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 Abstract 
  Aim:  The purpose of this prospective cohort study is to examine whether cognitive decline is 
an independent predictor of new long-term care insurance (LTCI) requirement certifications 
in Japan.  Methods:  A total of 5,765 community-dwelling older Japanese adults who, at base-
line, were independent in terms of their activities of daily living participated in this study and 
were followed up for 18 months. The outcome measure was the number of new LTCI require-
ment certifications during the 18-month period of the study. We collected demographic in-
formation through questionnaires and assessed cognitive skills with the Cognitive Perfor-
mance Scale (CPS). The participants were divided into 3 groups according to CPS scores (0, 1, 
and 2 or greater).  Results:  During the 18-month period, 399 subjects (6.9%) became newly 
certified for LTCI services. In a multivariate Cox proportional hazards model, older participants 
with a CPS score of 1 (adjusted HR: 1.39, 95% CI: 1.08–1.77) and 2 or greater (adjusted HR: 
2.27, 95% CI: 1.74–2.96) were significantly more likely to receive an LTCI certification compared 
to those with a CPS score of 0.  Conclusions:  Cognitive decline is an independent predictor of 
new LTCI requirement certifications and the severity of cognitive decline in elderly adults is 
positively associated with receiving an LTCI requirement certification in Japan. 
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 Introduction 

 Frailty in older adults is a serious problem in countries with increasingly aging popu-
lations, such as Japan. In general, frailty is defined as a vulnerable state that places older 
adults at a high risk for adverse health outcomes, such as falls, hospitalization, and mor-
tality  [1] .

  To help manage an extremely rapidly aging population and care for the frail properly, 
in April 2000 Japan implemented a long-term care insurance (LTCI) system. Before 2000, 
long-term care services were provided under a tax-based social welfare system for senior 
citizens with limited economic resources and family support  [2] . However, after the LTCI 
implementation, the services of this program have been provided to older adults who are 
certified as requiring support or care according to the certification assessment of their care 
needs  [3] . The selection process for classifying dependent older adults involves evaluations 
of the persons’ current mental and physical condition and objective assessments  [4] . Thus, 
those who are certified as requiring LTCI services have variable risk factors associated with 
frailty.

  A survey by the Japanese Ministry of Health, Labour and Welfare revealed that dementia 
is one of the main reasons for which people require LTCI services. Dementia affects 5–8% of 
the population over 65 years of age  [5]  and up to 30% of people aged 85 years and above  [6] , 
and its prevalence is currently increasing. It is clear that dementia and Alzheimer’s dementia 
(AD) are associated with mortality  [7] . A previous study reported a positive association 
between physical frailty and cognitive impairment  [8] . Furthermore, physical frailty has been 
associated with a risk for mild cognitive impairment (MCI) and a rapid rate of cognitive 
decline with age  [9] . It has also been shown that cognitive decline is associated with frailty in 
Japan, and it is one of the predictors of frailty leading to the need for long-term care  [10] . 
However, no studies have determined whether cognitive decline can be an independent 
predictor of new LTCI requirement certifications.

  To fill this gap, the current prospective cohort study examines whether a new LTCI 
requirement certification can be predicted by using cognitive performance measures. We 
focused on whether the level of cognitive decline is related to receiving a new LTCI requirement 
certification among community-dwelling elderly Japanese people.

  Materials and Methods 

 Subjects 
 We analyzed a portion of the cohort data from a prospective study, the Japan Multicenter 

Aging Cohort for Care Prevention (J-MACC). This cohort study investigated the factors asso-
ciated with the need for LTCI services in community-dwelling Japanese adults aged 65 years 
or older living in Maibara City, Shiga Prefecture. In 2011, the total population was 39,889, the 
total area 250.46 km 2 , and the rate of the aging population 25.3%. We recruited 8,233 
community-dwelling older adults who were independent in their activities of daily living 
(ADL), and the baseline questionnaires were mailed to participants in April 2011 (response 
rate of 96%). These questionnaires were mainly self-administered. However, if the partici-
pants could not answer questions independently, a family member assisted them or answered 
the questions on their behalf. Older adults who were already ADL-dependent and already 
receiving benefits from LTCI services were excluded. Furthermore, in the database, we 
excluded older adults who had missing baseline questionnaire data. Therefore, our analysis 
was performed with data from 5,765 older adults who were then followed up for 18 months. 
This study was conducted in accordance with the guidelines of the Declaration of Helsinki, 
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and the study protocol was reviewed and approved by the Ethics Committee of the Kyoto 
University Graduate School of Medicine.

  Cognitive Performance 
 We assessed cognitive performance by using the Cognitive Performance Scale (CPS)  [11] . 

The CPS is based on a decision tree algorithm that includes items assessing daily decision-
making, short-term memory, ability to make oneself understood, and ability to feed oneself. 
Cognitive decline is rated on a scale from 0 to 6 (0 = normal, 1 = borderline intact, 2 = mild,
3 = moderate, 4 = moderate-severe, 5 = severe, and 6 = very severe)  [11] . The CPS is positively 
associated with the Mini-Mental State Examination (MMSE) and the Montreal Cognitive 
Assessment, which are well-known tools for the detection of cognitive impairment and MCI, 
respectively  [12, 13] . In the present study, we divided participants into 3 groups according to 
their CPS scores (0 = normal, 1 = borderline intact, and 2 or greater = cognitive impairment), 
which have been shown to be highly correlated with MMSE scores in previous studies, thus 
indicating high convergent validity  [12, 14] .

  Outcome Measurement 
 The outcome measure was the receipt of an LTCI requirement certification during the 

18-month study period. Dependent older adults are classified according to the following 
procedure: first, a 74-item questionnaire is administered to evaluate the person’s current 
mental and physical condition, and responses are analyzed using a computerized algorithm 
 [4] . Subsequently, the person receives a home visit and a recommendation from his or her 
physician. Based on the questionnaire and home visit data, a long-term care approval board 
makes the final decision. Individuals who become certified as ‘dependent older adults’ are 
subdivided into seven levels (support levels 1 and 2, and care levels 1–5) based on their 
physical condition. Certified adults are provided home services and community-based or 
institutional services according to their care needs. Individuals who are not eligible for long-
term care or support care may utilize preventive care services. In the present study, the city 
government recorded the date when individuals had been certified as meeting the LTCI 
requirements, and we updated our database as appropriate.

  Covariate Measurement 
 In the baseline questionnaires, we obtained demographic information on age, gender, 

body mass index (BMI), the number of medications used (none, 1, 2, 3, or more), family 
structure (living alone, living in an elderly household, or other), subjective household 
economic status (very good, good, fair, or bad), and medical history (musculoskeletal disorder, 
hypertension, lipid disorder, stroke, diabetes, heart disease, respiratory disease, external 
injury, and cancer).

  Statistical Analysis 
 The baseline characteristics of the participants who were newly certified or not certified 

as requiring LTCI services were compared using a Student t test or a χ 2  test. In addition, the 
differences in demographic variables among the 3 groups stratified by CPS score were 
examined using ANOVA with a post hoc test or a χ 2  test.

  Kaplan-Meier survival curves were calculated for the 3 groups of participants newly 
certified as requiring LTCI services. Using the Cox proportional hazards model, the hazard 
ratio (HR) and the 95% confidence interval (CI) were estimated to evaluate, in univariate
and multivariate analyses, the impact of cognitive decline on the time of receiving an LTCI 
requirement certification. In the multivariate analysis, the results were adjusted for age, 
gender, BMI, medication use, family structure, subjective household economy, and medical 
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history. Survival time was defined as the time between enrollment (the baseline measure-
ments) and either time of receiving an LTCI service requirement certification or the end of 
the follow-up period (October 2012).

  Statistical analyses were carried out using SPSS version 20.0 (SPSS, Chicago, Ill., USA), 
with a significance threshold of 0.05.

  Results 

 Demographic Data 
 During the 18 months of the study, 399 subjects (6.9%) became newly certified as 

requiring LTCI services ( table 1 ). Those who were certified for LTCI requirement were signif-
icantly older (80.7 ± 6.9 vs. 74.2 ± 6.6 years, p < 0.001) and had a lower BMI (22.2 ± 3.5 vs. 

Table 1.  Baseline demographic differences in the LTCI service requirement certification during the 18-month 
follow-up

LTCI requirement
certification 
(n = 399)

No LTCI requirement
certification 
(n = 5,366)

p

Age, yearsa 80.7 ± 6.9 74.2 ± 6.6 <0.001**
Female genderb 237 (59.4) 2,829 (52.7) 0.011*
BMIa 22.2 ± 3.5 22.7 ± 3.1 0.012*
CPS scoreb <0.001**

0 232 (58.1) 4,091 (76.2)
1 89 (22.3) 942 (17.6)
2 or greater 78 (19.5) 333 (6.2)

Number of medications takenb <0.001**
0 41 (10.3) 1,021 (19.0)
1 35 (8.8) 809 (15.1)
2 59 (14.8) 943 (17.6)
3 or more 264 (66.2) 2,593 (48.3)

Family structureb <0.001**
Single 70 (17.5) 491 (9.2)
Elderly household 73 (18.3) 1,521 (28.3)
Other 256 (64.2) 3,354 (62.5)

Subjective household economic statusb 0.475
Very good 22 (5.5) 218 (4.1)
Good 141 (35.3) 2,022 (37.7)
Fair 167 (41.9) 2,228 (41.5)
Bad 69 (17.3) 898 (16.7)

Medical historyb

Musculoskeletal disorder 88 (22.1) 685 (12.8) <0.001**
Hypertension 170 (42.6) 2,452 (45.7) 0.252
Lipid disorder 22 (5.5) 429 (8.0) 0.082
Stroke 25 (6.3) 202 (3.8) 0.022*
Diabetes 40 (10.0) 650 (12.1) 0.231
Heart disease 80 (20.1) 702 (13.1) <0.001**
Respiratory disease 37 (9.3) 251 (4.7) <0.001**
External injury 18 (4.5) 158 (2.9) 0.095
Cancer 25 (6.3) 207 (3.9) 0.024*

 Values are mean ± SD or n (%). * p < 0.05; ** p < 0.01. a Assessed by Student’s t test. b Assessed by χ2 test.
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22.7 ± 3.1, p = 0.012) than those who were not certified. More women than men became 
certified in this cohort (females: 59.4%; males: 52.7%, p = 0.011). In addition, there were 
significant differences in the rates of high CPS scores, medication use, family structure, and 
some of the medical history items between the groups ( table 1 ).

  The baseline demographic data of the participants stratified into 3 groups according 
to CPS score are shown in  table 2 . The number of older adults with a CPS score of 0 was 
4,323 (75.0%), with a CPS score of 1 it was 1,031 (17.9%), and with a CPS score of 2 or 
greater it was 411 (7.1%). ANOVA showed that older adults with a CPS score of 0 were 
significantly younger (CPS score 0: 74.1 ± 6.6 years vs. CPS score 1: 75.3 ± 7.1 years vs. CPS 
score 2 or greater: 77.9 ± 7.3 years) and had a higher BMI (CPS score 0: 22.7 ± 3.1 vs. CPS 
score 1: 22.4 ± 3.2 vs. CPS score 2 or greater: 22.2 ± 3.3) than those with a CPS score of 1 
or 2 or greater (p < 0.01). In addition, there were significant differences in gender, medi-
cation use, family structure, household economy, and some of the medical history items 
between the 3 groups ( table 2 ).

Table 2.  Baseline demographic differences according to CPS scores

 CPS score

0 
(n = 4,323)

1
(n = 1,031)

2 or greater
(n = 411)

p value 
for trend

post hoc 
test

Age, yearsa 74.1 ± 6.6 75.3 ± 7.1 77.9 ± 7.3 <0.001** c–e

Female genderb 2,374 (54.9) 501 (48.6) 191 (43.3) <0.001**
BMIa 22.7 ± 3.1 22.4 ± 3.2 22.2 ± 3.3 0.001** c, e

Medicationsb <0.001**
0 853 (19.7) 154 (14.9) 55 (12.5)
1 675 (15.6) 141 (13.7) 28 (6.3)
2 792 (18.3) 156 (15.1) 54 (12.2)
3 or more 2,003 (46.3) 580 (56.3) 274 (62.1)

Family structureb 0.016*
Single 401 (9.3) 104 (10.1) 56 (12.7)
Elderly household 1,216 (28.1) 298 (28.9) 80 (18.1)
Other 2,706 (62.6) 629 (61.0) 275 (66.9)

Subjective household economic statusb <0.001**
Very good 664 (15.4) 190 (18.4) 113 (25.6)
Good 1,765 (40.8) 460 (44.6) 170 (38.5)
Fair 1,701 (39.3) 341 (33.1) 121 (27.4)
Bad 193 (4.5) 40 (3.9) 7 (1.6)

Medical historyb

Musculoskeletal disorder 571 (13.2) 140 (13.6) 62 (14.1) 0.557
Hypertension 1,949 (45.1) 489 (47.4) 184 (41.7) 0.380
Lipid disorder 358 (8.3) 63 (6.1) 30 (6.8) 0.061
Stroke 138 (3.2) 43 (4.2) 46 (10.4) <0.001**
Diabetes 504 (11.7) 133 (12.9) 53 (12.0) 0.454
Heart disease 538 (12.4) 169 (16.4) 75 (17.0) <0.001**
Respiratory disease 183 (4.2) 63 (6.1) 42 (9.5) <0.001**
External injury 109 (2.5) 43 (4.2) 24 (5.4) <0.001**
Cancer 151 (3.5) 56 (5.4) 25 (5.7) 0.002**

 Values are mean ± SD or n (%). * p < 0.05; ** p < 0.01. CPS score: 0 (normal), 1 (borderline intact), 2 – 6 (cognitive 
impairment). a Assessed by ANOVA. b Assessed by χ2 test. c Significant difference between a CPS score of 0 and a CPS 
score of 1. d Significant difference between a CPS score of 1 and a CPS score of 2 or greater. e Significant difference 
between a CPS score of 0 and a CPS score of 2 or greater. 
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  Cox Proportional Hazards Model 
  Figure 1  shows the Kaplan-Meier survival curves during the 18-month follow-up 

according to new LTCI service requirement certifications, with the participants stratified into 
3 groups according to their CPS score. During the 18-month period, 232 (5.4%), 89 (8.6%), 
and 78 (19.0%) subjects with CPS scores of 0, 1, and 2 or greater, respectively, became newly 
certified as requiring LTCI services.

  Older participants with CPS scores of 1 (adjusted HR: 1.64, 95% CI: 1.28–2.09) and 2 or 
greater (adjusted HR: 3.85, 95% CI: 2.98–4.98) were significantly more likely to be certified 
as requiring LTCI services according to the univariate analyses using a CPS score of 0 as the 
reference ( table 3 ). In multivariate analyses, these results remained significant after 
adjustment for age, gender, BMI, medication use, family structure, subjective household 
economy, and past medical history [adjusted HR (CPS score 1): 1.39, 95% CI: 1.08–1.77; 
adjusted HR (CPS score 2 or greater): 2.27, 95% CI: 1.74–2.96] ( table 3 ).

CPS 
score

Univariate model  Multivariate model

HR (95% CI) p HR  (95% CI) p

0 1 (ref.) – 1 (ref.) –
1 1.64 (1.28 – 2.09) <0.001 1.39 (1.08 – 1.77) 0.009
2 – 6 3.85 (2.98 – 4.98) <0.001 2.27 (1.74 – 2.96) <0.001

 CPS score: 0 (normal), 1 (borderline intact), 2 – 6 (cognitive 
impairment). The multivariate model was adjusted for age, gender, 
BMI, number of medications taken, family structure, subjective 
household economy, and past medical history.
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  Fig. 1.  Kaplan-Meier survival 
curves illustrating the percentage 
of subjects who were not certified 
for LTCI services. During the 
study period, 232 (5.4%), 89 
(8.6%), and 78 (19.0%) subjects 
with CPS scores of 0, 1, and 2 or 
greater, respectively, became 
newly certified for LTCI services. 

Table 3.  Cox proportional hazards 
model for the impact of cognitive 
decline on the time of receiving an 
LTCI requirement certification
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  Discussion 

 In this study, we showed that cognitive decline was an independent predictor of new 
certifications for LTCI service requirement after adjusting for personal and social infor-
mation. Cognitive decline is also associated with impairment of instrumental ADL  [15]  and 
gait dysfunction  [16, 17]  from its early stages. Furthermore, cognitive decline is a major risk 
factor for falls, which are a serious health problem among older adults with or without 
cognitive impairment  [18] . Even MCI has been viewed as a predictor of falls  [19] . Thus, 
cognitive decline is a risk factor for frailty in older adults, both directly and indirectly.

  The current study indicates that a higher CPS score was associated with a greater possi-
bility of certification for LTCI services. This finding is important from a clinical or research 
perspective. The cognitive assessment used in this study (CPS) consists of questions assessing 
various parts of subjective cognitive decline. According to several previous studies, this 
measure is closely associated with objective cognitive status evaluations in cross-sectional 
analysis  [20]  and predicts the development of dementia  [21, 22] . Therefore, subjective 
cognitive decline based on the CPS is a valid risk factor for frailty in elderly populations. 
Furthermore, older participants with a CPS score of 1 may manifest MCI or very early 
dementia, and older participants with MCI may be more likely to be certified as requiring 
LTCI. Therefore, older adults should be targets of the preventive care system even before the 
first stages of cognitive impairment.

  Recently, numerous research projects have investigated the impact of interventions 
designed to prevent the progression of cognitive impairment, such as AD  [23] . It has been 
shown that regular exercise is associated with a delay in dementia and AD onset  [24] . 
Furthermore, a multicomponent exercise program concentrating on aerobics was effective 
for improving cognitive function in older adults with amnestic MCI  [25] . Thus, physical 
exercise can improve cognitive impairment and may be helpful in delaying or preventing the 
need for LTCI services. In Japan, community-based exercise programs have been found to 
have beneficial effects on frail older adults  [26] . Hence, preventive programs should become 
widespread and exercise programs should be utilized by older adults.

  This study has several limitations. First, we did not include older adults who had missing 
baseline questionnaire data. In this population, there may be older adults with more severe 
cognitive impairment or at a higher risk for frailty. Second, the questionnaires in the current 
study were primarily self-administered. However, if the participants could not answer ques-
tions independently, a family member assisted them or answered the questions on their 
behalf. We did not analyze the difference between those who could answer questionnaires by 
themselves and those who could not. The latter group may also have more severe cognitive 
impairment or a higher risk for frailty. Third, although we assessed subjective cognitive 
performance by using the questionnaire-based CPS, the participants’ global objective cognitive 
function was not assessed by the MMSE or other objective measures.

  In conclusion, our results indicate that cognitive decline is an independent predictor of 
new LTCI requirement certifications, and the severity of cognitive decline in the elderly is 
positively associated with receiving an LTCI requirement certification in Japan. Intervention 
studies are needed to explore whether improvement in cognitive impairment may delay or 
prevent the need for LTCI services among older adults.
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