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Abstract
Background  Housing adaptations are aimed at minimizing the mismatch between older adults’ functional 
limitations and their building environments. We examined the association of housing adaptations with the prevention 
of care needs level deterioration among older adults with frailty in Japan.

Methods  The subjects comprised individuals who were first certified as having care support levels (defined as frail, 
the lowest two of seven care needs levels) under the public long-term care insurance systems between April 2015 
and September 2016 from a municipality close to Tokyo. The implementation of housing adaptations was evaluated 
in the first six months of care support certification. Survival analysis with Cox proportional hazards model was 
performed to examine the association between housing adaptations and at least one care needs level deterioration, 
adjusting for age, sex, household income level, certified care support levels, cognitive function, instrumental activities 
of daily living, and the utilization of preventive care services (designed not to progress disabilities). We further 
examined the differences in the association of the housing adaptation amount by categorizing the subjects into 
the maximum cost group (USD 1,345–1,513) or not the maximum cost group (< USD 1,345). All the subjects were 
followed until the earliest of deterioration in care needs level, deaths, moving out of the municipality, or March 2018.

Results  Among 796 older adults, 283 (35.6%) implemented housing adaptations. The incidence of care needs 
level deterioration was 19.3/1000 person-month of older adults who implemented housing adaptations, whereas 
31.9/1000 person-month of those who did not. The adjusted hazard ratio (aHR) of care needs level deterioration was 
0.69 (95% confidence interval (CI): 0.51–0.93). The aHRs were 0.51 (95% CI: 0.31–0.82) and 0.78 (95% CI: 0.57–1.07) in 
the maximum and not maximum cost groups, respectively.

Conclusions  Housing adaptations may prevent care needs level deterioration of older adults with frailty. 
Policymakers and health professionals should deliver housing adaptations for older adults at risk of increasing care 
needs.
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Background
The housing environments of older adults, especially 
those with disabilities, must be able to compensate 
for losses of capacity, supporting their independence 
and well-being [1]. Housing adaptations are structural 
changes made to a building such as widening door and 
device installations, such as handrails [2]. Japanese long-
term care insurance system delivers six types of hous-
ing adaptations: installation of handrails, elimination of 
height differences, change of floor materials, change of 
doors, change of lavatory basins, and other adaptations 
accompanying these five types of adaptations [3]. They 
remove environmental barriers to support or compensate 
for the loss of functional capacity and minimize the mis-
match between functional limitations and environments 
[2, 4] and improve or maintain older adults’ abilities to 
perform activities of daily living (ADL) [5]. They also 
affect health-related outcomes, including preventing fall-
related injuries, [6] and maintaining the quality of life [7].

One other important factor to measure the effects of 
housing adaptions should be the time required for care. 
An increase in the time required for care may impose 
greater burdens on long-term care systems and infor-
mal care. However, the effects of housing adaptations 
on the time required for care were inconclusive [8, 9]. 
Additionally, previous studies have some limitations due 
to the before/after comparison design [8] and possible 
confounding by subjects’ characteristics [9]. Moreover, 
it is important to consider the total amount of housing 
adaptations not just types of housing adaptation [2, 10, 
11] because the accessibility and safety within building 
environments are ensured only when multiple adapta-
tions work as a whole.

Additionally, focusing on the older adults with simi-
lar states of disabilities would be important because the 
purposes of housing adaptations vary depending on ben-
eficiaries’ disabilities [12]. Under the Japanese long-term 
care insurance system, long-term care needs levels are 
determined based on the standard time required for care 
and certified across seven categories: care support levels 
1 to 2 (indicative of the need for preventive care) and care 
needs levels 1 to 5 (indicative of the need for long-term 
care), with higher levels signifying the greater need for 
care. Older adults certified as care support levels, as a 
state of increased vulnerability to adverse outcomes, [13] 
could be regarded as those with frailty [14]. Care support 
levels do not need long-term care services but are at risk 
of functional deterioration [14]. Care needs level deterio-
ration means that there is an extension of the required 
care time and is a feasible indicator for detecting changes 
in the care needs. Therefore, this study examined the 
association of housing adaptations with the care needs 
level deterioration among older adults with frailty.

Methods
Data sources and design
We conducted a retrospective cohort study using admin-
istrative data obtained from a municipality close to 
Tokyo. The population of this city was about 490,000, and 
older adults aged 65 years or older was 24.2% in 2015, 
which is slightly lower than the national average of 26.7% 
[15]. The data included long-term care insurance eligibil-
ity, care needs certification for long-term care insurance 
service use, insurance premium levels, and long-term 
care claims data. We extracted information on the date 
of care needs certification and care needs levels from the 
long-term care insurance eligibility as well as on each 
individual’s degrees of physical and cognitive impairment 
from the care needs certification data [16]. We used long-
term care insurance claims data to identify the expendi-
tures, amounts, and types of individual preventive care 
services that each recipient used. Long-term insurance 
claims data is stored monthly by the municipality. Insur-
ance premium levels are determined based on individual 
and household-level taxation, and we used those as a 
proxy of household income. We used these datasets fol-
lowing an agreement from a collaborative research proj-
ect between the municipality and the Dia foundation for 
research on ageing societies.

Study subjects
This study included individuals certified as having care 
support level 1 or 2 for the first time between April 2015 
and September 2016 and utilized any preventive care 
services within six months after certifications. We used 
landmark analysis [17] to prevent immortal time bias; 
[18] thus, we used the first six months after the certifi-
cations to determine the status of housing adaptations, 
and we started to follow the implemented and not imple-
mented housing adaptation groups six months after the 
certifications. We checked whether the current certifica-
tion was given for the first time using care needs certifi-
cation data after April 2007. The duration of six months 
to determine the implementation of housing adaptations 
was defined because the period for renewal in newly cer-
tified persons is six months basically and a maximum 
of 12 months [14]. Moreover, in another study, 80% of 
care support levels’ older adults who conducted housing 
adaptations received housing adaptation in the first six 
months after their certifications [19].

Independent variable
Housing adaptations during the first six months after 
the care needs certifications were used as the inde-
pendent variable. Long-term care beneficiaries cannot 
use homecare services over the upper limits of service 
costs depending on each certified levels but the hous-
ing adaptations can be used multiple times as long as 
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the accumulated cost is within JPY 200,000 (USD 1,681) 
in individual’s life [3]. The currency was converted from 
Japanese yen to US dollars using the exchange rate in 
April 2015 (USD 1 = JPY 118.9) [20]. The copayment rate 
is 10 or 20% depending on the household or individual 
income, and the cost of housing adaptation in this study 
was not including out-of-pocket payments but only 
paid by long-term care insurance, which is 80 or 90% of 
housing adaptation cost. We could not recognize each 
subject’s copayment from the claims database used for 
this study. To determine the independent variable, we 
summed the costs if the subject used housing adaptations 
multiple times during the first six months.  Additionally, 
to examine how the different amounts of housing adapta-
tions were associated with the care needs level deteriora-
tion, we divided the housing adaptations group according 
to the maximum cost group (USD 1,345–1,513) or not 
maximum cost group (< USD 1,345). This threshold was 
determined whether the subject used the maximum 
housing adaptation costs or not: the cost was USD 1,345 
for individuals with 20% copayments and USD 1,513 for 
individuals with 10% copayments.

Dependent variable
The dependent variable was at least one level of care 
needs level deterioration among the seven levels of care 
needs certification. Long-term care needs certifications 
are evaluated when the valid period of certification is 
expired, when beneficiaries hope to change their certi-
fication level, or medical or long-term care professional 
detect their unmet needs for long-term care.

Statistical analysis
We conducted a χ2 test to compare individual charac-
teristics by the implementation of housing adaptations, 
and we illustrated Kaplan–Meier plots of care needs 
deterioration for housing adaptations. Subsequently, we 
estimated the likelihood of care needs level deterioration 
related to housing adaptation implementation with the 
Cox proportional hazard model adjusted for covariates. 
Furthermore, the likelihood of care needs level deterio-
ration was estimated by the total cost of housing adap-
tations divided into maximum or not. The covariates 
were age (65–74/75–84/≥ 85 years), sex (female/male), 
household income level (low/middle-to-high), certified 
care levels (care support level 1/ 2), cognitive function, 
instrumental activities of daily living (IADL), and the 
utilization of preventive care services based on previous 
works of literature (Table 1) [19, 21–24]. We selected five 
items as IADL by comparing the assessment of long-term 
care certifications with Lawton’s IADL scale [25].  That 
is, Shopping from the assessment of long-term care cer-
tifications was selected as “Shopping” in Lawton’s IADL 
scale. Similarly, Cooking was selected as “Food Prepara-
tion,” Going outside was selected as “Mode of Transporta-
tion,” Taking medicine was selected as “Responsibility for 
own medication,” and Money management was selected 
as “Ability to Handle Finance.” “Ability to use telephone,” 
“Housekeeping,” and “Laundry” in Lawton’s IADL scale 
were not included because there were no correspond-
ing items in the assessment of long-term care certifica-
tions. We considered using basic activities of daily living 
(BADL) and IADL as covariates but excluded BADL 
because few of those subjects had disabilities in BADL. 
The results of the survival analysis revealed adjusted haz-
ard ratios (aHRs) and 95% confidence intervals (95% CIs). 

Table 1  Covariates
Indices Categories
Age 65–74/75–84/≥ 85 years
Sex female/male
Household income ‧ low (Long-term care insurance premium levels 1 to 4; exemption from residential tax)

‧ middle-to-high (Long-term care insurance premium levels 5 to 18; not exempted from residential tax)
Cognitive function [16] ‧ independent (independent)

‧ mild (Rank I: A person who has some type of dementia, but is mostly independent in terms of daily activities at 
home and in society)
‧ moderate (Rank II: A person who has some symptoms, behaviors, and communication difficulties that disrupt 
daily life, but can live independently if someone is watching over them or higher ranks)

IADL Going outside: at least once a week/ less than once a week but at least once a month/less than once a month
Taking medicine: independent/needs help
Shopping: independent/needs help
Money management: independent/partially needs help/totally needs help
Cooking: independent/partially needs help/totally needs help

Preventive care services a) used/not used
a) Preventive care services include home-visit services (home help, bathing, nursing, and rehabilitation), day services (supporting daily housework and activities) or 
day care services (rehabilitation), short-stay services, physician/dentist home visits, renting or purchasing assistive devices, community-based multiple care services, 
and long-term care needs prevention and comprehensive livelihood support services [33, 34]. Assistive devices (renting/purchasing) were not included because of 
the multicollinearity between housing adaptations and the utilization of assistive devices
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Older adults who moved out of the municipality or died 
during the follow-up period were censored. The propor-
tional hazards assumption was inspected using double 
logarithms plot. In addition, we conducted a sensitivity 
analysis to evaluate the implementation of housing adap-
tations in the first 12 months to examine the robustness 
of the evaluation in the first six months of care support 
certification. Statistical analyses were conducted using 
IBM SPSS Statistics ver.25, and the significance threshold 
was set at p = 0.05 (two-tailed).

Results
Among the long-term care beneficiaries with certified 
care support levels (n = 2,137), 966 subjects utilized pre-
ventive care services within six months after certifica-
tions. We selected people who utilized preventive care 
services because around half of older adults with certified 
care support levels did not urgently need them but had 
applied in case the person suddenly needed preventive 
care services [26, 27]. We excluded those aged < 65 years 
(n = 27), and public assistance recipients (n = 47). Addi-
tionally, those who died or moved out of the municipal-
ity (n = 26), those who were admitted to long-term care 
facilities or group homes (n = 8), and those whose care 
needs levels deteriorated (n = 62) during the six-month 
baseline period were excluded. Consequently, 796 older 
adults were selected for further analyses.

Individual characteristics of older adults with certified 
care support levels are shown according to housing adap-
tation implementation in Table  2. In total, 283 (35.6%) 
older adults implemented housing adaptations during 
the first six months after the certifications. Those who 
received housing adaptations were less likely to have cer-
tified care support level 1 (compared with support level 
2) and to use preventive care services.

The percentage and incidence of care needs level dete-
rioration among older adults who implemented hous-
ing adaptations are shown in Table 3. Older adults who 
implemented housing adaptations were less likely to have 
care needs deterioration, compared to those who did not 
(30.4% vs. 43.9%, p = 0.001), during the average follow-up 
of 15.7 months for implemented housing adaptations and 
13.7 months for not implemented housing adaptations. 
Similarly, the incidence of care needs level deteriora-
tion was lower in older adults who implemented hous-
ing adaptations (19.3/1000 person-month), compared to 
those who did not (31.9/1000 person-month). The num-
bers of older adults who died or moved out of the munic-
ipality were fewer than 10 for each group, except for 16 
older adults who died during the study period in those 
who did not implement housing adaptation.

Kaplan–Meier plots of care need level deterioration 
according to the implementation of housing adapta-
tions are shown in Fig.  1. The aHR of care needs level 

deterioration among older adults who implemented 
housing adaptations was 0.69 (95% CI: 0.51–0.93). In 
the analysis according to the total costs of housing adap-
tations being maximum or not, the aHRs for not maxi-
mum cost and maximum cost groups were 0.78 (95% CI: 
0.57–1.07) and 0.51 (95% CI: 0.31–0.82), respectively, 
compared with those without housing adaptation. The 
double logarithms plot showed the survival function pro-
portionally. In a sensitivity analysis of the implementa-
tion of housing adaptations in the first 12 months of care 
support certification compared with that at six months, 
the estimates were similar to those of the main results.

Discussion
To the best of our knowledge, this is the first study to 
examine the effects of housing adaptations on care needs 
level deterioration among older adults with frailty in 
Japan. Older adults who implemented housing adapta-
tions showed a lower risk of care needs level deteriora-
tion; in particular, those whose housing adaptation costs 
were maximum showed less frequent deterioration in 
their care needs. Our findings suggest that implement-
ing housing adaptations for older adults with frailty was 
associated with lower risk of the further deterioration of 
care needs.

Our finding would add new evidence to that generated 
from a previous study [9]. The previous study’s sample 
included more dependent individuals with all care needs 
levels, including those who need caregiving throughout 
the day [28]. However, the purpose of housing adapta-
tions differs according to disability levels [12]. Although 
housing adaptations for older adults with care support 
levels mainly focus on promoting capacity-enhancing 
behaviors, the main purpose for older adults with care 
needs levels is removing barriers to providing caregiver 
support. The differences in purpose mean that the out-
comes which we should assess are also different, and a 
sample with a wide range of care needs levels might have 
obscured the effect of housing adaptations. Older adults 
with frailty are vulnerable to adverse outcomes, [13] and 
therefore an important target for preventing care needs 
level deterioration. Housing adaptations could promote 
capacity-enhancing behaviors, maintain ADL, [5] and 
might have prevented the extension of total care time for 
older adults with frailty.

The maximum cost group was a significantly lower 
incidence of care needs level deterioration, but it did not 
reach the statistical significance for the not maximum 
cost group. The lower cost of housing adaptations might 
not have met these applicants’ needs. However, medi-
cal or long-term care professionals assess these appli-
cants’ needs before housing adaptations are implemented 
under Japan’s long-term care insurance system, [3] and 
this pre-assessment system will lower the risk of missing 
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the needs. Rather than that, this result might be because 
the not maximum cost groups might be too weak as an 
intervention for building environments. Although differ-
ences existed in who is eligible for housing adaptations, 
the Japanese government set a very low cost for housing 

adaptations compared to other countries (e.g., the maxi-
mum cost is GBP 30,000 (USD 40,766) in the UK [29] and 
EUR 4,000 (USD 4,360) in Germany [30]). About 30% of 
older adults using housing adaptations in Japan exceed 
the upper limit by themselves with 100% out-of-pocket 

Table 2  Characteristics of study subjects according to implementation of housing adaptations for older adults certified for care 
support levels

Housing adaptations p-value a)

Not implemented Implemented
N (% of all) 513 (64.4) 283 (35.6)
Age (years)
  65 − 74 112 (21.8) 65 (23.0) 0.529
  75 − 84 276 (53.8) 159 (56.2)
  ≥85 125 (24.4) 59 (20.8)
Sex
  Female 326 (63.5) 180 (63.6) 0.987
  Male 187 (36.5) 103 (36.4)
Household income
  Low 287 (55.9) 149 (52.7) 0.371
  Middle-to-High 226 (44.1) 134 (47.3)
Certified levels
  Care support level 1 292 (56.9) 136 (48.1) 0.016
  Care support level 2 221 (43.1) 147 (51.9)
Cognitive function
  Independent 231 (45.0) 136 (48.1) 0.710
  Mildly declined (rank I) 229 (44.6) 120 (42.4)
  Moderately declined (rank II or higher) 53 (10.3) 27 (9.5)
IADL
Going outside
  At least once a week 324 (63.2) 177 (62.5) 0.724
  Less than once a week and at least once a month 107 (20.9) 55 (19.4)
  Less than once a month 82 (16.0) 51 (18.0)
Taking medicine
  Independent 379 (73.9) 195 (68.9) 0.134
  Needs help 134 (26.1) 88 (31.1)
Money management
  Independent 377 (73.5) 202 (71.4) 0.545
  Partially needs help 100 (19.5) 55 (19.4)
  Totally needs help 36 (7.0) 26 (9.2)
Shopping
  Independent 170 (33.1) 88 (31.1) 0.556
  Needs help 343(66.9) 195 (68.9)
Cooking
  Independent 258 (50.3) 126 (44.5) 0.296
  Partially needs help 86 (16.8) 53 (18.7)
  Totally needs help 169 (32.9) 104 (36.7)
Preventive care service utilization
Used 433 (84.4) 93 (32.9) < 0.001
  - Preventing long-term care need and comprehensive livelihood support services 333 (64.9) 73 (25.8) < 0.001
  - Day services or day care services 85 (16.6) 12 (4.2) < 0.001
  - Home-visit services b) 24 (4.7) 6 (2.1) 0.070
  - Others 19 (3.7) 3 (1.1) 0.029
(a)p-value: χ2-test (p < 0.05). (b) Home-visit services included home help services, home-visit bathing services, home-visit nursing, home-visit rehabilitation, and 
physician/dentist home visit

Abbreviations: IADL: Instrumental Activities of Daily Living
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payments [31]. Housing adaptations with at least the 
maximum cost of this service may prevent increasing 
care needs. The dose-response relationships between 
higher housing adaptation costs and lower relative risks 
of care needs level deterioration might exist, but further 
studies are needed to assess the fulfillment of clients’ 
needs and the causal relationships.

This study has three major limitations. First, it is impos-
sible to detail the contents of housing adaptation, such 
as the types of housing adaptations based on our claims 
data. We speculated that most housing adaptations were 
installing handrails according to a previous study [31]. 
Our research suggested that housing adaptation amounts 
were also related to the care needs levels; therefore, in 
further research, we should examine the representative 

Table 3  Care needs level deterioration among older adults with care support levels according to housing adaptations
Care needs 
level 
deterioration
n (%)

Follow-up pe-
riod (month)
(Mean ± SD)

Incidence of care 
needs level dete-
rioration (/1000 
person-month)

Model 1 Model 2
aHR 95%CI aHR 95%CI

Housing adaptations
Not implemented 225 (43.9) 13.7 ± 8.4 31.9 ref ref
Implemented 86 (30.4) 15.7 ± 8.1 19.3 0.69 0.51–0.93
- Not maximum cost group 64 (33.7) 15.4 ± 8.5 21.8 0.78 0.57–1.07
- Maximum cost group 22 (23.7) 16.3 ± 7.3 14.4 0.51 0.31–0.82
aHR: adjusted hazard ratio; 95% CI: 95% confidence interval

The exposures in models 1 and 2 were implementation of any housing adaptations and implementation of housing adaptations divided whether the cost was 
maximum (USD1,345–1,513) or not maximum cost (< USD1,345), respectively. Models were adjusted for age, sex, household income, certification levels, cognitive 
function, instrumental activities of daily living, and use of preventive care services

Fig. 1  Kaplan − Meier plots of older adults’ care needs level deterioration according to housing adaptations
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contents of housing adaptations and their amount to 
determine the effects of housing adaptations. Second, 
we could not exclude the possibility of the existence of 
residual confounding factors affecting the study results. 
We could not adjust other confounding factors such as 
malnutrition or social frailty [32] because older adults 
who did not implement housing adaptation services were 
more likely to use preventive care services. Addition-
ally, we could not adjust for medical backgrounds (e.g., 
heart failure, musculoskeletal disorders) as potential con-
founding factors because the medical data were unavail-
able. Although the care needs certification data includes 
specific medical procedures such as the use of oxygen 
therapy, we did not include these because the number 
of study subjects was limited. Moreover, we could not 
identify older adults who were admitted to a hospital and 
they were regarded as not having experienced care needs 
level deterioration during the follow-up period. Future 
research requires collaboration between medical and 
long-term care claims data. Third, although the baseline 
period was six months, some individuals might imple-
ment housing adaptations even after this period. There-
fore, the results of this study mainly pertain to those who 
implemented housing adaptations either immediately or 
soon after care support certification. Moreover, we per-
formed follow-up assessments only for two years, which 
may be too short a period to evaluate the effect of long-
term care services; therefore, further research is needed 
to examine the effect of housing adaptations for older 
adults with disabilities using longer evaluation periods. 
Despite these limitations, our results revealed the asso-
ciation of housing adaptations with the required time for 
care by using representative data from one municipality 
in Japan.

Conclusion
This study offers novel insights into the housing adapta-
tions on the prevention of care needs level deterioration 
among older adults with frailty. Policymakers and health 
professionals need to deliver housing adaptations for 
this population when appropriate. Additionally, further 
research is needed to examine the longer-term effects of 
housing adaptations, considering the fulfillments of cli-
ents’ needs and the causal relationships.
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