
Academic Editor: Francesco Bellanti

Received: 10 June 2026

Revised: 3 July 2026

Accepted: 8 July 2026

Published: 13 July 2026

Copyright: © 2026 by the authors.

Published by MDPI on behalf of the

Italian Society of Gerontology and

Geriatrics (SIGG). Licensee MDPI,

Basel, Switzerland. This article is an

open access article distributed under

the terms and conditions of the

Creative Commons Attribution

(CC BY) license.

Article

Associations Between Food Access and Frailty Among
Community-Dwelling Older Adults
Tatsuya Koyama 1 , Naoto Otaki 2,3,*, Tomomi Imamura 2,4, Norikazu Tanino 3 and Keisuke Fukuo 2

1 Center for Nutritional Epidemiology and Policy Research, National Institute of Health and Nutrition,
3-17 Senrioka Shimmachi, Settsu 566-0002, Osaka, Japan

2 Research Institute for Nutrition Sciences, Mukogawa Women’s University, 6-46 Ikebiraki-cho,
Nishinomiya 663-8558, Hyogo, Japan

3 Department of Food Sciences and Nutrition, School of Food Sciences and Nutrition,
Mukogawa Women’s University, 6-46 Ikebiraki-cho, Nishinomiya 663-8558, Hyogo, Japan

4 Department of Innovative Food Sciences, School of Food Sciences and Nutrition,
Mukogawa Women’s University, 6-46 Ikebiraki-cho, Nishinomiya 663-8558, Hyogo, Japan

* Correspondence: otk_nao@mukogawa-u.ac.jp; Tel.: +81-0798-45-3728

Abstract

The study examined how multiple dimensions of food access relate to frailty among
community-dwelling older adults. A mail-based questionnaire was sent in August 2020
to 5000 residents aged 65 years or older in City N, Prefecture H, yielding 2151 valid
responses. Food access was evaluated using time to the nearest grocery store, frequency of
grocery shopping, and perceived shopping convenience, while frailty was assessed with
the five-item Frailty Screening Index. Overall, 15.9% of respondents were classified as
frail. Travel time to the nearest store showed no significant association with frailty. In
contrast, shopping fewer than three times per week was independently associated with
higher odds of frailty, although the magnitude of this association was smaller than that
observed for perceived shopping difficulty. Perceived shopping difficulty demonstrated
the strongest association with frailty, with participants reporting shopping difficulty having
markedly higher odds of frailty after adjustment for potential confounders. These findings
suggest that subjective shopping convenience may be a useful indicator associated with
frailty, potentially reflecting the physical and psychological burden of grocery shopping in
addition to food access.
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1. Introduction
In an era of rapid population aging, maintaining the health and independence of

community-dwelling older adults in Japan has become a critical public health priority [1].
Based on a narrative review, frailty is defined as a state of increased vulnerability to stressors
resulting from an age-related decline in physiological reserves [2]. Frailty is associated with
adverse health outcomes, including functional decline, disability, long-term care needs,
and mortality [3,4]. Identifying modifiable factors associated with frailty is therefore an
important public health challenge.

The food environment has been recognized as an important determinant of healthy
aging [5,6]. Food access is a multidimensional concept that includes objective factors,
such as distance to food stores and transportation availability, as well as subjective factors,
including perceived shopping convenience [7]. Previous studies have reported associations
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between poor food access, reduced dietary quality, malnutrition, and frailty among older
adults [8–16]. However, evidence regarding which dimensions of food access are most
strongly associated with frailty remains limited and inconsistent.

Objective indicators, such as geographic distance to grocery stores, may not fully cap-
ture individuals’ actual shopping experiences. Older adults may perceive grocery shopping
as difficult because of environmental barriers, transportation availability, physical burden,
or other contextual factors, even when food stores are geographically accessible [10,11,17].
Therefore, subjective assessments of shopping convenience may provide complementary
information beyond objective measures of food access.

Although several studies have examined food access in relation to nutritional status or
frailty, few have simultaneously evaluated objective, behavioral, and subjective dimensions
of food access within the same population [14,15,18,19]. Clarifying which dimension is
most strongly associated with frailty may improve our understanding of food access among
community-dwelling older adults.

Therefore, this study aimed to examine the associations between three dimensions
of food access—travel time to the nearest grocery store, grocery shopping frequency, and
perceived shopping convenience—and frailty among community-dwelling older adults. We
hypothesized that perceived shopping convenience, representing a subjective evaluation of
food access, would show a stronger association with frailty than objective (travel time) or
behavioral (shopping frequency) indicators.

2. Materials and Methods
2.1. Study Population and Procedure

In August 2020, a self-administered, mail-based questionnaire survey was conducted
among older adults aged ≥65 years residing in City N, Prefecture H. A total of 5000 indi-
viduals were randomly selected from the municipal resident registry, and responses were
obtained from 2667 individuals (response rate: 53.3%). City N is located in southeastern H
and had a population of approximately 486,000 and an aging rate of 24.4% in 2020. The city
is a predominantly urban municipality with relatively good access to public transporta-
tion and retail facilities, although accessibility to grocery stores may vary depending on
neighborhood characteristics and individual mobility.

2.2. Measures

The self-administered questionnaire assessed sociodemographic characteristics, frailty,
dietary diversity, and food access.

2.2.1. Sociodemographic Characteristics

Participants reported their sex, age, height, weight, living arrangements (living alone
or not), and current economic status. Body mass index (BMI) was calculated as weight (kg)
divided by height squared (m2). Economic status was assessed using a five-point scale,
where 1 = very comfortable and 5 = very difficult. The Dietary Variety Score developed
by Kumagai et al. [20] was used to evaluate dietary diversity. Participants reported the
frequency of consumption of ten food groups: meat, fish and shellfish, eggs, soybean
products, milk, seaweed, green and yellow vegetables, fruits, potatoes, and fats/oils.
Responses were rated on a four-point scale, where 1 = every day and 4 = rarely. “Every
day” was scored as 1 point, and all other responses were scored as 0 points; the total score
ranged from 0 to 10.
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2.2.2. Frailty

The five-item Frailty Screening Index (FSI) developed by Yamada and Arai [19] was
used to assess frailty. The FSI consists of five yes/no items evaluating recent weight loss,
reduced physical function (walking speed), decreased physical activity, cognitive function
(memory), and exhaustion. Participants scoring three or more points were classified as frail,
whereas those scoring fewer than three points were classified as non-frail.

2.2.3. Food Access

Food access was assessed using three dimensions:

• Time to the nearest grocery store:

Participants were asked, “How long does it take to reach the store where you usually
purchase groceries?”

Response options included: “approx. 5 min,” “approx. 10 min,” “approx. 15 min,”
“approx. 20 min,” and “30 min or more.” For analysis, “approx. 5 min” and “approx.
10 min” were combined and categorized as ≤10 min, whereas all other responses were
categorized as >10 min.

• Frequency of grocery shopping:

Participants were asked, “How often do you go shopping for groceries at supermarkets,
shopping streets, or convenience stores?”

Response options included: “every day,” “5–6 days per week,” “3–4 days per week,”
“1–2 days per week,” and “rarely.” For analysis, “every day,” “5–6 days per week,” and
“3–4 days per week” were combined and categorized as ≥3 times per week, whereas the
remaining categories were categorized as <3 times per week.

• Perceived shopping convenience (subjective food access):

Participants were asked, “Is grocery shopping (or obtaining food) easy for you?”
Response options included: “very easy,” “fairly easy,” “somewhat difficult,” and “very

difficult.” For analysis, “very easy” and “fairly easy” were combined and categorized as
easy, whereas “somewhat difficult” and “very difficult” were categorized as difficult. This
question was intended to assess participants’ overall subjective perception of shopping con-
venience rather than objective geographic accessibility alone. The perceived difficulty may
reflect multiple dimensions of food acquisition, including physical accessibility, transporta-
tion availability, environmental barriers, and the overall burden associated with grocery
shopping. However, this single-item measure was not designed to distinguish specific
sources of difficulty, such as physical, financial, or cognitive barriers.

2.3. Analytical Approach
2.3.1. Analytical Sample

Participants who reported that they did not purchase groceries (n = 62) were excluded.
Additionally, individuals with missing data for the FSI, dietary variety score, any of the
three food access variables, sex, age, height, weight, living arrangement, or economic status
(n = 454) were excluded. The final sample comprised 2151 participants (932 men and
1219 women).

2.3.2. Statistical Analysis

First, we examined the associations between food access and frailty using univariate
analyses. Chi-square tests were used to assess the associations between food access and
frailty, and t-tests were used to examine the associations between food access and FSI scores.

Next, we performed multivariable logistic regression and multiple logistic regres-
sion analyses with frailty (non-frail = 0, frail = 1) as the dependent variable, respectively.
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Multiple linear regression analyses were also conducted using the Frailty Screening Index
(FSI) score as the dependent variable. In both models, the three food access variables were
included as independent variables, and sociodemographic characteristics were included
as covariates (age ≥75 years, sex, BMI group [<18.5, 18.5–24.9, and ≥25.0 kg/m2], living
alone, economic status, and dietary variety score). DVS was included to evaluate whether
the associations between food access and frailty were independent of dietary quality, which
has been consistently associated with frailty in previous studies.

Analyses were conducted for the total sample and stratified by sex. The sex-stratified
analyses were conducted as exploratory analyses to describe potential differences between
men and women. Formal interaction testing between sex and food access variables was not
performed. All statistical analyses were performed using R version 4.3.1, with a two-sided
significance level of 5%.

3. Results
The mean age (standard deviation [SD]) was 74.2 (6.0) years overall, 74.3 (6.2) years

for men, and 74.0 (5.9) years for women (Table 1). A total of 343 participants (15.9%) were
classified as frail, including 124 men (13.3%) and 219 women (18.0%). The mean dietary
variety score was 4.19 (2.18) points overall, 3.69 (2.18) points among men, and 4.58 (2.09)
points among women.

Table 1. Participant characteristics.

Total Men Women p-Value
n = 2151 n = 932 n = 1219

Age (years), mean ± SD 74.2 (6.0) 74.3 (6.2) 74.0 (5.9) 0.258
Height (cm), mean ± SD 159.4 (8.5) 166.8 (5.8) 153.8 (5.5) <0.001
Weight (kg), mean ± SD 57.5 (10.6) 64.9 (9.1) 51.8 (7.8) <0.001
Body mass index (kg/m2), mean ± SD 22.5 (3.1) 23.3 (2.8) 21.9 (3.1) <0.001

Living alone, n (%) 408 (19.0) 117 (12.6) 291 (23.9) <0.001
Current economic status, n (%) 0.465
Very comfortable 154 (7.2) 57 (6.1) 97 (8.0)
Somewhat comfortable 603 (28.0) 256 (27.5) 347 (28.5)
Not comfortable but not in financial

difficulty 1222 (56.8) 543 (58.3) 679 (55.7)

Somewhat difficult 132 (6.1) 57 (6.1) 75 (6.2)
Very difficult 40 (1.9) 19 (2.0) 21 (1.7)

Frailty, n (%) 343 (15.9) 124 (13.3) 219 (18.0) 0.004
Frailty components, n (%)

Weight loss 309 (14.4) 152 (16.3) 157 (12.9) 0.029
Low physical function 1201 (55.8) 540 (57.9) 661 (54.2) 0.094
Low physical activity 888 (41.3) 331 (35.5) 557 (45.7) <0.001
Cognition 119 (5.5) 54 (5.8) 65 (5.3) 0.712
Exhaustion 511 (23.8) 178 (19.1) 333 (27.3) <0.001

Dietary variety
Food items consumed every day, n (%)

Meat 923 (42.9) 345 (37.0) 578 (47.4) <0.001
Fish and shellfish 367 (17.1) 146 (15.7) 221 (18.1) 0.148
Eggs 1005 (46.7) 410 (44.0) 595 (48.8) 0.030
Soybean products 954 (44.4) 373 (40.0) 581 (47.7) <0.001
Milk 1660 (77.2) 651 (69.8) 1009 (82.8) <0.001
Seaweed 323 (15.0) 125 (13.4) 198 (16.2) 0.078
Green and yellow vegetables 1390 (64.6) 482 (51.7) 908 (74.5) <0.001
Fruits 1256 (58.4) 470 (50.4) 786 (64.5) <0.001
Potatoes 178 (8.3) 59 (6.3) 119 (9.8) 0.005
Fats/oils 964 (44.8) 378 (40.6) 586 (48.1) 0.001

SD: standard deviation.
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The mean FSI score was significantly higher among participants who reported spend-
ing more than 10 min reaching grocery stores (p = 0.008), shopping fewer than three
times per week (p = 0.002), and perceiving grocery shopping as less convenient (p < 0.001)
(Table 2). Regarding grocery shopping frequency, the proportion of frail individuals was
higher among those who reported shopping fewer than three times per week (p = 0.040).
Perceived shopping convenience was significantly associated with frailty in the overall
sample and among both men and women, with a higher prevalence of frailty among
participants who perceived shopping as less convenient (p < 0.001).

Table 2. Associations between food access and frailty.

Frailty Non-Frailty Frailty Score
n n % n % p-Value Mean SD p-Value

Total Time to the nearest
grocery store

10 min or less 1273 197 (15.5) 1076 (84.5) 0.510 1.36 (1.09) 0.008
More than 10 min 878 146 (16.6) 732 (83.4) 1.48 (1.06)

Frequency of grocery
shopping

3 or more days a week 1332 195 (14.6) 1137 (85.4) 0.040 1.35 (1.06) 0.002
Less than 3 days
a week 819 148 (18.1) 671 (81.9) 1.50 (1.11)

Perceived shopping
convenience

Easy 2029 297 (14.6) 1732 (85.4) <0.001 1.36 (1.06) <0.001
Difficult 122 46 (37.7) 76 (62.3) 2.20 (1.09)

Men Time to the nearest
grocery store

10 min or less 591 79 (13.4) 512 (86.6) 1.000 1.33 (1.06) 0.486
More than 10 min 341 45 (13.2) 296 (86.8) 1.38 (1.05)

Frequency of grocery
shopping

3 or more days a week 538 59 (11.0) 479 (89.0) 0.018 1.26 (1.02) 0.004
Less than 3 days
a week 394 65 (16.5) 329 (83.5) 1.46 (1.10)

Perceived shopping
convenience

Easy 888 104 (11.7) 784 (88.3) <0.001 1.30 (1.03) <0.001
Difficult 44 20 (45.5) 24 (54.5) 2.20 (1.21)

Women Time to the nearest
grocery store

10 min or less 682 118 (17.3) 564 (82.7) 0.545 1.38 (1.11) 0.008
More than 10 min 537 101 (18.8) 436 (81.2) 1.55 (1.07)

Frequency of grocery
shopping

3 or more days a week 794 136 (17.1) 658 (82.9) 0.336 1.41 (1.08) 0.059
Less than 3 days
a week 425 83 (19.5) 342 (80.5) 1.54 (1.12)

Perceived shopping
convenience

Easy 1141 193 (16.9) 948 (83.1) <0.001 1.40 (1.08) <0.001
Difficult 78 26 (33.3) 52 (66.7) 2.19 (1.02)

SD: standard deviation.

In the total sample, shopping fewer than three times per week was significantly as-
sociated with higher odds of frailty in both crude and multivariable-adjusted models
(multivariable-adjusted model: OR = 1.36, 95% CI: 1.07–1.73) (Table 3). Perceived shop-
ping difficulty displayed the strongest association with frailty, with participants reporting
shopping difficulty having markedly higher odds of frailty in both models (multivariable-
adjusted model: OR = 2.81, 95% CI: 1.88–4.20). In sex-stratified analyses, shopping fewer
than three times per week showed a significant association with frailty among men, whereas
this association was not statistically significant among women. Perceived shopping diffi-
culty was associated with frailty in both sexes, with larger effect estimates observed among
men. Because formal interaction testing was not conducted, these sex-specific findings
should be interpreted descriptively rather than as evidence of true sex differences.

In the crude models, all three food access indicators were positively associated with FSI.
Among the total sample, the partial regression coefficients were 0.07 (95% CI: 0.03–0.10),
0.05 (95% CI: 0.01–0.09), and 0.41 (95% CI: 0.34–0.48) for time to the nearest grocery store, fre-
quency of grocery shopping, and perceived shopping convenience, respectively (Figure 1).
Similar magnitudes were observed among men (0.06, 0.05, and 0.43, respectively) and
women (0.06, 0.05, and 0.39, respectively). In the crude models, longer travel time, lower
shopping frequency, and lower perceived shopping convenience were each associated with
higher FSI, with coefficients ranging from 0.05 to 0.41. After adjusting for covariates, these
associations remained positive, with coefficients of 0.05–0.30 in the total sample. Similar
positive coefficients were observed among men (0.06–0.35) and women (0.04–0.27), further
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indicating that poorer food access consistently corresponded to higher FSI scores across
sexes. These sex-stratified results describe similar directional associations across sexes;
however, because no formal interaction tests were performed, they should be interpreted
as descriptive patterns rather than definitive sex-specific differences.

Table 3. Associations between food access and frailty (logistic regression analysis).

Frailty
Crude Model Multivariable-Adjusted Model

OR 95% CI p-Value OR 95% CI p-Value

Total Time to the nearest
grocery store 10 min or less 1.00 (Reference) - 1.00 (Reference) -

More than 10 min 1.09 (0.86, 1.38) 0.473 1.00 (0.79, 1.27) 0.995

Frequency of grocery
shopping 3 or more days a week 1.00 (Reference) - 1.00 (Reference) -

Less than 3 days a week 1.29 (1.02, 1.63) 0.035 1.36 (1.07, 1.73) 0.012

Perceived shopping
convenience Easy 1.00 (Reference) 1.00 (Reference)

Difficult 3.53 (2.40, 5.19) <0.001 2.81 (1.88, 4.20) <0.001

Men Time to the nearest
grocery store 10 min or less 1.00 (Reference) - 1.00 (Reference) -

More than 10 min 0.99 (0.67, 1.46) 0.941 0.97 (0.65, 1.45) 0.885

Frequency of grocery
shopping 3 or more days a week 1.00 (Reference) - 1.00 (Reference) -

Less than 3 days a week 1.60 (1.10, 2.34) 0.015 1.83 (1.23, 2.71) 0.003

Perceived shopping
convenience Easy 1.00 (Reference) 1.00 (Reference)

Difficult 6.28 (3.35, 11.80) <0.001 5.89 (3.06,
11.30) <0.001

Women Time to the nearest
grocery store 10 min or less 1.00 (Reference) - 1.00 (Reference) -

More than 10 min 1.11 (0.83, 1.49) 0.497 1.01 (0.74, 1.37) 0.957

Frequency of grocery
shopping 3 or more days a week 1.00 (Reference) - 1.00 (Reference) -

Less than 3 days a week 1.17 (0.87, 1.59) 0.298 1.21 (0.89, 1.66) 0.229

Perceived shopping
convenience Easy 1.00 (Reference) 1.00 (Reference)

Difficult 2.46 (1.50, 4.03) <0.001 1.90 (1.13, 3.20) 0.015

CI: confidential interval; OR: odds ratio. Multivariable-adjusted models were adjusted for sex,
age (<75 and ≥75 years), body mass index (<18.5, 18.5–24.9, and ≥25.0 kg/m2), living alone, current economic
status, and dietary variety score.

Figure 1. Partial regression coefficients and 95% confidence intervals for the associations between
food access and the frailty screening index (multiple regression analysis). Multivariable models were
adjusted for sex, age (<75 or ≥75 years), body mass index (<18.5, 18.5–24.9, or ≥25.0 kg/m2), living
alone, current economic status, and food diversity score (* p < 0.05, *** p < 0.001).

4. Discussion
This study examined the associations between food access and frailty among

community-dwelling older adults. Perceived shopping difficulty showed the strongest
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association with frailty after adjustment for potential confounders, whereas shopping fewer
than three times per week was also independently associated with frailty. In contrast, travel
time to the nearest grocery store was not significantly associated with frailty. These findings
suggest that subjective shopping convenience may capture aspects of food acquisition that
are more closely associated with frailty than objective geographic accessibility.

Food access has been associated with frailty and nutritional status among older adults
in previous studies [14,21,22]. Our findings extend this evidence by demonstrating that dif-
ferent dimensions of food access are not equally associated with frailty. Although shopping
frequency remained independently associated with frailty, perceived shopping difficulty
showed a substantially stronger association, suggesting that subjective assessments may
capture additional aspects of the shopping experience that are not reflected by objective or
behavioral indicators alone.

Perceived shopping difficulty is likely to represent a multidimensional construct rather
than geographic food access alone. Older adults may perceive grocery shopping as difficult
because of reduced walking ability, difficulty carrying groceries, limited transportation,
environmental barriers such as slopes or heavy traffic, or psychological burden associ-
ated with shopping [10,11,23–25]. Consequently, this subjective measure may reflect both
characteristics of the food environment and an individual’s physical and psychological
functioning [4,23].

Therefore, the stronger association observed for perceived shopping difficulty should
not be interpreted as evidence that poor food access causes frailty. An alternative explana-
tion is that individuals who are already frail are more likely to perceive grocery shopping
as difficult because of existing functional limitations [4,23]. Thus, reverse causation and
conceptual overlap between perceived shopping difficulty and frailty should be carefully
considered when interpreting the present findings.

Second, subjective evaluations of food access may capture individual living environ-
ments more comprehensively than objective indicators. Even among participants living
similar distances from grocery stores, shopping experiences may differ depending on trans-
portation availability, neighborhood walkability, traffic conditions, store characteristics,
and social support [10,11]. These contextual factors may explain why subjective shopping
convenience demonstrated stronger associations with frailty than travel time alone [10,17].
However, because the present study was cross-sectional, the temporal relationship between
perceived shopping difficulty and frailty remains unclear, and longitudinal studies are
needed to clarify the direction of these associations [14–16].

Consistent with this interpretation, perceived environmental barriers have been asso-
ciated with health behaviors and health-related outcomes in previous studies. Perceived
walkability has been associated with walking behavior and health-related quality of life,
while perceived food availability has been associated with dietary behaviors and nutritional
status [26–28]. Our findings suggest that subjective shopping convenience may serve as a
useful indicator for identifying older adults who experience greater difficulty obtaining
food. However, whether improving shopping convenience leads to improvements in frailty
cannot be determined from the present cross-sectional data, and this hypothesis should be
examined in longitudinal and intervention studies [14,21].

Sex-stratified analyses suggested differences in the magnitude of the observed associa-
tions. However, because formal interaction analyses were not performed, these findings
should be interpreted as descriptive rather than indicating true sex differences. Future
studies should formally evaluate potential interactions between sex and food access.

Our study has several limitations. First, because this study employed a cross-sectional
design, causal relationships between food access and frailty cannot be established. Reverse
causation is possible, whereby frailty itself may increase perceived shopping difficulty [4].
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Second, objective measures of food access were not included, thereby preventing direct
comparison with subjective assessments. Third, although previous studies have suggested
that limited food access may precede declines in physical function, our cross-sectional
design did not allow for definitive causal inference. Accordingly, longitudinal research is
required to establish the directionality of these relationships more clearly. Fourth, the use
of a self-administered questionnaire may have introduced subjective or recall bias. Fifth,
we did not collect information such as multimorbidity, polypharmacy, functional status,
psychological well-being, and other health-related characteristics in the present study. We
further explained that these variables may confound the association between food access
and frailty and therefore should be incorporated into future studies. Sixth, the response
rate of 53.3% suggests that the sample may not have fully represented all eligible residents,
and the extent to which this may have influenced the findings remains uncertain. Finally,
because this study was conducted in an urban area, the findings may not be generalizable
to rural settings with different food environments.

5. Conclusions
This study demonstrated that perceived shopping difficulty showed the strongest

association with frailty among community-dwelling older adults, whereas shopping fewer
than three times per week was also independently associated with frailty. In contrast,
travel time to the nearest grocery store was not significantly associated with frailty. These
findings suggest that subjective shopping convenience may serve as a useful indicator
associated with frailty, potentially reflecting both environmental characteristics related to
food acquisition and individual physical and psychological functioning. Because this study
was cross-sectional, causal relationships cannot be inferred, and the possibility of reverse
causation should be considered when interpreting the findings. Future longitudinal studies
incorporating objective measures of food access, physical function, and health status are
needed to clarify the direction and mechanisms underlying these associations.
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