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Abstract

Objectives: The Kihon Checklist (KCL) is valuable for predicting long-term care (LTC) certification. However, the precise asso-
ciation between KCL scores and the temporal dynamics of LTC need certification remains unclear. This study clarified the char-
acteristic trajectory of KCL scores in individuals certified for LTC need.

Methods: The KCL scores spanning from 201 | to 2019 were obtained from 5630 older individuals, including those certified for
LTC need in November 2020, in liyama City, Nagano, Japan. We analyzed the KCL score trajectories using a linear mixed model,
both before and after propensity score matching.

Results: Throughout the 9-year observation period, the KCL scores consistently remained higher in the certified group com-
pared to the non-certified group. Notably, a significant score increase occurred within the 3 years preceding LTC certification.

Discussion: Our findings highlight the effectiveness of continuous surveillance using the KCL in identifying individuals likely to

require LTC within a few years.
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Introduction

The life expectancy in many countries worldwide continues
to increase,’ with Japan having the longest life expectancy
in the world.> The increase in the older population has led
to a considerable increase in healthcare costs.”> Japan intro-
duced the long-term care insurance (LTCI), a social insurance
plan, in 2000 to reduce the burden of nursing care and medical
costs.* LTCI is graded into seven levels according to the
degree of daily living disruption, and its services are available
according to the disruption severity. LTCI has reduced the
financial and care burden on individuals and their families,*
while the aging population in Japan causes a substantial
social burden that surpasses the capacity of relying exclu-
sively on LTCI. Therefore, it is crucial to intervene in
people who are suspected to need the LTC in the future
through early detection.

Literature Review

The Japanese Ministry of Health, Labour and Welfare devel-
oped the Kihon Checklist (KCL), which is recommended for
use to accurately and efficiently identify frail older persons.
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KCL has been shown to be effective in predicting which older
adults will require LTC certification and in assessing frailty.”
The total KCL scores predict LTC need certification 3 and 8
years in advance,®’ whereas the 20 main items of the KCL
(except the “Mood” domain) show the greatest predictive
ability for LTC need at 3 years prior to the certification.® The
“Physical strength” domain serves as a prognostic factor for
the certification of LTC need among men, exhibiting a predic-
tive accuracy for certification at 2 years prior to the actual
need.’ The “Memory” domain demonstrates predictive capabil-
ity for LTC need certification at 3 years prior to its actualiza-
tion.'"” Additionally, the associations of KCL scores with
LTC need certification have been reported.'' Moreover, KCL
scores have exhibited significant correlations with heightened
cognitive dysfunction,'? elevated levels of depression,” and
augmented mortality."* Even long-term follow-up studies
have validated the predictive ability of KCL scores for func-
tional disability.®'

The above reports indicate the efficiency and validity of the
KCL for assessing frailty and LTC need. However, the predict-
ability of the KCL, as observed in follow-up studies spanning
from 2 years to 11 years, does not provide information about
when a person would be certified for LTC need. To predict
the timing of LTC need certification based on KCL scores, it
is necessary to assess the trajectory of KCL scores in individu-
als until they are certified to require LTC. The present study
aimed to elucidate the trajectory of KCL scores between
those who were certified to LTC need and those who were
not during a 9-year period preceding their LTC certification.

Methods
Study Design

This retrospective, longitudinal, observational study was con-
ducted in cooperation with liyama City, Nagano, Japan,
which is known to have a considerable aging population in
Japan. Since the year 2011, the KCL survey has been under-
taken annually, targeting exclusively those older individuals
aged >65 years who maintain an independent status. liyama
City provided anonymized and de-linked information on KCL
scores between 2011 and 2019 and LTC need certification
between April 2020 and March 2021. The present study was
conducted in accordance with the ethical standards of the
Declaration of Helsinki (as revised in Brazil in 2013), and
approved by the ethical committees of Gunma University
(No. HS2022-178) and Nagano University of Health Sciences
(No. 2020-4). Participants provided written informed consent
to participate in this study. The details of this study were
posted on the liyama City website, and participants were
offered the opportunity to decline participation in the study.

Participants

The KCL questionnaire was delivered to 6147 individuals out of a
total of 7608 individuals aged >65 years dwelling in liyama City

in November 2020, as 1461 individuals had already been certified
to have LTC needs. Representatives in each district collected the
questionnaires directly from the participants and sent them to
liyama City. This method of retrieval likely contributed to the
higher response rate observed in the current study, in comparison
to previous ones.'"'*!” A total of 5925 individuals responded to
the survey, yielding a response rate of 95.5%. Of these respon-
dents, 1595 individuals completed all of the questionnaires con-
ducted between 2011 and 2020, while 334 participants
responded to only one questionnaire on the year 2020. We
excluded 44 individuals who had previously been certified to
need for LTC and 9 individuals with missing information.
Finally, we analyzed the data of 242 individuals who have been
certified to need LTC (certified group) and those of 5630 individ-
uals who were not certified (non-certified group) between April
2020 and March 2021 (Figure 1).

Measurement of KCL

The KCL, a simple yes/no questionnaire that assesses multiple
aspects of daily living, comprises 25 items in which each neg-
ative response is equivalent to one point, ranging from 0 to 25
points, with higher scores indicating a higher likelihood of
being frail and a higher risk of needing support and care. The
25 items are divided into following seven domains'®:
“Activities of daily living (ADL)” (Nos. 1 - 5), “Physical
strength” (Nos. 6 - 10), “Nutrition” (Nos. 11 - 12), “Oral func-
tion” (Nos. 13 - 15), “Isolation” (Nos. 16 - 17), “Memory”
(Nos. 18 - 20), and “Mood” (Nos. 21 - 25).

Statistical Analysis

To verify the reliability of the data used in this study, we ana-
lyzed our data using a method described previously,'* which
studied 8091 older persons aged >65 years living in
Higashiura-Town, Japan, in 2010, and examined their LTC
need certification within a 2.5-year period. In the present
study, another data set was extracted so that our sample size
was similar to that of the previous study. The scores of 3837
older adults >aged 65 years dwelling in liyama City in
November 2017, without LTC need certification and without
missing KCL items were used as the baseline. These individuals
were then followed up for 2.5 years. Category assessments were
performed according to a previous report.'* The cutoff for each
domain was as follows: > 3 points “Physical strength” (Nos. 6 -
10); 2 points, “Nutrition” (Nos. 11 and 12); >2 points “Oral
function” (Nos. 13 - 15);>1 points “Memory” (Nos. 18 -
20); > 2 points “Mood” (Nos. 21 - 25), and “Isolation” (Nos.
16 and 17) status was defined as an answer of “no” to question
No. 16. Participants not meeting each criterion were considered
controls. Cox proportional hazards model regression analyses
were used to estimate the hazard ratios (HRs) and construct
95% confidence intervals (CIs) of cases in each domain com-
pared to controls. The analyses were adjusted for age, sex,
and all domains, except the target domain.
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Figure |. The flow of subjects through the study.

The linear mixed model (LMM) was used to compare the
KCL score trajectories over a 9-year period preceding the certi-
fication of LTC need, because it predicts the KCL scores for the
years when participants did not respond. Specifically, we exam-
ined the variations in trajectory patterns between the certified
and non-certified groups. This model enabled us to obtain
results that reduce the effects of systematic errors, which are
a concern in conventional analysis of variance that excludes
missing cases. This model can incorporate parameters related
to individual differences, such as baseline values and inter-
individual variation over time. The objective variable was
whether or not the patient was certified to need LTC, and the
explanatory variable was the KCL score. The fixed effects
were age and sex. The variable effects were the year of
survey (nine times) with repeated measures. The Bonferroni
test was used for multiple comparisons between the two
groups in each study year and trajectories of KCL scores
during a 9-year period. After the analysis using original data,
propensity score matching was conducted to redress the imbal-
ances of age and sex in the certified and non-certified groups.
The objective variable was whether or not the individuals
were certified to need LTC, and the covariates were age and
sex. The caliper value was calculated by multiplying it by 0.25.

We also assessed the KCL domains associated with the cer-
tification of LTC need. A multiple logistic regression analysis
was then performed with the forced entry method, and adjusted
odds ratios (aOR) and their 95% CIs were calculated. The
objective variable was whether or not the individuals was

certified to need LTC, and the independent variables were
scores in each KCL domain annually. The covariates were
age and sex.

The statistical significance level was at p <.05, and all stat-
istical analyses were performed using IBM SPSS Statistics 27
(IBM Corp., Armonk, NY, USA).

We are unable to share the data used in this study due to
ethical considerations and participant privacy concerns.

Results

The Population in This Study Is Similar to That of a
Previous Study

Table 1 shows the participant characteristics and HR for the
LTC need certification during the 2.5-year follow-up period
in this study and those of a previous report.'* The participants’
mean age (73.7 + 0.11 years in this study vs 72.6 years in the
previous study), percentage of males (48.5% in this study vs
46.4% in the previous study, p = .05, V = 0.02), and the
number of individuals with LTC need (249 in this study vs
415 in the previous study, p = .07, V = 0.02) were comparable
between the two studies. However, the number of participants
in the previous study was 1.44 times greater than our partici-
pants. The ratio of the LTC need certification was not signifi-
cantly different between the two studies [X* (1, 9379) =
3.438, p = .0637]. Cox proportional hazards model regression
analyses showed that “instrumental activities of daily living
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(IADL),” “Physical strength,” “Nutrition,” and “Mood” were
significant predictors of LTC need -certification in both
studies. “Oral function” was not a significant predictor of
LTC need in the current study, whereas the previous study
did not clarify the significance of this domain.

Table 1. Comparison of Participants in the Current and Previous
Studies.

this study Satake et al
(2.5 year (2.5 year
follow up) follow up) P value Effect size
Number of 3837 5542
participants
Number of LTC 249 415 0.07 0.02
needs®
Mean age 73.7 72.6
% of men® 48.5 46.4 0.05 0.02
HRs (95% Cl) HRs (95% Cl)
IADL 1.38 (1.04-1.85) 1.696 (1.371-2.099)
Physical strength 1.81 (1.33-2.46) 1.938 (1.548-2.426)
Nutrition 1.21 (0.61-2.41) 1.824 (1.047-3.175)
Oral function 0.79 (0.57-1.08) NS
Isolation 1.57 (1.14-2.17) NS
Memory 1.44 (1.09-1.91) NS
Mood 1.64 (1.23-2.19) 1.892 (1.522-2.352)

?Chi-square test, effect size was ¢. Cox proportional hazards model regression
analyses were used to estimate the hazard ratios (HRs) and construct 95%
confidence intervals (Cls) for the occurrence of LTC need certification within
2.5 years for the cases in each domain compared to controls. Adjusted for age,
sex, and all domains except the target domain.

Analysis of Original Data Indicated That the KCL Scores
Were Higher in the Certified Group Even at 9 Years
Prior to the Certification and Showed Further Increase
from 3 Years Prior to the Certification

Over the course of 12 months (from April 2020 to March 2021),
242 individuals (4.12%) were certified to need LTC care (certi-
fied group), whereas the remaining 5630 were not (non-certified
group), among a total of 5872 participants. The average age of
the certified group (84.5 + 7.05 years) was significantly higher
than that of the non-certified group (74.5 + 7.16 years) (p<
.001, g =1.39). Figure 2 shows the trajectories in KCL
scores of the certified and non-certified groups for 9 years
using the original data. The significant main effects of the tra-
jectories of the KCL scores during 9 years (F (8, 22,156) =
51.65, p<.001) and LTC needs certification [F (1, 5309) =
287.16, p<.001] were observed. Unexpectedly, the KCL
scores were significantly higher (5.54 + 0.25) in the certified
group than in the non-certified group (2.85 + 0.06) even at
9 years prior to the LTC need certification. A significant inter-
action was observed between the certification of LTC need and
the trajectories of KCL scores for 9 years [F (8, 2,2156) =
31.65, p<.001]. Multiple comparisons revealed significant dif-
ferences in KCL scores between the certified and non-certified
groups in each year (Figure 2 and Supplementary table 1: p <.01).
Further, the KCL scores in the certified group showed a rapid
and significant increase from 3 years prior to their certification
(Supplementary table 1: —1 year vs —2 years, p<.001; —1 year
vs—3 years, p<.00l;—2 year vs—3 years, p=.010).
Contrarily, the increase in KCL scores was gradual even in
the last survey year in the non-certified group (—1 year vs —

25

20

=i
(&)}

KCL score
o

-Tyear -6year

-Syear
--®- Non-certified group = —e—Certified group

-4year -3year -2year -lyear

Figure 2. Trajectories in the KCL scores of the certified and non-certified groups for 9 years using the original data. The results of the analysis
of the original data indicate that the KCL scores were significantly higher in the certified group than in the non-certified group, and the scores
increased from 3 years prior to the certification of LTC need. The LMM of KCL scores revealed significant main effects (trajectories of KCL
scores during 9 years: F (8, 22,156) = 51.65, p<.001; LTC certification: F (I, 5309) = 287.16, p <.001) and interaction between these factors
(F (8, 22,156) = 31.65, p<.001). There was a significant difference in the KCL scores between the certified and non-certified groups in all

survey years (*¥, p<.01). Error bars indicate the estimated 95% CI.
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2 years, p = .197; —1 year vs — 3 years, p <.001; — 2 years vs —
3 years, p <.405).

Data After Propensity Scores Matching Also Indicated
the Higher KCL Score in the Certified Group Further
Increase from 3 Years Prior to the Certification

We noticed, in the original data that a significant difference
existed in age between the certified and non-certified groups

(Table 2, p<.001, g = 1.39). To redress the discernible in
age, propensity score matching was conducted. The matching
redressed the discernible in age (Table 2, p = .84, g = .02).
The numbers of individuals in the certified and non-certified
groups were 251 and 239, respectively (Table 2).

Statistical analyses conducted on the matched dataset
yielded results that closely resembled the outcomes obtained
from the analyses using the original dataset (Figure 3). The sig-
nificant main effects of trajectories of KCL scores for 9 years
[F (8, 2125) = 25.03, p<.001] and the certification of LTC need

Table 2. Propensity Score Matching Redressed the Imbalance of age and sex Differences Between the Certified and non-Certified Groups.

Original data Matched data
Certified group  Non-certified group Certified group  Non-certified group
N = 242 N = 5630 N = 242 N =239
Mean (SE) Mean (SE) P value  Effect size Mean (SE) Mean (SE) P value  Effect size
age 84.49 74.54 s 84.49 84.35
(0.45) (0.10) <.001 1.39 (0.45) (0.44) .84 0.02
male 109 2688 109 101
female 133 2942 Al 0ol 138 133 >4 0.03

* p<.05,**: p <.0l. For the comparison of age at the end point between the certified and non-certified groups. Independent t-tests were conducted on age and the
effect size was calculated as Hedges’ g. A chi-square test was conducted for the comparison of the data between men and women in the certified and non-certified

groups, and the effect size was calculated as ¢

25

20

—
(]

KCL score
=

-9year -8year -Tyear -6year

--®- Non-certified group

-lyear

-Syear -4year -3year -2year
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Figure 3. Trajectories in KCL scores of the certified and non-certified groups during a 9 years period using propensity score matched
data. The KCL scores were significantly higher in the certified group than in the non-certified group and they increased from 3 years prior to
certification of LTC need even when matching data is used. The LMM analysis using matched data showed significant main effects of the
trajectories of the KCL scores (F (8, 2125) = 25.03, p<.001) and LTC certification (F (I, 459) = 53.72, p <.001) as well as an interaction

(F (8, 2125) = 8.52, p<.001). There was a significant difference in the
bars indicate the estimated 95% CI.

KCL scores between two groups in all survey years (**, p<.01). Error
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[F (1,459) = 53.72, p<.001] were detected. A significant interac-
tion was also observed between the certification of LTC need and
the trajectories of KCL scores for 9 years [F (8, 2125) = 8.52,
p <.001]. Multiple comparisons revealed significant differences
in KCL scores between the certified and non-certified groups in
each year (Figure 3 and Supplementary Table 2: p<.01). The
KCL scores were significantly higher (5.54 + 0.30) in the cer-
tified group than in the non-certified group (3.72 + 0.29) at
9 years prior to the certification. Further, the KCL scores
rapidly increased from 3 years prior to their certification in the
certified group (Supplementary Table 2: — 1 year vs —2 years,
p=.017;—1 year vs — 3 years, p<.001; — 2 years vs — 3 years,
p = .017). However, a significant increase was observed
only when comparing the score at — 1 year with those at—8
and—9 years (—1 year vs—8 years: p =.007,—1 year
vs — 9 years: p = .008), suggesting that KCL scores gradually
increased in the non-certified group.

“Physical Strength” was Consistently Associated with LTC
Need Certification Over the Entire 9-Year Period

Table 3 indicates the results of the multiple logistic regression
analysis using the matched data. “Physical strength” consis-
tently and statistically exhibited a significant association with
the certification of LTC need, spanning the entirety of a
9-year temporal period. The domain “Nutrition” demonstrated
a significant association with LTC need certification, as evi-
denced at 1 year prior to the formal certification. Similarly,
the domain “Isolation” displayed a noteworthy relationship
with LTC need certification, establishing its significance at
2 years prior to the certification. Moreover, the domain
“IADL” had a significant correlation with LTC need certifica-
tion, which was observed at 9 years before the formal certifica-
tion. Notably, a significant association emerged between the

“Memory” domain and LTC need certification, this association
being substantiated at temporal junctures of 5 and 8 years pre-
ceding the formal certification process.

Discussion

The comparison of participant’s characteristics between the
current and a previous'® studies showed no significant differ-
ences, elucidating the similarity between our study cohort and
the older population from another study. Notably, the analysis
of KCL score trajectories revealed a significant increase in
scores starting three years prior to LTC certification. It is con-
ceivable that the significant increase in KCL scores may serve
as a predictor for LTC certification, as KCL scores are indica-
tive of frailty.>'” However, further research is necessary to
empirically establish this concept. Our novel finding under-
scores the value of continuous KCL surveillance for identifying
individuals likely to require LTC within the next three years.
Recognizing such high-risk individuals is essential for the effi-
cient allocation of social and financial resources.

Higher KCL scores in the certified group even 9 years prior
to their certification coincide with those of long-term prospec-
tive studies. The total KCL score exhibited an independent pos-
itive association with functional disability over an 8-year and
13-year follow-up period.®'> Furthermore, it is interesting to
note that the certified and non-certified groups obtained KCL
sores of 5.54 + 0.30 and 3.72 + 0.29, respectively. The KCL
scores of 4-7 and 8-25 are generally classified as pre-frail
and frail situations, respectively.’ The classification of our
study participants at 9 years prior to the certification was consis-
tent with those of previous studies. Both pre-frail and frail sit-
uations are significantly associated with the incidence of
functional disability during the 13-year follow-up period.'® In
another report, individuals with a KCL score of >5 have a

Table 3. Association of KCL Scores on the Certification of LTC Need.

aOR (95% ClI)

—9 year —8 year —7 year —6 year —5 year —4 year -3 year —2 year —1| year

ADL 0.66* 0.98 0.8l 0.92 0.99 1.08 1.21 1.32 1.27
(0.50-0.86) (0.74-1.29) (0.63-1.04) (0.72-1.16)  (0.73-1.35)  (0.83-1.42) (0.94-1.54) (0.98-1.78)  (0.97-1.65)

Physical 1.5]%* 1.41% 1.75%* 1.63%* 1.60%* 1.42% 1.32% 1.50% 1.29%
strength  (1.23-1.86) (1.14-1.73) (1.42-2.14) (1.35-1.96) (1.26-2.05) (1.15-1.76) (1.05-1.66) (1.17-1.92) (1.01-1.66)

Nutrition .12 0.88 0.97 1.23 0.93 1.34 1.04 1.57 2.06%*
(0.62-2.02) (0.51-1.50) (0.57-1.67) (0.73-2.18)  (0.44-1.98) (0.72-2.49) (0.58-1.90) (0.86-2.85) (1.07-3.97)

Oral I.16 1.29 0.94 0.93 I.15 I.11 1.24 1.21 1.33
function (0.85-1.59)  (0.96-1.74)  (0.69-1.27)  (0.69-1.25) (0.81-1.63) (0.79-1.54) (0.87-1.77)  (0.85-1.74)  (0.92-1.91)

Isolation 1.39 0.87 1.30 I.16 1.40 0.83 1.00 0.52* I.16
(0.88-2.21)  (0.58-1.33) (0.81-2.07) (0.74-1.80) (0.76-2.57)  (0.46-1.49) (0.63-1.60) (0.29-0.93) (0.68-1.98)

Memory 1.01 1.54* 0.97 1.04 0.60* 0.89 0.90 1.23 1.06
(0.69-1.47) (1.05-2.28) (0.65-1.44) (0.71-1.52) (0.38-0.94) (0.55-1.42) (0.60-1.35) (0.84-1.81) (0.69-1.62)

Mood 1.15 1.01 1.01 1.07 1.22 1.06 .12 1.23 1.22
(0.91-1.46) (0.80-1.28) (0.82—-1.25) (0.86-1.32) (0.92-1.64) (0.84-1.32) (0.90-1.40) (0.98-1.56) (0.97-1.55)

Matched data were used in the analysis. Each item is the seven domains of the KCL. aOR: adjusted odds ratio, Covariates: age and sex. Reference group:
Non-certified group. “Physical strength” was associated with LTC need consistently over the past 9 years. *: p <0.05, **: p <0.01
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significantly higher risk of developing functional disability as
compared to those with a KCL score of 0-2 points during a
8-year follow-up period.® Hence, the risk of LTC need in
older adults may become apparent earlier than our initial
prediction.

Our retrospective study revealed that individuals with a KCL
score of approximately five still appeared to live independently
for a number of years; then, the KCL scores deteriorated
approximately 3 years prior to their certification. Consistent
social activities are known to reduce the progression of frailty
in robust and pre-frail individuals.">2° Belonging to sports
clubs or hobby groups is reported to be significantly associated
with a lower risk of incident disability.?! Additionally, posi-
tively built environments including convenient access to
parks and sidewalks lower the risk of developing frailty.*?
Such personal and community situations may delay the need
for LTC care among older persons. Together with these
reports, our results suggest the importance of consistent
surveys by using the KCL scores to detect individuals with
an increased risk of LTC need. However, the factors that inter-
fere with the deterioration of the KCL scores prior to the certi-
fication need to be clarified as well. Addressing these factors
potentially prevents the immediate need for LTC care.

The result of our multiple logistic regression analysis indi-
cated that “Physical strength” was significantly related to the
certification of LTC need in each year of the 9-year follow-up
period. This finding is consistent with accumulating evidence
suggesting that higher scores in the “Physical strength”
domain may indicate an elevated risk for LTC need or
frailty.” It is reported that physical performance improves
with resistance training23 or a combination of aerobic, strength,
and balance training.** Furthermore, interventions aimed at
maintaining or improving physical strength in older individuals
have been known to potentially interfere with LTC certification.
Physical exercise is effective in preventing the progression of
frailty and further disability in older adults living in the commu-
nity.?* Self-management group exercise, which is composed of
mild-intensity aerobic exercise, mild strength training, flexibil-
ity and balance exercises, reduces the hazard ratio for LTC cer-
tification.” Interventions for motor function are already utilized
in care prevention.”® However, other domains, including
“ADL,” “Nutrition,” Isolation,” and “Memory,” are found to
be transiently associated with the certification of LTC need
during the 9-year follow-up period. For these KCL domains,
their associations with the risk of LTC need are debatable.?’

There are several limitations to the present study. First, the
KCL is a self-administered questionnaire and is a subjective
assessment of performance, not an evaluation of function and
ability. Second, based on propensity score matching results,
we focused on participants with an average age of 84 years in
2020/2021 who were approximately 75 years of age at the
onset of the survey. We need to examine the trajectory of
KCL scores in individuals who were certified to need LTC by
75 years of age, although older age is associated with LTC
need certification.”® Additionally, our study was conducted in
a small city in a rural area with heavy snowfall in Japan.

Therefore, making generalizations should be made cautiously.
Finally, this study examines retrospectively those who were
certified to need LTC in the 1—year period from April 2020 to
March 2021. The individuals who were certified to need LTC
in the middle of the study period were not taken included in
the analysis. It is necessary to comprehensively study KCL
scores for individuals who were certified as needing LTC in
the middle of the survey, as well as those residing in multiple
districts.

Conclusions

We found that the KCL scores of the certified group had
increased 3 years prior to the certification of LTC need. KCL
scores were higher in the LTC-certified group than in the
non-LTC-certified group for at least 9 years. Our data may be
useful for establishing strategies to prevent the need for LTC
among older persons.
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