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Abstract

Background: This study investigated how cognitive function-related simple questions can be used to identify older
individuals who are at risk of needing long-term care.

Methods: This cohort study was conducted in Kobe city, Japan. In 2015, the municipal office distributed the Kihon
Checklist by post, a 25-item questionnaire including three cognitive function-related questions (questions 18, 19, 20)
to citizens aged > 70 years. Need certification is routinely done by Kobe city as part of the national Long-Term Care
Insurance Act. The answers to the 2015 questionnaire were merged with need certification data between the ques-
tionnaire delivery and the end of December 2019.

Results: Of the 77,877 citizens (age: 72.9 4 2.7 years) who received the questionnaire, 50,154 responded (response
rate: 64.4%). During the study period, the cumulative incidence of the need for long-term care was higher in those
who did not respond than in those who did (12.5% vs 8.4%; P<0.001). Among those who responded, the incidence
of the need for long-term care was progressively greater as the number of negative answers to cognitive function-
related questions increased (5.0%, 8.4%, 15.7% and 30.2% at 4 years'follow-up, for respondents with, respectively, 0,
1,2 and 3 negative answers). Similarly, when the need certification for long-term care was confined to that accom-
panied by dementia, the incidence also rose as the number of negative responses to the cognitive function-related
questions increased (3.4%, 6.5%, 13.7% and 27.9% for respondents with, respectively, 0, 1, 2 and 3 negative answers).
Using multivariate Cox regression analysis, all three cognitive function-related questions were predictive of the need
for long-term care, and question 18 (about memory loss) had the highest hazard ratio for predicting the need for
long-term care accompanied by dementia.
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Conclusions: Use of cognitive function-related simple questions may help identify older adults at risk for needing
long-term care, suggesting their potential value for use in administrative and policy approaches aimed at reducing

the societal burden of dementia.
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Background

In Japan, the proportion of older individuals
aged > 65 years was 28.4% in 2019, and it is expected
to reach 38.1% in 2060 [1]. Moreover, in 2017 Japan had
the highest prevalence of dementia (2.3%) among coun-
tries in the Organisation for Economic Co-operation
and Development, and the prevalence is projected to
reach 3.8% by 2037 [2]. In the face of such an unprec-
edented super-aged society, the societal burden of
elderly care is a pressing challenge for the nation. Spe-
cifically, dementia is one of the leading causes of the
need for long-term care (LTC), accounting for 24.3% of
LTC need certifications in Japan in 2019 [3]. Although
significant advances have been made during the past
decade in neuroimaging and in understanding clinico-
pathological correlations and biomarker development,
improvements in the treatment have been limited,
partly due to the lack of efficient methods for screening
and detecting high-risk individuals.

To prepare for the coming super-aged society, the Jap-
anese government implemented a revised initiative in
2006 [4] to reduce the increasing need for LTC, which
included the implementation of the Kihon Checklist
(KCL) survey [5, 6]. The KCL is a 25-item questionnaire,
designed by the Ministry of Health, Labour and Welfare,
that aims to identify frail older individuals. Additionally,
certification of need for LTC has been in place across
the nation since 2000 under the LTC Insurance Act [7].
Under such conditions, we have previously analysed the
relationships between responses on the KCL survey and
certification data for LTC by merging two kinds of data
separately stored in the Kobe municipal office. Through
these analyses, we have found a temporal link between
negative answers in the KCL—that is, answers that reflect
a decline in cognitive function—and the risk for LTC for
approximately 180 000 citizens in Kobe [8]. Of note, the
need for LTC in citizens with three negative answers was
nearly 10 times higher than in those with no negative
answers. However, because the analyses were performed
on merged data collected for different purposes, the
accuracy of the findings needed to be addressed. Indeed,
certain missing data in the KCL survey had been coded
as negative answers for administrative purposes. Also,
the underlying diseases of those with LTC needs could
not be addressed, precluding argument on the causal link
between negative answers and LTC need.

Thus, this study aims to strengthen and extend the
findings of our prior study by prospectively evaluating
the relationship between negative answers on the KCL
survey and the risk for future LTC need among the older
population of Kobe city.

Methods

Study design

This study was conducted as part of the “Kobe project for
the exploration of newer strategies to reduce the societal
burden of dementia’, which was a collaborative research
project of Kobe University, the Foundation for Biomedi-
cal Research and Innovation, Kobe Gakuin University
and WHO. The Kobe municipal office provided strong
support for the project. The rationale, overall design, out-
line of the studies and final goals of the project have been
described elsewhere [9].

This is one of four studies included in the above Kobe
project, and is a cohort study conducted with the admin-
istrative services of Kobe city to examine the relation-
ships between cognitive decline, as evidenced by negative
answers in the KCL, and the incidence of need for LTC in
the 4 years after the survey.

Study population

Based on population statistics, Kobe is the sixth larg-
est city in Japan, with 1,500,000 residents; the potential
respondents were citizens aged > 70 years. From May to
July 2015, the Kobe city municipal office distributed by
post the KCL questionnaire to residents in this age group
whose age was an even number (e.g. 70, 72, 74), repre-
senting roughly half of the target population.

The KCL questionnaire was delivered to 77,879 citi-
zens who had not already been certified as needing LTC.
However, two potential respondents were deceased, so
the study sample comprised 77,877 residents with a mean
age of 72.912.7 years, and 46.0% of respondents were
men.

Baseline evaluation

The KCL evaluates respondents’ ability to care for
themselves in order to identify frail older adults [5, 6].
The simple questionnaire was developed by the Minis-
try of Health, Labour and Welfare. The 25 items assess
respondents’ abilities in seven domains: activities of daily
living (ADL) (questions 1-5), motor activities (6—10),
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nutrition (11 and 12), oral function (13-15), frequency
of going out (16 and 17), cognitive function (18-20) and
mental status (21-25). The three questions that reflect
cognitive function focus on memory loss (question 18),
executive function (19) and temporal orientation (20).
Question 18 asks respondents, “Do your family or your
friends point out your memory loss?”; question 19 asks,
“Do you make a call by looking up phone numbers?”;
question 20 asks, “Do you find yourself not knowing
today’s date?” Additionally, although the 26th question
(a 5-point rating scale of subjective general health status,
thereafter proposed by the Ministry of Health, Labour
and Welfare) was included in the KCL delivered by Kobe
city, it was not considered in this study, in order to be
consistent with the original definition [6].

Outcome evaluation
Under the national LTC Insurance Act, applications for
LTC need certification are submitted from people who
wish to be certified to receive care services at lower cost.
When the municipal office receives applications from
citizens, their health and living conditions are meticu-
lously evaluated according to government guidelines, and
certification is based on a predetermined algorithm, with
the final judgement made by a publicly authorized com-
mittee. When LTC need is certified, the levels of need
range from LTC level 1 (least severe) to LTC level 5 (most
severe). LTC level 1 is certified when an individual shows
instability in walking or standing up and requires some
support in their daily life, for example, needing help with
bathing; LTC level 5 is certified when comprehensive care
is required for all aspects of daily living and this occurs
concomitantly with difficulty in communication. Using
these data, the primary outcome of this study was the
time from completing the survey in 2015 to the occur-
rence of LTC need certification (LTC level 1 or worse).
During the certification processes, ADL impairment
due to dementia is also evaluated and categorized, rang-
ing from independent to grade IV (worst impairment)
(Additional file 1). Using these categories, this study
defined “LTC need with dementia” to be a need for LTC
accompanied by dementia-related ADL impairment at
grade Ila or worse, where grade Ila represents the condi-
tion in which, despite symptoms or behaviours interfer-
ing with daily life or making communication difficult, the
individual is independent, although care is required out-
side the home.

Data collection and management

In our prior study [8], missing data in the KCL sur-
veillance had been coded as negative answers accord-
ing to the local practice of the Kobe municipal office,
which could have impacted on the risk associated with
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respective questions. Thus, in the current study, the
returned KCL answers were recorded on the data-
base exactly as they were, with missing or indiscernible
answers treated as blank data. Data on LTC need certi-
fication were extracted from a separate administrative
database. Then, the municipal office merged the KCL
data with the LTC need certification data to prepare the
data set for analysis. After all personal information was
removed, the data set was transferred to our study group
for statistical analyses.

Statistical analyses

Incidence of need certification

The cumulative incidence of need certification for LTC at
1, 2, 3 and 4 years after the 2015 survey was evaluated
using the Kaplan—Meier method and log-rank test, and
intergroup differences were compared between those
who returned the survey and those who did not. The
duration of follow-up was calculated from the date the
survey was posted to the date of LTC need certification.

Impact of answers to cognitive function-related questions
Based on the number of negative answers to the three
questions in the cognitive domain of the KCL (questions
18-20), respondents were divided into four groups: (i) no
negative answers, (ii) one negative answer, (iii) two nega-
tive answers and (iv) three negative answers. The inci-
dence of LTC was similarly evaluated as above.

Exploring the impact of cognitive function-related questions
on therisk of LTC need
To explore risk factors for LTC need, multivariate Cox
regression analyses were carried out using 27 explana-
tory variables, comprising age, sex and questions 1-25 in
the KCL. To find the minimum adequate model, variables
were eliminated in a stepwise fashion from the initial
model using Akaike’s information criterion.

Statistical analysis was conducted using SAS version
9.4 (SAS Institute, Cary, NC, USA), and the significance
threshold was set at P<0.05.

Ethical considerations

This study was approved by the WHO Research Eth-
ics Review Committee (Protocol No. 0002899); the Eth-
ics Review Committee of the Foundation for Biomedical
Research and Innovation, Kobe, Japan (Approval No.
16-06); and the Ethics Review Committee of the Kobe
municipal office (Approval No. 29-2). This study con-
forms to the provisions of the Declaration of Helsinki,
and was conducted in accordance with Japan’s “Ethi-
cal guidelines for medical and health research involving
human subjects” and, as such, informed consent was not
required to analyse anonymized data. Instead, the study
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outline was posted on the Kobe municipal office website,
where protection of personal information and complete
anonymity were ensured.

Results
Baseline characteristics
Of the 77,877 citizens who received the KCL question-
naire from the municipal office, 50,154 responded and
27,723 did not, corresponding to a response rate of 64.4%.
The percentages of negative answers are listed in
Table 1. Question 10, which asks respondents whether
they are worried about falling, was the question that
most often had a negative answer (37.0% of respond-
ents), whereas question 2, which asks respondents
about their ability to buy daily necessities, had the few-
est negative responses (2.8%). For the three cognitive
function-related questions, the percentages of negative
answers were moderate compared with responses to
other questions: 9.5% responded negatively to question
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18 (about repeating themselves and feeling forgetful),
8.3% responded negatively to question 19 (about looking
up phone numbers) and 18.0% responded negatively to
question 20 (about knowing the date).

Among the 25 questions, the proportion of missing
data ranged from 0.5% (question 2) to 6.9% (question 12
and 13), with an average of 1.7%.

Incidence of certification for LTC need

During the follow-up period from May 2015 to Decem-
ber 2019, the incidence of need certification for LTC was
8.4% (4208 of 50 154) for those who returned the KCL,
and 12.5% (3,470 of 27 723) among those who did not,
implying there was a higher risk for LTC need among
those who did not respond (univariate hazard ratio: 1.55,
95% CI: 1.48-1.62, P<0.001; age- and sex-adjusted haz-
ard ratio: 1.63, 95% CI: 1.55-1.70, P<0.001). Also, at each
follow-up year, the incidence of LTC need was consist-
ently higher in those who did not respond than in those

Table 1 Percentage of negative answers in the KCL, Kobe, Japan, 2015 (N =150,154)

Question no Item Negative answer Data
(%) missing
(%)
1 Do you go out by bus or train by yourself? 34 0.6
2 Do you go shopping to buy daily necessities by yourself? 238 0.5
3 Do you manage your own deposits and savings at the bank? 7.7 0.7
4 Do you sometimes visit your friends? 259 13
5 Do your family or friends turn to you for advice? 10.8 14
6 Do you normally climb stairs without using a handrail or the wall for support? 27.1 13
7 Do you normally stand up from a chair without any aids? 9.9 09
8 Do you normally walk continuously for 15 minutes? 6.0 0.8
9 Have you experienced a fall in the past year? 16.9 0.8
10 Do you have a fear of falling while walking? 370 1.5
11 Have you lost 2 kg or more in the past 6 months? 129 38
12 Height: cm, weight: kg, BMI: kg/m? If BMI is less than 18.5, this item is scored negatively 73 6.9
13 Do you have any difficulties eating tough foods compared to 6 months ago? 20.1 6.9
14 Have you choked on your tea or soup recently? 194 0.8
15 Do you often experience having a dry mouth? 226 0.8
16 Do you go out at least once a week? 35 1.1
17 Do you go out less frequently compared to last year? 17.0 0.8
18 Do your family or your friends point out your memory loss? e.g.“You ask the same question 9.5 1.0
over and over again”.
19 Do you make a call by looking up phone numbers? 83 1.2
20 Do you find yourself not knowing today’s date? 18.0 0.8
21 In the last 2 weeks have you felt a lack of fulfilment in your daily life? 132 13
22 In the last 2 weeks have you felt a lack of joy when doing the things you used to enjoy? 99 1.6
23 In the last 2 weeks have you felt difficulty in doing what you could do easily before? 252 13
24 In the last 2 weeks have you felt helpless? 15.1 1.6
25 In the last 2 weeks have you felt tired without a reason? 243 23
Average 15.0 1.7

BMI body mass index
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who did (2.2 vs 1.1% at year 1; 4.9 vs 2.7% at year 2; 7.6 vs
4.5% at year 3; and 10.6% vs 6.7% at year 4) (Fig. 1).

Association between negative answers and future need

for LTC

For the 50,154 respondents, the cumulative incidence of
LTC need progressively increased as the number of nega-
tive answers increased for the questions in the cognitive
domain (Fig. 2). Of note, the incidence of need at the
4-year follow-up was particularly high as the number of
cognitively unfavourable answers in the KCL increased
(5.0% among respondents with no negative response;
8.4% among those with one negative response; 15.7%
among those with two; and 30.2% among those with
three).

Also, among the 4,208 respondents who were certified
to have a need for LTC, 2,821 (67.0%) were categorized as
“LTC need with dementia” When the analysis was con-
fined to the group “LTC need with dementia’, again the
incidence of need was higher as the number of negative
answers increased to questions in the cognitive domain
(3.4% for those with no negative answers; 6.5% for those
with one negative answer; 13.7% for those with two; and
27.9% for those with three) (Fig. 3).

Using answers to conduct a risk assessment of future
needs for LTC

A multivariate Cox regression analysis was used to eval-
uate the impact of answers to the survey on the risk for
LTC (Table 2). Using stepwise elimination from the ini-
tial model, many of the questions, including the three
cognitive function-related questions, were independently
associated with the risk for needing LTC (hazard ratio:
1.40 for question 18; 1.18 for question 19; 1.22 for ques-
tion 20), with highest hazard ratio found for question 18
(“Do your family or your friends point out your memory
loss?”).
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Fig. 1 Incidence of LTC need, by response or nonresponse to the
KCL survey. The need for LTC was higher among people who did not
respond (dashed line) to the questionnaire than among those who
did (solid line)
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When analysis was confined to the “LTC need with
dementia” group, a similar pattern was found, with all
three cognitive function-related questions being sig-
nificant predictors for LTC need (hazard ratio: 1.73 for
question 18; 1.19 for question 19; 1.35 for question 20).
Among the 25 questions in the KCL, the highest hazard
ratio was found for question 18. Also, the hazard ratios
associated with such questions were slightly higher for
“LTC need with dementia’, compared to the whole LTC
need.

Discussion
This study used administrative data collected through
the civil service and included responses from more than
50,000 older adults living in an urban area of Japan to
demonstrate that asking cognitive function-related sim-
ple questions about ADL can identify people at risk of
needing LTC.

The KCL questionnaire was devised to assess indica-
tors of frailty, including cognitive decline; it was posted
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Table 2 Multivariate analysis of certification of need for LTC

Question no. or LTC need LTC need with
other item dementia®
Hazardratio P Hazardratio P
Age 1.15 <0.001 1.19 <0.001
Female sex 0.76 <0.001 0.89 <0.05
1 1.55 <0.001 1.39 <0.001
2 1.30 <001 142 <0.001
3 1.30 <0.001 141 <0.001
4 1.22 <0.001 1.29 <0.001
5 -b - 117 <0.05
6 143 <0.001 1.39 <0.001
7 1.09 0.138 - -
8 1.14 <0.05 - -
9 1.16 <0.01 1.24 <0.001
10 1.14 <0.01 .11 <0.05
Il 142 <0.001 1.40 <0.001
12 1.65 <0.001 1.62 <0.001
13 - - - -
14 0.77 <0.001 067 <0.001
15 0.90 <0.05 0.82 <0.001
16 1.34 <0.001 1.34 <0.001
17 1.25 <0.001 1.19 <0.01
18 1.40 <0.001 1.73 <0.001
19 118 <0.01 1.19 <0.01
20 1.22 <0.001 135 <0.001
21 1.14 <0.05 1.19 <0.01
22 - - 1.12 0.108
23 - - - -
24 - - - -
25 117 <0.001 .11 0.066

2 This category includes those whose need for LTC accompanied by dementia-
related impairment in activities of daily living at grade lla or higher

b Dashes indicate variables excluded from the model using Akaike's information
criterion

to nearly 80,000 citizens of Kobe aged>70 years in
2015, and the response rate was 64.4%. This response
rate appears to be high for such large-scale surveil-
lance, especially given that no reminders were sent. The
average age of respondents, the ratio of men to women
and the response rate (Table 1) were similar to those
in our prior study [8], which assessed responses to the
same questionnaire delivered from 2008 to 2010. How-
ever, the overall percentages of negative answers (indi-
cating physical or mental difficulties) were generally
lower in this study, perhaps owing to the government
efforts to improve health literacy that began in 2006 [7].
In line with such trends, the percentages of negative
answers to the three questions in the cognitive domain
also tended to be lower [8]. Notably, the percentage of
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negative answers to the question “Do your family or
your friends point out your memory loss?” (question
18) was 9.5% in this study, whereas it was 16.7% in our
prior study, showing an apparent decrease occurring
during the interval. According to the “Comprehen-
sive survey of living conditions 2019” [3], the propor-
tion of individuals aged > 65 years who are living alone
has substantially increased, and communication has
become increasingly digitally recorded, both of which
may have contributed to the decreased frequency of
negative answers to question 18. Additionally, among
the 25 questions, the average proportion of miss-
ing data was 1.7% (ranged from 0.5 to 6.9%), which is
reasonably low for a large surveillance of this kind. Of
note, because our prior study [8] was conducted in the
same settings as this study, the rates of missing data
could have been similarly lower, even though no infor-
mation was available, potentially supporting the valid-
ity of the prior study findings.

Of note, the older adults who did not return the KCL
showed a higher incidence of need for LTC than did
respondents (12.5% vs 8.4%), representing a risk that was
1.5 times higher for those who did not respond. Also,
such differences were consistent for each year during
the 4-year follow-up (Fig. 1); this is in line with Igarashi
et al. [10], and could be attributable to lower health lit-
eracy or potentially a higher prevalence of underlying
illness in nonrespondents, and it requires further inves-
tigation. However, these findings imply that the inability
to properly respond to such surveillance per se may be
associated with a risk for needing LTC, suggesting the
necessity of offering additional administrative help to this
group. Nonetheless, because assessing such a large num-
ber of people is virtually impossible, improving health
literacy through proactive public engagement may be a
feasible approach. Indeed, the incidence of certification
for LTC need appeared to be lower in this study (4.5%
over 3 years) than in our prior study (5.4% over 3 years)
[8] and other earlier studies [11-13], and focusing of the
national LTC insurance system on prevention [7] could
contribute to reducing this need, even though the abso-
lute number of individuals certified for LTC has been
increasing in proportion to the rapid ageing of society.

During the study period, the incidence of LTC need
progressively increased as the number of negative
answers in the cognitive domain increased (Fig. 2). In
fact, 4 years’ cumulative incidence of LTC need in indi-
viduals who had three negative answers in this domain
was six times higher (30.2%) than in those who had no
negative answers (5.0%). Notably, among the respond-
ents who had no negative answers in this domain, the
risk of needing LTC was even lower than it was among
the overall group of respondents (6.7%), suggesting that
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cognitive health is associated with a lower risk for LTC.
These findings strengthen those of our prior study [8],
which retrospectively assessed merged data from differ-
ent sources and in which questions that were unanswered
were considered to be negative responses for administra-
tive purposes. When the need for LTC was confined to
those certified to be with dementia, the incidence also
increased as the number of negative answers increased
to the questions in the cognitive domain (Fig. 3). None-
theless, the incidence was only slightly lower than that
found for the whole LTC need, which was not surprising
because of the high prevalence of dementia in individu-
als with LTC need certification regardless of the causes.
Indeed, two thirds (67%) of individuals with LTC need
were with dementia, which may have mitigated the differ-
ence between the two analyses.

When responses were assessed by multivariate Cox
regression analysis, many items in the KCL, including
the three questions on cognitive function, were associ-
ated with the risk for LTC need (Table 2), This finding is
concordant with other studies from our nation [12-14],
which showed a value of KCL surveillance for the risk
assessment of future LTC need, by utilizing administra-
tive data of the local government. However, we are una-
ware of large-scale studies that prospectively evaluated
how asking simple questions on cognitive function can
be used to stratify the risk for needing LTC in the gen-
eral population. Additionally, the hazard ratios associated
with respective questions were roughly similar between
the current study and our prior study [8], supporting the
validity of our prior findings.

When the analysis was confined to those in the cat-
egory of “LTC need with dementia’; all three questions
in the cognitive domain remained significant predic-
tors of LTC need. Of note, of all 25 questions, the high-
est hazard ratio (1.73) was found for the question about
forgetfulness and repetition (question 18), suggesting its
strong link with the future “LTC need with dementia”
Additionally, the hazard ratios associated with respective
questions were only slightly higher for “LTC need with
dementia’, compared to the whole LTC need (Table 2).
This may be also explicable on the basis of high preva-
lence of dementia in individuals with LTC need of any
causes. As the prevalence of dementia increases with the
rapid ageing of society, and in the absence of effective
therapeutic strategies to treat dementia, these findings
provide a rationale for utilizing questionnaires to identify
high-risk individuals who may receive the greatest benefit
from a medical or administrative intervention.

Additionally, the approach adopted in this study
may be applicable to municipalities in other countries
because of its low cost. Incorporating such a ques-
tionnaire into local government activities will help to
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create a robust social system in which screening and
risk assessment for dementia are routinely and sim-
ply implemented. In this way, appropriate services
can be provided depending on each individual’s risk,
the effects of which can be quantitatively evaluated in
relation to the need for LTC. Thus, the current study
may have established a model that can be used to col-
lect quantitative feedback through local governmental
services, and the information collected can lead to the
reduction of societal burden of dementia.

However, this study has certain limitations. First, the
causal relationships between negative answers in the
cognitive domain and the need for LTC still remain to be
addressed. Indeed, while cognitive decline is likely to pre-
dispose individuals to need LTC, having a condition that
leaves an individual bedridden, for example, can acceler-
ate cognitive decline, consequently leading to dementia.
Also, dementia could be a concomitant manifestation of
overall frailty among bedridden individuals who need
LTC, which obscures the causal link between negative
answers in the cognitive domain and LTC need. Second,
the KCL survey was delivered and returned by post, but
it may be conducted by more sophisticated electronic
methods in the future. Third, although question 18 is
primarily meaningful when an individual is living with
someone, the proportion of individuals living alone is
increasing [3], requiring optimization of the questions
to meet lifestyle changes in society. Thus, continual
improvements, as well as customization of questions to
the target population, are necessary before extrapolating
the findings of this study.

Conclusion

The use of cognitive function-related simple questions,
delivered through existing municipal administrative ser-
vices, may help identify citizens at risk for LTC need and
LTC need with dementia, and this low-cost approach
could be used in various settings, suggesting its potential
utility to explore new administrative approaches aimed at
reducing the societal burden of LTC and dementia.

Abbreviations
ADL: Activities of daily living; KCL: Kihon Checklist; LTC: Long-term care.
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