. Available online at www.sciencedirect.com

ScienceDirect

updates

Spori and Health Science

Journal of Sport and Health Science 9 (2020) 651—-656
www.jshs.org.cn

Original article

Walking-friendly built environments and objectively measured physical
function in older adults

Mohammad Javad Koohsari “>*, Gavin R. McCormack 4ol Tomoki Nakaya £, Ai Shibata ",

Kaori Ishii ?, Akitomo Yasunaga', Yung Liao *, Koichiro Oka *

? Faculty of Sport Sciences, Waseda University, Tokorozawa 359-1192, Japan
® Behavioural Epidemiology Laboratory, Baker Heart and Diabetes Institute, Melbourne, VIC 3004, Australia
¢ Melbourne School of Population and Global Health, The University of Melbourne, Melbourne, VIC 3010, Australia
4 Department of Community Health Sciences, Cumming School of Medicine, University of Calgary, Calgary, Alberta T2N 426, Canada
¢ Faculty of Kinesiology, University of Calgary, Calgary, Alberta T2N 476, Canada

f School of Architecture, Planning and Landscape, University of Calgary, Calgary, Alberta T2N 426, Canada
€ Graduate School of Environmental Studies, Tohoku University, Sendai 980-0845, Japan
" Faculty of Health and Sport Sciences, University of Tsukuba, Tsukuba 305-8574, Japan
' Faculty of Liberal Arts and Sciences, Bunka Gakuen University, Tokyo 151-8523, Japan

Received 27 August 2019; revised 22 November 2019; accepted 12 December 2019
Available online 7 February 2020

2095-2546/© 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background: Few studies have examined the associations between urban design attributes and older adults’ physical function. Especially, it is
not well known how built-environment attributes may influence physical function in Asian cities. The aim of this study was to examine associa-
tions between objectively measured environmental attributes of walkability and objectively assessed physical function in a sample of Japanese
older adults.

Methods: Cross-sectional data collected in 2013 from 314 older residents (aged 65—84 years) living in Japan were used. Physical function
was estimated from objectively measured upper- and lower-body function, mobility, and balance by a trained research team member. A
comprehensive list of built-environment attributes, including population density, availability of destinations, intersection density, and dis-
tance to the nearest public transport station, were objectively calculated. Walk Score as a composite measure of neighborhood walkability
was also obtained.

Results: Among men, higher population density, availability of destinations, and intersection density were significantly associated with better
physical function performance (1-legged stance with eyes open). Higher Walk Score was also marginally associated with better physical function
performance (1-legged stance with eyes open). None of the environmental attributes were associated with physical function in elderly women.
Conclusion: Our findings indicate that environmental attributes of walkability are associated with the physical function of elderly men in the con-
text of Asia. Walking-friendly neighborhoods can not only promote older adults’ active behaviors but can also support their physical function.

Keywords: Elderly; Functional test; Neighborhood; Urban design; Walkability

1. Introduction or older by 2036.” Maintaining older adults’ physical function is
a key factor in supporting their ability to be independent and to
age healthfully.” Physical function refers to the ability to perform
the basic daily activities, such as eating, bathing, toileting, and
dressing, that are required to remain independent.” There is well-
established evidence of the positive role of physical activity (PA)
on physical function in the elderly.”° For example, a longitudinal

Peer review under responsibility of Shanghai University of Sport. study found that PA over the life course was associated with less
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The world’s population is ageing dramatically, and the num-
ber of older adults is growing rapidly worldwide. For example, in
the United States, 88.5 million people will be older than 65 years
by 2050." In Japan, one of every 3 people will be 65 years of age
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Older adults’ physical function gradually declines with age,
so their immediate surrounding environments, such as home
and neighborhood, play an important role in supporting their
physical function, mainly by providing opportunities for them
to remain physically active.® The hypothesis is that walkable
environments can positively impact older adults’ physical
function by providing more opportunities to be physically
active. A growing body of research has examined the built-
environment correlates of older adults’ PA. A recent system-
atic review using a meta-analysis reported strong associations
between a neighborhood’s physical attributes, such as residen-
tial density, walkability, street connectivity, and availability of
destinations, with older adults’ active movements.’ There are
few studies, however, examining how these environmental
attributes of walkability may influence older adults’ physical
function.'”'” For example, a study conducted in the United
States found that perceived neighborhood problems (e.g.,
noise, traffic, poor lighting) were associated with physical
function decline over 1 year.'” A longitudinal study conducted
in the United Kingdom found that better access to and avail-
ability of green spaces was associated with slower decline in
physical function among the elderly.'? Another recent study
found that living in higher walkability areas was negatively
associated with functional disability among older adults in
Brazil."’

Notably, the majority of these studies were conducted in the
context of Western cities in the UK and US. It is less well known
how built-environment attributes may influence physical function
in Asian cities, especially in Japan. As a super-aged society, cre-
ating healthful cities that support aging in place for older people
has become an ongoing focus in Japan.'® However, the lack of
evidence-based information regarding walking-friendly neighbor-
hood design in the context of ageing societies is a key chal-
lenge.'® Similar to many Asian cities, Japanese cities are highly
populated and dense. These unique urban-form characteristics are
the reasons that the results of previous studies investigating asso-
ciations between built-environment attributes and physical func-
tion conducted in Western countries may not be fully applicable
to Asian cities. Evidence from Asia has global relevance and will
be of interest to policymakers, population/public health practi-
tioners, and researchers, especially those interested in supporting
physical function among older adults in densely populated, com-
pact cities.

Therefore, the current study aimed to examine associations
between objectively measured environmental attributes of
walkability and objectively assessed physical function in a
sample of Japanese older adults.

2. Methods
2.1. Data source and sample

Data were obtained from a larger epidemiologic study con-
ducted in 2013 at Waseda University; it examined social and
built-environment determinants of Japanese older adults’
health behaviors and outcomes. A detailed description of the
sample design and data collection are provided elsewhere.'”*"
Briefly, data were obtained from older adult residents living in
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Matsudo City, Chiba prefecture, Japan. To recruit participants,
an invitation letter was sent to 3000 older adult residents (aged
65—84 years) who were randomly selected from the govern-
ment registry of residential addresses of 107,928 older adults.
Of these, a total of 951 (31.7%) took part in the main study,
and 349 (36.7%) participated in a 2-h on-site examination in
which health outcomes (e.g., physical function, body mass
index) were collected objectively. A book voucher (JPY1000)
was given to those participants who completed the on-site
examination. All participants provided written informed con-
sent. The Institutional Ethics Committee of Waseda University
(2013—265) and the Institutional Review Board of Chiba Pre-
fectural University of Health Sciences (2012—042) approved
the study.

2.2. Measures

2.2.1. Physical function

A trained research team member assessed physical function
by using objective measures of upper- and lower-body func-
tion, mobility, and balance. Upper-body function was mea-
sured by using a hand-grip strength evaluation. Grip strength
is a valid indicator of overall health, including physical func-
tion in older adults.”'*** To measure hand-grip strength, partic-
ipants stood upright and squeezed, as hard as possible, a
Smedley-type handgrip dynamometer (TKK5041, Takei Sci-
entific Instruments, Niigata, Japan) with the grip size adjusted
to a comfortable level.”® Participants performed 1 trial with
the dominant hand (to the nearest 0.1 kg). Lower-body func-
tion was measured by maximum gait speed.”* The maximum
gait speed was measured over an 11-m walkway course start-
ing when the body trunk passed the 3-m mark and ending
when the body trunk passed the 8-m mark. Maximum gait
speed was measured once and calculated as distance divided
by walking time (m/s; to the nearest 0.1 m/s). The timed up-
and-go test was used to measure mobility.”> The timed up-
and-go was evaluated by asking participants to stand up from
an armless chair, walk on a flat surface a distance of 3 m as
fast as possible, and return to the chair and sit. The timed up-
and-go was conducted twice, and the faster of the 2 results (to
the nearest 0.1 s) was used. Balance was assessed using a 1-
legged stance test with eyes open. Participants raise 1 preferred
leg and stand as long as possible. They were timed until they
lost their balance or reached a maximum of 60 s. Participants
did 2 trials, and the longer of the 2 results (to the nearest 0.1 s)
was recorded.

2.2.2. Environmental attributes of walkability

A comprehensive list of environmental attributes, including
population density, availability of destinations, intersection
density, and distance to the nearest public transport station,
that are associated with older adults’ PA***” were included in
this study. These attributes were calculated by using geo-
graphic information systems software in both 800 m (0.5 mile)
and 1600 m (1 mile) road network-based buffers around each
participant’s geocoded residential address.These buffers were
chosen in order to be consistent with several previous studies
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examining associations between built-environment attributes
and older adults® health.”® *' Population density was defined
as the density of each buffer area (excluding water and no-pop-
ulation zones) using the 500-m gridded population data from
the 2010 Japanese population census in the format of Half
Grid Square, which is a type of small area unit commonly used
for various national statistics in Japan (https://www.stat.go.jp/
english/data/mesh/06.html). The availability of destinations
referred to the total number of 9 types of destinations—banks,
bookstores, convenience stores, elementary schools, commu-
nity centers, postoffices, restaurants, supermarket/department
stores, and sports/fitness clubs—calculated within each buffer.
Geographic information systems-based location information
of the public facilities is available in the 2010—2013 National
Land Numerical Information, which is maintained as open
data by the Ministry of Land, Infrastructure, Transport and
Tourism (http://nlftp.mlit.go.jp/ksj-e/index.html). The location
information of private destinations were obtained by geocod-
ing their addresses as listed in the digitized version of Hello
Page, which is a telephone directory maintained by Nippon
Telegraph and Telephone Corporation. The 2015 telephone
directory data and the 2010—2013 National Land Numerical
Information were used to calculate the availability of destina-
tions. Intersection density was measured as the ratio of 3-way
or more intersections per km? by using data from the 2015
Digital Maps (Basic Geospatial Information), which comprise
geographic information systems vector datasets created and
updated by the Geospatial Information Authority of Japan
(https://www.gsi.go.jp/common/000078705.pdf). The net-
work-based distance was used to calculate the distance
between each participant’s location and the nearest public
transport station. Walk Score, a publicly available tool, was
also obtained from its website (www.walkscore.com) as a
composite measure of neighborhood walkability. The validity
of the Walk Score as an objective composite measure of neigh-
borhood walkability in Japan has been reported elsewhere.*>
Walk Score takes into account the access to a variety of desti-
nations, residential density, and street connectivity around any
given address. Higher Walk Scores indicate the potential of a
location to be conducive to walking.

2.2.3. Covariates

As part of the on-site examination, participants were
asked to answer self-administered questionnaires that
included sociodemographic information, length of residence,
and measures of lower body pain, depression, and cognitive
function. Participants reported the following sociodemo-
graphic characteristics: age, gender, educational attainment
(tertiary or higher, below tertiary), living status (alone, with
others), and working status (working with income, retired).
Participants were also asked about their lower-body pain
using a 1—4 scale (1 =no pain, 2=mild, 3 =moderate, and
4 =severe) and length of residence in the same house (as a
proxy for exposure to the built environment). Depression
was measured using the Japanese version of the 15-item
Geriatric Depression scale.”””" Cognitive function was
assessed using the Mini-Mental State Examination.’”

653
2.3. Statistical analysis

The associations among environmental attributes of walkability
(continuously) and objectively assessed physical function meas-
ures were examined by multiple linear regression with adjustment
for covariates (age, educational attainment, living status, working
status, lower-body pain, length of residence, depression, and cog-
nitive function) stratified by gender. PA is a potential mediator
between the built-environment attributes and physical function, so
those who were unable to engage in PA were removed from the
analysis. Furthermore, each environmental attribute was examined
separately in each model (not mutually adjusted because of collin-
earity) to examine their total effects. Analyses were conducted
using Stata 15.0 (Stata Corp., College Station, TX, USA), and the
level of significance was set at p < 0.05.

3. Results

After excluding those with missing physical function values
and those who were unable to engage in PA, data from 314
participants were included in this study. Table 1 shows the
characteristics of the sample. The mean age was 74.6 years,
and just over one-third (38.2%) were female, just over one-
third (36.9%) had completed tertiary or higher education,
86.6% were living with others, more than two-thirds (74.2%)
were on pension, and 48.4% had no lower-body pain. In men,
the mean age was 75.2 years, and approximately 44.3% had
completed a tertiary or higher education. These figures (the
mean age and education levels) were lower in women.

Table 1

Characteristics of study participants (n=314).

Variable Total Women Men P’
(n=120) (n=194)

Age (year) 746+£53 738+50 752+54 <0.01

Education

Tertiary or higher 116 (36.9)  30(25.0) 86 (44.3) <0.01

Below tertiary 193 (61.5) 89 (74.2) 104 (53.6)

Missing 5(1.6) 1(0.8) 42.1)

Living status

Alone 37(11.8) 18 (15.0) 19 (9.8) ns

With others 272 (86.6) 101 (84.2) 171 (88.1)

Missing 5(1.6) 1(0.8) 42.1)

Working status

Working with income 80 (25.5) 25(20.8) 55(28.4) ns

On pension 233(74.2) 95(79.2) 138 (71.1)

Missing 1(0.3) - 1(0.5)

Lower body pain

No pain 152 (48.4) 58(48.3) 94 (48.5) ns

Mild 130 (41.4) 49 (40.8) 81(41.8)

Moderate 26 (8.3) 10 (8.3) 16 (8.2)

Severe 4(1.3) 3(2.5) 1(0.5)

Missing 2(0.6) - 2(1.0)

Length of residence 310+ 156 309+134 31.0+16.8 ns

Depression (GDS-15 score) 2.8 +3.0 28+£2.7 2.8 £3.1 ns

Cognitive function 276 £27 273+34 277+£22 ns

(MMSE score)

Note: Values are presented as mean & SD or # (%).

* Based on independent ¢ test or x? test.

Abbreviations: GDS = Geriatric Depression scale; MMSE = Mini Mental State
Examination; ns = non significant.
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Table 2 and Table 3 show the associations between environ-
mental attributes of walkability and objectively assessed physical
function measures, stratified by gender. Most of the physical
function outcomes, except the 1-legged stance with eyes open
measure, were not significantly associated with environmental
attributes of walkability. Among men, there were significant asso-
ciations among population density within 1600 m (8=3.11,
95%CI: 0.39—5.83), availability of destinations within 1600 m
(B=4.73, 95%CI: 1.99—7.47), intersection density within 800 m
(8=3.39, 95%CI: 0.32—6.47), and 1-legged stance with eyes
open. Walk Score was also marginally significantly associated
with 1-legged stance with eyes open (8=3.06, 95%CI: —0.02 to
6.15). Among women, none of the environmental attributes were
significantly linearly associated with physical-function measures.

4. Discussion

This study examined the associations between walkable
environmental attributes and objectively assessed physical
function in a sample of older Japanese adults. We found linear
positive associations between population density and

Table 2
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availability of destinations within a 1600-m buffer, intersec-
tion density within 800 m, and Walk Score (marginally signifi-
cant) with physical function (1-legged stance with eyes open)
among men. This finding is consistent with previous findings
that have shown associations between walkable environments
and older adults’ physical function.'”'*'* Our study provides
unique findings in the context of less-studied Asian cities.
There are several pathways through which the walking-
friendly built environment may positively influence physical
function among older adults. In addition to supporting PA, the
environmental attributes of walkability can impact physical
function through fostering social interactions. Several studies
have shown that residents who lived in walkable environments
may have better opportunities to interact with their neighbors
and better social engagement,”® ** which can positively influ-
ence their physical function.’”**’

Our findings indicate that walkable environments may not be
relevant to supporting physical function in elderly women. Previ-
ous studies have shown that risk factors for older adults’ physical
function may differ by gender.*'** For instance, a cross-sectional
study found that PA was a strong predictor of physical function

Association between environmental attributes of walkability and objectively assessed physical function measures among men.

Hand-grip strength
B (95%CT)

Maximum gait speed
B (95%CT)

Time up-and-go
B (95%CTI)

One-legged stance with eyes open
B (95%CT)

Population density

Within 800 m buffer

Within 1600 m buffer
Availability of destinations
Within 800 m buffer

Within 1600 m buffer
Intersection density
Within 800 m buffer

Within 1600 m buffer
Access to public transport station
Walk score

—0.32 (—1.29 t0 0.65)
—0.60 (—1.54 t0 0.34)

—0.02 (—0.98 t0 0.93)
—0.09 (—1.06 to 0.88)

—0.49 (—1.55 t0 0.57)
0.06 (—0.97 to 1.09)
0.84 (=0.13 to 1.82)

~0.29 (—1.38 t0 0.79)

—0.01 (—0.07 t0 0.05)
—0.02 (—0.08 to 0.04)

—0.00 (—0.06 to 0.06)
—0.03 (—0.10 to 0.03)

—0.04 (—0.11 t0 0.02)
—0.06 (—0.12 t0 0.01)
—0.04 (—0.10 to 0.03)
—0.01 (—0.08 to 0.06)

—0.03 (—0.19t0 0.12)
—0.02 (—0.17 t0 0.13)

2.41 (—0.40 t0 5.22)
3.1 (0.39 to 5.83)*

—0.05 (—0.20t0 0.11)
—0.04 (—0.20t0 0.12)

242 (—0.35 t0 5.20)
4.73 (1.99 to 7.47)*

—0.10 (=0.27 t0 0.08)
—0.12 (—0.29 t0 0.05)

0.04 (—0.12 to 0.20)
—0.09 (—0.26 to 0.08)

3.39 (0.32 to 6.47)*
1.92 (—1.08 to 4.92)
—0.88 (—3.75 to 1.99)
3.06 (=0.02 to 6.15)"

Note: All models adjusted for age, education, living status, working status, lower-body pain, length of residence, depression, and cognitive function.

* p<0.05%p<0.06.

Abbreviations: 8 = regression coefficients for standardized environmental variables; CI = confidence interval.

Table 3

Association between environmental attributes of walkability and objectively assessed physical function measures among women.

Hand-grip strength
B (95%CT)

Maximum gait speed
B (95%CI)

Time up-and-go
B (95%CTI)

One-legged stance with eyes open
B (95%CI)

Population density

Within 800 m buffer

Within 1600 m buffer
Availability of destinations
Within 800 m buffer

Within 1600 m buffer
Intersection density

Within 800 m buffer

Within 1600 m buffer
Access to public transport station
Walk score

0.37 (—0.59 to 1.32)
0.29 (~0.72 to 1.30)

—0.30 (—1.28 t0 0.69)
—0.32 (—1.30 t0 0.66)

—0.53 (—1.38 0 0.31)
—0.68 (—1.55 t0 0.20)
0.34 (~0.64 to 1.32)
0.42 (—0.62 to 1.46)

—0.06 (—0.17 t0 0.05)
~0.07 (—0.18 t0 0.05)

0.03 (=0.08 t0 0.15)
—0.02 (—0.14 t0 0.09)

—0.02 (—0.12 t0 0.08)
—0.02 (—0.12 t0 0.09)

0.02 (=0.10 t0 0.13)
—0.05 (—0.16 t0 0.07)

—0.09 (—0.30 t0 0.12)
~0.13 (—0.35 t0 0.09)

1.15 (=2.59 to 4.89)
1.12 (~2.80 to 5.05)

0.09 (=0.12 t0 0.31)
—0.04 (—0.25 t0 0.18)

—1.41 (=5.25 t0 2.43)
—0.46 (—4.30 t0 3.37)

—0.09 (—0.27 t0 0.10)
—0.05 (—0.24 t0 0.14)

0.09 (—0.13 to 0.30)
—0.06 (—0.28 t0 0.17)

1.76 (—1.55 to 5.08)
1.40 (~2.04 to 4.84)
1.51 (—2.31 t0 5.35)
0.43 (—3.69 to 4.56)

Note: All models adjusted for age, education, living status, working status, lower-body pain, length of residence, depression, and cognitive function.

Abbreviations: B = regression coefficients for standardized environmental variables.
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among men but not women.”' Nevertheless, our results were in
contrast with a previous study conducted in the US that found a
significant association between neighborhood walkability and a
slower decline in physical function among women who engaged
in walking."' While Michael et al.’s study'' was conducted across
4 metropolitan areas in the US, in a Western sprawl context, our
study was conducted in a compact Asian context where environ-
mental attributes, such as population and destinations, are much
higher. It is likely that exposure to different levels of environmen-
tal attributes may cause these differing results between the 2 stud-
ies. Furthermore, it is possible that other aspects of the built
environment that were not measured in this study (such as traffic
safety or greenery) may be needed to encourage PA in women
and influence their physical function. Future research from various
geographic locations with a comprehensive list of built-environ-
ment attributes are needed to identify whether and how environ-
mental attributes may influence elderly women’s physical
function.

Our study had several limitations. As a cross-sectional study,
causal relationships between variables cannot be inferred. Data
from a relatively healthy sample were used in this study, which
may limit the generalizability of our findings.We tested only for
linear associations between the built environment and physical
function. However, there may be optimal levels above or below
which associations between the built environment and physical
function differ. This provides urban designers and public health
policymakers with more specific criteria for the optimal number
of attributes necessary to influence physical function among the
elderly.”” Future studies from areas with differing amounts of
built-environment measures are necessary to examine these opti-
mal values. Furthermore, it is possible that the association
between the built environment and physical function is conserva-
tive, given that those who were not able to be physically active
were excluded, and these individuals may have the lowest or
poorest physical function. However, we conceptualized PA as a
mediator of the built environment/physical function relationship.
Those who are unable to engage in PA were likely not impacted
by the features of the built environment associated with walk-
ability. A strength of this study is the use of both objectively
assessed built-environment and physical-function attributes.
Additionally, 2 spatial buffers were used to calculate environ-
mental attributes of walkability, which may better capture resi-
dents’ activity spaces (compared with using only 1 buffer).

5. Conclusion

The results of this study support the hypothesis that walk-
ability impacts physical function among elderly men. Walk-
ing-friendly neighborhoods can not only promote older adults’
active behaviors but can also support their physical function.
More evidence is needed to explore how walking-friendly
neighborhood design, among various geographical contexts,
may influence older adults’ physical function.
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