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Aim: To determine the relevance of features located close to home and further away, our

aim was to study associations between older adults’ physical activity and self-reported

neighborhood destinations and barriers to outdoor mobility categorized by presence and

maximal distance from home.

Methods: Cross-sectional analyses comprising men and women 79–94 years old

(57%) living independently in Central Finland (n = 185). Self-reported physical activity

was categorized into lower (≤3 h moderate activity a week) and higher (≥4 h moderate

or intense activity a week) activity. Assisted by interviewers, participants located on

an interactive map destinations perceived to facilitate and barriers perceived to hinder

outdoor mobility in their neighborhood. Participants’ home addresses were geolocated.

Euclidean distances between home and reported locations were computed, and the

maximal distance from home to neighborhood destinations and barriers, respectively,

was categorized based using four common buffer distances, i.e., 250m, 500m, 750m,

and 1 km. Participants reporting destinations or barriers within and beyond the respective

distance were compared with those reporting none.

Results: About 80% of participants reported neighborhood destinations and 55%

neighborhood barriers to outdoor mobility. Barriers were generally located closer to

home than destinations [median 166m (range 25 m−6.10 km) vs. 492m (5 m−2.7 km)].

Logistic regression analyses adjusted for age, sex, and physical performance showed

that neighborhood destinations increased the odds for higher physical activity when

located beyond 500m from home [OR 2.95, 95% confidence interval (CI) 1.02–8.54], but

not when located solely within 500m (OR 1.70, 95% CI 0.30–9.61), in comparison with

when reporting no destinations. In contrast, neighborhood barriers decreased the odds

for higher physical activity when solely located within 500m (OR 0.31, 95%CI 0.14–0.72),

but not when any barrier was located beyond 500m (OR 0.96, 95% CI 0.23–3.99),

compared with when reporting no barriers. Associations were similar for 250-m buffer

distances, but not robust for 750-m and 1,000-m buffers because of lower prevalence.
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Conclusion: Neighborhood barriers to outdoor mobility located close to home were

associated with lower physical activity of older adults, whereas barriers further away

were not. Attractive destinations for outdoor mobility located further away from home

correlated with higher physical activity, potentially by motivating one to go out and be

physically active. Temporal relationships warrant further study.

Keywords: mobility limitation, physical exercise, built environment, aging, walking, active aging, age-friendly

community

INTRODUCTION

With the globally aging population, healthy, and active aging is
an important policy goal endorsed by WHO and the European
Union (1, 2). Physical activity is an essential aspect of active aging
through its role in maintaining health and function into high age
(3), and also because it constitutes a vital element of many social,
communal, and even cognitive activities (4). Physical activity is
defined as any bodily movement actuated by skeletal muscle and
requiring energy expenditure. With age, the amount of physical
exercise typically declines, whereas lighter physical activities such
as walking for transport or recreation become more popular
(5). Providing suitable circumstances for older adults’ physical
activities is important because the health benefits of even light
intensity activities and activity breaks in periods of inactivity are
acknowledged in current physical activity guidelines (3).

According to the socioecological model of aging (6), declines
in physical and cognitive capacity make older adults more
vulnerable to barriers in the physical environment, and thus,
may lead to lower physical activity levels (7, 8). Walking typically
starts from the home and has a limited range, hence also policies
of age-friendly environments and communities acknowledge
the link between the immediate neighborhood environment
and physical activity. Design of age-friendly environments
has been advocated by organizations such as WHO and the
European Union (9). They are frequently interpreted as barrier-
free environments, but clear guidelines and measures for
implementation of age-friendly features are not available (10,
11). Qualitative studies especially show that features such as
poor walkway quality and inadequate lighting may encumber
older adults’ mobility (12). Conversely, an attractive environment
may positively affect older adults’ out-of-home mobility, for
example, by providing incentives to go out (13–15). Reporting
interesting destinations in the neighborhood, such as shops and
parks or green areas, is associated with higher levels of physical
activity (16), and reporting multiple environmental facilitators
for outdoor mobility may even protect against the development
of walking difficulty years later (17, 18).

Overall, the associations between environmental factors

hindering or facilitating outdoor mobility and physical
activity have been demonstrated, especially in the immediate

home neighborhood (12, 16). However, the relevance of the
geographical areas representing the neighborhood in research

has been questioned (19). Moreover, definitions of access to

destinations and their operationalization, prevalence, and
correlates vary hugely in different studies (20). For example,

presence of certain environmental features may affect outdoor
mobility of older adults differently depending on whether they
are self-reported or assessed more objectively using geographical
resources or environmental audits (21, 22). This is because
individuals often report features that are meaningful to them
and do not mention personally irrelevant features, whereas more
objective methods do not distinguish these.

Self-reports and more objective measures of environment
complement each other. For example, self-reported long distance
to services has been reported as a barrier to outdoor mobility
(20) and as a predictor of long-term detrimental changes in
outdoor walking ability and frequency of walking (23, 24).
However, without actual spatial references, such self-reports
are difficult to translate to concrete distances and may lead to
misinterpretations. Studies on active means of transportation,
i.e., walking and cycling, employing GPS trackers, andmap-based
questionnaires have shown that older adults visit services beyond
common operationalization of neighborhood, i.e., 500m and
1 km distance from home (25, 26). Therefore, it is possible that
attractive environmental destinations, also when located further
away, may contribute to an individual’s total physical activity.

To our knowledge, few studies have considered spatial
locations of participant-reported neighborhood destinations and
barriers to outdoor mobility relative to the homes. Therefore, the
aim of this paper is to study associations between older adults’
physical activity and self-reported neighborhood destinations
and neighborhood barriers to outdoor mobility categorized
according to their presence and maximal distance from home.
We determined whether neighborhood destinations and barriers
close to home, that is, within commonly used buffer distances
of 250m, 500m, 750m, and 1 km, are of equal importance as
those located further away, in comparison with reporting no
neighborhood destinations or barriers, respectively.

MATERIALS AND METHODS

Study Design and Participants
We report cross-sectional analyses of the Mobility and Active
Aging (MIIA) study comprising older adults aged 79–93 years
living independently in Jyväskylä and Muurame municipality in
Central Finland (27). Data were collected by computer-assisted
face-to-face home interviews in spring 2016. Participants were
part of a randomly selected sample (N = 298) of the population-
based “Life-space mobility in old age” (LISPE) cohort, which
was composed 4 years earlier (28). Of those invited, 15
were not reached and 77 declined to participate. Those living
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independently in the recruitment area, willing to participate, and
able to communicate were eligible for participation. Compared
with non-participants (n = 642) from the original LISPE cohort,
MIIA participants (n = 206) did not differ in terms of sex,
number of chronic conditions, or years of education, but they
were somewhat younger, and had slightly better cognition and
physical performance than the others as reported earlier (27).
Participants’ home addresses were derived from the national
population register and geocoded in the Geographic Information
System (GIS) (29) [Digiroad dataset 2013 (30)] using ArcMap
10.3.1 (Esri, Redlands, CA, USA). This study was carried out in
accordance with Finnish National Board on Research Integrity
guidelines and recommendations of the European Union. The
MIIA study protocol was approved by The Ethical Committee
of the University of Jyväskylä. All participants gave written
informed consent before the assessments in accordance with the
Declaration of Helsinki.

Main Variables
Level of habitual physical activity was self-reported using a
validated seven-category question combining frequency and
intensity of common physical activities (31). The question takes
into account physical exercise as well as physical activity related
to transport and household activities. Participants were asked to
choose the description that best captured their level of physical
activity in the previous 6 months. Response options were (0)
mostly resting, hardly any activity, (1) mostly sitting, (2) light
physical activity, (3) moderate physical activity about 3 h a week,
(4) moderate physical activity at least 4 h a week or heavier
physical activity up to 2 h a week, (5) Engaging in active sports
several times a week making you sweat and breathless or doing
heavy gardening or leisure-time activities (at least 3 h a week),
and (6) Practicing competitive sports. For category 1 to 4,
additional examples of eligible activities were provided. In line
with earlier studies, participants were categorized into lower
(≤3 h moderate activity a week; category 0–3) and higher (≥4 h
moderate or intensive activity a week; category 4–6) (31).

The PENFOM and PENBOM checklists were used to
collect participant perceptions of environmental destinations and
barriers to outdoor mobility in the neighborhood, respectively
(13). For each item, participants were asked to indicate whether
they perceived that the respective feature facilitated or hindered
their outdoor mobility (yes vs. no). If an item was reported,
the participant was subsequently asked to locate it on an online
interactive map using the Maptionnaire tool (Mapita, Espoo,
Finland). Considering the prevalence of computer illiteracy in
this age group, an interviewer assisted participants technically
with orientation on the map and navigation to desired locations.
For this study, we selected from the PENFOM questionnaire
5 items considered as neighborhood destinations; that is, park
or other green space, walking trail or skiing track, nature or
lakeside, appealing scenery, and services such as shops, markets,
or events nearby. From the PENBOM questionnaire, all locatable
neighborhood barriers to outdoor mobility, 14 items in total, were
used for the analyses; that is, poor street conditions, high curbs,
lack of sidewalks, hills in nearby environment, lack of benches,

poor lighting, noisy environment, busy traffic, dangerous cross-
roads, vehicles on walkways, cyclists on walkways, insecurity
caused by other pedestrians, snow and ice, and lack of benches
in winter. Participants were allowed to provide more than one
location for each item. For each participant, we computed
Euclidean distances from home to all reported locations
(visualized in Figure 1; expressed in units of 100m) and used the
distance to the most distantly located neighborhood destination
and barrier, respectively, for further analyses (maximal distance).
Furthermore, overall presence of destinations or barriers was
determined (none reported vs. reported), thus, also including
reporting destinations and barriers with unknown location owing
to technical problems or participants’ inability to locate features.

Covariates
Participants’ age and sex were derived from the population
register. The number of self-reported physician-diagnosed
chronic conditions was computed based on a 22-item checklist
and an additional open question (33). The number of chronic
conditions is a commonly used and recommended indicator of
total disease burden and recommended when information on
severity of diseases is lacking (34). Physical performance was
measured using Short Physical Performance Battery (SPPB),
comprising a balance, a 2.44-mwalking, and a 5-time sit-to-stand
test (33, 35). Each test was scored from zero to four using age-
and sex-specific cut-off points and a sum score was computed
(range 0–12). For five participants, the test was not conducted
(e.g., because of wheelchair use or temporary restriction), and
for one participant, one missing subscore for reasons unrelated
to mobility was replaced by average score of the two remaining
tests.Cognitive functionwas assessed using theMini-Mental State
Examination (MMSE) (36). For four participants, missing item
scores for reasons unrelated to cognition were imputed using the
average of available items. The MMSE score ranges from 0 to
30, and higher scores indicate better performance. In addition,
social support was assessed using self-report questions of having
a friend with whom to walk or run errands (yes vs. no) and living
arrangement (lives alone vs. lives together with spouse, relative,
or others).

Statistical Analyses
Descriptive characteristics were compared between those
categorized as having higher vs. lower levels of physical activity
using Mann–Whitney U-tests or χ

2-tests depending on the
variable distribution. Characteristics are reported as medians
and interquartile ranges or percentages.

Logistic regression analyses were used to test associations
between physical activity and neighborhood destinations, and
associations between physical activity and neighborhood barriers
to outdoor mobility. First, the analyses were run including the
variable overall presence, and then maximal distance from home
was added to the model. All analyses were adjusted for age and
sex (method enter), and subsequently, using forward conditional
selection, adjusted for statistically significant covariates number
of chronic conditions, SPPB score, MMSE score, and two
dichotomous variables of social support. SPPB score was the sole
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FIGURE 1 | Visualization of the Euclidean distance from the home (white open circle) of a fictive participant to reported destinations (blue dot) and barriers (black dot)

for outdoor mobility located on a map [geographical datasets used (30, 32)].

covariate that statistically significantly contributed to all models
and was thus reported as part of the final models.

In addition, we conducted the logistic regression models
described before with categorized variables as independent
variables. For this, we categorized participants based on presence
and maximal distance to reported neighborhood destinations
or barriers, respectively, as follows for 250, 500, 750, and
1,000m buffer distances from home: (1) none reported (reference
category); (2) reported, all within the respective buffer distance;
(3) reported, at least one beyond the respective buffer distance;
and (4) reported, but location unknown. Finally, we conducted
sensitivity analyses comparing those reporting destinations or
barriers beyond each buffer distance with those reporting them
within the respective distance, i.e., category 3 vs. 2, thus excluding
category 1 and 4 from the analyses.

Because of low numbers of reported barriers especially, it
was not possible to study potential interaction effects between
the neighborhood destinations and barriers to outdoor mobility.
However, we did add to models of neighborhood destinations
the variable indicating overall presence of perceived barriers (yes
vs. no), but this did not markedly change the results (thus,
not reported).

SPPS version 24 (IBM SPPS Statistics version 24, Armonk,
NY, USA) was used for all statistical analyses and p < 0.050 was
considered statistically significant.

RESULTS

Of the 206 participants in the MIIA study, 196 participants
completed the map-based questionnaire on neighborhood
destinations and barriers to outdoor mobility, four participants
had ended the interview before the assessment, one was unable
to respond, and in five cases technical problems related to the PC
or server prevented data collection. Physical activity was assessed
successfully in 194 participants, which left 185 participants
with data on both the neighborhood environment and physical
activity for the current analyses. Those who dropped out from
the analyses did not differ from participants analyzed for any of
the descriptive variables (data not shown).

Table 1 shows characteristics of participants. Participants who
were more physically active were on average younger, they had
lower SPPB scores and lower MMSE scores, and they were less
frequently living alone.

Reporting of Neighborhood Destinations
and Barriers to Outdoor Mobility
About 80% of participants reported at least one neighborhood
destination for outdoor mobility, and for 93% of these reported
destinations, a location was reported (Table 2). Neighborhood
destinations were located at a median distance of 492m from
home (range 25 m−6.10 km), and the distance was longer
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TABLE 1 | Descriptive characteristics of participants with lower and higher

physical activity levels.

Lower

physical activity

(n = 103)

Higher

physical activity

(n = 82)

P-value

Median (IQR) Median (IQR)

Age (years) 85.3 (8.3) 81.4 (5.5) <0.001a

Chronic conditions (n) 4.0 (3.0) 4.0 (4.0) Unable to

computea

SPPB score (p) 8.0 (4.0) 11.0 (1.0) <0.001a

MMSE score (p) 26.0 (4.0) 27.5 (3.3) 0.002a

Sex (female, %) 62.1 50.0 0.132b

Friend for walking (yes, %) 50.5 59.8 0.208b

Living alone (yes, %) 68.0 48.8 0.013b

IQR, interquartile range; SPPB, Short Physical Performance Battery.
aMann–Whitney U-test.
b
χ
2-test.

for those reporting higher (median = 704m, IQR = 634m)
than lower (median = 349m, IQR = 458m; p < 0.001)
physical activity. Participants with higher physical activity more
frequently reported neighborhood destinations in general (89%)
and especially at longer distances from home (e.g., ≥500m 55%)
than those with lower activity (70 and 22%, respectively).

About half of participants reported at least one neighborhood
barrier to outdoor mobility, and for 84% of these reported
barriers, a location was reported (Table 2). Barriers were located
at a median distance of 166m from home (range 5 m−2.7 km),
and the distance was similar regardless of physical activity (higher
median = 193m, IQR = 509m; vs. lower median = 155m, IQR
= 218m; p = 0.684). Participants with lower physical activity
more frequently reported barriers to outdoor mobility in general
(66%) and especially within 250m from home (37%) than those
with higher activity (43 and 20%, respectively).

Logistic Regression
Analyses—Neighborhood Destinations for
Outdoor Mobility
Table 3 shows that only when not accounting for distance,
reporting any neighborhood destination perceived to facilitate
one’s outdoor mobility increased the odds for higher physical
activity [OR 3.22, 95% confidence interval (CI) 1.33–7.76]
compared with reporting no destinations at all. Adjusting for
SPPB score attenuated the association so that it was no longer
statistically significant. Among those reporting neighborhood
destinations, each 100-m distance between home and the most
distant neighborhood destination increased the odds for higher
physical activity by at least 11%, also when adjusted for
SPPB score.

Table 4 shows that those reporting at least one neighborhood
destination beyond 250m had four times and those reporting at
least one neighborhood destination beyond 500m had six times
the odds for higher physical activity than those reporting no
destinations at all in the age- and sex adjusted model. Adjusting

for SPPB score attenuated the associations to three times the
odds for the 500-m distance, and it was no longer statistically
significant for the 250-m distance. Reporting all destinations
within 250 or 500m from home was not associated with
physical activity when compared with reporting no destinations.
Sensitivity analyses showed that compared with those reporting
all destinations within 500m, those reporting at least one
destination further away more than tripled the odds to report
higher physical activity (age- and sex-adjusted model OR
3.98, 95% CI 1.15–6.81; fully adjusted model OR 3.73, 95%
CI 1.56–8.93).

Those reporting neighborhood destinations beyond 750 or
1,000m had increased odds for higher physical activity (OR
6–11), but confidence intervals were wide and group sizes
relatively small.

Logistic Regression
Analyses—Neighborhood Barriers to
Outdoor Mobility
Compared with reporting none, reporting any neighborhood
barrier to outdoor mobility (regardless of distance) was
associated with lower odds to report higher physical activity
(OR 0.36, 95% CI 0.19–0.69; Table 3). Among those reporting
barriers, each 100-m distance between the home and the most
distant mobility barrier increased the odds to report higher
physical activity by at least 16%.

Table 4 shows that those reporting neighborhood barriers
within 250 or 500m from home only (OR 0.31, 95% CI
0.14–0.69 and OR 0.30, 95% CI 0.14–0.62, respectively),
but not those reporting barriers also further away, had
markedly lower odds for higher physical activity than those
reporting no neighborhood barriers at all. Further adjustment
of the models for SPPB score did not markedly change the
described associations. Sensitivity analyses showed that those
reporting at least one barrier at or beyond 500m from home
tended to report higher physical activity than those reporting
barriers solely within 500m, although statistical significance
was not reached (age- and sex-adjusted OR 3.23, 95% CI
0.91–11.44, and fully adjusted OR 3.03, 95% CI 0.79–11.62,
respectively).

Because of a small number of participants reporting
neighborhood barriers to outdoor mobility beyond 750 and
1,000m (2.7%), it was not meaningful to conduct regression
analyses using these buffer sizes.

DISCUSSION

A common assumption in research of older adults’ physical
activity behavior is that they move close to the home and,
thus, that the environment close to home may motivate or
hinder older adults’ mobility and physical activity (12, 16,
20). This study using an interactive map-based questionnaire
provides new information about spatial relations between
neighborhood destinations and barriers to outdoor mobility
relative to older adults’ homes. The distance from home to
neighborhood destinations facilitating outdoor mobility, rather
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TABLE 2 | Neighborhood destinations and barriers to outdoor mobility reported and their distance to home.

Distance All (n = 185) Lower

physical activity (n = 103)

Higher

physical activity (n = 82)

P-value

From home N % N % N %

Destinations <0.001

None reported 40 21.6 31 30.1 9 11.0

Reported <250m 39 21.1 27 26.2 12 14.6

250–499m 29 15.7 17 16.5 12 14.6

500–749m 28 15.1 13 12.6 15 18.3

750–999m 14 7.6 2 1.9 12 14.6

≥1,000m 26 14.1 8 7.8 18 22.0

Location unknown 9 4.9 5 4.9 4 4.9

Barriers <0.001

None reported 82 44.3 35 34.0 47 57.3

Reported <250m 54 29.2 38 36.9 16 19.5

250–499m 19 10.3 14 13.6 5 6.1

500–749m 8 4.3 4 3.9 4 4.9

750–999m 2 1.1 1 1.0 1 1.2

≥1,000m 3 1.6 0 0.0 3 3.7

Location unknown 17 9.2 11 10.7 6 7.3

TABLE 3 | Logistic regression models of overall presence and maximal distance from home to neighborhood destinations and barriers to outdoor mobility and odds ratios

(OR) for higher physical activity (n = 185).

Overall presence Presence and maximal distance

Age and sex adjusted Fully adjusted Age and sex adjusted Fully adjusted

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Destinations

None reported 1.00 1.00 1.00 1.00

Reported 3.22 1.33–7.76 1.64 0.62–4.32 1.52 0.55–4.19 0.83 0.27–2.49

Maximal distance – – – – 1.12 1.04–1.22 1.11 1.02–1.21

Age 0.81 0.75–0.89 0.84 0.76–0.93 0.81 0.74–0.89 0.84 0.76–0.93

Sex 1.06 0.55–2.05 1.75 0.83–3.72 1.13 0.56–2.28 1.70 0.78–3.71

SPPB score – – 1.72 1.38–2.15 – – 1.66 1.31–2.09

Barriers

None reported 1.00 1.00 1.00 1.00

Reported 0.36 0.19–0.69 0.40 0.19–0.85 0.23 0.10–0.53 0.22 0.09–0.55

Maximal distance – – – – 1.16 1.01–1.32 1.21 1.04–1.40

Age 0.81 0.74–0.89 0.84 0.76–0.93 0.80 0.73–0.88 0.84 0.76–0.93

Sex 1.12 0.58–2.18 1.63 0.76–3.49 1.36 0.66–2.78 1.80 0.80–4.07

SPPB score – – 1.73 1.39–2.16 – – 1.72 1.36–2.19

Statistically significant associations of main variables are bolded (p < 0.050).

SPPB, Short Physical Performance Battery; 95% CI, 95% confidence interval.

than their presence per se, was associated with physical activity.
Neighborhood destinations facilitating outdoor mobility, such as
nature, parks, and services, were associated with higher physical
activity especially when located further away from home, i.e.,
beyond 500m. In contrast, outdoor mobility barriers, such as
street quality and difficult terrain, were associated with markedly
lower levels of physical activity, especially when located close to
the home, i.e., within 250 or 500 m.

In line with previous research (25), distances of 500m from
home may not be sufficient to capture all destinations for
outdoor mobility of an older person. The current study showed
that reporting locations beyond 500m from home especially
correlated with higher physical activity. Correspondingly,
research has shown that older adults moving further away from
home generally are more physically active (37). A previous study
based on traditional questionnaire data showed that reporting
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TABLE 4 | Logistic regression models of neighborhood destinations and barriers

to outdoor mobility categorized by distance from home and odds ratios (OR) for

higher physical activity (n = 185).

Age and sex adjusted Fully adjusted

OR 95% CI OR 95% CI

Destinations

250m

None

reported

1.00 1.00

All within 1.51 0.50–4.57 0.90 0.26–3.13

≥1 beyond 4.22 1.69–10.50 1.95 0.71–5.33

Location

unknown

2.25 0.43–11.62 1.77 0.32–9.91

Age 0.82 0.75–0.89 0.84 0.76–0.93

Sex 1.16 0.59–2.31 1.78 0.83–3.81

SPPB score – – 1.70 1.36–2.14

Destinations

500m

None

reported

1.00 1.00

All within 1.61 0.60–4.31 0.78 0.26–2.35

≥1 beyond 6.19 2.34–16.41 2.95 1.02–8.54

Location

unknown

2.17 0.41–11.37 1.70 0.30–9.61

Age 0.81 0.74–0.89 0.83 0.75–0.92

Sex 1.27 0.63–2.55 2.01 0.92–4.41

SPPB score – – 1.73 1.37–2.18

Destinations

750m

None

reported

1.00 1.00

All within 2.03 0.80–5.15 1.07 0.38–2.97

≥1 beyond 11.21 3.60–34.97 4.99 1.44–17.26

Location

unknown

2.32 0.44–12.27 1.82 0.32–10.28

Age 0.79 0.72–0.87 0.82 0.74–0.91

Sex 1.08 0.54–2.18 1.62 0.75–3.54

SPPB score – – 1.69 1.34–2.12

Destinations

1 km

None

reported

1.00 1.00

All within 2.77 1.12–6.82 1.41 0.52–3.82

≥1 beyond 6.94 2.09–23.09 3.07 0.82–11.49

Location

unknown

2.35 0.45–12.16 1.83 0.33–10.22

Age 0.81 0.74–0.89 0.84 0.76–0.93

Sex 1.05 0.53–2.05 1.67 0.78–3.58

SPPB score – – 1.72 1.37–2.15

Barriers

250m

None

reported

1.00 1.00

All within 0.31 0.14–0.69 0.30 0.12–0.74

≥1 beyond 0.48 0.19–1.19 0.56 0.20–1.55

Location

unknown

0.33 0.10–1.04 0.51 0.14–1.79

Age 0.81 0.74–0.89 0.84 0.76–0.93

Sex 1.14 0.58–2.25 1.65 0.76–3.59

SPPB score – – 1.75 1.40–2.18

Barriers

500m

None

reported

1.00 1.00

All within 0.30 0.14–0.62 0.31 0.14–0.72

≥1 beyond 0.96 0.26–3.45 0.96 0.23–3.99

(Continued)

TABLE 4 | Continued

Age and sex adjusted Fully adjusted

OR 95% CI OR 95% CI

Location

unknown

0.33 0.10–1.04 0.51 0.14–1.79

Age 0.81 0.74–0.89 0.84 0.76–0.93

Sex 1.14 0.58–2.5 1.61 0.74–3.49

SPPB score – – 1.74 1.39–2.18

Barrier reporting beyond 750 or 1,000mwas too rare to compute valid regressionmodels.

Statistically significant associations of main variables are bolded (p < 0.050).

SPPB, Short Physical Performance Battery; 95% CI, 95% confidence interval.

destinations within 10- to 20-min walk distance from home in
a lower density city was associated with higher physical activity
in adults aged 65 and over, thus suggesting that destinations
are optimally located when within easy reach, but not too close
to home (38). Although walking speeds vary in old age (39),
it is likely that destinations located beyond 500m from home,
as reported in the current study, are situated within a 10- to
20-min walk time frame. However, other studies have shown
that shorter distances to destinations may be beneficial on the
long term, as reporting utilitarian destinations within 10min
from home was associated with better maintenance of walking
for transportation 4 years later in adults 50–64 years old (18).
In addition, objectively assessed proximity to services based
on home and service locations was also associated with better
maintenance of walking activity 3 years later in adults 67–84 years
old (23). Differences between cross-sectional and longitudinal
findings warrant further study.

In contrast to neighborhood destinations, neighborhood
barriers to outdoor mobility were more commonly identified
at relatively close distance from home. In line with previous
research (7, 8), the current study shows that those reporting at
least one barrier in the neighborhood more likely reported lower
physical activity. When further looking at locations of reported
barriers, we found that this association was true only when
barriers were located within 250 or 500m from home and not
when barriers were located further away from home. Moreover,
as a continuous variable, longer distances from home to reported
barriers increased the odds for higher physical activity. This
finding may be explained in several ways. Older adults with a
restricted life space are known to report outdoormobility barriers
in the neighborhood more frequently than those moving further
away from home (13). Outdoor mobility barriers located closer
to home, including those related to poor walking conditions,
may be related to avoidance of activities for example as a result
of fear of falls (40). In the current study, only those moving
further away from the home—and consequently more physically
active (37)—were likely reporting barriers located further away
from home. To perceive an outdoor mobility barrier, it needs
to be relevant to one’s outdoor mobility and one needs to be
aware of it (41), thus, located in the area used by an individual.
Moreover, barriers located further away from the home may
be less limiting for physical activity and more easy to avoid,
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i.e., by taking alternative routes than those located closer to
home. Taking a closer look at specific barriers revealed that
especially lack of benches was reported at longer distances
from home. Possibly, this suggests that older adults may need
environmental support when moving further away from home.
Considering that barriers are typically perceived only when the
demands of the environment challenge the capacities of an
individual (6), it is possible that any barrier reporting, including
perceived barriers at long distances from home, point to early
declines in functioning. It is unclear whether reporting perceived
barriers located further away from home may potentially lead to
avoidance of activity or whether individuals are able to modify
their behaviors to overcome the challenge and maintain their
activity regardless (42, 43).

The sample of the current study was on average well-over 80
years, an age where physical and cognitive limitations typically
manifest. Previous studies have shown that associations between
environmental features and physical activity differ for those
with and without limitations in walking or physical function
(29, 44). Adjusting the current analyses for an early indicator
of functional decline, i.e., the SPPB score, clearly attenuated
associations between neighborhood destinations and physical
activity. Thus, in line with previous studies (24, 29), it seems that
those with better function more frequently report neighborhood
destinations and higher physical activity. Yet, the association
found between neighborhood barriers to outdoor mobility and
physical activity was virtually unaffected by adjustment for SPPB
score. This contradicts the assumptions of the socioecological
model (6), where declines in physical capacity are expected
to increase the vulnerability to environmental demands, and
thus, as a logical consequence, would affect barrier reporting.
However, considering the fact that barrier perception also
depends on use and awareness of the environment (41), it
is possible that those with poorer function, and thus, less
physically active, may not report neighborhood barriers to
outdoor mobility as a result of infrequent moving through
the neighborhood.

Cognitive function, chronic conditions, and social support
were not associated with physical activity in any of the current
regression models, and they did not affect associations between
neighborhood destinations and barriers for outdoor mobility
and physical activity. Partly the lack of associations may be
related to the use of rather crude measures in the current study.
Executive function, one domain of cognitive function involved
in task planning and coordination, may be more proximal
to motoric tasks and physical activity than general cognitive
function, such as assessed with the MMSE (45). Furthermore,
one single chronic condition with large debilitating effects on
mobility, e.g., painful musculoskeletal or neurological conditions,
may be more meaningful than overall chronic diseases burden
(46). However, considering the difficulty to assess disease severity
and impact in large epidemiological studies, general indicators
of chronic disease burden are frequently used and recommended
(34). In addition to the physical environment, aspects of the social
environment may play an important role in physical activity
(19). Social activities, such as visiting friends, may provide a
reason to go out and having a companion to walk with may

make it more enjoyable to leave home, and, as a consequence,
facilitate physically active lifestyle (7, 37, 47). In the current study,
participants with lower physical activity more frequently lived
alone, and also, they were older and more often female, possibly
related to widowhood. However, the other indicator of social
support in the current study, that is, having a friend to walk or run
errands with, did not differ according to physical activity level.
Furthermore, based on these two indicators, social support was
not associated with physical activity. Yet considering loneliness
being a common problem in aging populations, relations of the
social and physical environment and physical activity warrant
further study.

Until recently, relations between perceived distance or
proximity to services and physical activity were mainly based on
questionnaire data without reference to the actual environment
(20). Technological innovations led to the development of map-
based questionnaires, but spatial measures of the perceived
environment have rarely been used in research (48) and, to
our knowledge, previously only in adults up to the age of
75 years (49). Our participants were markedly older (79–94
years) and were able to determine locations for most of the
features hindering and facilitating their outdoor mobility on a
map when provided with technical assistance by an interviewer.
Independent completion of map-based questionnaires will be
possible in the near future, as younger generations are more
familiar with the use of digital devices. Map-based questionnaires
seem a feasible alternative for collecting place-based data from
participants, as GPS data collection currently burdens both
researchers (data cleaning and analyses) and participants (e.g.,
continuous charging of device) (50). GPS and map-based self-
report data do not fully coincide, but still provide reasonable
estimates of distances traveled by older adults (50, 51).

Strengths of the current study are the population-based
sample of adults above 75 years. There were relatively fewmissing
data and characteristics of participants and non-respondents
were studied and did not markedly differ. We used a novel
method to collect data from older adults using map-based
questionnaires and thereby provide new insights in spatial
relations in physical activity research.

Limitations of the study were the rather limited sample size,
which did not enable us to look at subgroups of age, sex,
or function or to thoroughly adjust for potential confounders.
This study comprised a culturally relatively homogenous sample;
therefore, generalizability of these results to cultural settings
beyond Finland needs to be established. Only self-reported
measures for the neighborhood environment and for physical
activity were available for analyses. Physical activity derived from
self-report questionnaires is typically overestimated, but the use
of accelerometers poses higher commitment of study participants
and staff, and its accurateness may be challenged by slow
movement patterns typical for older adults (52). The measure
of physical activity was non-specific, covering both utilitarian
and recreational walking as well as other physical activities,
but different environmental features may be associated with
such types of physical activity (16, 53). Perceived neighborhood
features may not accurately reflect the actual environment (22,
29), but may be more proximal to physical activity behavior of
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the individual than more objectively assessed measures of the
environment (21). Ideally, studies should include both objective
and perceived measures of the environment and physical activity
to provide a comprehensive picture. The current study does not
account for residential self-selection, which may theoretically
bias the results (54). However, with half of participants already
living in the same home for 23 years and with marked
urbanization of the study area in the past decennia, choices
made at the time of moving to the current home may no longer
be relevant. Distances from home to neighborhood destinations
and barriers were measured over a straight line (Euclidean
distance), thus likely underestimating actual distances along the
road network, which are more complicated to compute (55).
Regardless, distances of 250 and 500m from home, as used in
the current study, are likely within walkable distance along the
road network as well. Yet it is possible that distances are perceived
differently by each person depending on function and habits, thus
associations with perceived distances require further study.

CONCLUSIONS

The current study shows that Finnish older adults move at
distances beyond 500m from home, and that those reporting
neighborhood destinations and barriers to outdoor mobility
beyond such distances are likely more physically active. Outdoor
mobility barriers seem to limit physical activity only when
located closer to the home, that is, within 250 or 500m
from home. Based on the current study, collecting spatial data
using map-based questionnaires seems feasible even in older
populations. Utilizing such data expands the possibilities for
scientific research on person–environment interactions and may
help to inform urban planning about designing environments
conducive of active aging. Comprehensive measures including
perceptions and objective measures of environmental features
and distances are needed to capture the full picture of spatial
relations and person–environment interactions in physical
activity relative to older adults’ homes. Future research should
broaden the scope to also cover activities beyond physical activity,
i.e., investigating active aging more in general and in more
diverse settings.
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