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A B S T R A C T

Background: Going outdoors is crucial in promoting older adults’ health. This study examined the association 
between incident disability and the frequency of going outdoors in certain life spaces.
Methods: This prospective study included 19,822 older adults (mean age ± standard deviation: 73.5 ± 5.8 years; 
53.6 % women). The frequency of going outdoors within the past month was collected based on life space, 
categorized by distance from home (up to 1 km; 1–10 km; and >10 km). Participants were classified into three 
groups (called “Rarely”: less than 1 day, “Sometimes”: 1 to 3 days, and “Often”: 4 days or more) for each life 
space. Incident disability was defined using the Long-Term Care Insurance system data (mean follow-up: 23.3 
months). A Cox proportional hazards model was used to examine the association between incident disability and 
the frequency of going outdoors for each life space, adjusted for covariates.
Results: A total of 1038 (5.2 %) participants had an incident disability. Within the “up to 1 km” category, no 
frequency group was associated with disability; within “1–10 km,” two frequency groups were associated with 
disability (“Sometimes” group: hazard ratio [HR] 0.85, [95 % confidence interval [CI]: 0.73–0.99]; “Often” 
group: HR 0.68, [95 % CI: 0.57–0.81]); within “>10 km,” similar results were observed (“Sometimes” group: HR 
0.84, [95 % CI: 0.72–0.98]; “Often” group: HR 0.75, [95 % CI: 0.53–1.07]).
Conclusions: The frequency of going outdoors at specific distances from home is associated with disability.

1. Introduction

Disability among older adults is a significant and complex issue, with 
substantial evidence of its worldwide impact [1,2]. Disability rates in
crease with age and affect a considerable proportion of the older pop
ulation [1]. To ensure a healthy life expectancy, the establishment of 
preventive strategies and approaches at an early and reversible stage of 
the disability process, such as frailty, is required [3].

Emerging evidence shows that several lifestyle elements are 
disability risk factors [2]. Physical inactivity is a major risk factor [4] 
and an important component of the frail phenotype [5]. A long-term 
structured physical activity program has positive effects on reducing 
the risk of disability [6], and going outdoors is crucial for maintaining 
physical activity among older adults. A higher frequency of going out
doors has been associated with a lower risk of disability [7]. Outdoor 
activities have also been suggested for assessing the life space associated 
with the risk of disability [8,9]. However, the frequency of going out
doors by life space and its implications are not yet fully understood. 
Thus, this study reconsidered the association between the frequency of 

going outdoors and disability in specific life spaces.

2. Materials and methods

2.1. Participants

The participants were aged 60 years or older and were recruited from 
the National Center for Geriatrics and Gerontology Study of Geriatric 
Syndromes (NCGG-SGS) [10]. This was a prospective cohort study. At 
the baseline examination, participant characteristics were noted and 
assessments related to going outdoors were conducted. Incident dis
abilities were monitored during the follow-up period. The potential 
participants were selected from the NCGG-SGS database (n = 20,740). 
Participants were excluded if they had any disability based on the 
Long-Term Care Insurance (LTCI) system data before the baseline ex
amination, dementia, and severe cognitive impairment (MMSE score <
20), or there were missing data for the analysis. This study analyzed data 
from 19,822 older adults, with the study protocol having been approved 
by the Ethics Committee of the National Center for Geriatrics and 
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Gerontology (approval numbers: 637, 791, 770, 1067, and 1440).

2.2. Frequency of going outdoors

Data on going outdoors were obtained from the Active Mobility 
Index to evaluate the life-space activities [8,11]. The frequency of going 
outdoors within the past month was collected based on living space and 
distance from home (up to 1 km from the participant’s residence; 1–10 
km from the participant’s residence; and >10 km from the participant’s 
residence). Data were collected daily every week. Based on the fre
quency, participants were classified into three categories (“Rarely” 
group: less than one day, “Sometimes” group: one to three days, and 
“Often” group: four days or more) for each life space.

2.3. Disability

Incident disability was assessed using LTCI data [12], monitored 
using LTCI, and defined to be a certification of LTCI for all participants. 
LTCI has the purpose of helping those in need of long-term care “to 
maintain dignity and an independent daily life routine according to each 
person’s own level of abilities.” The LTCI certifies a person with “Sup
port Level 1 or 2″ if the person needs support for daily activities, and 
“Care Level 1, 2, 3, 4, or 5” if the person needs continuous care [13]. In 
this study, incident disability was defined as a new certification at any 
level. The follow-up duration was set to 24 months (mean follow-up 
duration: 23.3 months).

2.4. Covariates

Demographic data such as age, sex, and years of education were 
collected. Chronic diseases (hypertension, hyperlipidemia, and diabetes 
mellitus) and the number of medications used were assessed by co- 
medical staff. Lifestyle assessments were performed to evaluate smok
ing and alcohol consumption. Depressive symptoms were assessed using 
the Geriatric Depression Scale-15 [14].

2.5. Statistical analysis

To examine whether incident disability is associated with the fre
quency of going outdoors, a log-rank test was conducted. Categorical 
groups based on frequency (“Rarely,” “Sometimes,” and “Often” groups) 
were set as explanatory variables. Incident disability in the time-series 
data was set as the objective variable. A Cox proportional hazards 
model was employed to examine the association between the frequency 
of going outdoors and incident disability, adjusted for covariates. Fre
quency groups were set as the explanatory variable, and the “Rarely” 
group was set as the reference group. Incident disability was set as the 
objective variable, and the covariates were age, sex, years of education, 
hypertension, hyperlipidemia, diabetes mellitus, medication use, the 
Geriatric Depression Scale-15 score, smoking habits (current smoker), 
and alcohol consumption (current drinker). Hazard ratio (HR) and 95 % 
confidence intervals (CIs) were calculated. However, the incidence of 
death is potentially a competing risk against disability. Thus, the HR for 
disability was also calculated using a Fine and Gray subdistribution 
hazard model. Considering the variations in going-out activities [15], 
the differences in frequency between men and women were examined 
using the χ2 test. A test using the Cox proportional hazards model was 
also conducted by sex. For sensitivity analysis, tests using the Cox pro
portional hazards model were conducted, excluding early-onset in
cidents within the first 6 months. SPSS (version 26; IBM Corp., Armonk, 
NY, USA) and the R software (version 4.5.0; R Core Team, Vienna, 
Australia) were used for statistical analyses, with significance set at p <
.05.

3. Results

A total of 19,822 older adults (mean age ± standard deviation: 73.5 
± 5.8 years; 53.6 % women) were analyzed. The participants’ charac
teristics are summarized in Table 1. The number of participants with 
incident disability was 1038 (5.2 %) during the follow-up duration 
(mean duration ± standard deviation: 23.3 ± 3.1 months). The partic
ipants who moved out (n = 110, 0.6 %) or had an incident death (n =
166, 0.8 %) were treated as censored.

The participants were classified into three groups based on the fre
quency of going outdoors in each life space. Within the “up to 1 km” 
category, there were 809 participants (incident disability: n = 56) in the 
“Rarely” group; 4440 participants (incident disability: n = 294) in the 
“Sometimes” group; and 14,573 participants (incident disability: n =
688) in the “Often” group. Within the “1–10 km” category, there were 
3053 participants (incident disability: n = 284) in the “Rarely” group; 
8712 participants (incident disability: n = 475) in the “Sometimes” 
group; and 8057 participants (incident disability: n = 279) in the 
“Often” group. Within the “>10 km” category, there were 12,501 par
ticipants (incident disability: n = 786) in the “Rarely” group; 5922 
participants (incident disability: n = 219) in the “Sometimes” group; and 
1399 participants (incident disability: n = 33) in the “Often” group. The 
number of participants for each frequency group by life space and sex 
are summarized in Fig. 1. In each life space, the frequency differed be
tween men and women (all p < .001).

The results of the log-rank test showed a different association be
tween the frequency of going outdoors and disability. These results and 
the number of incident disabilities are summarized in Table 2 by group 
(i.e., “Rarely,” “Sometimes,” and “Often” groups) and life space (up to 1 
km; 1–10 km; and >10 km). The results of the analysis using the Cox 
proportional hazards model showed an association between the fre
quency of going out and incident disability. The results for all partici
pants are summarized in Fig. 2.

In the analysis considering death as a competing risk, similar results 
were obtained. Specifically, within the “up to 1 km” category both the 
“Sometimes” (HR: 1.06, [95 % CI: 0.79–1.42]) and “Often” (HR: 0.89, 
[95 % CI: 0.67–1.18]) groups were not associated with disability. Within 
the “1–10 km” category, the “Sometimes” (HR: 0.85, [95 % CI: 
0.73–0.99]) and “Often” (HR: 0.68, [95 % CI: 0.57–0.81]) groups were 
associated with disability. HRs were observed in the “Sometimes” (HR: 
0.84, [95 % CI: 0.72–0.98]) and “Often” (HR: 0.75, [95 % CI: 
0.53–1.07]) groups for the “>10 km” category. For the sensitivity 
analysis excluding early-onset incidents within the first 6 months (n =
19,579) the results were as follows. Within the “up to 1 km” category, all 
groups were not associated with disability (“Sometimes” group: HR 
1.16, [95 % CI: 0.83–1.62]; “Often” group: HR 1.03, [95 % CI: 
0.75–1.42]); for “1–10 km,” the “Often” group was associated with 
disability (HR: 0.72, [95 % CI: 0.59–0.87]); for “>10 km,” HRs were 
observed in the “Sometimes” (HR: 0.89, [95 % CI: 0.75–1.05]) and 
“Often” (HR: 0.71, [95 % CI: 0.48–1.06]) groups. In the sub-analysis, an 

Table 1 
Participants’ characteristics.

Variables Values

Age, years 73.5 ± 5.8
Sex (woman), % 53.6
Education, years 11.7 ± 2.5
Hypertension, % 47.2
Hyperlipidemia, % 36.9
Diabetes mellitus, % 13.7
Medication use, number 3.1 ± 2.8
GDS, score 2.7 ± 2.6
Smoking habits (current smoker), % 7.7
Alcohol consumption (current drinker), % 40.8

Data are shown as the mean ± standard deviation (SD) or proportion ( %).
GDS means Geriatrics Depression Scale 15.
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association between the frequency of going out and disability was not 
observed within the “up to 1 km” category among men and women. For 
“1–10 km,” the “Sometimes” (HR: 0.74, [95 % CI: 0.58–0.94]) and 
“Often” (HR: 0.56, [95 % CI: 0.43–0.72]) groups had a lower HR among 
men, while the “Often” group (HR: 0.78, [95 % CI: 0.62–0.99]) also had 
a lower HR among women. For “>10 km,” two frequency groups tended 
to be associated with disability among men (“Sometimes” group: HR 
0.79, [95 % CI: 0.63–0.99]; “Often” group: HR 0.71, [95 % CI: 
0.44–1.14]), and no frequency group was associated with disability 
among women. Additionally, stratified analysis by sex was conducted 
using the Cox proportional hazards model (Fig. 2).

4. Discussion

Our study revealed that going outdoors is associated with incident 
disability among community-dwelling older adults. A higher frequency 
of going outdoors was associated with a lower risk of disability for areas 
more than 1 km from the residence. Although the frequency of going 
outdoors differed between men and women, the association between 
frequency and disability did not significantly differ by sex.

The association between going outdoors and disability is supported 
by numerous studies, including our own. In particular, going outdoors is 
associated with prospective changes in functional capacity, intellectual 
activity, and self-efficacy during daily activities [16]. In fact, objectively 
measured outdoor time assessed using the global positioning system 

(GPS) was indirectly associated with physical and psychological func
tions through physical activity [17]. A meta-analysis reported that a 
higher level of physical activity prevents disability [4]. Additionally, 
going outdoors is crucial for older adults’ social engagement. The fre
quency of going outdoors is also associated with social networks [18]. In 
fact, it has been suggested that changes in the frequency of going out
doors can be used to assess social status, such as social frailty, which is a 
risk factor for disabilities [19]. Thus, increasing the frequency of going 
outdoors may contribute to coping with the risk of disability. Further
more, more frequent outdoor activities are associated with a decrease in 
cumulative LTCI costs [20]. Therefore, developing effective in
terventions to increase outdoor travel is necessary.

Our study showed that the association between the frequency of 
going outdoors and incident disability depended on the life space. An 
association was confirmed at a certain distance from one’s residence, but 
no association was observed for areas close to the residence (<1 km). 
The participants in our study were independent of activities of daily 
living at baseline and were not certified by the LTCI. Among these 
participants, the effects of the frequency of going outdoors might have 
been obscured. In fact, the frequency distribution for areas close to one’s 
residence indicated that most participants belonged to the “Sometimes” 
(1–3 days) or “Often” (4 days or more) groups. Furthermore, a study 
found that the trend of disability has changed over time, and the prev
alence of ADL limitation has declined among older adults in high- 
income countries, including Japan [21]. Thus, among independent 

Fig 1. Number of participants for each frequency group by life space.

Table 2 
Results of the log-rank test for incident disability.

“Rarely” group “Sometimes” group “Often” group

Incident disability/number χ2 p χ2 p χ2 p

Up to 1 km ​ ​ ​ ​ ​
“Rarely” group 56/809 ​ 0.1 0.752 8.3 0.004
“Sometimes” group 294/4440 0.1 0.752 ​ ​ 25.9 < 0.001
“Often” group 688/14,573 8.3 0.004 25.9 < 0.001 ​ ​

1–10 km ​ ​ ​ ​ ​ ​
“Rarely” group 284/3053 ​ ​ 56.4 < 0.001 159.8 < 0.001
“Sometimes” group 475/8712 56.4 < 0.001 ​ ​ 38.6 < 0.001
“Often” group 279/8057 159.8 < 0.001 38.6 < 0.001 ​ ​

>10 km ​ ​ ​ ​ ​ ​
“Rarely” group 786/12,501 ​ ​ 52.4 < 0.001 34.4 < 0.001
“Sometimes” group 219/5922 52.4 < 0.001 ​ ​ 6.0 0.014
“Often” group 33/1399 34.4 < 0.001 6.0 0.014 ​ ​

To examine the differences in the association of frequency with disability, a log-rank test was conducted for each region of the participants’ life space (up to 1 km, 1–10 
km, and >10 km). The objective variable was incident disability, and the explanatory variable was each group based on frequency (“Rarely” group: less than one day, 
“Sometimes” group: one to three days, “Often” group: four days or more).
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community-dwelling older adults, the frequency of going outdoors to 
areas within a certain distance from home would be more important. 
Another possible explanation of the results for areas close to one’s 
residence (<1 km) is that only the frequency of going outdoors was 
examined in this study, and the type of outdoor activity was not 
considered. This may have impacted the results for areas close to home, 
given the heterogeneity of the outdoor activities in which the partici
pants engaged (e.g., walking, gardening, and visiting neighborhood 
shops). Therefore, to examine the association more precisely, the nature 
of the outdoor activity should also be considered. Neglecting to do so is a 
limitation of this study, which must be addressed in future works.

In addition, differences in the frequency of going outdoors that are 
attributable to sex require further investigation. Both types of results 

have been reported in the past; that is, a difference was observed in 
certain studies [18,22,23], whereas no difference was observed in 
another study [7]. Although the sample size and participant character
istics differed among these studies, a relatively large cohort study with 
participant characteristics similar to those in our study showed com
parable sex differences in frequency [23]. Additionally, the differences 
between the studies partly depended on the differences in the proced
ures used to assess the frequency. Studies have used cutoff days based on 
the number of days (e.g., daily or not daily) [18,22], categorized into a 
few groups based on frequency [7,23]. However, studies examining the 
frequency of going outdoors for different life spaces, such as the present 
study, are lacking. Therefore, further studies are warranted in this 
regard.

Fig 2. Association between the frequency of going outdoors and incident disability. 
The results of the Cox proportional hazards model and hazard ratios of each frequency group are shown by life space (up to 1 km, 1–10 km, and >10 km), adjusted for 
covariates. The objective variable was incident disability, and the explanatory variable was each group based on frequency (“rarely” group: less than 1 day, 
“sometimes” group: 1 to 3 days, “often” group: 4 days or more). (A) indicates the results for the total sample; (B), for men; and (C), for women.

T. Doi et al.                                                                                                                                                                                                                                      The Journal of Frailty & Aging 14 (2025) 100070 

4 



The strengths of the current study lie in its large sample size and 
prospective design; nonetheless, it has limitations. First, the study par
ticipants were potentially healthy, owing to a selection bias in being able 
to attend a health check. Thus, future studies involving participants with 
decreased functioning are required. Second, this study was based on self- 
reported questionnaire data, which make it prone to recall and social 
desirability biases. This might have caused underestimation of the ef
fects of going outdoors and impacted the results. To address this limi
tation, further studies could assess the effects of going outdoors using 
quantitative methods, for example by using GPS. Third, while the study 
set incident disability as the outcome, death is potentially a competing 
risk. Although an analysis accounting for competing risks indicated re
sults similar to those of the main analysis, further investigation is 
required to elucidate the effects of competing risks. Fourth, disability 
was defined here as certification of LTCI. However, the cause of the 
certification could not be considered. Further studies should elaborate 
on the type of disability, whether physical or cognitive. Lastly, the 
follow-up period in this study was relatively short. If data with a longer 
duration are acquired, an explanation of whether the results would 
depend on the follow-up duration should be provided.

In conclusion, the frequency of going outdoors to areas beyond a 
certain distance from one’s residence was associated with incident 
disability. Considering the limitations of this study, further work is 
necessary for an in-depth understanding of the association between 
going outdoors and disability among older adults.
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