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Abstract 
Long-Term Care Insurance System has been introduced to provide appropri-
ate care for the elderly who needs nursing care in Japan. Physical function is 
one of most important function for the elderly to live independently. A pre-
vious study had established a Fitness Age Score (FAS) based on a theory for 
biomarker of aging. This study clarified whether the FAS could be used to 
predict the need for certification of long-term care (CLTC) in independent 
elderly people. We included 939 independent, community-dwelling-elderly 
(average age, 74.4 years) whose physical function was measured and for whom 
the CLTC was tracked for 24 months. The FAS comprised five physical fitness 
items: Walking time, grip strength, one-leg standing, vertical jump, and func-
tional reach test. Based on the FAS, we calculated the odds ratio (OR) for the 
CLTC. Receiver operating characteristic (ROC) curves and the area under the 
curve (AUC) was used for further analysis. We also used the Youden Index 
(YI), minimum distance method (MD), and two-graph ROC method (TG) to 
calculate cutoff values (CVs) for screening. We divided subjects into the low 
and high physical fitness group with CVs. We developed cumulative CLTC 
curves using the Kaplan-Meier method. Sixteen people could not be tracked 
for the full 24 months. The measurement of FAS was completed for 798 
people, of whom 28 became CLTC. The measurement of FAS was not com-
pleted for 125 people, of whom 21 became CLTC. The CLTC OR for people 
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with incomplete FAS was 5.553. The AUC was 0.72 (p < 0.001). The CVs for 
the FAS were −0.29 for YI (sensitivity, 92.9% and specificity, 40.4%), −1.23 for 
MD (57.1% and 73.4%), and −0.81 for TG (60.7% and 60.9%). The cumulative 
CLTC curves according to CVs all showed significant differences (p = 0.000 - 
0.020). In conclusion, the FAS can be used to predict CLTC. 
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Elderly, Physical Function, Long-Term Care, Screening, Fitness Age Score 
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1. Introduction 

Japan is an aging society in which the proportion of elderly people who are at 
least 65 years old has exceeded 25%, and this proportion is expected to increase 
in the future. The Long-Term Care Insurance System, which began in 2000, di-
vides certifications of needing support into two levels and certifications of need-
ing long-term care into five levels. As the number of elderly people increases, the 
number of people who require long-term care is also increasing. Presently, the 
number of people who qualify for certification of long-term care (CLTC: in-
cluding those needing support) has exceeded 6 million [1]. Therefore, early 
identification of those at risk of needing long-term care and appropriate inter-
vention to improve health expectancy are important. 

Improving physical fitness is a factor of improving healthy expectancy. Pre-
vious researches indicated the relationship between physical fitness and disease 
or mortality. Sun Q et al. traced 13,535 women who survived to at least 70 years, 
and “successful survivor” was defined no history of 10 major chronic diseases or 
coronary artery bypass graft surgery and no cognitive impairment, physical im-
pairment, or mental health limitations. The women whose walking pace was 
brisk or very brisk (≥3.0 mph) had 2.68 fold increased odds of successful survi-
vor compared with the women who walked easy pace (<2.0 mph) as reference 
[2]. Leong DP et al. conducted longitudinal study with 139,691 men and women 
in 4 years, and found that hazard ratio per 5 kg of reduction in grip strength was 
1.16 of cardiovascular mortality, 1.17 of non-cardiovascular mortality, 1.07 of 
myocardial infarction and 1.09 of stroke [3]. A systematic review and meta- 
analysis by Cooper et al. suggested that the hazard ratio of mortality comparing 
the lowest quarter with the highest quarter was 1.67 in grip strength, and 2.87 in 
walking speed [4]. In addition, Kishimoto et al. reported that highest tertile of 
grip strength had 0.49 of hazard ratio for all-cause mortality compared with 
lowest tertile in a 19-year longitudinal study with 2,527 Japanese men and 
women [5]. As above, there will be no more doubting that the relationship be-
tween physical fitness and disease or mortality. 

Kimura et al. [6] established a Fitness Age Score (FAS) as a comprehensive, 
objective evaluation of fitness in elderly individuals. The FAS is a battery test 
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comprising five items: the 10-m walking test, functional reach test, one-leg 
standing with eyes open, vertical jumping, and grip strength. The FAS was de-
veloped using the following stepwise method: 1) a cross-sectional analysis to 
identify the magnitude of the association between each variable and chronical 
age; 2) a longitudinal analysis to identify the magnitude of true age-related 
changes in each variable; and 3) a stability analysis to evaluate the inter-year re-
liability of the annual values for each variable [6]. This stepwise method was de-
veloped by Ingram et al. and has been used to identify biomarkers of aging in 
humans [7]. The theoretical based methods can assess the discrepancy between 
chronological aging and physical fitness aging within individuals. Interestingly, 
grip strength and gait speed were selected as a biomarker of physical fitness ag-
ing, which are included in a definition of Fried frailty phenotype index [8] and 
current sarcopenia index [9]. 

We hypothesized that the FAS would be useful for screening elderly individu-
als who have a higher risk of CLTC. If the FAS was related to the future risk of 
CLTC, it is helpful to develop treatment plans to prevent CLTC. The purpose of 
this study was to clarify whether the FAS could be used to predict the need for 
CLTC and to design an evaluation method for that prediction. 

2. Methods 

We analyzed data from the Kyoto-KAMEOKA Study longitudinally, which is a 
prospective cohort study aimed at promoting and verifying the prevention of 
injuries and of the need for long-term care [10]. We initially evaluated 1,379 in-
dependent elderly people aged at least 65 years who attended physical function 
measurement clinics in Kameoka City, Kyoto Prefecture, Japan during March 
and April 2012. We excluded 440 people who thereafter participated in an exer-
cise intervention for another research study [11]. The observation period was 
between April 2012 and March 2014, and the number of individuals who needed 
CLTC (including support needs) was tracked for 939 subjects for 24 months 
(average age 74.4 years at baseline). 

The FAS [6] comprises 5 items: the10-m walking test (sec:Xa), functional 
reach test (cm:Xb), one-leg standing with eyes open (sec:Xc), vertical jumping 
(cm:Xd), and grip strength (kg:Xe); the FAS (Y) was calculated with the follow-
ing formula: 

Men : Y 0.203Xa 0.034Xb 0.0064Xc 0.044Xd 0.046Xe 3.05= − + + + + −    (1) 

Women : Y 0.263Xa 0.033Xb 0.0074Xc 0.048Xd 0.079Xe 2.52= − + + + + −  (2) 

If all 5 items of the FAS were completed, then the CLTC odds ratio was calcu-
lated. 

In order to evaluate the appropriateness of CLTC screening with the FAS, we 
developed a receiver operating characteristic curve (ROC curve), calculated the 
area under the ROC curve (AUC), and evaluated the precision of the screening 
[12]. 

The cutoff value (CV) for the FAS score was created with 3 methods: 1) the 
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Youden Index (YI) [13] [14], which evaluates the value for which “sensitivity - (1 
- specificity)” is the highest; 2) a method that evaluates the shortest distance 
from the coordinates (false-positive ratio, sensitivity) = (0, 1) to the ROC curve 
(the Minimum Distance method [MD]) [15]; and 3) the Two-Graph ROC me-
thod (TG) [16], which determines the value that is at the intersection of the FAS 
score-sensitivity curve and the FAS score-specificity curve.  

For each CV that was obtained by the 3 methods, we classified subjects as 
having high values (high physical fitness group: High Group) or low values (low 
physical fitness group: Low Group), and we developed a cumulative CLTC curve 
using the Kaplan-Meier method [17]. We analyzed the differences between the 
cumulative CLTC curves for the High and Low Groups with the log rank test. 
Significance was set at 5% in all cases. 

3. Results 

Sixteen subjects could not be tracked for 24 months. A total of 798 subjects 
completed the FAS, and in 24 months, 28 of them needed CLTC. One hundred 
twenty-five subjects could not perform at least one of the five items; thus, they 
received no FAS score. Twenty-one subjects needed CLTC. The CLTC odds ratio 
for FAS-incomplete versus FAS-complete individuals was 5.553 (95% confidence 
interval [CI], 3.04 - 10.14) (Table 1). 

The AUC of the ROC curve was 0.72 (95% CI, 0.64 - 0.81; p < 0.001) (Figure 
1). The CVs for the FAS were -0.29 (sensitivity, 92.9%; specificity, 40.4%) for the 
YI (Figure 1), −1.23 (sensitivity, 57.1%; specificity, 73.4%) for MD (Figure 1), 
and −0.81 (sensitivity, 60.7%; specificity, 60.9%) for the TG (Figure 2).  

With regard to the cumulative CLTC curves for the Low and High Groups, 
the YI in the Low Group was 5.14% and that in the High Group was 0.95%. For 
the MD method, the Low Group was 7.17% and the High Group was 2.07%, and 
for the TG method, the Low Group was 5.32% and the High Group was 2.28%. 
For the cumulative CLTC curves, a significant difference was found between the 
two groups for all CVs (p = 0.000 - 0.020) (Figures 3-5). 

4. Discussion 

The measurement of FAS can be conducted anywhere, such as in a local com-
munity center, as long as there is enough space for a 10-m walking path. We be-
lieve it is a useful method that can be applied to many people, satisfying the re- 

 
Table 1. Subjects’ classifications at the 24-month period. 

 Independence CLTC Untraceable Total 

FAS completed 770 28 13 811 

FAS incompleted 104 21 3 128 

Total 874 49 16 939 

Odds ratio, 5.553 (95% confidence interval: 3.04 - 10.14). FAS completed is the reference group, untraceable 
individuals were excluded. FAS: Fitness Age Score. CLTC: Certification of Long-Term Care (including 
support needs). 
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Figure 1. Receiver operating characteristic curve for the certification of long-term care 
(including support needed) with the fitness age score. 

 

 

Figure 2. The relationships among sensitivity, specificity, and fitness age score with the 
certification of long-term care (including support needs) (two-graph receiver operating 
characteristic curves). 

 

 

Figure 3. Cumulative certification of long-term care (CLTC) (including support needs) 
rate (with a fitness age score cutoff value of −0.29). 
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Figure 4. Cumulative certification of long-term care (CLTC) (including support needs) 
rate (with a fitness age score cutoff value of −1.20). 

 

 

Figure 5. Cumulative certification of long-term care (CLTC) (including support needs) 
rate (with a fitness age score cutoff value of −0.81). 

 
quirements of safety, economy, and simplicity. Safety, economy, and the per-
formance environment should be considered when selecting functional mea-
surement items for evaluating elderly people [18]. In addition, since field tests 
are often performed on a large number of people, simplicity is preferable. 
Therefore, using criteria that are safe and inexpensive and that can be applied in 
a simple way anywhere should be a condition for a field test of elderly people. 

The FAS meets of all these conditions. Each item has a simple measurement 
method, the tester can understand the measurement method after training for a 
short time, and the subject being tested can safely perform it according to the in-
structions and support of the tester. The tools required for the measurements are 
a stopwatch, a tape measure, and measurement tools for grip strength and ver-
tical jumping. These tools have recently become inexpensive and durable, and 
there is no need for a large initial investment or repair expense.  
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People in Japan need long-term care for a variety of reasons, including diseas-
es related to lifestyle, such as cerebrovascular disease (30%), and problems of the 
locomotor system, such as joint diseases (35%) [19]. Therefore, more than half 
of the causes of the need for long-term care are directly related to physical fitness 
or physical function.  

By using the FAS to score physical fitness data, we found that the precision for 
CLTC screening was medium (the AUC for the ROC curve was 0.72). This result 
may be because the decision about whether long-term care is necessary is related 
to factors such as family structure and the subject’s ties to the local area; that is, 
whether the subject’s circumstances were such that appropriate support for re-
duced physical fitness and physical function could be obtained. Since statistically 
significant results were obtained with just the FAS alone, the FAS is an appro-
priate screening method for CLTC. 

CVs for predicting CLTC were obtained by 3 methods, namely, the Youden 
Index (YI), the Minimum Distance method (MD), and Two-Graph ROC me-
thod (TG). The cumulative CLTC curves for the low physical fitness group and 
high physical fitness group, divided according to the CVs, were found to differ 
significantly for every CV. Therefore, the FAS could sufficiently predict CLTC 
within 24 months. The CVs for the three methods have different characteristics: 
the YI has high sensitivity, the MD has high specificity, and the CV for the TG 
falls between those of the other two methods.  

Based on these results, we expect that these methods will be used to select 
measures to prevent the need for long-term care according to a person’s actual 
situation. Recently, one method has been used to encourage physical activity by 
taking advantage of the local environments in which people live [20]. For exam-
ple, in a local area where resources can identify many people at risk of needing 
long-term care and in which early intervention can be administered, we believe 
that wide screening using a CV based on the YI would be effective.  

On the other hand, in an area that has a substantial presence of clinicians with 
special knowledge and training facilities but with limited screening experience, a 
CV obtained with the MD method would allow clinicians to identify people 
whose functions are greatly reduced. Even for the elderly, it is clear that muscle 
strength can be reinforced by administering an appropriate program [21] [22], 
and it is expected that the effects of preventing the need for long-term care can 
be improved by specific interventions. 

The CLTC odds ratio was 5.553 for the FAS-incomplete group compared to 
the FAS-complete group. Using this result and the CVs for the FAS according to 
the three methods, we were able to identify a five-stage evaluation standard for 
the FAS. The evaluation standard was as follows: level 1: no FAS score could be 
measured because there were items that could not be performed; level 2: FAS is 
at most −1.23; level 3: FAS is at most −0.80; level 4: FAS is at most −0.29; and 
level 5: the FAS is over −0.29 (Table 2).  

This evaluation standard can be broadly interpreted with regard to the 
screening results. In order to use the FAS in a practical way clinically, an evalua-
tion standard is necessary. However, in order to create a better evaluation stan- 
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Table 2. Evaluation criteria for CLTC risk by FAS. 

Evaluation Risk FAS 

Level 5 Very mild Above −0.29 

Level 4 Mild −0.81 to −0.29 

Level 3 Moderate −1.23 to −0.81 

Level 2 Severe −1.23 or less 

Level 1 Very severe At least 1 item is impossible 

FAS: Fitness Age Score. CLTC: Certification of Long-Term Care (including support needs). 
 

dard, it is necessary to perform more detailed investigations. 

Limitations 

This study has two limitations. First, a detailed analysis was not performed on 
people for whom there were FAS items that could not be evaluated. For example, 
it is easy to predict that a large difference exists in physical functions between 
people who could perform four of the five items in the FAS and people who 
could only perform one item. For this reason, it is necessary to develop a revised 
FAS that can produce a score even if there are items in the FAS that cannot be 
performed and evaluated.  

Second, we did not analyze the levels of CLTC in detail. In this study, all 7 le-
vels of CLTC (including needing support) were handled as one item. Further-
more, subjects who died were excluded from the analysis. There was also no 
classification of the causes of CLTC. The events occurred only 10% within 24 
months. Therefore, insufficient data were obtained to perform a detailed analysis 
of the need for CLTC. By increasing the number of subjects or following them 
for a longer period of time, it might be possible to acquire the amount of data 
needed for making scientific judgments. 

5. Conclusion 

The purpose of this research was to clarify whether the FAS could be used to 
predict the need for CLTC (including support needs) for elderly people over a 
period of 24 months. The FAS can be used to predict the need for a CLTC with 
medium precision, and it was possible to calculate three types of screening CVs 
with different characteristics. The calculated CVs not only can be used indivi-
dually, but also can be used to provide a five-stage evaluation standard for the 
FAS. 
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