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Abstract: The aim of this study was to evaluate the validity and reliability of the age scale for assessing activities of daily 
living (ADL) among community-dwelling adults aged 75 years or older. Participants comprised 89 older Japanese: 47 
men (79.1±3.8 years) and 42 women (78.9±3.7 years). The ADL age (ADLA) equation is an instrument that estimates 
participants’ physical functioning regarding ADL using data obtained previously from 1006 subjects. The equation is as 
follows: ADLA for women = 0.447 (chronological age) -5.49ADLS + 44.17; and ADLA for men = 0.519CA – 4.27ADLS + 
38.26. Validity was evaluated using cross-validation, and reliability was evaluated using internal consistency and test-
retest methods. The correlation between the ADLA and chronological age (CA) in the cross-validation samples (r = 0.62 
women, r = 0.61 men) was not significantly different from the relationship observed in the original sample (r = 0.72 
women p = 0.636, and r = 0.75 men p = 0.571). Cronbach's alpha (α) value (internal consistency) for the total ADLA was 
0.97 for men and 0.92 for women, whereas the intra-class correlation coefficient (ICC) value (test-retest reliability) was 
0.96 for men and 0.91 for women. The results suggest that the ADLA is a reliable and valid tool for the assessment of 
ADL with satisfactory psychometric properties and that is applicable for persons aged 75 years and older in Japan. 
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1. INTRODUCTION 

The difficulties entailed in measuring health status 
at any age are well-known, but autonomy in daily living 
has become a reasonably adequate parameter of 
health status in the case of older adults [1]. 
Performance-based measures of physical function 
predict future incidence of disability, dependence in 
activities of daily living, institutionalization and death in 
initially non-disabled older people [2-5]. Every year 
approximately 10% of people over 75 are institu-
tionalized in Japan. Although measures of physical 
function are accurate for many of these people, there 
still a need for the development of an index or tool to 
discriminate better between people who are of the 
same chronological age (CA) but differ in terms of 
physical and physiological functioning [6].  

Cooper et al. (2011) have pointed out the necessity 
of investigating the possibility of a derived composite 
score representing overall lower or upper-body 
functioning, where an individual performance measure  
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can contribute significantly to discerning functional 
status and probable adverse-health outcomes [7]. In 
addition, Cooper et al. (2010), in a systematic review 
and meta-analysis of the association between physical 
measures and all-cause mortality in community-
dwelling older adults, have shown a growing body of 
evidence that an individual performance measure could 
contribute significantly to discerning functional status 
and adverse-health outcomes [8].  

The present authors have developed the concept of 
activities of daily living age (ADLA) for an assessment 
of the functional status of people over 75 years old. 
ADLA is estimated using three physical performance 
tests. However, there is a need for valid and reliable 
instruments for evaluating the effects of this method [9], 
since it is crucial for a clinician to know whether a 
change in scores on functional tests is due to a real 
change in functioning or to measurement error [9]. 

The reliability of a method (i.e. when repeated 
measurements of an individual’s performance are 
consistent from one time to another) [9, 10] can be 
described as either relative or absolute [9]. 
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Relative reliability examines the relationship 
between two or more measurements and the 
consistency of an individual’s position within the group. 
Absolute reliability examines variability in scores in 
repeated measurements. The intra-class correlation 
coefficient (ICC) is commonly used to evaluate relative 
reliability [9]. However, the ICC value is of limited use 
for the clinician because it is not related to the actual 
scale of measurement, but is dependent on the range 
of the individual’s performance [9]. If the individual’s 
range of scores is low, the ICC value often will show 
poor reliability, and vice versa [11, 12]. This means that 
the clinician cannot be sure whether a high ICC value 
obtained during an assessment of ADLA actually 
indicates low variability at the individual level. 

A more appropriate way of investigating the 
reliability of an instrument intended for use in a clinical 
setting is to examine absolute reliability [13]. When 
using absolute reliability, the assessor receives 
information about how much variability caused by 
measurement error can be expected in an individual’s 
scores [9]. 

In addition, the method for the computation of 
functional age generally consists of several approaches 
previously reported in the experimental literature. 
Studies assessing age scale in Japanese aged  
75 years or older are very limited, and an appraisal of 
these studies reveals that they have been performed 
on several different age groups [14-17]. 

However, from this body of evidence it can be seen 
that the scales developed are mostly for younger and 
middle-age adults in good physical condition. For the 
research performed within ADL, it is notable that most 
studies have been scale adaptations and that there is 
no physical performance scale specific to ADL for 
Japanese aged 75 years and older. Therefore, this 
research aims to determine the developed ADLA’s 
validity through cross-validation and its absolute 
reliability, using a measure first given in 2012 and then 
retested in 2013. The ADLA is expected to be an 
enduring trait. Hence, the score in the first rating should 
agree with the score in the second rating. 

2. METHODS 

2.1. Participants 

Participants included in this investigation were 100 
Japanese community dwellers aged 75 years and 
older. The participants were recruited through poster 
advertisements and flyers displayed in senior centers, 
leisure centers, and residential retirement communities 

in Fukushima and Ibaraki prefectures, northeast of 
Tokyo. To be included, the participants needed to be 
community dwellers aged 75 years or older. Exclusion 
criteria were as follows: being unable to perform or 
participate in the physical test in both sessions (n = 7) 
or being unable to understand the instructions for the 
test and questionnaires (n = 4). The remaining 89 
participants (42 women with a mean age of 78.9±3.7 
and 47 men with a mean age of 79.1±3.8) were 
included in the current study. Prior to the test, recruited 
individuals who required nursing care, prevention 
programs or day-care service read and signed an 
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 of the University of Tsukuba, Japan. 

2.2. Demographic and Health-Related Information 

 Participants were interviewed in order to obtain 
demographic information, which included age, pain 
sites, co-morbidities 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, good, or very good. 

2.3. Physical Performance Items 

The 3 physical performance items described below 
formed the basis for the ADLA equation, which was 
used to obtain the ADLA. These items were selected 
based on previous research, in which they were 
recognized as significantly related to ADL [18]. In order 
to determine test-retest reliability, selected physical 
performance items, or tests, were assessed at the 
baseline in 2012 and again one year later. 

2.3.1. Hand-Grip Strength  

Participants stood with their arms at their sides 
down to the elbows, which were bent at 90 degrees to 
enable their hands to grip the dynamometer in front of 
them. The handle of the dynamometer was adjusted if 
needed. Participants squeezed the dynamometer at 
maximum isometric effort, which they maintained for 
about 3 seconds. No other body movement was 
allowed [19]. The participants were strongly 
encouraged to give their maximum effort with good 
respiration to obtain a strong result. The test was 
performed twice for each hand alternately. The average 
score of all trials, measured in kilograms, was used for 
analysis. The hand-grip dynamometer was a GRIP-D, 
T. K. K. 5401 manufactured by Takei Scientific Instru-
ments Co. Ltd., Tokyo, Japan. 
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2.3.2. Five Repetitions of the Chair Sit to Stand Test 
(SST) 

Participants were asked to stand up and sit down on 
a standard-height chair as quickly as possible. 
Specifically, the start position was seated with the knee 
joint angle at 90 degrees and the soles of the feet 
completely on the floor. The time was measured from 
the initial sitting position to the final fully erect position 
at the end of the fifth stand. The average time recorded 
in the two trials rounded to the nearest 0.01 seconds 
was used for analysis [20]. 

2.3.3. Timed Up and Go (TUG) 

Participants were asked to sit down on a standard-
height chair. After a signal, they stood up from the chair 
and walked forward as quickly as possible to a cone 
three meters away, turned 180 degrees at the cone, 
and then walked back to the chair and sat down. 
Participants were allowed to use canes or walkers. For 
the analysis, the average time of the two trials was 
rounded to the nearest 0.01 s [21].  

The ADLA used for women was obtained through 
the following process: Statistical analysis of the data 
began with a calculation of the arithmetic means and 
standard deviations (SDs), along with a correlation 
matrix among the eight physical tests. The Spearman 
rank-order correlation coefficient was calculated to 
determine the associations among the Barthel index 
score and each of the variables, and these were 
submitted to principal component analysis. The first 
principal component was used as the best single 
descriptor of total ADL performance. Three variables 
were the highest Spearman rank-order correlated 
(Hand grip strength, 5SST and TUG). The first principal 
component score was used as a unitary index ADL 
score (ADLS). To calculate individual ADLS, each 
score was first standardized and then summed across 
tests in a weighted manner, using the coefficients of 
the principal component scores obtained from the 
principal component analysis. The ADLS was 
converted into an age scale where the average and SD 
of the CA was used. During this process, it was taken 
into consideration that ADLs were distributed with a 
mean of 0 and an SD of 1.0 [22]. 

In order to compute the ADLS for each subject, we 
calculated principal scores as Σ ai xi where ai is the 
factor loading of the three test items and xi is an 
individual’s standard score on the three test items. 

The following equations were obtained for the 
ADLS: 

Women’s ADLS = 0.075 X1 − 0.082 X2 − 0.063 X3 + 
0.124 

Men’s ADLS = 0.051 X1 − 0.105 X2 − 0.099 X3 + 0.249 

Where X1 = hand-grip strength (kg), X2 = five-chair SST 
(s), X3 = TUG (s). 

To transform individual ADLS into an age scale, a 
T-scale was used, taking into consideration that these 
are distributed with a mean of 0 and an SD of 1.0. First 
the scores were standardized using the average and 
SD of the CA.  

Then the following equation for ADLA was derived: 

Women’s ADLA = −5.493 ADLS + 79.90 

Men’s ADLA = −4.272 ADLS + 79.57 

The above figures for women, −5.493 and 79.90, 
and for men, −4.272 and 79.57, are respectively the 
mean and SD of the CA of our sample of 1006 
participants. 

Next, there was a need to correct the distortion of 
the ADLA at the regression edges that was a function 
of the CA and the disagreement between the slopes of 
both regression lines. We calculated these correction 
terms by following Dubina et al.’s (1984) method [22]: 
the correction is calculated as 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, 
the corrected ADLA was obtained by summing the Z in 
the second equation [23]. 

The equations after this correction were as follows: 

Z = (1 − 0.553) (CA − 79.90) 

Women’s ADLA = 0.447CA − 5.49ADLS + 44.17 

Z = (1 − 0.480) (CA − 79.57) 

Men’s ADLA = 0.519CA − 4.27ADLS + 38.26 

2.4. Statistical Analyses 

 Statistical analysis was carried out using the IBM 
SPSS Statistics software, version 21 (SPSS Inc., 
Chicago, IL, USA), with the level of statistical 
significance set at 5%. The reliability of the ADLA was 
measured by analyzing internal consistency using 
Cronbach’s α coefficient [24]. Inter-rater and intra-rater 
reliability was calculated by means of the ICC [25]. 

The ICC was chosen because it provides a powerful 
and flexible method to examine the reliability of the 
ADLA [26]. Coefficients below 0.50 indicate poor 
reliability, those between 0.50 and 0.75 indicate 
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moderate reliability, and those above 0.75 indicate 
good reliability [27]. 

The following two aspects of the ADLA’s reliability 
were assessed: (1) test-retest reliability was 
determined for the total score of the three components 
and (2) internal consistency was determined using 
Cronbach’s α coefficient for all tasks within the three 
motor domains. The model was two-way mixed and the 
type was absolute agreement. In the present study, we 
expected the two ADLA scores to match. 

 Cross-validation sample: In order to assess the 
stability of the ADLA equation for a different sample of 
subjects, ADLA scores were computed using the 
original regression equation for this new sample of 89 
participants. Correlations between ADLA and CA were 
determined in order to assess the stability of the ADLA-
CA relationship across the two sample groups. 

3. RESULTS 

The baseline characteristics of the 89 study 
participants are summarized by gender in Table 1. All  
 

Table 1: Characteristics of the Study Participants  
(n = 89) 

mean ± standard deviation or n (%) 
Variables 

women (n = 42) men (n = 47) 

Age, years 78.9 ± 3.7 79 ± 3.9 

Height, cm 146.1 ± 5.9 157.1 ± 6.2 

Weight, kg 49.9 ± 7.4 57.3 ± 9.0 

Body mass index, kg/m2 23.5 ± 3.9 23.2 ± 2.9 

Chronic disease, n (%) 

Hypertension 22 (51.2)  15 (31.9)  

Stroke 2 (4.7)  4 (8.5)  

Heart disease 5 (11.6)  5 (10.6)  

Diabetes mellitus 5 (11.6)  2 (4.3)  

Self-rated health, n (%) 

Excellent to good 41 (95.3)  47 (100.0)  

Fair to poor 2 (4.7)  0 -  

Alcohol drinking status, n (%) 

Current 20 (46.5)  22 (46.8)  

No drink 23 (53.5)  26 (55.3)  

Body pain, n(%) 

Waist 20 (46.5)  11 (23.4)  

Shoulder joint 4 (9.3)  3 (6.4)  

Elbow joint 0 -  1 (2.1)  

Hip joint 0 -  1 (2.1)  

Knee joint 15 (34.9)  10 (21.3)  

Feet 4 (9.3)  1 (2.1)  

participants claimed no known neuromuscular, mus-
culoskeletal or cardiovascular pathology that would 
affect their ambulatory capacity to perform the tasks in 
the current study. Also, most of the participants rated 
their current health status as good to very good. 

Table 2 shows a comparison between CA and 
ADLA in the validation and cross-validation groups. For 
both sexes, no differences were found between either 
CA or ADLA. The correlation between the ADLA and 
CA in the cross-validation samples (r = 0.62 women,  
r = 0.61 men) was not significantly different from the 
relationship observed in the original sample in women 
(r = 0.72 women p = 0.636 and r = 0.75 men  
P = 0.571).  

Table 2: Comparison of Chronological Age and ADL 
Age in Validation and Cross-Validation Groups 
(n = 89) 

mean ± standard deviation or n (%) 

Validation group 
(n = 1006) 

Cross-validation 
group (n = 89) Variables 

women  
(n = 694) 

men  
(n = 312) 

women  
(n = 42) 

men  
(n = 47) 

Chronological age, 
years 79.9 ± 5.4 79.6 ± 4.3 78.9 ± 3.7 79.1 ± 3.8 

ADLA 79.8 ± 6.0 79.6 ± 7.4 85.4 ± 3.8 79.9 ± 4.5 

Correlation ADLA/CA r = 0.72 r = 0.75 r = 0.62 r = 0.61 

   NS NS 

r: Correlation between ADLA and CA. 
p = NS: No significance diference between ADLA and CA among the original 
and the cross-validation samples.  
ADLA: Activities of daily living age. 
CA: Chronological age. 

As shown in Table 3, the internal consistency of the 
scale was good for both sexes with a Cronbach’s α 
coefficient of 0.919 for women and 0.968 for men. 
Inter-rater reliability (test-retest) was analyzed using 
ICC, where the average measure was rated for all of 
the items independently, obtaining 0.906 for women 
and 0.958 for men. 

Table 3: Intraclass Correlation Coefficients of the Study 
Participants (n = 89) by Gender 

Intraclass correlation 
Variables 

women (n = 42) men (n = 47) 

single measure 0.829 0.920 

average measure 0.906 0.958 

Cronbach`s Alpha 0.919 0.968 
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Similarly, inter-rater reliability and intra-rater 
reliability (test-retest) among the different items was 
analyzed using ICC, and all items were found to have 
values higher than 0.8 (Table 4).  

DISCUSSION 

To the best of our knowledge, this is the first ADLA 
assessment for Japanese people aged 75 years and 
older. Moreover, our results have shown that the 
physical performance assessed by ADLA can indicate 
with high confidence low physical function in older 
subjects. The results suggest that the ADLA is a highly 
valid and reliable tool for the assessment of ADL. 

The correlation between the ADLA and CA in the 
cross-validation sample of 89 participants was not 
significantly different from the relationship observed in 
the original sample which consisted of 1006 subjects. 
Obtained results thus indicate a satisfactory validation 
of ADLA assessment and correspond well with 
previous findings [28, 29]. For example, a study of 
Korean women by Kim and Tanaka (1995) assessing 
functional age using ADL has also shown that there 
were no differences between the original sample  
(r = 0.77) and the cross-validation group (r = 0.68) [28]. 
In addition, Yabushita et al. (2004) demonstrated that 
there was no significant difference between the first 
sample and a second sample 10 months later 
regarding the relationship between CA and the study’s 
physical fitness assessment for older Japanese [29]. 
Similarly, our results imply that the ADLA-CA 
relationship remained stable across the two samples. 

Satisfactory test-retest reliability was also indicated 
by the fact that the ICC of the items that compose the 
ADLA assessment ranged from 0.80 to 0.91 for women 
and 0.91 to 0.96 for men. In the present study, 
Cronbach’s α for internal consistency also ranged from 
0.80 to 0.91 for women and 0.91 to 0.96 for men.  

Furthermore, the ICC of the ADLA was 0.91 for 
women and 0.96 for men, and Cronbach’s α coefficient 

was 0.92 for women and 0.97 for men. Obtained results 
therefore indicate that the ADLA assessment has 
adequate reliability and this corresponds well with 
previous findings for community-dwelling older 
individuals [30]. Shigematsu et al. (1998) analyzed the 
reliability and objectivity of test items that assessed the 
functional fitness required for performing ADL among 
older adult Japanese women (n = 207; people aged 60-
91 years), and they obtained excellent test-retest 
reliability for hand-grip strength (ICC = 0.91) [30]. 
Schaubert et al.’s (2005) study (n = 10; mean age  
= 75.5 [5.8] years) found adequate test-retest reliability 
for 5SST (ICC = 0.82); this study used the MicroFET 2 
hand-held dynamometer (knee extension strength), the 
Jamar dynamometer (grip strength), and the 5SST. 
Mobility was tested using TUG and a timed-walk test. 
Intra-class correlation coefficients, which were used to 
characterize the reliability of the strength tests, ranged 
from 0.807 to 0.981. Pearson correlations between the 
lower extremity strength measures and the TUG and 
gait speed ranged from 0.635 to -0.943. Their 
examination of these three measures thus adds to the 
previous evidence of the stability of these strength 
measures; and this further justifies the use of hand-
held dynamometry and the 5STS test when 
investigating limitations in mobility, as the current study 
does [31]. In addition, Tiedemann et al. (2008) and 
Bohannon et al. (2007) obtained adequate test-retest 
reliability for the 5SST with ICC = 0.890 and  
ICC = 0.957, respectively [32, 33]. Similarly, Nordin  
et al. (2004), in a study of the Timed “Up and Go” 
(TUG) Test investigated the expected variability of TUG 
scores among older dependent subjects (n = 78; mean 
age 84.8±5.7). The TUG assessments were performed 
on 3 different days. The intra-class correlations were 
greater than 0.90 and were similar within and between 
raters [34]. 

Previous research has also shown that the ICC is 
strongly affected by the range of scores used to 
calculate the coefficient: the ICC is high when the 
difference in scores between measurements is small in 

Table 4: Internal Consistency and Intra-Rater Raliability of the ADLA (89) 

women (n = 42) men (n = 47) 

Rating 1 Rating 2 
95%CI 

Rating 1 Rating 2 
95%CI 

Subscales 

mean (SD) mean (SD) 

ICC 

lower upper 

C.α  

Mean (SD) Mean (SD) 

ICC 

lower upper 

C.α  

1. Hand-grip, kg 19.7 (41) 19.3 (3.3) 0.803a 0.634 0.894 0.801 30.1 (6.6) 29.0 (6.2) 0.947a 0.898 0.972 0.953 

2. 5-chair SST, s 8.4 (3.1) 8.7 (3.0) 0.798a 0.625 0.891 0.796 11.1 (4.7) 11.5 (5.1) 0.960a 0.928 0.978 0.961 

3. Timed up and go, s 7.8 (2.5) 7.9 (3.0) 0.912a 0.836 0.953 0.910 7.4 (2.7) 7.6 (3.9) 0.908a 0.835 0.949 0.907 

ADLA, activities of daily living age; SD, standard deviation; ICC, Intraclass correlation coefficient; CI, confidence intreral; C.α, Cronbach`s alpha. 
SST, sit to stand test;  a correlation is significant at the .01 level. 
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comparison with the range of scores among the studied 
participants [35-37]. 

It is also important to recognize that this study has 
some limitations. First, our sample of the population 
might not be representative of the entire Japanese 
older population, because we recruited our participants 
at community centers, thus limiting participation in our 
study to these centers’ visitors. Second, our 
participants were a convenient sample and not 
randomly selected. The sample consisted only of 
relatively healthy older Japanese aged 75 years and 
over who were sufficiently mobile to commute to our 
study center, and thus tended to participate with, which 
had a positive effect in the strata. Third, it must be 
noted that there is no universal agreement on the 
interpretation of correlation coefficients. A variety of 
guidelines are suggested in the literature: > 0.75 
equals “excellent reliability”, [38] ≥ 0.80 is “very 
reliable”, [39] and > 0.75 indicates “good reliability” 
[40]. Therefore, several factors may have been 
involved in these results, especially since there was an 
average of one year between test and retest. 

In conclusion, this study found further evidence that 
the ADLA is a reliable and valid tool for the assessment 
of ADL for people 75 years and older. In this study, the 
Cronbach’s α coefficient values were good, and there 
were high values for test-retest reliability for almost all 
the test items. The good construct results therefore 
indicate that the ADLA can be used with confidence. 
However, a validation process should be confirmed by 
more than one approach and using multiple techniques 
[41]. Future research efforts are thus required to 
provide more evidence for the reliability and validity of 
ADLA assessment in different groups of older 
Japanese people, with and without movement 
difficulties, and for all advanced age groups. 
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