environment, such as slope and sidewalk conditions, were associated with changes
in gait speed, while perceived neighbourhood usability was found to be a determinant of
mobility, more generdt speaking(Twardzik et al., 2019; Raggi et al., 2018)

Furthermore, high neighbourhood walkability facilitates active transportation among
older adults livingn low-income(Chudyk et al., 2017)This relationship highlights the
interplay between individudével factors, such as socioeconomic status and health, and

the physical condition of communities, which are shaped by local politics and economics.

At a clinical level, individual mobility issues need to be addressed so that persons

with PD can maintain their quality of life. This research has highlighted that a multitude
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of factors may contribute to the lispace mobility of people with PD. Each bése

factors should garner the attentioradfealthcare professional who can ensure that
individuals are properly supported in every aspect of their life to facilitate independence
and social engagement. Specifically, applying a s@&xalogical approacto the
examination of each of the mobility determinants comprising the framework for mobility
in older adults would serve as a comprehensive assessment of their quality of life and
ability to agein-place(Sallis et al., 2006; Webber et al., 2010here is a dearthfo

research directly studying what impacts the ability of people with PD to remain in their
homes. However, evidence from research on dementia, a related neurodegenerative
disease, suggest that lost skills (i.e. activities of daily living), saé#yed oncerns,
decreased setkliance and high caregiver burden are modifiable factors which
commonly lead to institutionalization and can be improved to facilitai@gg-place

(Ciro, 2014; Thomd_urken et al., 2018)Additionally, after considering individual

health and sociodemographic risk factors, older adults living in communities with
accessible sidewalks andlgic transit stops facilitate outdoor mobility andeiag)-in-

place(Clarke & Gallagher, 2013)

At a community levelmunicipalpolicy-makers such as city councilshould
consider strategiger improving life-space mobility for people with PD are centred on
providing safe, convenient and ce@stectivealterndives to driving a personal cdfor
example, pacious, conveniently located washrooms in restaurants and other public
spaces are one featuhatmay supportheusage of these spaces by people with &D
well as older adults and others who mayé mobility limitationsGiven the current shift

in age demographics in Canada, alterations such as these could grow the customer base
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for businesses, aiding in the recovery of costs associated with retrofits or modernizations.

At large events, options shld be available for people with PD to circumventlistance

themselves frongsrowds thereby preventing avoidance of the activity entitelg. space

such as a sports arena or music venue, these interventions could present as separate
entrances and el evators, Aimobility escortso e
maneuver more easily and with more space through crowds or more aecssatlyig

reserved for individuals with mobility challenges. It would be important for these options

to be available at little or no cost to the individual requiring special accommodation.

The strengths of thidigdy lie in its novel, multiplanethods degn: a cross
sectional survey comg@nented by qualitative interviews that added depth and context to
the quantitative findings. Furthermore, we employed the use of a healthyaacjeed
comparison group to observe differences in thedgace mobility pierns between PD

andwithout-PD participants livingn a similar geographical area

In light of these strengths, several limitations should be noted. Although life
space mobility has been validatedsaverablder adult populations and adults with
chronic health conditiongpsychometric properties of the LSA in a PD population have
not been establishd@uger et al., 2009; Curcio et alQ23; Ji et al., 2015; Kammerlind
et al., 2014)A recent compasion ofmethods focommunity mobilityreported poor
convergent validity betwedrSA anda wireless inertial measurement unit with GPS
which suggestedhe LSA hagoor discriminabn of which may be related to poozcall
(Zhu et al., 2020)Because of the survey forméte disease severityf participants with

PD and cognitiorof participants with and without PD couhdt be measured.
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Conclusion
Relative to their counterparts without the diseas#iyiduals with PD do not

experience statistically significant lower ligpace mobility of people with PD, but
individuals with PD appear to rely more heavily on assistive devices to maintain these
comparable levels of mobility. Clinicians and pohtykers should consider factors
beyond the capacity of the individual, such as social and environmental factors, when

designing interventions to support the community mobility of people with PD.
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Table 3.1. Characteristics ahesample population by participants with and without

Parkinsonos

sease.

Covariate Parkinson's disease (n = 113) Without Parkinson's disease (n = 1:
Socio-demographics
Age, mean (SD) 71.2 (9.0 75.2 (7.6)
Gender (male), n (%) 68 (60.2) 42 (36.8)
Education, n (%)
Less than postsecondary 18 (15.9) 5(4.4)
At least some postsecondary 70 (62.0) 80 (70.8)
Completed postsecondary 25 (22.1) 28 (24.6)
Employment status, n (%)
Working or volunteer 7(6.2) 6 (6.2)
Retired 97 (85.8) 104 (91.2)
On disabilty or unemployed 9(8.0) 4(3.5)
Marital status, n (%)
Married/ Common law 94 (83.2) 58 (50.1)
Widowed 8(7.1) 30 (26.3)
Single 4(3.5) 10 (8.8)
Divorced/ Separated 7(6.2) 16 (14.0)
Living situation, n (%)
Living alone 46 (40.4) 14 (12.4)
Living with spouse 57 (50.0) 94 (83.2)
Living with others 11(9.6) 5(4.4)
Receiving formal caregiving, n (%) 12 (10.7) 8(7.1)
Receiving informal caregiving, n (%) 43 (38.4) 12 (10.7)
Urban living, n (%) 103 (91.2) 113 (99.1)
Family finances, n (%)
Some money left over 68 (60.7) 64 (56.6)
No extra money in the house 23 (20.5) 26 (23.0)
Mobility
Assistive devices
None 63 (55.8) 94 (84.7)
Cane/ Walking poles 32 (28.1) 12 (11.4)
Walker 16 (14.2) 3(2.7)
Wheelchair 2(1.8) 1(0.9)
Walking ability, n (%)
Unlimited 40 (35.4) 60 (54.1)
6-10 blocks 23(20.4) 10 (9.0)
1-5 blocks 32(28.3) 26 (23.4)
< 1 block/ Indoor only 18 (15.9) 15 (13.5)
Walking limitations, n (%)
No limitations 18 (16.2) 46 (42.2)
Pain and/or discomfort 44 (39.6) 34 (31.2)
Fatigue 39 (35.1) 12 (11.0)
Issues with balance,freezing or gait 10 (9.0 17 (15.6)
No driver's license, n (%) 24 (21.8) 14 (12.4)
Lifestyle behaviours
Ever smoked, n (%) 56 (50.0) 49 (43.4)
Use of alcohoal, n (%)
O1x/ month 56 (50.9) 65 (57.5)
2-4x/month 27 (24.5) 23 (20.4)
2-7xiweek 22 (20.0) 24 (21.2)
Social participation index 12.8 (5.7) 16.8 (6.1)
Health status
Self-rated overall physical health, n (%)
Excellent or very good 43 (38.4) 28 (24.8)
Good 51 (45.5) 44 (38.9)
Fair or poor 18 (16.1) 41 (36.3)
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Table 3.1. Continued.

Covariate Parkinson's disease (n = 113) Without Parkinson's disease (n = 1:
Seflf-rated overall mental health, n (%)
Excellent or very good 68 (60.2) 36 (31.9)
Good 36 (31.9) 47 (41.6)
Fair or poor 9(8.0) 30 (26.5)
Self-rated overall health, n (%)
Excellent or very good 47 (42.0) 31(27.4)
Good 50 (44.6) 45 (39.8)
Fair or poor 15 (13.4) 37 (32.7)
Chronic conditions, n (%)
Musculoskeletal 49 (45.4) 54 (48.2)
Cardiovascular 35(32.1) 39 (34.8)
Depression 34 (32.1) 16 (14.5)
Hearing loss 33(30.3) 45 (40.5)
Vision impairment 32 (29.6) 43 (38.7)
Other 18 (16.8) 11 (10.0)
Diabetes 13 (12.0) 23 (21.1)
Neurological 11 (10.2) 5(4.5)
Respiratory 7(6.4) 14 (12.7)
Total, mean (SD) 2.1(1.6) 2.3(1.5)

Built environment
| really feel a part of this area, n (%)

Agree 86 (78.2) 92 (85.2)

Neither agree nor disagree 17 (15.5) 13 (12.0)

Disagree 7(6.4) 3(2.8)
Vandalism or graffitiare a big problem in this area, n (

Agree 11 (10.0) 27 (25.7)

Neither agree nor disagree 17 (15.5) 16 (15.2)

Disagree 82 (74.5) 62 (59.0)
| often feel lonely living in this area, n (%)

Agree 18 (16.5) 19 (17.8)

Neither agree nor disagree 20 (18.3) 14 (13.1)

Disagree 71 (65.1) 74 (69.2)
Most people in this area can be trusted, n (%)

Agree 95 (86.4) 81 (74.3)

Neither agree nor disagree 8(7.3) 20 (18.3)

Disagree 7 (6.4) 8(7.3)
People in this area will take advantage of you, n (%)

Agree 5(4.5) 10 (9.3)

Neither agree nor disagree 15 (13.5) 17 (15.9)

Disagree 91 (82.0) 80 (74.8)
This area is kept very clean, n (%)

Agree 88 (79.3) 78 (71.6)

Neither agree nor disagree 9(8.1) 19 (17.4)

Disagree 14 (12.6) 12 (11.0)

If you were in trouble, there are lots of people in this ¢
who would help you, n (%)

Agree 89 (80.2) 84 (77.8)

Neither agree nor disagree 15 (13.5) 14 (13.0)

Disagree 7 (6.3) 10 (9.3)
People in this area are unfriendly, n (%)

Agree 6 (5.4) 12 (11.1)

Neither agree nor disagree 15 (13.5) 27 (25.0)

Disagree 90 (81.1) 69 (63.9)

87



Table 3.2. Life-spacamobility composite scorand lifespacdevelsreached among participantswdahn d wi t hout Par ki ns
disease.

Parkinson'slisease (n=113) Without-Parkinson's disease (n=114)
Life-space composite score,
mean (SD) 64.2 (25.8) 70.3 (23.1)
Life-space level reached Independerit  Assisted\ Maximaly Independerit  Assisted\ Maximaly
Bedroom n (%) 113 (100.0) 113(100.0) 113(100.0) 114 (100.0) 114 (100.0) 114 (100.0)
Home n (%) 87 (77.0) 101(89.4) 113 (100.0) 108 (94.7) 112 (98.2) 114 (100.0)
Outside homen (%) 82 (72.6) 98 (86.7) 110 (97.3) 101 (88.6) 109 (95.6) 111 (97.4)
Neighbourhoodn (%) 70 (61.9) 90 (79.6) 103 (91.2) 92 (80.7) 104 (91.2) 107 (93.9)
Within town, n (%) 73 (64.6) 95(84.1) 109 (96.5) 97 (85.1) 108 (94.7) 110 (96.5)
Beyond townn (%) 47 (41.6) 56 (49.6) 73 (64.6) 58 (50.9) 62 (54.4) 63 (55.3)

SD: standard deviation.

*Independent lifespace (LSAl) is mobility achieved without the help of an assistive mobility device or anpérson
AAssisted lifespace (LSAA) is mobility achieved with or without the help of an assistive mobility device.

Yy Maximal life-space (LSAM) is mobility achieved by any means, whether that be with or without help from an assistive mobility device or another perso
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Table 3.3 Univariateregression of variables wittie-space mobity composite score among the oveabbup
PD groupand withoutPD group

Overall Parkinson's disease Without Parkinson's disease
Coefficient ~ Stan. Coefficient ~ Stan. Coefficient ~ Stan.
Covariate (reference) (SE) Beta 95% ClI (SE) Beta 95% CI (SE) Beta 95% CI
Parkinson's disease status (No) -6.0(3.3) -0.12 -12.4,0.4
Gender (Male) 1.3(3.3) 0.03 -5.2,7.7 1.4(5.0) 0.03 -8.5,11.2 -1.7 (4.5) -0.03 -10.6, 7.5
Age -0.4(0.2) -0.15 -0.8,0 -0.8(0.3) -0.27 -1.3,-0.3 -0.2 (0.3) -0.07 -0.8,0.4
Individual
Walking distance -8.9(1.3) -0.40 -11.6, -6.3 -10.8 (2.0) -0.50 -14.6, -6.9 -6.9 (1.8) -0.30 -10.5, -3.2
Walking limitations (No limitations)
Pain and/or discomfort -11.7 (3.7) -0.24 -19.1, -4.3 -22.1(6.3) -0.34 -34.6, -9.7 -7.4(4.8) -0.16 -16.9, 2.1
Fatigue -17.2 (4.3) -0.30 -26.0, -8.7 -27.3(6.4) -051 -40.1,-14.6 -11.9 (7.5) -0.16 -26.8, 2.¢
Issues with balance, freezing or gait  -32.7 (7.6) -0.29  -47.6,-17.8 -50.5(9.2) -0.54 -68.7,-32.3 7.6 (16.8) 0.04 -25.7, 40.¢
Chronic conditions
Cardiovascular -4.0 (3.5) -0.08 -10.9,2.9 -12.7 (5.2) -0.23 -23.0,-2.4 3.8(4.6) 0.08 -5.3,12.¢
Respiratory -8.9(.5) -0.11 -19.9,2.0 -0.5(10.2) -0.01 -20.7,19.7 -15.3(6.3) -0.23 -27.8,-2.¢
Depression -4.6 (4.0) -0.08 -125,3.3 -3.4(5.5) -0.06 -14.2,7.4 -3.1(6.3) -0.05 -15.6, 9.2
Diabetes -6.2 (4.5) -0.09 -15.0,2.7 19(7.7) 0.02 -13.4,17.2 -13.2(5.2) -0.24 -23.5,-2.¢
Musculoskeletal -2.6 (3.3) -0.05 -9.2,4.0 -9.6 (5.0) -0.19 -19.4,0.2 3.8(4.4) 0.08 -4.9,12.4
Neurological -13.5(6.2) -0.15 -25.7,-1.3 -17.3(7.8) -0.21 -32.7,-1.8 -0.8 (10.6) -0.01 -21.8, 20.:
Hearing loss -4.7 (3.5) -0.09 -11.5,2.2 -9.3(5.4) -0.17 -19.9,1.3 -2.2(45) -0.05 -11.0, 6.€
Vision impairment -7.1(3.5) -0.14 -14.0, -0.2 -10.5(5.4) -0.19 -21.3,0.2 -5.5(4.5) -0.12 -14.4,3.L
Other -5.6 (4.9) -0.08 -15.3,4.1 -10.7 (6.7) -0.15 -24.0,2.6 4.4 (7.3) 0.06 -10.0, 18.¢
Total number of chronic conditions -3.5(1.1) -0.22 -5.6,1.4 -5.3(1.5) -0.32 -8.3,-2.3 -1.8(1.4) -0.12 -4.7,1.C
Social
Receiving caregiving -20.7 (3.4) -0.35 -27.4,-14.0 -21.0 (4.6) -0.40 -30.3, -11.9 -19.0 (5.8) -0.30 -29.0, -1.€
Social participation index 19(0.3) 042 14,25 2.2(0.4) 048 14,29 1.2(0.4) 032 0.5,1.¢
No extra money in the house (Some
money left over) -15.5(4.0) -0.26 -23.4,-71.7 -125(5.9) -0.21 -24.2,-0.8 -18.3(5.3) -0.32 -28.8, -7.¢
Environmental
No driver's license -25.1(4.0) 039 -33.1,-17.2 -34.4(4.9) -056 -44.2,-24.7 -9.5(6.6) -0.14 -22.6, 3.5¢
| often feel lonely living in this area (Agre
Neither agree nor disagree 9.3 (5.8) 0.1 -2.2,20.8 0.8 (8.4) 0.0 -15.8,17.4 20.5(8.0) 0.30 4.6, 36.5
Disagree 14.1 (4.5) 0.20 5.2,23.0 9.4(6.8) 0.2 -4.0, 23.0 18.5(5.9) 0.40 6.9, 30.2
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Table 3.4. Multivariablemodel explainindife-space mobity composite score among the overall group, PD group and wiBidgtoup

Overall Parkinson's disease Without Parkinson's disease
Coefficient Stan. Coefficient  Stan. Coefficient ~ Stan.

Covariate (reference) (SE) Beta 95% CI (SE) Beta 95% ClI (SE) Beta 95% ClI
Parkinson's disease status (NO) 1.2(3.1) 0.02 -4.9,7.4
Gender (Male) -5.5(2.8) -0.11 -11.1,0.1 -3.8(3.5) -0.1 -10.7, 3.0 -6.4 (4.4) -0.14 -15.0, 2.5
Age -0.5(2.8) -0.17 -0.8,-0.2 -0.5(0.2) -0.17 -0.9,-0.1 -0.3(0.3) -0.11 -0.9,0.2
No driver's license -18.8 (4.1) -0.27 -27.0,-10.6 -25.3(4.5) -0.40 -34.6,-16.4
Receiving caregiving -15.1 (3.3) -0.28 -21.7,-8.6 -12.7 (3.5) -0.24 -19.7,-5.4 -16.8 (5.6) -0.27 -28.0, -5.€
Social participation index 1.2(0.2) 0.30 0.7,1.6 1.6 (0.3) 0.36 1.0,2.2
No extra money in the house -8.8 (3.5) -0.15 -15.8,-1.9 -13.4 (4.2) -0.22 -21.8,-5.1 -13.2 (5.5) -0.23 -24.2,-2.2
Chronic conditions

Respiratory -15.1 (6.2) -0.23 -27.4,-2.¢
| often feel lonely living in this area (Agre

Neither agree nor disagree

Disagree 10.0 (4.8) 0.13 0.7,1.6
Y-intercept 89.3 95.6 106.9
R-squared (%) 39.8 56.6 17.0

SE: Standard error.
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Figure 3.1. Percentage of each domain of social activity (activities done with other people)
contributing to overall social participation among participants with @B)d wi t hou't
diseaseWithout-PD).*p <0.05.
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Chapter 4 Discussion

Introduction

Studies examining mobility in older adults typically use performdrased
measures of ambulation or | ower exitytoemi ty fu
move around independen{i@€hung et al.2015) However, these measures do not
broadly capture the physical, functional, cognitive, environmental and social parameters
that affect the mobility patterns of older adults and influence their daily activities. The
concept of lifespace representsavement in the community and participation in
activities, both in and out of the home, that are required to support daily living. Thus, life
space mobility relates to independence and the ability tanaglace. For people with
PD, mobility limitations ase from a decline in physical and cognitive functioning. Given
that individuals with PD typically live seven to 14 years gbagnosis, lifespace
mobility can be used to inform interventions aiming to delay or prevent unsought

institutionalization in tis populationMacleod et al., 2014)

Several factors impact lifspace mobility including personal ability and
preferences, and the social and physical environ(fi@ylor et al., 2019)Compared to a
controlled environment in which tests of functional mobility generally take place, the
outside world is full of distractions, hazards and inconveniences that can make moving
from A to B a challenge. How these inhibiting and facilitatingésrcontend in the
outside world can contribute a little, or a lot, to the mobility of an individual. The ability
to find and use transportation (driving or organizing another form of transportation) is

one example of a task that requires complex thin&imdyskills. This IADL, despite being
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essential to independent living, is difficult to measure outside of the context where the
activity typically takes place. Assessing {pace mobility can help practitioners
understand if their clients successfully ig@te moving through their horsand

community.

Summary of findings

We used a multipkenethods study design to examine the-$ifce mobility of
people with PD and built a model explaining{fipace mobility informed by rich
descriptions of barrierad facilitators affecting community mobility from interviews
with participants. Given that physical competence is a primary concern of persons with
PD (CaapAhlgren & Lannerheim, 2002; Soleimani et al., 2Q%6) interesting finding is
that the lifespace of people with PD in this study is slightly reduced compared to their
agematched community counterparts, but this result veastatistically significant. This
finding may be explained by the fact that 44% of participants with PD in our study used a
variety of assistive devices to navigate in the surroundings, particularly while outdoors.
Other studies have reported similar llsvef assistive device use by PD populations
(Haak et al., 2013; Kader et al., 2018hother finding that was seen both in the survey
and qualitative findingswasaht havi ng a drivero6s | icense was
mobility, but questions about the safety of driving with PD remain. While studies have
shown that motor vehicle crashes are higher among people with PD and that drivers
demonstrate impaired driving lh@viours during simulations as well duringad
assessments, it is unclear how disease status and various medications or metitation
(on vs. off) affect driving performand€lassen et al., 2014Additionally, noPD-

specific assessment tools currently exist to determine fitness for driving, leaving
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clinicians without vali dated resources t

(Classen et al., 2014)

Quantitative analysesisygest ed t hat for peopl e with

license, requiring caregiving and not having extra money in the house were negatively
associated with lifspace mobility, whilehelevel of social participation is positively
associated with the oudme. Relative to 10% of participants without PD, nearly 40% of
participants with PD reported receiving informal caregiving and many interviewees
commented that their spouse was the person who most helped them manage their PD.
People with PD tend to requigeeater assistance with ADLs and IADLs compared to
other individuals with activity limitationgTerriff et al., 2012) Additionally, the PD

sample in our study was predominantly (60%) men, who have an informal caregiver more
often than women, because wonfeliill caregiving duties as aocial role and women

with PD are more likely to outlive their male spoufi@ahodwala et al 2018) Informal
caregivers providing goeduality care offer psychological, physical and social benefits

to people with PO§Tod et al., 2016)While some benéefits, like improved safety and

social contact, have an immediate effect on the person with PD, others, like saving
money and avoiding institutional livingontinue to provide bene§ibver time. Informal
caregivers serve individuals with PD and provide economic benefit to society by helping
to delay physical and cognitive decline, as well as premature institutionalization, but
caregiver burnout poses a riskthese gain@Mosley et al., 2017)Caregiver burna

~

broadly captured as fAthe extent to which

adverse effect on their emotional , soci al

can threaten higluality caregivingZarit et al., 1986pg.26). About half of caregivers
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of individuals with PD report feeling stressed about caregiving and feel that there is a
need for services to help them with symptom management, coping with changes in
lifestyle, future planning, relationships, cognition and wellness stratégigeman et al.,
2015) Women who care for men with PD report higher levelsusflen than men who
care for women with PD and women with PD are more likely to be institutionalized

(Dahodwala et al., 2018)

In Western society, physicians and nurses have long been recognized for their role
in managing disability by treating the symptoms of impairment which inhibit task
completion, thus improving functional capacity. Howewadditional steps are required to
maximize functional performance. Social planners, service agencies and governments
have an important role to play in reducing the incidence and severity of disability by
modifying features of the social and physicaliemwvment(World Health Organization,

2002) In models of health and disability, the individualtlegei ndi vi dual 6 s heal th
condition, only represents one node in the frameworkhdnd@F biopsychosocial model

of disability, environmental and personal factors crucially influence the execution of a

task by an individualWorld Health Organization, 2002n thecontext of a socio

ecological model, the individual is the smallest of four or five overlapping rings of which

the largest capture broad societal factbeg directly or indirectly impact individudével

health(Sallis et al., 2006)Thebroad scope of the soeexological modegives it some

advantage ovahe comprehensive framework for midy in older adults by Webber et

al. (2010) which focuses on determinants of mobility (physical, environmental, financial,
psychosocialand cognitivg that directly impact the individuaHowever this model

possesses several important strengths, dinadyits recognitionthatindividuals can be
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mobileby many modege.qg. riding transit or using a wheelchair), that a larger number of
determinants affect mobility as an individual mefigther away from homeand that

mobility is inherentlymultidimensional, particularly in the sense that it is influenced by
gender, culture and other biographical tréltse comprehensive nature of this conceptual
model makes it appropriate to be applied to people with PD whose experiences with the

disease aabe highly varied.

Indeed, by addressing barriers both intrinsic and extrinsic to the individual,
mobility limitations caused by conditions like PD need not restrict people from being
mobile and thus performing the IADLs that facilitate independencelgmarticipation
and aging-in-place(Giannouli et al., 2016)Peope with PD are more likely to move to
assisted living facilities earlier in life, which comes at a cost to society and those affected
(Vossius et al., 2009Even with the addition of this research study to the body of
literature, we have a limited understanding ofititeractions of PD with perceived and

objective aspects of agg at home.

The study findings presented@hapter 3 have highlightedatseverakreallife
personal, sociand environmental barriersstrict the mobility of people with PD, but
also thathis population takes initiative to close the gap between functional capacity and
performance. The following sections will review some of the contextual factors related to
life-space mobility or community mobility among older adults and compare and ¢ontras

findings from previousesearch studies with our own.
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Demographics
We controlled for age and gender in our multivariable analyses aiddee

mobility, because both characteristics are not modifiable, but are known to be associated
with life-space mbility. Older age and female gender both typically correspond with

lower life-space mobilityChoi et al., 2016; Suzuki et al., 201@ur participants with

PD were pedominantly married men, just over a third of whom received informal
caregiving, likely from their spouse. In comparison, the group without PD were
predominantly women, of whom about half were married and a quarter were widowed.
Older men in heterosexualamiages are less likely to be widowers than older women are

to be widows because men are typically slightly older than their spouses and women have
longer lifeexpectancies. Therefore, the majority of participants in the PD group had a
spouse who may assiwith daily tasks including transportation, whereas the group

without PD may not have had the same benefit. Because our groups were not perfectly
matched on age and gender, it is possible that the older, mdg@iafe without PD

group had a lower medifie-space score and the younger, majority male PD group had a
higher mean lifespace score compared to samples that had a more equal proportion of
men and women. The models were adjusted for age and gender, but residual confounding

may remain.

Monthly family finances (more than enough or enough/not enough to make ends
meet) was the only variable found to be statistically significant in the overall, PD and
without-PD models of lifespace mobility. One study, using level of education and
occupation as a pxy for SES found that compared to people of moderate to high SES,

people with low SES had lower |Hgpace mobilityEronen et al., 2016)Finances are
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considered to be one of the mobility deter mi

older adults and income is a social determinant of health, because socioeconomic status is
consistently associated with the likelihoofdhaving mobility disabilitySatariano et al.,

2012; Webber et al., 2010 the context of mobility, higher income can facilitate

capacity and access, such as to transportation in various forms, physiotherapists and

exercise classes, renovations to the home and hired help.

Socialsupport and participation
The need for social engagement is a strong motivator for activity and mobility

outside of the home and is known to promote functional ability andbeeig(Gardner,
2014) The association between mobility and social participation and support has been
well-documented in the context of lpace mobility including in the present study,
which demonstrated that social participation anddgace mobity are positively
associatedGardner, 2014; Kuspinar et al., 2020; Murata et28l06) Social

participation has been shown to be lower among people with poor mobility, particularly if
they have a mobility limitatio(Rosso, Taylor, et al., 2013)here was some evidence of
this relationship in our study which showed that participants with PD had lower social
participation scores than their counterparts without PD. Data from previous interviews
with people with PD revealed that progressive physisalhility, mood disturbances,
shrinking of social activities and sedéclusion disrupted social connectedr{&sdeimani

et al., 2014)As discussed in interviews with PD paigants and in agreement with
previous research, mobility challenges may reduce the number of opportunities for

engagement outside of the ho(®®sso, Taylor, et al., 2013or example, older adults
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who are frequent drivers or have consistent access to a ride are more likely to engage in
social activities outside of the home in comparison to those who ceased driving or never
drove(Pristavec, 2018)Additionally, lost opportunities for participation are also a lost

opportunity to reinforce social relationships which could keaftirther engagement.

Physical environment
The physical environment is an important factor when consideringptece

mobility (Webber et al., 2010 he survey contained a series of questions regarding the
perceived safety, cleanliness and safety of their neighbourhoods to capture a sense of the
built environment anddw it might have contributed to IHgpace mobility. We expected
that through sernmstructured interviews, participants with PD would describe myriad
additional features of the built environment that would facilitate or restrict their mobility,
but only a éw barriers related to indoor accessibility were mentioned: crowded or
confined spaces and accesgh®washroom being the most commonly described. In
previous qualitative research, crowded environments were a mobility barrier for people
with PD who expeaenced excess freezing of gait in these settings (Lamont 2012).
Although no research appears to contradict these findings, older adults in earlier
guantitative studies identified additional features, such as sidewalk conditions and
neighbourhood walkabilyt to be associated with more difficult mobil{{@hudyk et al.,

2017; Raggi et al., 2018)

A number ofresearchers have recently turned their attention to how the built

environment affects the community mobility of older ad(@srin et al., 2017; Rosso et
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al., 2011; Tuckett et al., 2018)eighbourhod characteristics, including features related

to transportation, real and perceived safety, sense of community, aesthetics, physical
structure and certain weather conditions (i.e. snow and ice) appear to be associated with
lower life-space or community ndity in crosssectional studie€C. Hand, 2016;

Hinrichs et al., 2019; Raakokko et al., 2015; Rosso, Grubesic, et al., 20@&gilitators

to outdoor community mobility include appealing scenery and familiar surroundings
(Rantakokko et al., 2015nterviews involving middleto olderaged adults with

mobility disabilities added that sidewalk availability and condition, aesthetics and
lighting contribute to nghbourhooebased activitfRosenberg etla 2013) Finally,

Portegjis et al(2017)found that perceived environmental barriers at the entrance to the
home (i.e. narrow door openings, insufficient maneuvering space at doors, heavy doors)
decreased the odds of daily @fthome mobility for communitglwelling older adlts.
Interestingly, few of these features were brought up in interviews with PD participants,
possibly because the interviews were conducted in the fall when there was no snow on
the ground to pose challenges. The majority of the presented researchohalinlder
adults, so significant questions remain as to how the built environment affects the

community mobility of people with PD, specifically.

Methodological limitations

There are limitations and possible information and selection biases thaareay
impacted the results. First, this study may lack generalizability to persons with PD living

rurally, or who are racial/ethnic minorities. The majority of participants in our study lived
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in urban settings, preventing generalizability of the resultaipktudy to rural

populations who may experiendéferent environmental factors contributing to life

space mobility. For example, most rural communities have no public transportation,
which unsurprisingly, has been shown to be associated with smasp&i€e mobility in
older adults living rurallf{Murata et al., 2006)n Alberta, more than 80% of residents

live in urban areas, but the distribution of urban versus rural living among residents with
PD is unknowr(Government of Alberta, 2017a)

This study did not captut@erace/ethnicity of the participants, so we were unable
to observe if this biographical factor was associated witkspece mobility. Previous
research involving African Americans suggests thaial/ethnic minorities typically
experience lower lifspace mobility resulting from disadvantages related to income,
education and transportation availabililiman et al., 2004; Goi et al., 2016)An 18
month prospective cohort study examining predictors oslif@ce mobility by race in
900 communitydwelling older adults found that having PD statistically significantly
reduced LSA score in Black participants, but not Whitéigpants(Choi et al., 2016)
However, only 7% of Albeans older than 65 identified themselves as a visible minority
on the 2016 censy&overnment of Alberta, 2017b)his statistic implies two
consequences for our study: 1) it is likely that only a small numbgara€ipants in our
study identified as a racial/ethnic minority and therefore it is unlikely that this
unmeasured variable had a significant impact on the findings, and 2) the findings lack
generalizability to racial/ethnic minorities with PD.

Recruitmat strategies utilized in this study may have targeted may have attracted

a select group of people with PD who chose to attend support groups offered by the
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Parkinson Association of Alberta and exclude as compared to those who, for various
reasons, do not.hey could be in more need of social support, or they could be less need
because they are using resources to help them cope with the changes in their lives
brought on by PD. Attending support groups is suggestive of a certain degree of life
space mobilityIt is unknown whether those who attended were more or less mobile than
this cohort.

Similarly, participants without PD were recruited from fewer and more
homogenous sites than the PD group. The group without PD was recruited from five
seniors activity enters in Edmonton, whereas the PD were recruited from three different
urban areas (Edmonton, Calgary and Camrose) and multiple sources: seniors centers, the
Parkinson Association of Alberta, two neurology offices, adpBcific exercise class and
a PD resarch participant registry. This diverse set of sources was required to recruit a
larger sample size and improve the power of the study.

It could be argued that lfspace mobility is dependent upon the locale setting.

The characteristics of the Edmont@algary and Camrose populations were

descriptively compared for differences in demographics and health status. Although some
descriptivedifferences were noted in age and sex distributiafomnd that thenean

life-space mobility of participants across the three centasyevy similar.

Responses between participants with and without PD may have differed because
of the time of year that the survey was administered. Participants without PD were all
surveyed between January and April 2019, while PD participants were surveyed between
October 2018 and October 2019, as we worked to increase sample size in this population.

The PD group, therefore, agsurveyedhroughoutfour seasons in Alberta. Seasonal
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weathe conditions (i.e. very high or low temperatures, shorter daylight time, and snow
and ice) can affect the level of physical activity and walking, particularly among older
adults(Klenk et al., 2012; Y. Li et al., 2013]t has also been shown that the-kfgace
mobility of Finnish older adultsas measured by the LSA, is slightly higher in the spring
when participants faced fewer climatologic challenges compared to the (fAotegijs,
lwarsson, et al., 2014%iven that lifespace mobility of the group without PD was
predominantly measured in the winter monthemean lifespace score of the group

may be pesenting as artificially low in comparison to the PD group.

About 12% of PD and withot®RD participants were missing one or more gem
on the LSA. Missing data reducte sample size, and therefore power, in statistical
analyses, so these missing dataenmputed using the nearest neighbour approach. To
combat this limitation, we conducted a sensitivity analysis and found that imputation did
not have a statistically significant effect on the meandface scores in the PD or
without-PD groups (data nshown).

Qualitative research comes with its own set of limitations, as well as researcher
and participant biases that can affect the results of a study. To promote rigour in our
research, steps were taken to improve the credibility, transferabilityndigpéty and
confirmability of the qualitative component of our stydyncoln & Guba, 1985)Among
the PD participants who agreed to be contacted about participating in an interview, we
employed purposeful sampling in an attempt to collect informatamperspectives
from men and women at the lowest and highest endedade range and l#gpace
mobility scores to increase transferability. This is a limitation of qualitative research, but

it does not diminish the importance of sharing individual stories to better understand the
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impact of PD.The credibility of the reseah was establishdaly ensuring that the primary
researcher had training in basic qualitative methods and was familiar with the subject
areas of PD and mobilitygeverakechniques were used to improve the rigour of the

study during data collection. Firste used an interview guide with opended questions

to create consistency across the interviews, while encouraging participants to direct the
conversation. We recorded conversations on two tape recorders, took field notes and
reflected in a journal entrgs soon as possible after each interviemese techniques

helped to create credibility, dependability and confirmability within the study.
Furthermore, member checking was used to conf
from each interviewwhich fosered credibility and confirmability. Confirmability was

also establishedwling data analysiwhenthe primary researcher (CRB) discussed early
findings with other team members to mitigate the influence obWwerbiases within the

project.

Epidemiological value of life-space mobilityi n Par ki nsonds di sea

Using evidence from studies of older adults and people with PD, we have
discussed a variety of widanging, yet interconnected, contextual factors that impact
life-space mobility and arellevant to general webleing. From an epidemiological
perspective, surveys of IHgpace mobility offer a simple and quick way to gauge
resilience to physical decline and social isolation in populations with PD. If used to
measure lifespace mobility in darge, nationallyrepresentative cohort of people with
PD, the characteristics and circumstances of people who require extra support could be

quickly identified. For individuals with PD undergoing a new intervention, such as a
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change in medication or phggherapy, lifespace mobility offers another metric to
holistically assess that intervention. The LSA is already being used as a measure of
functional mobility in communitybased physical therapy practi¢®4cCrone et al.,

2019) Furthermore, the concept of ifpace is sensitive to the influences of the built
environment, mental health and social suppaenodifiable factors that are relevant to
current public health objectives. For these reasons, research interest in tip¢ @ndce
measurement of lifgspace mobility continues to graiBritto et al., 2018; Edgren et al.,
2019; Minch et al., 2019; Taylor et al., 2010Our study contributes to this growing body
of literature, and particularly aligns with the work of Rantakokko et al. (2019), by
identifying internal and external factorsatrare associated with the hpace mobility of

people with PD.
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Chapter 5 Conclusion

Guided by a comprehensive framework for mobility in older aqusbber et
al., 2010) life-space mobility in persons with PD was found to be comparable with that
of persons without PD in this study. Using a multiplethods design, social and
environmentafactors influence lifespace mobility in this patient population. Although
some factors were similar to those identified with a comparison group of older adults
without PD, differences were seen with factor
being more socially active being associated with-$iface mobility in people with PD,
but not without. While most of these individual factors are modifiable, the findings of this
study stress that interventions should take a holistic approach to mobiktyoignition
of the multidi mensi onal rel ationships affect.i
mobile when living with PD. The findings of this study are most applicable to

communitydwelling persons with mild to moderate PD who live in an urbamgett

Clinical recommendations

1  Practitioners should encourage people witht®Etain physical and cognitive
functioning to specific to driving to delay driving cessation. Meanwhile,
practitioners should help people with PD plan for driving cessatioppdre to

adapt to using other forms of transportation (e.g. public transportation).

1  With their clients with PD, practitioners should reinforce the importaiice

engaging in social activities outside the home. More social participation is
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associated wh higher lifespace mobility and trips outside the home to interact
with other people require individuals to practice complex physical and cognitive

tasks necessary for independent living.

1  Practitioners should assess the-ifeace mobility of people witPD as an
indicator of functional mobility, quality of life, participation in the community
and risk of falling. Assessments should focus on barriers such as not having a
driverés license, family finances, access
social participation to determine how képace mobility might be sustained or

improved.

1 Individuals newly diagnosed with PD should be referred to local PD support
groups to receive immediate social support and build connset¢hianwill

continue to ecourage participation outside of the home.

Recommendations for the built and social environment

1  Public washrooms, movie theatres, hockey arenas, and other spaces with stairs,
poor lighting or uneven terrain should be designed or altered to better

accomnodate persons wanting or needing to use a mobility device.

1  People with PD describe having anxiety, instability and difficulty moving in
spaces that were crowded with people or felt confining in other ways. Public
spaces where these populations couldaeasly be expected to attend should be
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designed to improve the flow of perstraffic and prevent crowded

environments.

1  Safe and viable alternatives to driving a personal car are needed for people with
PD. To improve the community mobility and participatiof people with PD who
do not or cannot drive, municipal governments should develop programs to
transport individuals at low cost and ensure that public transportation routes are

designed to reach neighbourhoods that are not located centrally.

1  To reducehe reliance the reliance on using cars for mobility, communities and
governments should encourage the development of more walkable
neighbourhoods and incorporate design featira®vidence has shown to
promote walking for leisure and purpose. Thessngles would additionally
promote physical activity and spontaneous social interactions among community

members.

Future research
In addition to basic PD research investigating causes and treatments, future

research should focus on elucidating the relationships between independence,
participation, and mobility. As this study was crggstional, we could not determine
directionalityfor any of the associations that we observed with mobility among people
with PD and longitudinal studies are warranted. Further investigations into aspects of the

social and built environment that affect the-kjgace of people with PD would also be
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beneicial for a more comprehensive understanding of the interplay between person and
environment. Linking GP®acked lifespace mobility with satellite imagery may be an
interesting strategy to reduce recall bias and improve the accuracyspgdite
measurments, as well as descriptions of the built environment. One smalt@iroof

concept study demonstrated that GPS data collected via smartphones are a viable option

for measuring the lifspace of people with PQ.iddle etal., 2014) Havi ng a dr i

license emerged as the most significant factor associated wiipafee mobility in

people with PD and research indicates that drivers with mild to moderate PD are at a
higher isk of failing orroad driving tests compared to older adults without the condition
(Devos et al., 2015)et, little evidence exists to support the creation of contextual (i.e.
onroad practicer driving simulator) or nowontextual (i.e. offoad skills) programs to
improve onroad skills as well as cognitive and motor impairments to delay driving
cessatior{Devos et al., 20155tulies are needed to identify the best modalities to
deliver this training and determine the optimal duration, frequency and intensity of

training programs.

Finally, there appears to be a paucity of research pertaining to effective
knowledge translation isttegies specifically among populations with PD. Based on
interviews with participants with PD in this study, it seems that much of this population is
highly motivated to learn about their disease and make changes in their lives to improve
symptoms, yet weo not know what is the most effective way for researchers and
clinicians to share information with people with PD. It is also important that we

understand how to support both individual deciswaking and the creation of
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supportive learning environmerfte people who may lack the motivation, time, or

resources to engage in meaningful PD education.

Knowledge translation strategy
Although the objectives of this research were exploratory in nature, it is still

important to disseminate the resulo interested parties, particularly those living with PD

in Alberta. A traditional KT approach will be taken in that a-pageinfographicof this

research and its findings will be made avail a
(PAA) to be dstributed to interested members, including those who shared theandhta

experiences for the purposethis study(Appendix 13. We hope that the findings will

be a catalyst for conversations between stakeholders about barriers and facilitators to

community mobility for people with PD. Additionally, this research will be circulated

through various academic forums. Findings will be disseminated locally at the University

of Alberta through oral presentations or poster presentations at the School of Public

Heal th, and a Masterods Thesis based on this r
Graduate Studies. A manuscript of the original research presented in Chapter 3 will be

submitted for publication to relevant peewviewed academic journals so thatuis and

recommendations can be more widely accessed by the academic community and add to

the body of existing literature working to understand the impact of PD.
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