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Background: We aimed to investigate the relationship between neighborhood environments and disparities in walking based on
exercise preference. Methods: This nationwide cross-sectional study included 40,423 Japanese adults (aged 20-98 y, male
50.5%) who responded to a web-based survey with stratified sampling in 2021. Neighborhood environment characteristics were
assessed using the Japanese version of the International Physical Activity Questionnaire Environmental Module. Weekly time
spent walking for leisure and utilitarian purposes was assessed by questionnaire. The Slope Index of Inequality was calculated
using a multivariable logistic regression model and was used to examine the relationship between neighborhood environments
and walking disparities by exercise preference. Results: Almost half (45.2%) of the participants did not like exercise. Median
total walking time was 180 minutes per week (utilitarian walking: 90 min/wk, leisure walking: 45 min/wk) for those who liked
exercise and 100 minutes per week (utilitarian walking: 60 min/wk, leisure walking: O min/wk) for those who disliked it. Except
for safety from traffic and crime, all walkability attributes were positively associated with walking, regardless of exercise
preference. The association between access to shops and public transport and utilitarian walking was stronger among participants
who disliked exercise, contributing to a disparity in walking by exercise preference. On the other hand, the presence of
recreational facilities was more strongly associated with leisure walking among those who liked exercise, related to a greater
disparity in leisure walking by exercise preference. Conclusions: Activity-friendly neighborhood environments may be
associated with a smaller disparity in utilitarian walking between those who liked or disliked exercise.
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Key Points

» Except for safety from traffic and crime, all walkability attributes were positively associated with walking, regardless of
exercise preference.

» The association between access to shops and public transport and utilitarian walking was stronger among participants who
disliked exercise, contributing to a disparity in walking by exercise preference.

» The presence of recreational facilities was more strongly associated with leisure walking among those who liked exercise,
related to a greater disparity in leisure walking by exercise preference.

Physical activity (PA) plays a crucial role in preventing
noncommunicable diseases and promoting health.'-®¢ However,
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To achieve population-level improvements in PA, it is essential to

understand and apply ecological models.!® These theoretical frame-
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models is particularly relevant.!! In addition to social and psychological
factors, environmental and policy contexts matter and explain variations
across PA domains such as leisure, transport, occupational, and house-
hold activities.'® Ecological models thus provide a valuable framework
for understanding how complex interactions across these levels can
either promote or obstruct PA.!%!1

Creating activity-friendly environments is an important strat-
egy for improving population-level PA.%!%13 Many studies have
demonstrated the association between neighborhood environment
characteristics, such as access to shops and public transport, side-
walks, recreational facilities, aesthetics and safety, and PA, espe-
cially walking behavior.!4-1® Walking has been the most widely
used indicator in epidemiological studies on environment and PA,
as it is the most fundamental form of PA and conceptually aligned
with environmental attributes.!4-'¢ Although these environmental
attributes are generally recognized as conducive to walking, several
studies have reported that their contributions can vary by psycho-
logical attributes of individuals, highlighting potential interactions
between environmental and individual factors of walking.!7-20
However, previous research on the interaction between environ-
mental and psychosocial attributes of walking has resulted in
inconsistent findings.!7-2° Some studies have found the association
between built environments and walking to be stronger in adults
with less favorable attitudes toward walking,'”-'%20 whereas one
study suggested the opposite.!® Negative attitudes toward PA, such
as dislike of exercise, have been identified as significant psycho-
logical factors influencing PA levels.?!-22 In addition, prior research
has mainly tested the interactions, without explicitly examining
how environmental conditions contribute to disparities in walking
among individuals with different attitudes toward PA. Research
using inequality indices to quantify such disparities remains lim-
ited. Therefore, this study aimed to examine how neighborhood
environmental characteristics are associated with disparities in
walking between those who like exercise versus those who do not.

Methods
Participants and Data Collection

This cross-sectional study used data from the Survey on Neigh-
borhood Environment and Physical Activity and Health, a nation-
wide web-based survey conducted in Japan in December 2021.
Participants were recruited from a large-scale survey panel man-
aged by Rakuten Insight (formerly Rakuten Research), a major
nationwide internet research agency in Japan, which had approxi-
mately 2.2 million registered panelists in 2022. We targeted
participants in 95 cities, including 70 cities that participated in
the Nationwide Person Trip Survey?? conducted by the Ministry of
Land, Infrastructure, Transport, and Tourism in 2015, 2 cities
(Himeji and Yanagawa) that have participated in the Ministry of
Land, Infrastructure, Transport, and Tourism’s “City Walkability
Promotion Program,”?* and an additional 23 prefectural capital
cities that were not included in the above categories.

A total of 62,400 adults residing in 95 cities with urban to rural
areas were included in the study. In 94 of the 95 cities (except for
Kobe City), 600 participants were selected per city using stratified
sampling: 100 individuals from each age group (20-29, 30-39, 40—
49, 50-59, 60-69, and 70+ years) with an equal gender ratio,
resulting in a total of 56,400 participants. In Kobe City, for another
research purpose, the target sample was 6000, using the same
sampling method: 1000 individuals from each age group, also with
an equal gender distribution.

For the analysis, the 95 cities were classified into 5 categories
based on the Urban Classification Table of the Ministry of Land,
Infrastructure, Transport, and Tourism: (1) 3 major metropolitan
areas (major metro areas), (2) regional core urban areas (core urban
areas), (3) regional central urban areas with a central city popula-
tion of 400,000 or more (large central urban areas), (4) regional
central urban areas with a central city population of less than
400,000, and (5) regional primary urban areas (small central urban
areas).>> Ethical approval for this study was obtained from the
ethics committees of Tokyo Medical University (T2021-0211) and
Teikyo University (23-004-2).

Assessment of the Neighborhood Environment
(Independent Variables)

Perceived Neighborhood Environment

The International Physical Activity Questionnaire Environmental
Module (IPAQ-E) Japanese version was used to assess partici-
pants’ perceived neighborhood environment.?6-28 In previous stud-
ies, IPAQ-E showed good test-retest reliability (Spearman
correlation coefficients: .79-.99, kappa statistics: .63-.97)%7 and
moderate to strong construct validity (Spearman correlation coeffi-
cients: .27-.81) with corresponding subscales of the established
Neighborhood Environment Walkability Scale—Abbreviated.?®
Several of the items from the IPAQ-E have been linked to PA
in international research across 11 countries.?® This questionnaire
consists of 17 items, of which 9 core items were included in this
study: (1) access to shops (a proxy for land use mix), (2) access to
public transport, (3) sidewalks, (4) recreational facilities, (5) crime
safety, (6) traffic safety, (7) seeing many people being physically
active in my neighborhood (social environment), (8) aesthetics, and
(9) bike lanes. The “bike lanes” was excluded because it did not
conceptually match the outcome (walking), leaving a total of 8
items analyzed. Participants rated these items on a 4-point Likert
scale ranging from “strongly disagree” to “strongly agree.” In this
questionnaire, “neighborhood” was defined as the area within a
10- to 15-minute walk from a participant’s residence.

Objective Neighborhood Environment

We used the Japan postcode-level walkability index (JPWI) as an
objective indicator of neighborhood walkability.3° Briefly, the JPWI
was derived from 3 elements—population density, intersection
density, and the number of facility types (land use mix)—measured
within a 1000-m road network buffer around the representative point
of each postcode area.3® Each component was square root trans-
formed, standardized to obtain the index, with higher values indi-
cating more walkable neighborhoods (mean: 0.00 [0.94], range:
—1.85 t0 2.59). Participants’ self-reported residential postcodes were
linked to the publicly available JPWI data set,3° and the correspond-
ing postcode-level JPWI value was assigned to each participant.

Assessment of PA (Dependent Variables)

A self-administered questionnaire was used to assess domain-
specific walking. Participants were asked to report the frequency
of walking (days per week) and the average duration of walking
(minutes per day) for different purposes, including walking for
leisure, commuting, shopping, and other purposes. A previous
study has validated domain-specific walking assessments.'® In this
study, walking was divided into leisure walking and utilitarian
walking (ie, commuting, shopping, and other purposes), as the
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relationship between environmental characteristics and PA de-
pends on the context of the PA.3!-33

Exercise Preference

Exercise preference was assessed with a single item in the self-
administered questionnaire, “Do you like exercise?” Those who
responded “yes” were classified as “like exercise,” whereas those
who responded “no” were classified as “dislike exercise.” In Japan,
the concept of “exercise preference” is widely recognized, and
“dislike of exercise” (“undo-girai”) is generally understood as a
broad term describing individuals with negative attitudes, emo-
tions, or behaviors toward exercise or sport.

Sociodemographic Variables (Covariates)

Sociodemographic variables included age (<65 y and =65 vy),
gender, years of education (<13 y and =13 y), employment status
(employed and unemployed), household income (<4,000,000,
4,000,000-7,999,999, and 28,000,000 yen), living arrangement
(living alone/living with others), frequency of driving (<3 and =3 d/
wk), body mass index (calculated as weight [in kilograms] divided
by height squared [in meter squared] and categorized as <18.5,
18.5-24.9, and >25.0), self-rated health (good and poor), Kessler 6
Scale (a psychological distress scale consisting of 6 items, with
scores ranging from 0 to 24, categorized as <5 and =5 points),3*3>
and smoking status (smoker and nonsmoker). We selected these
variables as covariates based on previous studies examining the
association between neighborhood environments and PA.!1,16.36

Statistical Analysis

Differences in participants’ characteristics between individuals
who like and dislike exercise were examined using Fisher exact
test for categorical variables and the Wilcoxon rank-sum test for
continuous variables. The Slope Index of Inequality (SII) was
employed to assess how environmental differences contribute to
disparities in walking time by exercise preference. The SII is an

Environmental and Physical Activity Disparities 3

absolute measure of inequality commonly used to evaluate health
inequalities across different socioeconomic groups.’’ If a health
outcome is completely equally distributed, the SII equals 0.38
Higher values of SII indicate greater disparities.3®

In this study, the SII was calculated using the environmental
characteristics from the IPAQ-E, maintaining their original 4-point
scale: “very poor,” “somewhat poor,” “somewhat good,” and “very
good.” Each category was assigned a rank based on the cumulative
distribution midpoint, ranging from 0 (most disadvantaged) to 1
(most advantaged). The dependent variables, walking time for
leisure, respectively utilitarian purposes, were dichotomized as
0 minutes per week or more than O minutes per week. These
dependent variables were regressed against the midpoint values
using a logistic regression model adjusted for participant’s char-
acteristics. The SII was calculated as the absolute difference in
predicted values between 2 extremes (rank = 1 and rank = 0).37-3940
The SIIs were calculated separately for individuals who liked or
disliked exercise, and the differences between the groups were
compared using Z-tests.>® In addition, we conducted similar analyses
using the JPWI as an objective measure. Participants’ postcode-
linked JPWI values were categorized into quartiles (Q1-Q4) based
on the sample distribution, and SIIs were computed as above. All
analyses were performed using R version 4.4.0. A p value of <.05
was regarded as statistically significant.

99 <

Results

A total of 48,128 participants responded to the survey. To ensure
consistency across cities, 600 responses were randomly selected
from the 5369 respondents in Kobe City and included in the present
analysis. After data cleaning, 2936 participants who completed the
survey in an unusually short time (<6 min) or provided outlier
responses were excluded. Finally, data from 40,423 residents were
included in the analysis (Figure 1).

Table 1 shows the characteristics of the study participants. The
mean age of the participants was 49.4 (15.6) years and 49.5% were

Target participants in 94 cities (n=56,400)

Target participants in Kobe city (n=6,000)

v

A 4

Participants responded (n=42,759)

Participants responded (n=5,369)

v

Excluded (n=4,769)

L

Randomly selected (n=600)

l

Participants included (n=43,359)

Excluded (n=2,936)

\4

\ 4

- response time is short (<6 minutes) (n=843)
* outlier responses (n=2,097)

Participants included in final analysis (n=40,423)

Figure 1 — Participant flow.
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Table 1 Characteristics of Study Participants

Overall Like exercise Dislike exercise
N =40,423 n=22,161 n=18,262
n (%) n (%) n (%) P
Gender <.001
Woman 20,016 (49.5%) 9261 (41.8%) 10,755 (58.9%)
Age <.001
265y 7951 (19.7%) 4611 (20.8%) 3340 (18.3%)
Residential area .033
Major metro areas 14,548 (36.0%) 8089 (36.5%) 6459 (35.4%)
Core urban areas 4656 (11.5%) 2577 (11.6%) 2079 (11.4%)
Large central urban areas 8301 (20.5%) 4533 (20.5%) 3768 (20.6%)
Small central urban areas 12,918 (32.0%) 6962 (31.4%) 5956 (32.6%)
Education <.001
213y 27,610 (68.3%) 15,855 (71.5%) 11,755 (64.4%)
Employment status <.001
Employed 29,011 (71.8%) 16,551 (74.7%) 12,460 (68.2%)
Household income <.001
<4,000,000 yen 14,222 (35.2%) 6915 (31.2%) 7307 (40.0%)
4,000,000-7,999,999 yen 17,213 (42.6%) 9716 (43.8%) 7497 (41.1%)
28,000,000 yen 8988 (22.2%) 5530 (25.0%) 3458 (18.9%)
Living arrangement <.001
Living with others 33,940 (84.0%) 18,831 (85.0%) 15,109 (82.7%)
Driving <.001
>3 d/wk 22,872 (56.6%) 13,272 (59.9%) 9600 (52.6%)
BMI <.001
<18.5 kg/m* 4423 (10.9%) 2090 (9.4%) 2333 (12.8%)
18.5-24.9 kg/m? 27,856 (68.9%) 16,111 (72.7%) 11,745 (64.3%)
>25.0 kg/m? 8144 (20.1%) 3960 (17.9%) 4184 (22.9%)
Self-rated health <.001
Good 33,127 (82%) 19,546 (88.2%) 13,581 (74.4%)
K6 <.001
=5 points 17,138 (42.4%) 8129 (36.7%) 9009 (49.3%)
Smoking status .009
Nonsmoker 33,646 (83.2%) 18,543 (83.7%) 15,103 (82.7%)
Total walking time (min/wk) 140 (45, 300) 180 (65, 350) 100 (25, 230) <.001
Utilitarian walking time (min/wk) 75 (20, 180) 90 (27, 200) 60 (5, 150) <.001
Leisure walking time (min/wk) 20 (0, 120) 45 (0, 150) 0 (0,60) <.001

Abbreviations: BMI, body mass index; K6, the 6-item Kessler psychological distress scale. Note: Walking time is presented as the median (interquartile range). Other
variables are presented as n (%). Comparisons between those who like and dislike exercise were conducted using the Wilcoxon rank-sum test for walking time and Fisher

exact test for categorical variables.

female. Almost half (45.2%) of the participants did not like
exercise. There were significant differences in time spent walking
between those who liked and disliked exercise. The median total
walking time was 180 minutes per week (interquartile range: 65,
350) for those who liked exercise and 100 minutes per week (25,
230) for those who disliked it (P <.001). The median utilitarian
walking time was 90 minutes per week (interquartile range: 27,
200) for those who liked exercise and 60 minutes per week (5, 150)
for those who disliked it (P <.001). The median leisure walking
time was 45 minutes per week (interquartile range: 0, 150) for those
who liked exercise and 0 minutes per week (0, 60) for those who
disliked it (P <.001). The JPWI values for the areas where the

participants of this study resided range from —1.85 to 2.59, cover-
ing the entire areas across Japan.

The results for SII are presented in Figure 2. All neighborhood
environmental characteristics, except for safety from crime and
safety from traffic, exhibited significantly positive SII values,
regardless of exercise preference.

For utilitarian walking, among all environmental character-
istics, the highest SII was observed for access to shops in both those
who like and dislike exercise, with values of 11.6 (95% CI, 10.1-
13.0) and 14.4 (95% CI, 12.6—-16.2), respectively. When compar-
ing those who liked exercise with those who disliked it, the SII
values for access to shops and access to public transport were
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Figure2 — Slope Index of Inequality (SII) for utilitarian and leisure walking by exercise preference across neighborhood environments. Dots represent

observed values. Line slopes represent the SII. Values indicate SII (95% ClIs). P values indicate differences in SII between exercise preference groups.
Adjusted for gender, age, residential area, education, employment status, household income, living arrangement, driving status, BMI, self-rated health,
K6, and smoking status. BMI indicates body mass index; K6, 6-item Kessler psychological distress scale.

significantly higher among those who disliked exercise (P=.017
and P <.001, respectively).

For leisure walking, aesthetics showed the highest SII in both
groups, with values of 29.9 (95% CI, 28.2-31.6) for individuals
who liked exercise and 28.4 (95% CI, 26.4-30.4) for those who
disliked it. When comparing the 2 groups, the SII value for
recreational facilities was significantly higher among those who
liked exercise (P =.035).

The SII values for safety from crime were not significantly
associated with utilitarian walking, regardless of exercise preference.
For safety from traffic, negative SII values were observed for both
utilitarian and leisure walking in both exercise preference groups.

In analyses using the JPWI, SII for utilitarian walking was 12.5
(95% CI, 11.0-13.9) among individuals who liked exercise and
144 (95% CI, 12.6-16.2) among those who disliked it
(Supplementary Figure S1 [available online]). For leisure walking,
the corresponding SII values were 10.6 (95% CI, 8.8-12.5) and
12.5 (95% CI, 10.4-14.6), respectively. Differences between
exercise preference groups were not statistically significant (utili-
tarian: P =.108; leisure: P=.190).

Discussion

This study examined the association between neighborhood envi-
ronmental characteristics and walking disparities between indivi-
duals who liked or disliked exercise in a Japanese adult population.
We found that walking time for utilitarian purposes and particularly
for leisure was shorter among those who disliked exercise than
among those who liked it. For all of the environmental character-
istics, except for safety from traffic and safety from crime, favor-
able environments were associated with walking, regardless of
exercise preference. Associations of specific environmental

attributes, such as good access to shops and public transport, with
utilitarian walking were stronger among individuals who disliked
exercise. This pattern may contribute to a smaller disparity in
utilitarian walking by exercise preference. On the other hand, the
presence of recreational facilities was more strongly associated
with leisure walking among those who liked exercise, which may
be related to a greater disparity in leisure walking by exercise
preference.

Our finding that individuals who disliked exercise walk less
than individuals who liked it is consistent with previous research
reporting that the dislike of exercise was associated with leisure-
time physical inactivity among adults.?! In addition, a qualitative
study using semistructured in-depth interviews identified disliking
exercise as one of the major barriers to PA among undergradu-
ates.?? Furthermore, the median walking time for leisure was
0 minutes per week among individuals who disliked exercise,
compared with 45 minutes per week among those who liked it.
A large proportion of participants who disliked exercise did not
engage in leisure walking, suggesting that it may be a particularly
undesirable activity for them. This may be partly explained by the
nature of leisure walking. Utilitarian walking, such as walking for
commuting or shopping, is often driven by necessity and may be
less influenced by exercise preference. By contrast, engaging in
leisure walking may require a certain level of interest or enjoyment,
which could make it more susceptible to differences in individuals’
exercise preference.

Regarding utilitarian walking, the SII value for access to shops
was the highest among all environmental characteristics in both
exercise preference groups. When comparing individuals who
liked exercise with those who disliked it, the SII values for access
to shops and access to public transport were significantly higher
among individuals who disliked exercise. These findings suggest
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that good accessibility to shops and public transport may play a key
role in promoting utilitarian walking, particularly among indivi-
duals who are otherwise less inclined to engage in PA, such as
those who dislike exercise. Therefore, improving accessibility may
contribute to a smaller disparity in walking and potentially increas-
ing overall PA levels in the population.

For leisure walking, the SII values for aesthetics and the
presence of many physically active people in the neighborhood
were considerably higher than those for other environmental
characteristics, regardless of exercise preference. Furthermore,
there were no significant differences in SII values between those
who liked or disliked exercise. By contrast, the SII value for
recreational facilities was significantly higher among individuals
who liked exercise. This suggests that certain environmental
characteristics, such as aesthetics and the presence of many physi-
cally active people in the neighborhood, may be associated with
higher levels of leisure walking without contributing to a greater
disparity by exercise preference. By contrast, recreational facilities
may be associated with a greater disparity in leisure walking. These
findings highlight the importance of examining not only the general
associations between environments and walking but also the
potential variation in these associations across different population
subgroups. Environmental characteristics that are perceived as
favorable by a broad range of individuals, regardless of exercise
preference, may be more likely to support equitable patterns of
leisure walking. By contrast, environments that tend to align with
exercise preference may be associated with a greater disparity in
leisure walking. From a public health and urban planning perspec-
tive, it may be worthwhile to consider inclusive environmental
improvements—such as enhancing neighborhood aesthetics and
fostering socially supportive environments—that could encourage
leisure walking among individuals who like or dislike exercise.

According to the SII results, safety from crime was not signifi-
cantly associated with walking, except for leisure walking among
individuals who liked exercise. For traffic safety, the SII showed
significantly negative values for both utilitarian and leisure walking,
regardless of exercise preference. This indicates that a higher
proportion of walking was observed in areas with heavy traffic
where individuals perceived walking as dangerous, irrespective of
whether they liked or disliked exercise. Previous studies have
reported inconsistent findings regarding the relationships between
crime safety, traffic safety, and walking.!%!%27 In addition, some
studies have suggested that the relationship between these environ-
mental factors and walking may vary by context.*! With regard to
traffic safety, areas with higher traffic volumes tend to have greater
land use mix-diversity, which may, in turn, promote walking.*?

This study has several limitations. First, walking was assessed
using a self-reported questionnaire, which is prone to biases.*3*
However, a strength of questionnaires is that they enable measuring
domain-specific walking. Second, as this study was conducted through
an internet-based survey targeting a specific panel of survey respon-
dents, selection bias may have occurred among the participants. Third,
based on previous studies,'®*>* walking during work was excluded
from the analysis as it typically occurs outside the participant’s
neighborhood, which may have affected the results. We acknowledge
that, given the large sample size, it is likely that some of the participants
would live only a few minutes walking distance away from work.
Fourth, as this was a cross-sectional study, reverse causation cannot be
ruled out. Although several environmental attributes could be assessed
with some degree of objectivity using the JPWI, others, particularly
aesthetics and the presence of many physically active people in the
neighborhood, were assessed by self-report and are susceptible to

reverse causation. Fifth, although the study included participants from
a wide range of regions across Japan, a relatively large proportion were
from areas with high JPWI compared with the national population
distribution. Therefore, caution should be paid when interpreting the
results. Finally, the generalizability of our study’s findings may be
limited in countries with higher crime rates or differing environmental
contexts.*® For example, a previous review on promoting PA in low-
and middle-income countries discussed how PA choices and needs vary
in different contexts, suggesting that in regions with higher crime rates
or less favorable environmental conditions, walking may be influenced
more by necessity than personal preference, which may not align with
our study’s findings in Japan.*¢ Further research in diverse contexts may
be needed.

Conclusions

Our findings suggest that the association between access to shops
and public transport and utilitarian walking was stronger among
participants who disliked exercise, contributing to a smaller disparity
in walking by exercise preference. On the other hand, the presence of
recreational facilities was more strongly associated with leisure
walking among those who liked exercise, which may be related
to a greater disparity in leisure walking by exercise preference.
Understanding the role that environmental attributes play in dispa-
rities in walking helps inform decision making in urban design and
transportation to improve population-level PA more equitably.
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