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Abstract

Background and Purpose: Walking activity in persons with Parkinson disease (PD) is 

important for preventing functional decline. The contribution of walking activity to home and 

community mobility in PD is poorly understood.

Methods: Cross-sectional baseline data (n=69) were analyzed from a randomized controlled PD 

trial. The Life-Space Assessment (LSA) quantified the extent, frequency, and independence across 

five expanding levels of home and community mobility, producing individual subscores and a total 

score. Two additional summed scores were used to represent mobility within (Levels 1-3) and 

beyond (Levels 4-5) neighborhood limits. An accelerometer measured walking activity for seven 
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days. Regression and correlation analyses evaluated relationships between daily steps and mobility 

scores. Mann-Whitney U tests secondarily compared differences in mobility scores between active 

and sedentary groups.

Results: Walking activity contributed significantly to the summed Level 1-3 score (β=.001, 

p=.004) but not to the summed Level 4-5 (β=.001, p=.33) or total (β=.002, p=.07) scores. Walking 

activity was significantly related to Level 1 (ρ=.336, p=.005), Level 2 (ρ=.307, p=.010), and 

Level 3 (ρ=.314, p=.009) subscores. Only the summed Level 1-3 score (p=.030) was significantly 

different between active and sedentary groups.

Discussion and Conclusions: Persons with PD who demonstrated greater mobility beyond 

the neighborhood were not necessarily more active; walking activity contributed moreso to home 

and neighborhood mobility. Compared to LSA total score, the Level 1-3 summed score may be a 

more useful participation-level measure for assessing the impact of changes in walking activity.

Video Abstract available: for more insight from the authors (see Supplemental Digital Content 

1)
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Introduction

Walking is an important contributor to participation in community life.1,2 Declining 

walking activity in persons with Parkinson disease (PD) can precede limitations in other 

gait-dependent activities (e.g. housework, yard work, dressing, traveling) and has been 

associated with increasing disability.3,4 Interventions targeting walking, therefore, may have 

the greatest impact on slowing the progression of disability.3,5,6 Recently, interventions that 

promote a daily habit of sustained walking activity have been proposed as a means of 

slowing disability by preserving walking capacity.7 How such interventions might influence 

home and community mobility, defined as moving from one place to another on foot or 

by other forms of transportation,1 has yet to be studied. More fundamentally, the extent 

to which persons with PD might rely on walking for mobility in home and community 

environments is not well understood.

Physical therapists routinely seek to assess walking function in persons with PD across 

multiple domains of human functioning. Whereas locomotor physiologic systems, gait 

speed, and walking capacity are relatively easy to measure directly, the assessment of 

natural, “free-living” walking activity beyond the clinical spotlight (i.e., at home and in the 

community) often relies on patient self-report. Affirmative answers to questions directed 

at community mobility (e.g., Do you do your own grocery shopping? Do you work or 

volunteer outside the home?) may be interpreted as suggesting that a patient is relatively 

active; however, this assumption has not been formally tested.

Life-space mobility is a participation-level construct representing the extent to which a 

person moves, either actively (e.g., walking) or passively (e.g., motorized transportation), 

through their environment.8,9 Life-space has been defined conceptually using a series 
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of progressively expanding environments, or “levels,” representing rooms in the home, 

areas immediately outside the home (e.g., yard or driveway), the neighborhood, the town, 

and beyond town (Fig 1).8,9 For older adults, mobility excursions into more widely 

ranging life-spaces (i.e., greater total life-space) have been associated with engagement 

in meaningful activities, community participation, and overall health.10-18 Restrictions in 

life-space, in contrast, have been linked to limitations in physical functioning, frailty, 

depression, increased falls, and mortality.17-20 The older adult literature also has suggested 

that individuals with greater total life-space mobility may be more physically active, that 

life-space mobility commonly requires at least some walking (e.g., walking from the house 

to the car; walking in a store), and that delineating the walking component of life-space 

mobility may be important for understanding participation in meaningful activities.16,17,21

Given its associations with older adult health, disability, and walking activity, life-space 

mobility provides a useful context in which physical therapists might better understand 

the daily walking of persons with PD. Unlike older adults in general, however, persons 

with PD appear to be particularly vulnerable to declines in walking activity.22,23 Does this 

vulnerability attenuate the mobility-activity relationship in persons with PD (i.e., are persons 

with PD who are mobile in the community necessarily more active)? Are there particular 

walking environments in which persons with PD tend to accumulate relatively greater 

amounts of walking activity, toward which walking promotion interventions for sedentary 

persons might be directed? Unfortunately, the relationship between life-space mobility and 

daily walking activity in PD has not been investigated. Prior studies investigating life-space 

in PD were limited to the reliability and validity of life-space mobility measures24-26 and on 

factors that may influence life-space mobility (e.g., motor impairments, perceived walking 

difficulty, depression, pain).27,28

The primary aims of this study were (1) to determine the extent to which walking activity 

might contribute to total life-space mobility as well as mobility occurring within and beyond 

neighborhood limits in persons with PD, and (2) to examine the relationship between 

walking activity and mobility at each life-space level. Based on the prevalence of reduced 

walking function in persons with PD,22,23 we hypothesized that the relationship between 

walking activity and life-space mobility would weaken in life-spaces relatively further from 

home where passive means of mobility (e.g., motorized transportation) could be used to 

compensate (Fig 1).16,17,21 Our secondary aim was to explore how life-space mobility might 

differ in sedentary persons with PD compared to their more active counterparts.29 Similar to 

findings in older adults,16,17 we hypothesized that sedentary persons with PD would be less 

mobile than active persons.

Methods

Study Design and Participants

This was a cross-sectional, secondary analysis of baseline life-space and walking activity 

data from a prospective, 12-month, single-blind, multi-site, randomized controlled trial 

examining the impact of mobile health technology on the daily walking behavior of 

individuals with PD.7 Participants in the parent study were adults with mild to moderate 

idiopathic PD30 who were able to safely participate in a progressive walking and 
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strengthening exercise program. The parent study was approved by the Institutional Review 

Board at Boston University. Data used in the secondary analysis were collected between 

February 2019 and February 2020, prior to the coronavirus pandemic. The sample was 

comprised of those participants with complete baseline data for all pertinent variables.

Measures

Daily Walking Activity—The StepWatch 4 Activity Monitor (SAM; Orthocare 

Innovations, Mountlake Terrace, Washington) is an unobtrusive, microprocessor-linked 

device that was used to capture walking activity in participants’ real-world environments. 

The SAM is a self-contained, maintenance-free device that combines acceleration, position 

and timing information to count complete gait cycles (strides) of the user; it is the size of 

a pager, weighs 38g, and was attached with self-adhesive straps above the lateral malleolus 

of participants’ less impaired lower extremity. Participants were instructed to wear the SAM 

for seven consecutive days during all waking hours, except when showering/bathing or 

swimming. They were encouraged to engage in their usual daily activities and to record on a 

daily log sheet any periods during which the SAM was removed.

Using the manufacturer’s software, a SAM was calibrated to each participant’s gait pattern 

based on height, typical walking speed, and leg motion. Calibration accuracy was verified 

by research personnel who compared visual observation of participant steps taken over a 

short distance with the SAM-generated step count. Monitors were configured to store stride 

counts in one-minute intervals. A stride count of zero was recorded for minutes in which 

no steps were taken. Collected data were downloaded to a computerized tablet, with which 

manufacturer’s software was used to convert stride counts to step counts and calculate daily 

step count values. Mean daily steps were used to represent walking activity in subsequent 

analyses. The validity and reliability of the SAM for capturing stride counts has been 

demonstrated in persons with various neurological disorders including PD.31-37

Life-Space Mobility—The Life-Space Assessment (LSA) is a self-administered tool 

whereby participants report the frequency and independence of mobility excursions beyond 

their bedroom during the previous four weeks.8,9 The LSA identifies five life-spaces, 

represented by increasingly wide-ranging geographic regions (Level 1 = rooms inside the 

home beyond the bedroom, Level 2 = immediately outside the home (e.g., yard, driveway), 

Level 3 = neighborhood, Level 4 = town, Level 5 = beyond town). Excursions were scored 

separately at each life space level by multiplying the level number (1-5) by the frequency 

of excursions occurring therein (1 = < 1/week; 2 = 1-3 times/week; 3 = 4-6 times/week; 4 

= daily) and by the amount of assistance required (1 = personal assistance; 1.5 = equipment 

only; 2 = independent).8,9 A total life-space score was calculated as the sum of individual 

level sub-scores. Total scores range from 0-120, with ‘0’ indicating total immobility (i.e., 

confined to bedroom) and ‘120’ indicating independent, daily mobility beyond town.8,9 

The LSA total score has demonstrated construct validity and responsiveness in community

dwelling older adults.38 We also calculated a Level 1-3 summed score and a Level 4-5 

summed score to distinguish between mobility occurring within and beyond neighborhood 

limits, (i.e., home and neighborhood vs town and beyond town) (Fig 1).
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Statistical Analysis

Descriptive statistics were used to characterize the sample. For the primary aim, univariate 

linear regression analyses were conducted to determine the contribution of mean daily steps 

to LSA total score and the summed Level 1-3 (excursions within neighborhood limits) 

and Level 4-5 (excursions beyond neighborhood limits) scores. Spearman’s rank-order 

correlation analyses (ρ) were used to examine the relationship between mean daily steps 

and the mobility subscore at individual LSA levels (1-5). For the exploratory secondary 

aim, participants were classified into either sedentary (< 5,000 steps/day) or active (≥ 

5,000 steps/day) groups.29 Because life-space subscores at each level were not normally 

distributed and within group variances per Levene’s test were unequal, we employed a series 

of Mann-Whitney U tests for between-group comparisons of LSA total score, summed Level 

1-3 score, summed Level 4-5 score, and individual Level 1-5 subscores. Study data were 

stored in a Research Electronic Data Capture (REDCap) database.39-41 Statistical analyses 

were performed using SPSS statistical software program version 26.0 (IBM Corp, Armonk 

New York) with differences considered to be statistically significant at p<.05.

Results

The total sample (n= 69) included mostly older persons (58% male; mean age = 67.5 (8.7) 

years) with mild to moderate PD (H&Y 2 (n=27); H&Y 2.5 (n=30); H&Y 3 (n=12)) who 

were retired or not working (75.4%). In our sample, most participants (n=62, 90%) wore the 

SAM for 7 days; however, some participants completed fewer days (six days, n=5; five days, 

n=1; four days, n=1). The sample as a whole was somewhat active (mean daily walking 

activity = 7607.2 (3625.8) steps/day) and reported mobility excursions at home and in the 

community (median (IQR) total life-space score = 92 (42.25)).

Relationship Between Walking Activity and Life-Space Mobility

In the univariate linear regression analysis (Table 1), daily walking activity was a significant 

contributor to mobility within neighborhood limits (summed LSA Level 1-3 score, β=0.001, 

p=.004), but not beyond the neighborhood (summed LSA Level 4-5 score, β=0.001, p=.33) 

or to overall mobility (LSA total score (β=0.002, p=.07). Daily walking activity accounted 

for approximately 12% of the variability in the summed LSA Level 1-3 score, while only 

explaining approximately 1% of the variability in the summed LSA Level 4-5 score and 

5% of the variability in LSA total score. Daily walking activity was significantly related to 

individual level LSA subscores representing mobility within neighborhood limits (Level 1 

(inside home); Level 2 (outside home); Level 3 (neighborhood)), but not mobility beyond 

neighborhood limits (Level 4 (town); Level 5 (beyond town)) (Table 2).

Comparison of Life-Space Mobility Between Sedentary and Active Participants

Sedentary and active groups had similar total life-space mobility (LSA total scores; p=.129) 

and mobility beyond the neighborhood limits (LSA 4-5 summed score; p=.259; Table 3). 

Sedentary and active groups also were similarly mobile at individual life-space levels 

immediately outside the home (Level 2), in town (Level 4), and beyond the town (Level 

5; Fig 2). In contrast, the sedentary group was significantly less mobile than the active group 

within the neighborhood limits (LSA Level 1-3 summed score; p=.030; Table 3), with the 
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difference primarily accounted for by significantly lower mobility scores in the home (Level 

1, p=.023) and in the neighborhood (Level 3, p=.023) (Fig 2). Indeed, less than half of 

participants in the sedentary group attained the maximum life-space level score for mobility 

excursions into the neighborhood (Level 3=31.3%) compared to over half of the participants 

in the active group (Level 3=58.5%; Fig 2).

Discussion

This cross-sectional study determined the extent to which a sample of persons with mild 

to moderate PD might rely on walking for mobility in home and community environments. 

Our results revealed that daily walking activity in persons with PD was not significantly 

associated with total life-space mobility (Table 1). Daily walking activity was also not 

associated with combined mobility beyond the neighborhood (Level 4-5 summed score; 

Table 1). However, as hypothesized (Fig 1), walking activity significantly contributed to 

combined mobility (Level 1-3 summed score) occurring within neighborhood limits (Table 

1). Additionally, walking activity was significantly related to mobility at each of the three 

individual life-space levels (i.e., inside the home, immediately outside the home, and in 

the neighborhood) that comprised the Level 1-3 summed score (Table 2). Our findings 

suggested that unlike older adults in general, more mobile persons with PD are not 

necessarily more active (i.e., amount of daily walking activity may not necessarily indicate 

distance traveled from home). Furthermore, the walking activity of persons with PD may 

be most likely to occur in the home and neighborhood. These results also supported the 

idea that beyond the neighborhood limits, persons with PD might utilize passive means of 

mobility (e.g., motorized transportation) more often than older adults in general.16,17,21

Sedentary behavior may perpetuate functional decline in persons with PD.4-6 As 

hypothesized, sedentary participants generally were less mobile than their active 

counterparts (Table 3, Fig 2), but the between-group difference was significant only within 

neighborhood limits. At an even more granular level, the between-group difference was 

apparent primarily for mobility within the home (Level 1) and in the neighborhood (Level 

3) (Fig 2). Otherwise, the groups were similarly mobile. These results were consistent with 

literature suggesting that older adults who are more sedentary may be less likely to walk 

outside of the home.16,17,21

Importantly, there appeared to be a disproportionately greater reduction in the neighborhood 

(Level 3) mobility scores of the sedentary group (Fig 2). Given that walking activity across 

the full sample contributed significantly to life-space mobility within the neighborhood 

limits, we speculated that the reduced neighborhood mobility of the sedentary group 

might have reflected lack of participation in a dedicated walking program (assuming 

that participants’ neighborhoods provided them with a safe walking environment). This 

proposition warrants further investigation. Nonetheless, physical therapists should consider 

the neighborhood environment as a potentially more likely target than more distant 

environments for walking activity interventions designed to delay gait-related disability and 

functional decline.
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The study results also are important for physical therapists to consider when evaluating 

the walking activity of persons with PD in relation to their mobility. Based on our 

findings, persons with PD who report being mobile in the community, especially beyond the 

neighborhood limits, may not necessarily be physically active. Similarly, active persons with 

PD may not necessarily travel greater distances from home as compared to their sedentary 

counterparts. Therefore, the LSA Level 1-3 summed score, rather than the total score, may 

be a more useful participation-level measure to assess the impact of changes in walking 

activity in PD.

Our study is not without limitations. First, its relatively narrow scope and cross-sectional 

design did not allow for inferences of causality. We also acknowledge that although there 

was a stronger relationship between life-space mobility and walking activity within the 

neighborhood limits, walking activity explained only 12% of the variance in the summed 

Level 1-3 life-space score. Prior work in older adults has suggested that cognitive factors 

(e.g., mental status, memory), psychosocial factors (e.g., self-efficacy, fear of falling), 

physical factors (e.g., age-related impairments, walking speed), and environmental factors 

(e.g., social support, poor driving conditions) may influence life-space mobility.42,43 In 

PD, severity of motor and balance impairments, psychological factors (e.g., perceived 

walking difficulty), non-motor symptoms (e.g., depression, apathy) and pain27,28 also may 

have contributed. Longitudinal studies would help gain a deeper understanding of how 

the relationship between walking activity and life-space mobility might change over time 

or in response to an intervention. Second, the LSA was a self-report measure asking 

about excursions over the past four weeks, and therefore, may have been subject to recall 

bias. Furthermore, unlike GPS technology which precisely and continuously quantifies 

community location and distance traveled, the self-report LSA summarized mobility 

excursions on an ordinal scale of relative distance in any direction from a central (bedroom) 

location. As a result, the relatively coarse LSA instrument provided only an approximation 

of mobility excursions. Indeed, we could not account for variation in home location; rural 

and urban settings may have differently influenced the extent, frequency, and means of 

mobility excursions. Third, although the construct validity of the LSA had been established 

in community dwelling older adults,38 and the vast majority of study participants met that 

description, the LSA had not been validated specifically in persons with PD. Finally, our 

study sample was limited to individuals with mild to moderate disease severity (Modified 

H&Y 2-3) and included individuals who were fairly active (Mean daily walking activity 

=7607.2 steps/day); study findings may not be generalizable to those with greater disease 

severity or who are more sedentary.

Conclusions

Mobile persons with mild to moderate PD are not necessarily more active. The walking 

activity of individuals with PD may be relatively more important for mobility excursions 

occurring within neighborhood limits rather than more distant excursions. Life-space 

mobility scores for areas closer to home might be a useful participation-level measure for 

assessing the impact of changes in walking activity in PD. Interventions designed to increase 

walking activity may be more likely to enhance participation in home and neighborhood 

gait-related activities. Future research should consider how the relationship of walking 
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activity and life-space mobility might change over time, either as a result of functional 

decline or as a positive response to intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Model representing individual LSA levels within neighborhood limits (white) and beyond 

neighborhood limits (gray). The model portrays walking activity as more prevalent in LSA 

levels 1-3 (A) and passive mobility as more prevalent in LSA levels 4-5 (B).
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Figure 2. 
Between-group differences in individual level scores (LSA Levels 1-5) based on walking 

activity (sedentary vs active). The x-axis depicts the five individual life-space levels as 

follows: Level 1 = inside the home; Level 2 = immediately outside the home (e.g., yard, 

driveway); Level 3 = neighborhood; Level 4 = town; Level 5 = beyond town. The y-axis 

depicts the percentage of participants that scored the maximum score for each individual 

life-space level. *p<.05. The between-group difference in mobility is most pronounced in the 

neighborhood environment (Level 3).
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Table 1.

Contribution of Daily Steps to Life-space Scores (n=69)

Variable Life-Space Total Score Level 1-3 Level 4-5

β R2 p 95% CI β R2 p 95% CI β R2 p 95% CI

Steps/day .002 .05 .07 (.000, .003) .001 .12 .004* (.000, .002) .001 .01 .33 (−.001, .002)

Univariate regression of daily steps on Life-space Total Score; Level 1-3 summed score (excursions within neighborhood limits); and Level 4-5 
summed score (excursions beyond neighborhood limits)

*
Score p<.01
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Table 2.

Correlations of Life-Space Level Scores with Daily Steps (n=69)

Variable Correlation coefficient p-value

Level 1 score .336 .005**

Level 2 score .307 .010*

Level 3 score .314 .009**

Level 4 score .075 .541

Level 5 score .193 .113

Correlations are Spearman’s rho

*
p<.05

**
p<.01
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Table 3.

Life-Space Scores Organized by Sedentary and Active Groups

Variable All
(n=69)

Sedentary
(n=16)

Active
(n=53)

p-value

LSA Summed 1-3 Score
b
 (max = 48)

48 (12) 39 (27) 48 (11) .030*

LSA Summed 4-5 Score
c
 (max = 72)

52 (32) 44 (26) 52 (36) .259

LSA Total Score (max = 120) 92 (42.25) 85 (59.38) 100 (43) .129

LSA Life-space Assessment

b
Calculated as the sum of LSA Level 1-3 scores

c
Calculated as the sum of LSA Level 4-5 scores

Note: Data are reported as median (IQR). Mann-Whitney U test used to determine differences between groups

*
p<.05
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