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Abstract: Our study examined the associations between neighborhood walkability, frailty, and the
incidence of long-term care insurance (LTCI) service needs using a prospective cohort survey in a
suburban town in Japan. The final sample for analyses comprised 2867 community-dwelling older
adults (mean age: 73.0 years). Neighborhood walkability was measured using the Walk Score®. A
total of 387 participants (13.5%) exhibited frailty. The odds of frailty, adjusted for the covariates (sex,
age, educational status, marital status, residential status, employment status, subjective economic
status) among participants who lived in somewhat walkable/very walkable areas, was 0.750 (95%
Confidence Interval, CI: 0.597–0.943) versus those who lived in car-dependent areas. During the
23-month follow-up, 102 participants needed LTCI services (19.0 per 1000 person-years), 41 of whom
(21.0 per 1000 person-years) lived in car-dependent areas, and 61 of whom (17.9 per 1000 person-
years) lived in somewhat walkable/very walkable areas. As compared with participants who lived
in car-dependent areas, the incidence of LTCI service needs was not significantly lower than that of
those who lived in somewhat walkable/very walkable areas. Walk Score® can provide the critical
information for the strategies to improve walkability and prevent older adults’ frailty in less walkable
areas, contributing to achieving the United Nation’s Sustainable Development Goals (SDGs).

Keywords: health services for the aged; built environment; dependency; urban design

1. Introduction

The number of people aged 65 or older is projected to triple from an estimated 524 mil-
lion in 2010 to nearly 1.5 billion in the world in 2050 [1]. With the rapid growth of the
aging population, the World Health Organization has indicated that health is one of the
most important goals of successful sustainable development in any city [2]. Frailty is
common among older adults and a strong predictor of long-term care and medical care
utilization [3–7]. For example, a recent study reported that the national prevalence of
frailty was approximately 9% in community-dwelling older adults in Japan [6]. Therefore,
it is essential to improve strategies for preventing frailty among older adults. Physical
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activity level appears to be inversely related to the risk of developing many chronic dis-
eases, or physical and cognitive decline, which are the characteristics of frailty [3,8,9].
Improving neighborhood walkability is a population-based strategy that has been recom-
mended to support physical activity [10–15]. For instance, recent prior systematic reviews
found consistent evidence of higher accessibility and infrastructure for walking, cycling,
and public transportation is associated with better physical activity [13,14]. In walkable
neighborhoods, land use is mixed, with homes near commercial and institutional destina-
tions, and streets are highly connected, providing direct routes from place to place [11].
Neighborhood walkability can influence health status by promoting healthy behaviors of
individuals [16]. Most prior studies focused on the associations between the neighborhood
environment and frailty, or functional status, in older adults in Western cities [17–23];
few such studies have been conducted in Japan [24–27]. Koohsari et al. highlighted the
need for more evidence-based information regarding active-friendly neighborhood design
from super-aged societies, such as Japan, to inform the broader international context [28].
Therefore, examining the role of neighborhood walkability in promoting older adults’
health, in super-aged societies, could contribute to implementing sustainable policies that
promote health.

Assessing and measuring the built environment is the first step in developing walkable
neighborhoods. Although geographic information systems (GIS) have been frequently
used to assess neighborhood walkability objectively [29,30], this method is not easily used
because it requires detailed geographic data, management of these data (cleaning data,
merging with other data), and calculating necessary variables in a GIS software [31]. For
example, a conventional walkability index requires land-use data for individual land
parcels and retail floor area data for commercial parcels that are not readily available [32].
Data management and analysis using GIS software require trained personnel and special
computational equipment. Therefore, policymakers and public healthcare staff may be
unable to understand walkability using GIS easily. Walk Score® is a publicly available
website, developed initially for real estate purposes, that calculates the number of nearby
walkable destinations or amenities, which has emerged as a potential utility tool in public
health [33]. Policymakers and public healthcare staff can easily assess the walkability of a
resident through Walk Score®, which is able to calculate walkability by inputting only an
address. The Walk Score® algorithm calculates a walkability score based on the distance to
destinations, such as grocery stores, coffee shops, restaurants, bookstores, banks, schools,
parks, libraries, and fitness centers within 1.6 km from that location [24,34–36]. These
raw scores are then normalized from 0 to 100 with adjustment by two street-network
measures (intersection density and block length) around each location [24,35]. Higher
scores represent areas with more walkable neighborhoods. Walk Score® appears to be a
valid measure of certain aspects of neighborhood walkability in the US [36,37], Canada,
and Japan [24,25]. Further, several studies have found positive associations between Walk
Score® and walking for transport [38–40], as well as negative associations between Walk
Score® and both body mass index [41,42] and hospitalization caused by heart attack [43].
However, to the best of our knowledge, no study has investigated the association between
Walk Score® and frailty or the incidence of long-term care insurance (LTCI) service needs.

Examining the association between walkability, assessed by Walk Score®, and frailty
helps policymakers and public healthcare staff promote public health. With reference to
prior studies that examined the association between walkability and frailty or functional
status [17–23,26,27,44], we hypothesized that higher Walk Score® would be associated with
a lower risk of the prevalence of frailty or the incidence of LTCI service needs. Our study
examined the associations between Walk Score® and both frailty and the incidence of LTCI
service needs using a prospective cohort study among community-dwelling older adults,
in a suburban town, in Japan.
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2. Materials and Methods
2.1. Study Setting and Data Source

A prospective cohort study was conducted in Hatoyama town, a suburban town in
Saitama prefecture, located to the north of Tokyo, Japan. Hatoyama town has a population
of 14,338 residents (population density 557.2 persons/km2 in 2015), and approximately
39 percent of the population was aged over 65 years in 2015. The primary public trans-
portation is three local bus routes to a train station in a neighboring city; there is no train
station in Hatoyama town. In this study, the study population was 5735 older adults aged
65 years or older who were all residents in Hatoyama town on 1 December 2017. In January
2018, we conducted a questionnaire survey for a health condition, including frailty, among
5150 residents, aged 65 years or older, who had not received care needs certification of
LTCI by 1 December 2017. We sent residents, aged 65 years or older, an envelope with a
return address and paid postage together with a questionnaire. We also sent a letter of
appreciation, and a reminder, to these residents on 26 January 2018. Moreover, we tracked
the incidence of LTCI service needs among older adults after the questionnaire survey,
using data on LTCI, needs certification linked to specific individuals who participated in
our questionnaire survey.

2.2. Independent Variable: Neighborhood Walkability

Neighborhood walkability was measured using Walk Score® (score range: 0–100).
Each residential address of the participants was entered into the Walk Score® website (www.
walkscore.com), by two research staff members, independently, in 2019. Any discrepancy
between the two research staff scores was checked and rectified by the first author. Prior
studies used Walk Score® as both a continuous value and classified into four categories:
(1) “car-dependent” (Walk Score®: 0–49), (2) “somewhat walkable” (Walk Score®: 50–69),
(3) “very walkable” (Walk Score®: 70–89), and (4) “walker’s paradise” (Walk Score®:
90–100) [24,35–43,45]. In this study, we examined the Walk Score® as both a continuous
value and categorized.

2.3. Outcome Variables: Frailty and the Incidence of LTCI Service Needs

Frailty was the main outcome variable. We used the Kaigo-Yobo Checklist (KYCL) to
assess frailty [46,47]. The KYCL comprises 15 questions (yes/no) within three subcategories:
falling, nutritional status, and social activities [47]. The KYCL was validated against the
modified Fried’s criteria [46]. KYCL scores (cut-off point = 3/4) discriminated frailty from
non-frailty with sensitivity of 70.0% and specificity of 89.3% [46]. We used the cut-off
for the frailty of 3/4, based on prior studies [7,46]. The incidence of LTCI service needs
was the secondary outcome variable. This incidence was defined as a new certification
for LTCI service needs, as obtained from LTCI needs, certification data for Hatoyama
town. The Japanese LTCI is a type of mandatory public social insurance that pays for
LTCI services and is different from the medical insurance system [48,49]. All residents
aged 40 and older pay LTCI premium, and those aged 65 and older (and those aged
40–64 with an aging-related disease such as terminal cancer) can be certified for LTCI
service needs [48]. Entrusted investigators separately assess LTCI certification needs from
responsible municipal governments and physicians, caring for seniors, who apply for
certification by the LTCI system. Based on their reports regarding dependency in daily
living activities and comorbidities, an examining, committee composed of municipal staff,
medical doctors, and community health nurses with extensive experience in geriatrics,
decides the need for certification and its grade by independent of the neighborhood
environment [49]. We tracked new certifications for LTCI service needs for 23 months (from
February 2018 to December 2019).

2.4. Covariates

To account for variations in participant characteristics, we selected other variables
available that have previously been used as the covariates, namely sex, age, educational

www.walkscore.com
www.walkscore.com
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status, marital status, residential status, employment status, and subjective economic
status [41,43,45]. Educational status was determined based on the highest level of education
attained by each participant (“high school or lower,” “two-year college or vocational
college,” or “university or higher”). For marital status, the participants were asked whether
they were married or not and for residential status, the participants were asked if they
lived “alone” or “with others.” Participants were categorized as employed or not, with
part-time workers considered “employed.” Subjective economic status was assessed using
a five-point scale and subsequently dichotomized as not poor (“very good,” “good,” and
“normal”) or poor (“very poor” and “poor”).

2.5. Statistical Analyses

We analyzed the questionnaire survey on a baseline using chi-square tests to com-
pare frailty percentages according to the various patient characteristics. We then exam-
ined the association between Walk Score® and frailty, using separate logistic regression
models that treated Walk Score® as continuous or categorized, consistent with prior stud-
ies [24,35–43,45]. Each model adjusted for the covariates above.

Next, the cumulative probability of no LTCI service needs among participants who
lived in areas of different Walk Score® categories was generated using the Kaplan–Meier
method with a log-rank test for comparisons. A Cox proportional hazards model was
constructed for the multivariate analysis, adjusted for the aforementioned covariates, with
Walk Score® treated as continuous values and categorized in separate models. Participants
who died (n = 51) or who moved out of Hatoyama town (n = 18) during the follow-up
period were censored. Adjusted odds ratios and adjusted hazard ratio and their 95%
confidence intervals (CIs) were calculated, and p-values (two-tailed) below 0.05 were
considered statistically significant. All analyses were conducted using SPSS version 25.0
(IBM Corp., Armonk, NY, USA).

3. Results
3.1. Participant

Figure 1 shows a flow chart of the study participant selection. A total of 5150 ques-
tionnaires were sent in January 2018, and 3906 responses were obtained (response rate:
75.8%); of these, 3232 participants provided usable data. We excluded seven participants
who had received LTCI care needs certification between 2 December 2017, and January
2018. Furthermore, we excluded 357 participants who had missing responses for the KYCL
or covariates. The final sample for analysis comprised 2867 participants.
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Figure 1. Flow chart of study participant selection process.

3.2. Association between Neighborhood Walkability and Frailty

The characteristics of the patients are summarized in Table 1. The overall mean age was
73.0 years (standard deviation: 5.9 years). The overall mean Walk Score® was 47.8 (standard
deviation: 16.0); 1043 participants (36.4%) lived in car-dependent areas, 1824 participants
(63.6%) lived in somewhat walkable or very walkable areas, 1823 participants lived in
somewhat walkable areas, one participant lived in a very walkable area, and no participants
lived in a walker’s paradise. We categorized Walk Score® as “car-dependent” or “somewhat
walkable/very walkable,” and indicated the map of categories of Walk Score® in Hatoyama
town (Supplementary Figure S1). Participants living in car-dependent areas are less likely
to graduate two-year college or vocational college, university and more likely to employ
than those who lived in walkable/very walkable (Supplementary Table S1).

Approximately 387 participants (13.5%) had frailty. Table 1 illustrates that the per-
centage of participants with frailty, who lived in somewhat walkable/very walkable areas
(12.4%), was lower than the respective percentage among participants who lived in car-
dependent areas (15.4%).
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Table 1. Characteristics and percentage of frailty among participants (n = 2867).

Characteristics N Frailty (%) p-Value a

Walk Score® category Car-dependent 1043 15.4 0.022
Somewhat walkable/very walkable 1824 12.4

Sex Men 1451 14.3 0.223
Women 1416 12.7

Age groups 65–74 year 1849 10.3 <0.001
75–79 year 616 14.1
≥80 year 402 27.4

Educational status High school or lower 1748 15.0 0.014
Two-year college or vocational college 407 10.8

University or higher 712 11.4
Marital status Unmarried 553 18.3 <0.001

Married 2314 12.4
Residential status Living with others 2568 13.4 0.515

Living alone 299 14.7
Employment status Unemployed 2045 16.1 <0.001

Employed 822 7.1
Subjective economic

status
Not poor 2159 11.6 <0.001

Poor 708 19.2

Abbreviations: Walk Score®: Car-dependent = 0–49, Somewhat walkable/very walkable = 50–89, a chi-square test.

Table 2 shows the association between neighborhood walkability and frailty in models
that did and did not adjust for covariates. The adjusted odds of frailty among participants
who lived in somewhat walkable/very walkable areas was 0.750 times (95% CI: 0.597–0.943)
that of participants who lived in car-dependent areas. Moreover, after adjusting for all
covariates, there was a negative association between Walk Score® treated as a continuous
variable and frailty (adjusted odds ratio, aOR: 0.989, 95% CI: 0.982–0.995).

Table 2. Association between walkability and frailty (n = 2867).

Characteristics OR (95%CI) p-Value a aOR (95%CI) p-Value b

Walk Score® category
Car-dependent Reference Reference

Somewhat walkable/very walkable 0.775 (0.623–0.964) 0.022 0.750 (0.597–0.943) 0.014
Walk Score® (continuous values), per 1 unit increase 0.989 (0.983–0.995) <0.001 0.989 (0.982–0.995) 0.001

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence interval. a Logistic regression analysis, b Multivariable logistic
regression analysis adjusted for all covariates (sex, age, educational status, marital status, residential status, employment status, subjective
economic status).

3.3. Association between Neighborhood Walkability and LTCI Service Needs

Figure 2 shows the Kaplan–Meier curves for overall LTCI service needs for participants
who lived in car-dependent areas and participants who lived in somewhat walkable/very
walkable areas. During the 23-month follow-up period, 102 participants needed LTCI
services (19.0 per 1000 person-years), 41 participants of whom (21.0 per 1000 person-
years) lived in car-dependent areas, and 61 of whom (17.9 per 1000 person-years) lived in
somewhat walkable/very walkable areas.
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Figure 2. Long-term care insurance service needs comparing Walk Score® categories during follow-up.

Table 3 shows Cox proportional hazards analyses adjusted, and not adjusted, for all
covariates. After adjusting, the incidence of LTCI service needs was lower among partici-
pants who lived in somewhat walkable/very walkable areas than participants who lived in
car-dependent areas. However, the hazard ratio was not significantly different from unity
(adjusted hazard ratio, aHR: 0.827, 95% CI: 0.553–1.239). Moreover, no significant reduction
in risk was observed for the incidence of LTCI service needs by Walk Score® increase, with
Walk Score® treated as a continuous variable (aHR: 0.993, 95% CI: 0.982–1.004).

Table 3. Cox proportional hazards analysis comparing long-term care insurance service needs by Walk Score®.

HR (95% CI) p-Value a aHR (95% CI) p-Value b

Walk Score® category
Car-dependent Reference Reference

Somewhat walkable/Very walkable 0.849 (0.572–1.262) 0.419 0.827 (0.553–1.239) 0.357
Walk Score® (continuous values), per 1 unit increase 0.991 (0.981–1.002) 0.123 0.993 (0.982–1.004) 0.225

Abbreviations: HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval. a Cox proportional hazards analysis. b Cox
proportional hazards analysis adjusted for all covariates (sex, age, educational status, marital status, residential status, employment status,
subjective economic status).

4. Discussion

The present study examined the associations between neighborhood walkability and
both frailty and the incidence of LTCI service needs among older adults, in a suburban
town, in Japan. We found significant negative associations between neighborhood walka-
bility assessed by Walk Score® and frailty. However, neighborhood walkability was not
associated with the incidence of LTCI service needs for 23 months following our initial
cross-sectional survey. As no prior study has examined the association between walkability
and the incidence of LTCI service needs, further research may be needed that extends the
follow-up period during which LTCI service needs are assessed.

The risk of frailty among participants who lived in somewhat walkable/very walkable
areas was 0.75 that of participants who lived in car-dependent areas. Health and wellbeing
are essential to achieving the United Nation’s Sustainable Development Goals (SDGs),
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and improving strategies for preventing frailty plays a vital role in promoting health and
wellbeing for older adults [2]. Therefore, Walk Score® provides valuable urban design
insights on improving walkability and preventing older adults’ frailty in less walkable areas.
Moreover, this finding is consistent with several previous studies that revealed associations
between walkability and frailty, or physical function, among older adults [17–23,26,44].
There are several reasons why older adults, who live in more walkable areas, have a
lower risk of frailty than older adults who live in less walkable areas. Prior studies
reported that more walkable areas positively influenced greater physical activity among
older adults [10–12]. Moreover, prior studies also showed that older adults who live in
walkable areas have better opportunities to interact with their neighbors and have better
social capital [50–53], which may lower the risk of frailty by preventing chronic disease
or functional decline [54–56]. However, as the present study did not examine the causal
pathway from neighborhood walkability and frailty, a future study would be required to
identify the mechanism for the association between neighborhood walkability and frailty.

Although the incidence of LTCI service needs was lower among participants who
lived in somewhat walkable/very walkable areas than participants who lived in car-
dependent areas, the difference was not significant. The current data revealed that only
102 participants needed LTCI services during the 23-month follow-up period. The follow-
up period for the incidence of LTCI service needs in the current study could have been too
short for examining the difference in the incidence of LTCI service needs between older
adults who lived in less walkable versus more walkable areas. To our knowledge, no other
study has examined the influence of walkability on the incidence of LTCI service needs.
Therefore, further research examining the association between walkability and incidence of
LTCI service needs is needed with an extended follow-up period or bigger sample size to
increase the incidence of LTCI service needs.

There were several limitations to this study. First, the participants of this study lived
in one suburban town. A prior study showed that the rate of frailty among older adults
who lived in suburban areas was lower than that of those living in metropolitan or rural
areas [7]. Therefore, this study’s rate of frailty could be lower than in urban areas or rural
areas. Moreover, there were no participants who lived in a “walker’s paradise” in this study.
The risk of frailty among older adults who live in an area classified as a walker’s paradise
would be lower than the risk of frailty among older adults who live in less walkable areas
because this study found a negative linear association between Walk Score® and frailty.
This study could have underestimated the association between walkability and the risk
of frailty instead of a study comparing the association between walkability and risk of
frailty in areas ranging from car-dependent to walker’s paradise. Second, using the KYCL
to determine the frailty represents a limitation of this study, although the KYCL has good
concurrent and predictive validity with Fried’s frailty criteria [46]. As the prevalence of
frailty, in this study, was higher than the prevalence of frailty in a recent national study
that used Fried’s frailty criteria [6], the prevalence of frailty in the current study could be
overestimated as compared with the prevalence of frailty among the general population of
older adults in Japan. Third, our assessments of walkability were limited to the baseline
and did not consider any possible changes due to moves within Hatoyama town over
the study period. As Walk Score® did not identify the association of detailed geographic
characteristics, such as intersection density, or land use with frailty, future studies would
need to examine the association of detailed geographic characteristics with frailty using
GIS data. Finally, we did not adjust for potential confounding factors such as psychosocial
factors (e.g., self-efficacy) [57]. This study’s strength is that it is the first to examine the
association between neighborhood walkability, frailty, and incidence of LTCI service needs
using a prospective study in Japan. The evidence provided by this study may contribute to
policy implementation to promote health in aging societies.
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5. Conclusions

The present study found a negative association between neighborhood walkability,
assessed by Walk Score®, and frailty. Walk Score® can provide the information for con-
sideration of the strategies to improve walkability and prevent older adults’ frailty in less
walkable areas. Improving strategies for preventing frailty plays a vital role in promoting
health and wellbeing for older adults, contributing to achieving the SDGs.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/su13105632/s1, Figure S1. Walk Score® categories in the study area; Table S1. Characteristics
between participants who lived in car-dependent areas and somewhat walkable/very walkable areas
(n = 2867).
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