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Objectives: The purpose of this study was to identify a method for assessing physical fitness 

age that is easy to use with both frail and healthy elderly women and to examine its validity.

Methods: Principal component analysis was used to develop a formula of physical fitness age 

from four motor function variables. The subjects comprised 688 (75.7±6.0 years) elderly women, 

in order to develop a physical fitness scale. The formula for calculating physical fitness age was 

expressed as physical fitness age =−0.419× grip strength −0.096× balancing on one leg with eyes 

open −0.737×30 s chair stand +0.503× figure-of-8 walking test +0.47× chronological age +52.68.

Results: Measures obtained from subjects in the frail elderly (n=11, 73.0±2.3 years) and exercise 

(n=10, 70.8±3.1 years) groups were used to examine the validity of the assessment. The mean 

physical fitness age of the frail elderly group (79.0±3.7 years) was significantly higher than its mean 

chronological age (73.0±2.3 years, p,0.05). The mean physical fitness age of the exercise group 

(65.6±3.1 years) was significantly lower than the chronological age (70.8±3.1 years, p,0.05).

Conclusion: These findings confirm that physical fitness age scores are applicable to frail and 

healthy elderly women. Physical fitness age is a valid measure of motor function in elderly 

women.

Keywords: physical fitness age, motor function, frail and health elderly women, aging, care 

prevention

Introduction
As the population of Japan ages, public health challenges emerge, such as maximizing 

and prolonging motor function and increasing life expectancy among the elderly. 

Exercise initiatives help address these challenges by assisting elderly people through 

providing programs including aerobic and muscular exercise to maintain or improve 

physical independence. This is particularly important for those who may require long-

term care if motor function continues to deteriorate. Previous studies have described the 

effects of exercise interventions for the elderly, revealing that exercise helps maintain 

or even improve motor function in elderly individuals.1–3 However, there exists no 

comprehensive evaluation of motor function in frail or healthy elderly individuals.

Functional motor evaluations are broadly categorized into those that standardize 

motor performance by age and those that convert overall scores for each motor task 

into age scales.4 The former method is suitable for assessing individual motor func-

tions, but is not suited for comprehensive assessments. Furthermore, these methods 

may underestimate motor function for the oldest individuals in each age category. 

An additional drawback is that elderly people may have difficulty understanding the 

evaluation process.5 In contrast, methods that convert the overall scores for motor 
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tasks into age scales are easier to administer and more likely 

to be understood by elderly people. We should give careful 

consideration to the type of feedback provided while evalu-

ating motor function because patients’ ability to understand 

this feedback is important. Given that the primary objective 

of these evaluations is preventing or delaying the need for 

long-term care, providing feedback that is easy for elderly 

people to understand is preferable.

There are several physical fitness assessments for 

middle-aged and elderly individuals described in the 

literature.6–8 Yabushita et al9 suggested that the physical 

fitness age of elderly men could be used for longitudinal 

study of exercise effect. Nemoto et al10 reported that it is 

possible to reasonably distinguish frail and healthy elderly 

individuals by evaluating comprehensive motor function 

score. However, very few of these specifically address the 

goals of preventing the need for long-term care. More-

over, none discuss the feasibility of these evaluations on 

frail elderly individuals. Our study aimed to develop an 

assessment of physical fitness age that is easy to use with 

both frail and healthy elderly women and to examine its 

validity. In this study, since cooperation among elderly 

women is easy to obtain, in order to eliminate the influence 

of gender difference, we first decided to target women as 

research subjects. If it can be to develop an assessment of 

physical fitness age, it will lead to motivation for elderly 

people to participate in exercise programs for long-term 

care. Furthermore, the effect of the exercise program can 

be easily verified. If motor function of individuals can be 

screened, it will be possible to provide effective exercise 

program individually.

Materials and methods
subjects
The subjects were individuals who voluntarily applied for 

a physical fitness assessment program carried out by the 

administration and who had measurements for all avail-

able items. In this study, we classified subjects certified as 

requiring support under the Long-term Care Insurance Act as 

the frail elderly group and subjects not meeting this criterion 

as the normal elderly group. The normal elderly group was 

living independent in local community, without having motor 

function disorder. In the Long-Term Care Insurance Act, 

“frail” defines a state where some assistance is required for 

complicated daily life activities, such as bathing. We formed 

an additional exercise group consisting of elderly individuals 

who were engaged in regular exercise at least two times per 

week for a minimum of 3 years. All subjects were elderly 

women aged 60–94 years.

We explained the study purpose and procedures to each 

subject. All subjects provided written informed consent 

to participate. To ensure subject safety, a physical thera-

pist supervised all study measurements and each subject 

received nursing health checks before and after testing. 

This study was approved by the Ethics Committee at the 

National Institute of Fitness and Sports in Kanoya (approval 

number: 8–39).

Development and validation of physical 
fitness age assessment
The motor function domains included in the assessment 

were grip strength, balancing on one leg with eyes open, 

30 s chair stand, and figure-of-8 walking test. These four 

test items were considered to be good indicators of physical 

fitness or motor ability. In selecting these items for inclusion 

in the assessment of functional status, we referred to the 

studies by Rikli and Jones11, Tanaka et al,12 and others. These 

studies suggest that the chosen test items should be suffi-

ciently diverse so as to be unrelated to a single physiologi-

cal process. Details of the tests were well explained by the 

authors.

Principal component analysis is a useful tool in discern-

ing the underlying structure of interrelationship among the 

test scores measured in a complex system or process. This 

approach has been frequently adopted in gerontological 

research.6,13 The main idea of this analysis is to reduce the 

dimensionality of a data set, which consists of a large number 

of interrelated variables, while retaining as much as possible 

the variation present in the data set.14 In order to reduce the 

multiple test items to a single score, the correlation matrix 

was subjected to principal component analysis. The principal 

components are described mathematically as linear combina-

tions of the variables, with no question of statistical estima-

tion. The factor score coefficients for the principal component 

in terms of the variables are obtained simply by dividing 

its “factor loadings” by its eigenvalue.14 We developed the 

assessment in accordance with the procedures previously 

described by Lee et al.6 The correlation matrices among the 

four items were based on those of the normal elderly group. 

We used these to perform principal component analyses. We 

used the first extracted principal component to calculate a 

physical fitness score, which was then converted to an age 

scale and set as the physical fitness age. We compared the 

physical fitness ages to the chronological ages of subjects 

within the frail elderly and exercise groups using paired 

t-tests. We used IBM SPSS Statistics software ver. 20 for 

statistical analyses with the level of statistical significance 

set at p,0.05.
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Results
We used information obtained from the normal elderly 

group, comprising 688 subjects (75.7±6.0 years), to develop 

a physical fitness scale. Measures obtained from subjects in 

the frail elderly (n=11, 73.0±2.3 years) and exercise (n=10, 

70.8±3.1 years) groups were used to examine the validity of 

the assessment. Table 1 shows the mean and SD of chrono-

logical age and motor function of all groups.

Table 2 shows Pearson’s product-moment correlation 

coefficients between chronological age and each motor 

function item in normal elderly group. All variables were 

significantly correlated with chronological age (p,0.05). 

The correlation matrix for four items in normal elderly group 

was subjected to a principal component analysis. The results 

of applying a principal component analysis to the correla-

tion matrices of the four items are presented in Table 3. The 

eigenvalue of the first principal component was 2.077, which 

explained a total dispersion of 51.9%. These results suggest 

that the principal component can be used as a relatively 

comprehensive index of physical fitness variables.

We calculated the physical fitness score by extracting 

the first principal component. The formula for calculating 

the physical fitness score was as follows:

 

Physical fitness score

0.07 grip strength

0.016 balancing

= ×
+ ×   on one leg with eyes open

0.123 30 s chair stand 0.084+ × −
×  −figure-of -8 walking test 2.095  

We then drew a scatter plot of physical fitness scores 

and chronological ages (Figure 1). The correlation between 

physical fitness score and chronological ages was r=−0.52 

(p,0.05). As expected, advancing age was linearly associ-

ated with decline in physical fitness score. The physical 

fitness scores that formed the linear relationship between 

these two variables were a potential comprehensive index of 

motor function, relative to age (later referred to as physical 

fitness age).

Next, we converted the distribution of physical fitness 

scores into the distribution of chronological ages to develop 

the physical fitness age score. In order to transform the 

physical fitness score into units of calendar age, the scores 

obtained from equations were standardized using the mean 

(75.7) and SD (6.0) of chronological age in the normal elderly 

group sample. The following equation expresses the transfor-

mation of physical fitness score into physical fitness age:

 Physical fitness age 6.0 physical fitness score) 75.7= − × −(  

The physical fitness age was determined in accordance 

with the correction formula described by Dubina et al.15 The 

correction formula is Z= (Y1−Y) (1−b), where Y1 is the chron-

ological age of an individual, Y is the mean chronological age 

for the entire normal elderly group, and b is the coefficient of 

simple linear regression that expresses the relation between 

physical fitness age and chronological age. Finally, the formula 

for calculating physical fitness age is as follows:

 

Physical fitness age

0.419 grip strength

0.096 balancing

= − ×
− ×   on one leg with eyes open

0.737 30 s chair stand 0.503− × +
×  +
× +

figure-of -8 walking test 0.47

chronological age 52.68  

A scatter plot of physical fitness ages and chronological 

ages is presented in Figure 2. There was a moderately strong 
Table 1 Means and SDs of chronological age and motor function 
of all groups

Item Normal 
elderly 
group 
(n=688)

Frail 
elderly 
group 
(n=11)

Exercise 
elderly 
group 
(n=10)

Mean SD Mean SD Mean SD

Age (years) 75.7 6.0 73.0 2.3 70.8 3.1
grip strength (kg) 22.9 4.1 21.1 4.1 24.4 3.6
Balancing on one leg with 
eyes open (s)

25.3 20.4 12.3 12.0 45.1 20.0

30 s chair stand (times/30 s) 16.6 2.9 14.4 3.1 20.7 3.3
Figure-of-8 walking test (s) 23.3 4.9 25.4 2.3 18.9 1.9

Table 2 Pearson’s product-moment correlation coefficients 
between chronological age and each motor function item

grip strength (kg) −0.32*
Balancing on one leg with eyes open (s) −0.42*
30 s chair stand (times/30 s) −0.27*
Figure-of-8 walking test (s) 0.49*

Note: *p,0.05.

Table 3 Results of the principal component analysis

Item Factor 
loading

Factor score 
coefficient

grip strength 2.077 0.288
Balancing on one leg 0.812 0.316
30 s chair stand 0.725 0.360
8 walking test 0.387 −0.411
eigen value 2.08
Percentage of variance 51.9

Note: Factor loading: correlation coefficient of the first component with each variable.
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and positive correlation of r=0.76 between the physical 

fitness age and chronological age, and the regression line 

(regression coefficient: 0.996, intercept: 0.265) showed no 

significant difference with the identity line. These data sug-

gest that chronological age and physical fitness age are highly 

interrelated, but are not identical constructs.

To assess the cross-sectional validity of physical fitness 

age, the data in the frail elderly group and the exercise group 

were analyzed. We compared the physical fitness ages and 

chronological ages of the frail elderly group as shown in 

Figure 3. The mean physical fitness age in the frail elderly 

group was 79.0 years, whereas the mean chronological 

age was 73.0 years, indicating that relative to the expected 

levels of physical fitness, subjects in this group were older 

than expected. Figure 4 compares the physical fitness ages 

and chronological ages for subjects in the exercise group. 

The mean physical fitness age in the exercise group was 

65.6 years, which was significantly lower than the mean 

chronological age of 70.8 years.

Discussion
We developed a physical fitness age score that can be used 

to prevent the need for long-term care. The choice of motor 

function items was important in this effort. We chose four 

items, that is, grip strength, balancing on one leg with eyes 

open, 30 s chair stand, and figure-of-8 walking test. The items 

needed to be 1) measurable in both frail and healthy elderly 

Figure 1 Relationship between the first principal component score and chrono-
logical age.

3.0

2.0

1.0

0.0

–1.0

–2.0

–3.0

–4.0

–5.0
50 60 70 80

Chronological age (years)
90 100

r=–0.522
p<0.05

Fi
rs

t p
rin

ci
pa

l
co

m
po

ne
nt

 s
co

re

Figure 2 Relationship between physical fitness age and chronological age.

Figure 3 Comparison of physical fitness age and chronological age in the frail 
elderly group.

Figure 4 Comparison of physical fitness age and chronological age in the exercise 
group.
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individuals, 2) able to be administered at local gathering 

places such as community centers, and 3) suited for evaluat-

ing risks for requiring long-term care support in frail elderly 

individuals. Tanaka et al chose grip strength, balancing on 

one leg with eyes open, and 30 s chair stand to measure motor 

function in frail elderly individuals. They found marked 

differences in lower limb motor function between healthy 

and frail elderly subjects.16 Moreover, the results of the five-

times-sit-to-stand test, Step Test, Timed Up and Go Test, and 

Tandem Balance Test were useful for evaluating the risk of 

frailty. Unlike the Timed Up and Go Test, the figure-of-8 

walking test selected for this study assesses higher-order 

mobility, is easier than tandem walking, and is sensitive to 

differences between frail and healthy elderly individuals.

Activity-based functional motor evaluations should be 

designed to motivate elderly individuals to exercise and 

boost their post-exercise self-esteem for the larger goals of 

preventing the need for long-term care. Therefore, we should 

carefully consider methods for evaluating motor function 

and providing feedback. To date, reports have described the 

importance of comprehensively assessing multiple motor 

functions in the elderly, rather than measuring single motor 

domains.17–20 In addition, these evaluations should be easy 

for the elderly patient to understand. Tanaka et al16 recom-

mended evaluating individuals relative to age scales, where 

feedback is provided by converting the chronological age 

into a standard age. This feedback appears easier for elderly 

people to understand than direct measurements of motor 

functions that are not scaled relative to age.

We compared the physical fitness ages and chronological 

ages in the frail elderly group to determine the validity of 

the physical fitness age measurements. We found that the 

physical fitness age was significantly higher, by an average 

of 6.0 years, than the chronological age. Lee et al20 also 

developed a physical fitness age score for middle-aged to 

elderly men and also found that the physical fitness ages 

were higher than the chronological ages in patients with 

coronary artery disease. The physical fitness ages of elderly 

people categorized as frail were higher than the chronological 

ages in this study. When we compared the physical fitness 

ages and chronological ages of elderly individuals who 

regularly exercised, we found their physical fitness ages to 

be significantly younger (by an average of 5.2 years) than 

their chronological ages. Lee et al20 observed similar findings 

and reported that a 4-month program of exercise plus dietary 

improvement in patients with coronary artery disease resulted 

in approximately a 7-year reduction in physical fitness age. 

The exercise group in this study, which demonstrated the 

same results as those reported by Lee et al, consisted of 

elderly individuals who exercised at least twice a week for 

at least 3 years. However, there is a limit to generalize the 

results of this study. The sample sizes of the frail group and 

the exercise group were quite small. Moreover, we cannot 

confirm changes of individuals longitudinally. Therefore, it is 

desirable to examine physical fitness age more diversely.

These findings confirm that physical fitness age scores are 

applicable to frail and healthy elderly individuals. Physical 

fitness age is a valid measure of motor function and could 

be used to prevent the potential need for long-term care 

support. By evaluating the physical fitness age of elderly 

people, we can screen frail elderly people and who are not so. 

Also, we can provide an effective exercise program suitable 

for their physical fitness level. In addition, if the validity 

of the physical fitness age can be confirmed, it can be used 

as an index for longitudinal evaluation of the effect of the 

exercise program. It is desirable to study this in more detail 

in the future.
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