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Abstract: The purpose of this study was to develop an age scale for assessing activities of daily living (ADL) among 

community-dwelling adults aged 75 years or older. Participants were 1006 older Japanese: 312 men (79.6 ± 4.3 years) 
and 694 women, (79.9 ± 5.5 years). Participants completed a battery of 8 performance tests related to ADL and the 
Barthel index (BI) questionnaire. Spearman rank-order correlation analysis was applied to obtain the correlation of the 8 

ADL performance tests with the total BI score. Three variables were high rank-order correlated with BI, secondly those 
items were subjected to the principal component analysis. The weighted combination of the principal component scores 
was summed. Resulting in an ADL score (ADLS), women = 0.075 X1 – 0.082 X2 – 0.063 X3 + 0.124, men = 0.051 X1 – 

0.105 X2 – 0.099 X3 + 0.249, where X1 = hand-grip strength, X2 = timed up and go, X3 = five-chair sit to stand. Individual 
ADLS was transformed to an ADL age scale (ADLA). The estimation was – 5.493 ADLS + 79.90 for women, and – 4.272 
ADLS + 79.57 for men. Due to the distortion at the regression edges, the equation was corrected as suggested by 

Dubina et al. ADLA women after correction was = 0.447 (chronological age: CA) – 5.49ADLS + 44.17, men = 0.519CA – 
4.27ADLS + 38.26. ADLA can be used to identify or monitor the characteristics of the ADL levels of physical abilities in 
older Japanese aged 75 years or older.  

Keywords: Age assessment, principal component analysis, physical function, 75 years and older, older Japanese.  

INTRODUCTION 

Developed countries confront several problems 

related to rapidly elder population in recent years; thus, 

the increased rate of health care expenditure in these 

societies has become one of the major economic 

issues [1, 2]. Japan is considered as typical one of 

these societies. Presently, 25.0% of the all population 

in Japan is aged 65 years and more, half of this 

percentage (12.3%) is 75 years and older, the most 

vulnerable age in the country [3]. 

With the aging of population, the rising disability 

rates are becoming an increasingly important issue 

because of both their public health consequences in 

the form of adverse health outcomes and increasing 

health-care costs as well as the associated impairment 

in the quality of life older individuals [4, 5]. The 

frequency of physical disability becomes apparent as 

people age: 40% of people 65 years or older has a 

limited ability to carry out their activities of daily living 

(ADL), and over 22% of women and 15% of men 

depend on a caretaker to carry out their ADL [6].  
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Moreover, each year approximately 10% of non-

disabled community-dwelling adults aged 75 years and 

older loses their ability to perform basic ADL 

independently [7]. 

The ability of older adults to perform everyday tasks 

is a crucial factor in determining the quality of life. In 

this context, finding ways to increase the health and 

independence of older adults is a national goal [8]. The 

primary health care goals should be the maintenance 

of functional fitness, as an indication of the degree of 

physical independence to perform various ADL [9]. 

Chronological age (CA) is not the best predictor of 

functional fitness for individuals, this is because aging 

is a highly personal process with individuals not only 

being different from one and other, but also having 

physiological system that deteriorates at different rates 

[10]. Until now, it has been assessed by using a wide 

variety of tests known collectively as ADL inventories 

[11-14]. However, most of them are a self-report in 

which actual performance is not measured [15, 16]. In 

1990 Nakamura et al., considered that to assess the 

degree of individual aging, biological age is much 

better index than CA [17-19]. Only few biological age 

inventories have incorporated ADL items in their test 

battery, In 1995 Kim and Tanaka [8], developed a 

functional age using ADL items, but the range of age 
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was wide and the subjects were only women. The aim 

of the current study pretends to develop an age scale 

for assessing ADL among community-dwelling adults 

aged 75 years or older. An additional goal of using ADL 

age is to provide a simple way for this population to 

become aware by them self of their current level of 

functional status, and motivate them to maintain a 

healthy lifestyle. 

METHODS 

Participants 

Participants included in this investigation were 1202 

Japanese community dwellers that are 75 years and 

older, who were recruited from 6 cities in 4 prefectures: 

Fukushima, Ibaraki, Chiba, which are located to the 

north east of Tokyo in the Kanto region and Kanagawa 

in the southwest. The participants were recruited 

through poster advertisement and flyers that were 

displayed in senior centers, leisure centers and 

residential retirement communities within Japanese 

community support projects. Inclusion criteria stated 

that the participants were: 1) community dwellers aged 

75 years or older, 2) not care-dependent or support-

dependent on a Japanese long-term care insurance 

system, 3) not restricted from exercising by a doctor. 

The exclusion criteria were as follows: (1) participants 

unable to perform the physical test (n = 187); and (2) 

unable to understand the instructions for the test and 

questionnaires (n = 9). The remaining 1006 participants 

(312 males aged 79.6 ±4.3 years and 694 women aged 

79.9 ± 5.5 years) were included in the current study. 

The individuals who were recruited required nursing 

care, prevention programs or day-care service. Prior to 

the test, participants read and signed the informed 

consent form, which was approved by the institutional 

review board (IRB approval no.:696) this study was 

conducted in accordance with the guidelines proposed 

in the Declaration of Helsinki and the study protocol 

was reviewed and approved by the ethics committee, 

University of Tsukuba, Japan.  

Demographic and Health-Related Information 

Participants were interviewed to obtain 

demographic information, which included age, pain 

sites, comorbidities, alcohol drinking and smoking 

status, and health-related information. Body height and 

weight were measured with minimal clothing and no 

shoes. Participants were asked to rate their current 

health status as poor, fair, good, very good or 

excellent.  

Assessment of ADL Ability Status 

The ADL status was assessed through the Barthel 

Index (BI) which consists of 10 items that measure a 

person's daily functioning specifically the ADL and 

mobility. The scores for each of the items are summed 

to create a total score. Total possible scores range 

from 0– 100, with lower scores indicating increased 

disability [20]. 

Physical Performance Items 

The following 8 physical performance items were 

selected according to further research that recognize 

them as a significantly related to ADL. 

1. Hand-Grip Strength  

Participants held the dynamometer in the hand in 

the standing position with their arms at right angles and 

the elbow by the side of their body. The handle of the 

dynamometer was adjusted if was required. 

Participants squeezed the dynamometer with maximum 

isometric effort, which was maintained for about 3 

seconds. No other body movement was allowed [21]. 

The participant was strongly encouraged to give a 

maximum effort with good respiration to obtain a high 

record. The test was performed twice for each hand 

alternatively. The average of the sum of the scores of 

all trials, in kg, were used in the analysis. The hand-

grip dynamometer was a GRIP-D, T.K.K 5401; Takei 

Scientific Instruments Co. Ltd., Tokyo Japan. 

2. Alternate Step 

Participants were asked to raise their legs 

alternately 8 times, which simulates walking stairs or 

walking in place. The highest recorded step was 19 cm 

[22]. The time until the last step taken was in seconds 

0.01. Participants were allowed to do 2 trials. We used 

the average of both trials for the analysis.  

3. One-Legged Stance with Eyes Open 

With open eyes, gazing straight forward and with 

the hands on hips, participants were asked to stand on 

their preferred leg for a maximum of 60 seconds, 

raising gradually from the floor to a height of 10–20 cm, 

maintain balance as long as possible. The test was 

performed twice. The average of the sum of both 

scores, in seconds, were used in the analysis 23]. 

4. Functional Reach 

Participants were asked to stand with their feet 

together, raise their arms, and hold the tips of their 
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clasped hands at the 0-cm level of the scale while 

keeping their arms straight and horizontal. This test 

was assessed by the maximal distance that the 

participant could reach beyond arm’s length. The 

average distance recorded that was nearest to 1 cm 

during two trials was used in the analysis [9]. 

5. Manipulating Pegs 

The subjects were standing in front of a standard-

height desk or table where a peg board was installed 

(Takei Scientific Instruments Co., Ltd.), this board had 

96 holes divided in 2 sides, 48 at front and 48 at back 

side, there are only 48 pegs that were installed in the 

front side, the subjects were asked to move them from 

the front side to the back side using both hands 

(moving 2 pegs at a time) during 30 seconds. The 

number of pegs transferred during that time was used 

in the analysis [19]. 

6. Timed Up and Go (TUG) 

Participants were asked sit down on a standard-

height chair, after a signal they would stand up from 

that chair and walk forward as quickly as possible to a 

distance of 3 m, where a red cone was placed, turn 180 

degrees at the cone, and walk back to the chair and sit 

down. Participants were allowed to use canes or 

walkers. The average time recorded was rounded to 

the nearest 0.01 s and times from the two trials were 

used in the analysis [24]. 

7. Usual Gait Time 

Participants were instructed to stand with their feet 

behind them with their feet just touching a starting line 

marked with tape. After the examiner’s command, they 

start to walk at their normal pace along a 7-m course 

[25]. Participants were allowed to used canes or 

walkers. The actual walking time was measured over 5-

m starting with the first step past the 1-m line and 

ending with the first step after the 6-m line. The 

average of the two trials was used in the analysis. The 

time nearest to 0.01 s was recorded. 

8. Five-Chair Sit to Stand (STS) 

Participants were asked to stand up and sit down on 

a standard-height chair as quickly possible. 

Specifically, the start position was sitting with the knee 

joint angle at 90 degrees and the soles of their feet 

touching the floor completely. The time was measured 

 

Figure 1: Flow chart of the study participants and development of the ADLA equations. 

CA: Chronological age, SD: Standard deviation, ADLS: activities of daily living score, ADLA: activities of daily living age, AVG: 
average, b: coefficient of simple linear regression. 
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from the initial sitting position to the final fully erect 

position at the end of the fifth stand. The average time 

recorded nearest to 0.01 s during two trials was used in 

the analysis [26]. 

Statistical Analyses  

Statistical analysis of the data began with 

calculation of the arithmetic means and standard 

deviations (SDs), and a correlation matrix among the 8 

variables. The Spearman rank-order correlation 

coefficient was calculated to determine the association 

among BI score and each of the variables and 

submitted to principal component analysis [27], as 

shown in Figure 1.  

The first principal component, which accounts for 

the largest variance among the extracted components, 

is a useful statistical tool for the purpose of combining 

all the independents variables into a single expression. 

The first principal component was used as the best 

single descriptor of total ADL performance [28]. This 

approach has been frequently adopted in gerontology 

investigations [28-30]. 

In this study, the first principal component score 

was used as a unitary index ADL score (ADLS). To 

calculate individual ADLS, each score was first 

standardized, and the summed across tests in a 

weighted manner, using the coefficients of principal 

component scores obtained from the principal 

component analysis. To do so, the ADLS was 

converted into an age scale where the average and SD 

of CA was used. During this process, the fact that 

ADLs were distributed with a mean of 0 and a SD of 

1.0 were taken into consideration. Finally, the equation 

was corrected as suggested by Dubina et al. (1984) 

due to the distortion of the individual ADLA at the 

regression edges. The data was analyzed using IBM 

SPSS Statistics software, version 21 (SPSS Inc., 

Chicago, IL, USA), with the level of statistical 

significance set at 5%. 

RESULTS 

Table 1 shows the characteristics of subjects. All 

subjects claimed no known neuromuscular, 

musculoskeletal or cardiovascular pathology that 

affected their ambulatory capacity to perform the items 

of the current study. Descriptive statistics for the BI and 

the 8 ADL performance test items and the Spearman 

rank-order correlations for the 8 performances items 

and the BI score are presented in Table 2, where all of 

the 8 variables showed statistical significant 

correlations with BI in women and men. Statistical 

significance P values of all items were less than 0.01. 

r
a
 means the Spearman correlation among BI score 

and ADL tests. Although all items presented high 

correlation, we primarily decided for the highest 

Spearman rank-order correlation, according to this, the 

three items were selected. The order from the highest 

to the lowest for women were as follows: TUG, 5-m 

usual gait time, manipulating pegs, five-chair STS, 

alternate step, hand-grip strength, one-legged stance 

Table 1: Characteristics of the Study Participants  
(n =1006) 

Mean ± standard deviation or n (%) Variables 

Women (n = 694) Men (n = 312) 

Age, years 79.9 ± 5.5 79.6 ± 4.3 

Geographic area, n (%) 

FUKUSHIMA 112 (16.1) 65 (20.8) 

IBARAKI 391 (56.3) 149 (47.8) 

CHIBA 168 (24.2) 82 (26.7) 

KANAGAWA 23 (3.3) 16 (5.1) 

Height, cm 144.9 ± 6.3 159.7 ± 6.8 

Weight, kg 49.4 ± 8.3 60.9 ± 8.8 

Body mass index, kg/m2
 23.5 ± 3.7 23.9 ± 3.1 

Chronic disease, n (%) 

Hypertension 307 (44.2) 130 (41.7) 

Stroke 21 (3.0) 21 (6.7) 

Heart disease 83 (12.0) 50 (16.0) 

Diabetes mellitus 76 (11.0) 50 (16.0) 

Self-rated health, n (%) 

Excellent to good 669 (96.4) 302 (96.8) 

Fair to poor 25 (3.6) 10 (3.2) 

Alcohol drinking status, n (%) 

Current 338 (48.7) 220 (70.5) 

No drink 356 (51.3) 92 (29.5) 

Smoking status, n (%) 

Current 30 (4.3) 100 (32.1) 

No smoke 664 (95.7) 212 (67.9) 

Body pain, n(%) 

Waist 212 (30.5) 67 (21.5) 

Shoulder joint 94 (13.5) 40 (12.8) 

Elbow joint 10 (1.4) 4 (1.3) 

Hip joint 28 (4.0) 13 (4.2) 

Knee joint 230 (33.1) 59 (18.9) 

Feet 48 (6.9) 6 (1.9) 
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with eyes open and functional reach. For walking skills; 

the highest was TUG, and we cast the other 2 items 

aside (5-m usual gait time and alternate step). Lower 

extremity strength was five-chair STS that shown a 

higher correlation too and the last item for upper 

extremity strength was hand-grip strength.  

In the case of men for walking skills TUG, represent 

the highest correlation with the total score of the BI, 5-

m usual gait time and alternate step were eliminated 

from the list. For lower extremity strength, five-chair 

STS. For the upper extremity strength was hand-grip 

strength. After the selection of the 3 items, those were 

subjected to the principal component analysis.  

The results of the principal component analysis are 

presented in Table 3. Although one principal 

component was identified that met the minimum 

eigenvalue (< 1) criterion, the first principal component 

analysis accounted for a significantly greater proportion 

of the variance (eigenvalue = 2.15 for men and 2.12 for 

women) than any of the other components. The first 

component explained about the 71% and 70% for men 

and women respectively of the all variables. These 

results suggest that the first principal component can 

be used as a relatively comprehensive index of ADL 

functioning. 

In order to compute ADLS for each subject, we 

calculated principal scores as  ai xi where ai is the 

factor loading of the 3 test items and the xi is an 

individual’s standard score on the 3 test items. 

The following equations were obtained for the 

ADLS: 

Women ADLS = 0.075 X1  0.082 X2  0.063 X3 + 

0.124 

Men ADLS = 0.051 X1  0.105 X2  0.099 X3 + 0.249 

Where X1 = hand-grip strength, (kg), X2= five-chair STS 

(s), X3 = TUG (s). 

The correlation between the first principal 

component score and CA was r =  0.485 for men and 

r =  0.474 for women. 

To transform the individual ADLS to the age scale, 

using the T-scale idea and taking in consideration that 

they are distributed with a mean of 0 and a SD of 1.0. 

First the scores were standardized using the average 

and SD of CA.  

The following equation for the ADLA was derived: 

Women ADLA =  5.493 ADLS + 79.90 

Men ADLA =  4.272 ADLS + 79.57 

The above figures  5.493 and 79.90 in women and 

 4.272 and 79.57 are respectively the mean and SD of 

the CA of our sample of 1006 participants. 

Table 2: Descriptive Statistic for the 8 ADL Performances Test, Barthel Index and Spearman Correlation Coefficients 

mean ± standard deviation or n (%) Variables 

Women (n = 694) r
a

 Men (n = 312) r
a

 

Barthel Index (BI), score (0-100) 96.4 ± 9.2 1.0 97.6 ± 7.4 1.0 

Physical performance measures 

hand-grip strength, kg 18.6 ± 4.6 0.325** 29.5 ± 7.0 0.365** 

one-legged stance with eyes open, s 18.9 ± 20.0 0.314** 25.9 ± 22.9 0.208** 

functional reach, cm 23.0 ± 6.8 0.245** 25.8 ± 6.7 0.161** 

five-chair STS, s 10.4 ± 5.1 -0.397** 9.0 ± 3.9 -0.332** 

step test, s 6.1 ± 2.9 -0.349** 5.4 ± 2.2 -0.392** 

timed up and go, s 9.9 ± 6.3 -0.472** 8.2 ± 4.1 -0.377** 

usual gait time, s 5.50 ± 3.80 -0.438** 4.70 ± 2.50 -0.349** 

manipulating pegs, n 35.60 ± 6.90 0.422** 34.70 ± 7.00 0.351** 

Table 3: Factor Loadings by Principal Component 
Analysis 

Factor I 
Variables Women 

Men 

hand-grip strength, kg -0.749 -0.766 

five-chair STS, s 0.872 0.875 

timed up and go, s 0.894 0.891 

Eigen value 2.12 2.15 

Percent variance 70.7 71.0 
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There were considerable differences between the 

slopes of the regression lines.  

Figure 1 shows the relation between the estimated 

ADLA and the CA. Although the estimated ADLA 

scores should ideally be scattered symmetrically above 

and below the identity line CA = ADLA, the slope of the 

regression differed considerably from 1.0. Before any 

statistically meaningful comparison could be made 

between ADLA and CA, the distortion of ADLA at the 

regression edges as a function of CA and the 

disagreement between the slopes of both regression 

lines had to be corrected as suggested by Dubina et al. 

(1984). We calculated the following correction term 

according to the method of Dubina et al. (1984). The 

correction is calculated from Z = (1  b) (Yi –Y), where 

“Yi” is the CA of an individual, “Y” is the mean CA, and 

“b” is the coefficient of simple linear regression that 

expresses the relation between ADLA and CA. Finally, 

corrected ADLA was obtained summing the Z in the 

second equation. 

The equations after correction were as follows: 

Z = (1  0.553) (CA  79.90) 

Women ADLA = 0.447CA  5.49ADLS + 44.17 

Z= (1  0.480) (CA  79.57) 

Men ADLA = 0.519CA  4.27ADLS + 38.26 

Figure 2a shows the relationship between CA and 

the uncorrected ADLA. The correlation between ADLA 

and CA was (r = .485 in men and r = .474 in women). 

The corrected ADLA scores were almost 

symmetrically scattered above and below the line of 

identity CA = ADLA. The correlation between ADLA 

and CA was significant (r = .754 for men and r = .719 

for women) as shown in Figure 2b. These data suggest 

that ADLA and CA are highly related but are not 

identical constructs. 

 

a 

 

b 

Figure 2: a. Scatter diagram between chronological age and uncorrected activities of daily living age. 

b. Scatter diagram between chronological age and after correction activities of daily living age. 
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DISCUSSION 

In the current study, we developed an equation of 

ADLA with the aim to use it as a tool to assess the 

physical functionality among older Japanese 

community dwellers aged 75 years or older, in order to 

respond to the necessity of the ADL. The findings of 

the present study showed that 3 ADL performance test 

can be used together to identify or monitor the 

characteristics of ADL levels of physical abilities. When 

Spearman correlation analysis was applied, 3 ADL 

items of 8 were found to represent the major elements 

of physical functioning that are necessary for the 

successful completion of many ADL. Specifically, the 3 

items assessed walking ability, upper and lower body 

extremity strength. As the statistical significance P 

values of all items were less than 0.01. According to 

the results of the principal component that equations 

have the potential to recognize the physical 

functionality in about 71% by the factor loadings as 

shown in Table 3, representing the major elements 

necessary for the successful completion of ADL.  

Our method for the process of computing the ADLA 

is generally consistent with several approaches 

previously reported in the experimental literature [29-

32]. A common feature of all indices of biological age is 

the requirement to reduce a large number of variables 

to a single score. Specifically, the linear combination of 

measures that maximizes the prediction of CA is used 

to generate biological age, functional age or in this 

case ADLA [33-36]. As shown in Table 2, we decided 

primarily for the highest Spearman rank-order 

correlation to 1. From the higher rank of correlation for 

women were as follows: 1) TUG, 2) 5-m usual gait 

time, 3) manipulating pegs, 4) five-chair STS, 5) 

alternate step, 6) hand-grip strength, 7) one-legged 

stance with eyes open and 8) functional reach. We 

chose the highest items by similar group of ability, the 

first 2 items refer to walking skills, for example for 

walking skill TUG was the higher compared with 5-m 

usual gait time and alternate step. We selected TUG 

cast the other 2 items aside. For the lower extremity 

strength five-chair STS showed a higher correlation 

too. The third item was selected for the upper extremity 

strength (i.e., hand-grip strength). In the case of upper 

extremity strength we decided to implement hand-grip 

strength for both sexes, to synchronize with the items 

used in men. The reason we decide hand-grip strength 

although this showed lower correlation than 

manipulating pegs in women was that according to 

some researches [37], hand-grip strength is not just a 

better descriptor of upper extremity strength, it also 

provides strong evidence that predicts functional 

limitations and disability while manipulating pegs 

involve finger-synchronization skills. A 25 years cohort 

study of Japanese-American subjects showed that 

people with lowest hand-grip strength tertile had the 

greatest risk and those in the middle tertile had 

intermediate risk compared with those in the highest 

tertile. Muscle strength is found to track over the 

lifespan: those who had higher hand-grip strength 

during midlife remained stronger than others in old age 

[38]. People with greater muscle strength during midlife 

are at lower risk of becoming disabled because of their 

greater reserve of strength regardless of chronic 

conditions that may develop. Also, hand-grip strength 

has been found to be correlated with strength of other 

muscle groups and is thus a good indicator of overall 

strength [39]. Consequently, hand-grip strength 

measurements could be used for early screening of 

populations to identify those at higher risk of physical 

disability related to low muscle strength. In these 

persons, exercise interventions aimed at improving 

strength in all muscle groups could potentially lower the 

risk of subsequent physical disability. There are also 

other potential explanations that hand-grip strength 

may be a marker of physical activity which itself 

preserves function and prevents disability [40]. Muscle 

strength can be increased substantially by physical 

exercise at all ages [41-43]. With this in mind, our aim 

is to focus more on those items which are closely 

related with the physical function and avoid motor 

disabilities, especially in the weak population that are 

people of 75 years or older. Finding in aforementioned 

references helped to choose hand-grip strength for 

women too. 

For men, walking skills and lower extremity were the 

same items as women (TUG, five-chair STS and hand-

grip strength), Although men’s data were fewer than 

women’s we conclude that this synchronization of items 

are credible by the reason that it has been proved that 

women have a notable lower death rate than men at all 

ages, women also seem to resist diseases better than 

men and seem to respond more readily to medical 

treatment at the same CA [44, 45]. 

After the first principal component analysis was 

applied to the three selected items, results showed that 

those items explained nearly the 71% of the total 

variance. This explanatory percentage is almost iden-

tical to that reported in previous studies [28, 30, 32]. 

Our data suggests that these 3 items (highly reliable 

ADL test and proved to assess functionality on elder 
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population [32]) could be combined into an index of 

functional status (ADLA), which, found to be highly 

correlated with BI, has the potential to discriminate 

among individuals of similar CA but differing in the 

functional abilities. 

The relevance of this study is that the ADLA 

equation it´s an easy and compact index that can be 

used with short ADL variables while avoiding the 

fatigue of the elderly with a long battery of test. In 

comparison to other studies this is the first time that an 

index for people over the age of 75 has been 

developed, previous studies typically have an 

elaborated index for healthier, and younger 

participants. 

Hand-grip strength, five-chair STS and TUG can be 

used together to identify or monitor the characteristics 

of ADL levels of physical abilities on people over 75 

years as an additional measure of senescence that 

may help researchers and clinicians to discriminate 

between individuals who are of the same CA but who 

differ in a physical function status. 

This study has some limitations. First, our sample of 

the population could not be the representative of the all 

Japanese population, because we recruited our 

participants at community centers, limiting the 

participation in our study only to visitors of those 

centers. Second the subjects had a sufficiently mobile 

to commute to our study center, Thus, relatively 

healthier people tend to participate with a positive 

effect in the strata. Third the current ADLA has been 

established exclusively from cross-sectional data, and 

with nondisabled Japanese population over 75 years or 

older. Equations could not be functional in other 

countries or younger populations, because of complex 

factors related with lifestyle (environmental) and/or 

ethnicity. However, our findings might not be 

generalizable to older adults who are frailer. The 

equations are only appropriate for Japanese 

community-dwelling aged 75 years or older. It is 

necessary to assess the validity of it in longitudinal 

studies and or in short or long training studies as well 

(exercise interventions) in which there is an attempt to 

alter functional status through an intervention program.  

ACKNOWLEDGEMENTS 

We would like to thank the large number of open 

sources and related Japanese community support 

projects that critically facilitated this work, we are 

grateful to all the participants Finally, I sincerely thank 

to Yamaha Motor Foundation for Sports: YMFS, which 

provide advice and financial support. This study was 

supported by the Japan society for the promotion of 

science (JSPS) (Grant-in-Aid for scientific research [A]) 

#19200047. 

REFERENCES 

[1] Kalache A, Muir Gray JA. Health problems of older people in 
the developing world. In: Pathy MSJ (ed) principles and 
practice of geriatric medicine. London: Wiley 1985; pp. 1279-
1284. 

[2] World Health Organization. The uses of epidemiology in the 
study of the elderly. Report of WHO Scientific Group on the 
Epidemiology of Aging. WHO, Geneva 1984; pp. 1-84. 

[3] Japanese Management and Coordination Agency: 2014; 
access date: 2014/08/24, available from URL: 
http://www.stat.go.jp/data/topics/topi721.htm 

[4] Freedman VA, Crimmins EM, Schoeni RF, Spillman BC, 
Aykan H, Kramarow E, Land K, Lubitz J, Manton KG, Martin 
LG, Shinberg D, Waidmann TA. Resolving inconsistencies in 

Trends in Old-Age Disability: Report from a Technical 
Working Group. Demography 2004; 41(3): 417-41. 
http://dx.doi.org/10.1353/dem.2004.0022 

[5] Liu J, Chi I, Chen G, Song X, Zheng X. Prevalence and 
correlates of functional disability in Chinese older adults, 

Geriatr Gerentolo Int 2009; 9: 253-261. 
http://dx.doi.org/10.1111/j.1447-0594.2009.00529.x 

[6] Guralnik JM, Simonsick EM. Physical disability in older 
americans. J Gerontol 1993; 48: 3-10. 
http://dx.doi.org/10.1093/geronj/48.Special_Issue.3 

[7] Gill TM, Williams CS, Tinetti ME. Assessing risk for the onset 

of functional dependence among older adults: the role of 
physical performance. J Am Geriatr Soc 1995; 43: 603-609. 

[8] Tanaka K, Kim SH, Yang JH, Shimamoto H, Kokudo S, 
Nishijima T. Index of assessing functional status in elderly 
Japanese men. Appl Human Sci 1995; 14(2): 65-71. 

[9] Shigematsu R, Tanaka K. Age scale for assessing functional 

fitness in older Japanese ambulatory women. Aging Clin Exp 
Res 2000; 12: 256-263. 
http://dx.doi.org/10.1007/BF03339845 

[10] Spirduso WW. Physical dimension of aging. Champaign IL: 
Human Kinetics 1995. 

[11] Granger CV, Albrecht GL, Hamilton BB. Outcome of 

comprehensive medical rehabilitation: Measurement by 
PULSES profile and the barthel Index. Arch Phys Med 
Rehab 1979; 60: 145-154. 

[12] Karts S, Down TD, Cash HR, Grotz RC. Progress in 
development of the index of ADL. Gerontologist 1970; 10: 

20-30. 
http://dx.doi.org/10.1093/geront/10.1_Part_1.20 

[13] Klein MR, Bell B. Self-care skills: Behavioral measurement 
with Klein-Bell ADL scale. Arch Phys Med Rehab 1982; 63: 
335-338. 

[14] Lawton MP, Brody EM. Assessment of older people: Self-

maintaining and instrumental activities of daily living. 
Gerontologist 1969; 9: 179-186. 
http://dx.doi.org/10.1093/geront/9.3_Part_1.179 

[15] Barer D, Nouri F. Measurement of activities of daily living. 
Symposium on measurement. Clin Rehab 1989; 3: 179-187. 

[16] Pfeffer RI, Kusosaki TT, Harrah CH, Chance JM, Filos S. 

Measurement of functional activities in older adults in the 
community. J Gerontol 1982; 37: 323-329. 
http://dx.doi.org/10.1093/geronj/37.3.323 

[17] Dubina TL, Mints AY, Zhuk EV. Biological age and its 

estimation. III. Introduction of a correction to the multiple 



56     International Journal of Statistics in Medical Research, 2015, Vol. 4, No. 1 Figueroa et al. 

regression model of biological age and assessment of 

biological age in cress-sectional and longitudinal studies. Exp 
Gerontol 1984; 19: 133-143. 
http://dx.doi.org/10.1016/0531-5565(84)90016-0 

[18] Furukawa T. Assessment of the adequacy of the multi-
regression method to estimate biological age. In: Balin A.K. 

(Ed.), human biological age determination. CRC press, Boca 
Raton 1994; pp. 471-484. 

[19] Kim HS, Tanaka K. The assessment of Functional age using 
“activities of daily living” Performance tests: A study of 
Korean women. J Aging Phys Act 1995; 3: 39-53. 

[20] Mahoney FI, Barthel DW. Functional Evaluation: The Barthel 
Index, Md State Med J 1965; 14: 61-5. 

[21] Shinkai S, Kumagai S, Fujiwara Y, Amano H, Yoshida Y, 
Watanabe S, Ishizaki T, Suzuki T, Shibata H. Predictor for 
the onset of functional decline among initially non-disabled 

older people living in a community during a 6-year follow-up. 
Geriatr Gerentol Int 2003; 3(Suppl 1): S31-S39. 
http://dx.doi.org/10.1111/j.1444-0594.2003.00094.x 

[22] Menz HB, Lord SR. The contribution of foot problems to 
mobility impairment and falls in community-dwelling older 

people. J Am Geriatr Soc 2001; 49: 1651-1656. 
http://dx.doi.org/10.1111/j.1532-5415.2001.49275.x 

[23] Rikli R, Busch S. Motor performance of women as a function 
of age and physical activity level. J Gerentol 1986; 41: 645-

649. 
http://dx.doi.org/10.1093/geronj/41.5.645 

[24] Podsiadlo D, Richardson S. the timed “up & go”: a test of 
basic functional mobility for frail elderly persons. J Am Geriatr 
Soc 1991; 39: 142-148. 

[25] Shinkai S, Watanabe S, Kumagai S, Fujiwara Y, Amano H, 
Yoshida Y, Ishizaki T, Yukawa H, Suzuki T, Shibata H. 

Walking speed as a good predictor for the onset of functional 
dependence in a Japanese rural community population. Age 
Ageing 2000; 29: 441-446. 
http://dx.doi.org/10.1093/ageing/29.5.441 

[26] Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace 
RB. Lower-extremity function in persons over the age of 70 
years as a predictor of subsequent disability. N Eng J Med 

1995; 332: 556-561. 
http://dx.doi.org/10.1056/NEJM199503023320902 

[27] Harman HH. Modern factor analysis (2
nd

 Ed.). Chicago and 
London: The University of Chicago press 1967. 

[28] Nakamura E, Miyao K, Ozeki T. Assessment of biological 
age by principal component analysis. Mech Ageing Dev 

1988; 46: 1-18. 
http://dx.doi.org/10.1016/0047-6374(88)90109-1 

[29] Chodzko-Zajko WJ, Ringel RL. Physiological fitness 
measures and sensory and motor performance in aging. Exp 
Gerentol 1987; 22: 317-328. 
http://dx.doi.org/10.1016/0531-5565(87)90030-1 

[30] Hofecker G, Skalicky M, Kment A, Niedermuller H. Models of 
the biological age of the rats. I. A factor of age parameters. 
Mech Ageing Dev 1980; 14: 345-359. 
http://dx.doi.org/10.1016/0047-6374(80)90008-1 

[31] Lee MS, Matsuura Y, Tanaka K. Assessment of physical 

fitness age in middle-aged and elderly men. Jpn J Phys Fit 
Sport 1993; 42: 59-68. 

[32] Tanaka K, Matsuura Y, Nakadomo F, Nakamura E. 

Assessment of vital age of Japanese women by principal 
component analysis. Japan J Phys Ed 1990; 35: 121-131. 

[33] Furukawa T, Inoue M, Kajiya F, Inada H, Takasugi S, Fukui 
S, Takeda H, Abe H. Assessment of biological age by 
multiple regression analysis. J Gerentol 1975; 30: 422-434. 
http://dx.doi.org/10.1093/geronj/30.4.422 

[34] Heikkinen E, Kiiskinen A, Käythy B, Rimpelä N, Vuor I. 
Assessment of biological age: Methodological study in two 
finnish populations. Gerontologia 1974; 20(1): 33-43. 
http://dx.doi.org/10.1159/000211996 

[35] Nakamura E, Moritani T, Kanetaka A. Assessment of 

biological age versus physical fitness age. Eur J Appl Physiol 
1989; 58: 778-785. 
http://dx.doi.org/10.1007/BF00637391 

[36] Voitenko VP, Tokar AV. The assessment of biological age 

and sex differences of human aging. Ex Aging Res 1993; 9: 
239-244. 
http://dx.doi.org/10.1080/03610738308258458 

[37] Rantanen T, Guralnik JM, Foley D, Masaki K, Leveille S, 
Curb JD, White L. Midlife Hand Grip Strength as a predictor 

of old age disability. J Am Med Assoc 1999; 281: 558-560. 
http://dx.doi.org/10.1001/jama.281.6.558 

[38] Rantanen T, Masaki K, Foley D, Izmirlian G, White L, 
Guralnik JM. Grip strength changes over 27 years in 

Japanese-American men. J Appl Physiol 1998; 85: 2047-
2053. 

[39] Rantanen T, Era P, Kauppinen M, Heikkinen E. Maximal 
isometric muscle strength and socio-economic status, health 
and physical activity in 75-year-old persons. J Aging Phys 
Activity 1994; 2: 206-220. 

[40] LaCroix AZ, Guralnik JM, Berkman LF, Wallace RB, 

Satterfield S. Maintaining mobility in late life. II. Smoking, 
alcohol consumption, physical activity and body mass index. 
Am J Epidiomiol 1993; 137: 858- 869. 

[41] Fiatarone MA, O`Neil EF, Ryan ND, Clements KM, Solares 

GR, Nelson ME, Roberts SB, Kehayias JJ, Lipsitz LA, Evans 
WJ. Exercise training and nutritional supplementation for 
physical frailty in very elderly people. N Engl J Med 1994; 

330: 1769-1775. 
http://dx.doi.org/10.1056/NEJM199406233302501 

[42] Frontera WR, Meredith CN, O`Reilly Kp, Knuttgen HG, Evans 
WJ. Strength conditioning in older men. J Appl Physiol 1988; 
64: 1038-1044. 

[43] Sipilä S, Multanen J, Kallinen M, Era P, Suominen H. Effects 

of strength and endurance training on isometric muscle 
strength and walking speed in elderly women. Acta Physiol 
Scand 1996; 156: 457-464. 
http://dx.doi.org/10.1046/j.1365-201X.1996.461177000.x 

[44] Verbrugge LM. Sex differentials in health: an update on 

hypotheses and evidence. J Health Soc Behav 1982; 26: 
156-182. 
http://dx.doi.org/10.2307/2136750 

[45] World Health Organization Health of the elderly. Report of a 
WHO expert committee, Geneva 1989; pp. 1-98. 

 

 

 
Received on 21-09-2014 Accepted on 09-12-2014 Published on 27-01-2015 

 
http://dx.doi.org/10.6000/1929-6029.2015.04.01.5 

 
© 2015 Figueroa et al.; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in 
any medium, provided the work is properly cited. 


