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ABSTRACT

Background The newly developed Functional Independence and Difficulty Scale is a tool for
assessing the performance of basic activities of daily living in terms of both independence and
difficulty. The reliability of this new scale has not been assessed.

Aims The aims of this study were to examine the relative reliability and absolute reliability of
the newly developed scale in community-dwelling frail elderly people in Japan.

Methods Participants were 47 community-dwelling elderly subjects (22 for assessing
test-retest reliability and 25 for assessing inter-rater reliability). As relative reliability indices,
intra-class correlation coefficients were used. From an absolute reliability perspective, we
conducted Bland-Altman analysis and calculated the limit of agreement or minimal detectable

change to determine the acceptable range of error.

Results Intra-class correlation coefficients for test-retest and inter-rater reliability were 0.90 (P

<0.001) and 0.97 (P <0.001), respectively. The limit of agreement for test-retest reliability was

-5.2 to 1.8, representing an increase of over 6 points for improvement and a decrease of over 2

points for decline of basic activities of daily living ability. The minimal detectable change for

inter-rater reliability was 3.7, indicating that a 3-point difference might be exist between
difference raters. The results of this study demonstrated that the FIDS appeared to be a reliable
instrument for use in Japanese community-dwelling frail elderly people.

Conclusions While further research using a large and more diverse sample of participants is
needed, our findings support the use of FIDS in clinical practice or clinical research targeting

frail elderly Japanese people.

Key Words: Activities of daily living, Relative reliability, Absolute reliability, Bland-Altman

analysis, Kappa coefficient, Intra-class correlation coefficient
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Introduction

Aging is associated with progressive loss of neuromuscular function that often leads to
progressive disability and loss of independence in the elderly [1]. Several studies have shown
that disability in basic activities of daily living (BADL) is correlated with multimorbidity [2],
decreased muscle strength [3], impaired static and dynamic balance [4], slow walking speed [5]
and falls [6]. Moreover, BADL disability has been identified as a predictor of adverse health
outcomes, such as hospitalization [7], use of formal and informal home care services [8],
institutionalization [9] and death [9] in older people. Therefore, the assessment of BADL
disability has become increasingly important in both patient care and clinical research as the
population of older people with multiple chronic diseases and infirmities grows [9].

Although BADL disability can be defined as dependence, i.e., “requiring help from another
person” or difficulty with a BADL task [10], Gill and colleagues [9] emphasized the usefulness
of a BADL scale for assessing both independence and difficulty. Using data from
cross-sectional and longitudinal analyses, they found that elderly people who were BADL
independent with difficulty had functional profiles, physical performance scores and rates of
health care utilization and death that were intermediate to those of elderly people who were
independent without difficulty and persons who were dependent [9].

These findings implied that older persons who were BADL independent with difficulty are
more frail than those without difficulty and are a population at high risk for adverse health
outcomes. To capture these elderly people and evaluate their BADL disability, scales assessing
either BADL dependency or difficulty would not be adequate. Thus, scales that can assess both
BADL independence and difficulty are needed.

Consequently, we have developed a new BADL assessment tool, the Functional

Independence and Difficulty Scale (FIDS), for community-dwelling elderly people in Japan
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[11]. In assessing both independence and difficulty in performing BADL, FIDS showed
acceptable item validity, internal consistency and external validity [11, 12]. These findings
suggested that FIDS might be a useful tool for assessing BADL disability in the field of
community health care or community welfare for elderly people.

However, little is known about the relative reliability and absolute reliability of FIDS.

Relative reliability is the degree to which individuals maintain their position in a sample with

repeated measurements [13], and absolute reliability is the degree to which repeated

measurements vary for individuals [13]. Researchers and clinicians are interested in the relative

reliability, as expressed by the intraclass correlation coefficient (ICC), and absolute reliability,
as expressed by Bland-Altman analysis [14] or the acceptable range of error, of a measurement
instrument. These measurement properties affect the interpretation of the value of a measure and
the results of an intervention program. To use FIDS as an index of the health state of elderly
people for descriptive purpose or for observing change over time or outcome, the reliability of
FIDS is a crucial measurement property and needs to be evaluated.

When using an assessment tool or evaluating its reliability, assessment modes should be
considered, i.e., interview modes or self-administered modes. Each of these modes has its merits
and demerits regarding cost-effectiveness, response rate [15] and validity of response [16, 17].
When assessing BADL disability of seriously ill or frail elderly people, the face-to-face
interview mode may be appropriate because these people often have visual or cognitive
impairment or are not good at writing due to physical impairment. BADL disability is one of the
matters of concern in seriously ill or frail elderly people, and evaluating the reliability of FIDS
in face-to-face modes is important for clinical practice or clinical research targeting them.
Therefore, in light of the lack of data relating to the reliability of the newly developed FIDS, the

aim of this study was to evaluate the relative and absolute reliability of the FIDS in face-to-face
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modes for community-dwelling frail elderly people in Japan.

Methods

Subjects

The participants were community-dwelling frail elderly people using Japanese long-term care
insurance (LTCI) services [18]. The elderly people using LTCI services have physical or mental
impairment and need assistance in performing BADL and/or instrumental activities of daily
living. In Japan, a mandatory LTCI system was implemented in 2000. Municipalities are
responsible for certification of long-term care needs based on the evaluation results by the
Certification Committee for Long-term Care Need [18]. The nationally uniform level of
long-term care need [18] was based on the insured’s mental and physical conditions and on
family doctors’ letters of opinions.

We included participants from a home-visit nursing station in Kawasaki city, Kanagawa
prefecture, Japan. Kawasaki city is located 20 km south of Tokyo. The participants were
individuals who were registered as users of LTCI services including home-visit nursing care or
rehabilitation provided from the home-visit nursing station. The researchers visited each
participant’s home and invited them to participate in this study.

Of the 63 subjects initially invited, 27 subjects participated in the assessment of test-retest
reliability and 36 subjects participated in the assessment of inter-rater reliability. The inclusion
criterion was a minimum age of 65 years, and the exclusion criterion was cognitive impairment
(error of Mental State Questionnaire (MSQ) =9 [19, 20]). Participants who did not match these
criteria or who did not want to participate in research procedures voluntarily were excluded

from the present study.
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Raters

The raters were three physical therapists (PT), one (PT1) for assessing test-retest reliability, and
the other two (PT2, PT3) for assessing inter-rater reliability. The three PTs each had at least 3
years of training and clinical experience in the rehabilitation of community-dwelling elderly

people. The raters were instructed on how to assess FIDS score, and thereafter, the raters

familiarized themselves with FIDS by using it in their clinical practice. Prior to the test sessions,

the raters used FIDS and assessed BADL performance of at least five elderly people who were

not participants in this study.

Testing procedure
All testing procedures were conducted in the participants’ home. Data collection was carried out
from August to October 2014.

The two test sessions (T1 and T2) were performed separately. Because our participants were
frail and vulnerable elderly people, their physical condition and BADL ability might have
changed if a long interval have been set between T1 and T2. We limited the interval between T1
and T2 to 7 days to avoid changes in BADL ability and to minimize recall bias of the rater and
participants.

In the T1 session, the rater assessed the participants’ basic characteristics and FIDS. Basic
characteristics included age, sex, height, weight, chronic disease (cerebrovascular disease,
musculoskeletal disease, internal disease, neuromuscular disease and others), long-term care
need level certification [18] and degree of independence of daily living.

The criteria for long-term care need level certification in Japan are as follows: Requiring
support 1, Requiring support 2, Requiring long-term care 1, Requiring long-term care 2,

Requiring long-term care 3, Requiring long-term care 4 and Requiring long-term care 5 [18].
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Benefits according to the long-term care level are set to minimum for Requiring support 1 and

maximum for Requiring long-term care 5. The people classified into the two support levels are

able to independently perform BADL and are considered to need some support to prevent an

increase in eligibility level due to physical or mental impairments, whereas people classified

into the long-term care levels need assistance to perform basic activities of daily living [21].

Typically, the elderly people in care levels 1-2 can walk independently, whereas those in care

levels 3—5 have difficulty in walking alone [21]. Some studies [22, 23] distinguished between

care levels 1-2 and 3-5, with the former called “moderately disabled” and the later called

“severely disabled.”

Criteria for assessing the degree of independence of daily living were as follows:
independent: going outside independently; house-bound: needing help to go outside but, in
general, living independently in their house; and bed-bound: needing help for any BADL and
mainly living in bed.

FIDS was assessed through face-to-face interview. The FIDS [11] comprises 14 items of
BADL: getting up from bed, standing up from a chair, standing up from the floor, dressing,
putting on pants, eating, cleaning after toileting, washing, brushing teeth, opening a PET bottle,
cutting toenails, walking inside, walking outside and going up and down 4 to 6 steps. The FIDS
has two questions for each item, one question about independence (A: Do you need someone’s
help to do activity X?) and one about difficulty (B: Do you have any difficulty in doing activity
X?). The response to each question was designed to be simply “yes” (need help/unable or have
difficulty in doing) or “no” (need no help or have no difficulty). Scores were assigned as
follows: 1 if the participant reported being dependent or unable to perform the activity (response
to question A is “yes” and response to question B is not considered), 2 if independence with

difficulty was reported (response to question A is “no” and response to question B is “yes”) and
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3 if independence without difficulty was reported (responses to questions A and B are both
“no”). Thus, function scores for the FIDS range from 14-42, with higher scores representing
better function.

In the T2 session, the rater assessed FIDS again. In assessing test-retest reliability, the rater

(PT1) was instructed to assess FIDS without referring to the FIDS score obtained in the T1

session. In assessing inter-rater reliability, the two raters (PT2, PT3) were instructed not to
communicate with each other about the FIDS score obtained during the T1 and T2 testing
procedures. Moreover, PT2 and PT3 alternated between which rater performed the test first to

minimize any bias from the order of raters.

Statistical analysis

All statistical tests were conducted using IBM SPSS Statistics (Version 22, IBM Japan Ltd.) and
Microsoft® Excel (Version 2007, Microsoft Japan). A two-tailed P value of <0.05 was
considered significant.

To assess the agreement for each item of the FIDS between T1 and T2, the un-weighted Kappa
coefficient was calculated. To determine the relative reliability, ICC (1, 1) and ICC (2, 1) were
calculated. To assess the absolute reliability, Bland-Altman analysis [14], limit of agreement
(LOA) [14] and 95% confidence interval (CI) of the minimal detectable change (MDCys) [24]
were used.

We investigated the types of error, which can be classified roughly into two types: accidental

error and systematic error. Accidental errors include biological variation and measurement error

and represent deviations in a non-specific direction. Accidental errors cannot be controlled and

can exist in all measurements. In contrast, systematic errors represent deviation in a specific

direction and are divided into fixed bias and proportional bias. Fixed bias represents deviation
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with a specific width in a specific direction regardless of the true value, whereas proportional

bias represents deviation that changes in a specific direction in proportion to the true value.

Systematic errors, i.e., fixed bias and proportional bias, between the T1 and T2 values were

analyzed with Bland-Altman analysis. When 0 was not included in the 95% CI of the mean

difference between the T1 and T2 values (difference of T1 minus T2 score), this was considered

to indicate the presence of a fixed bias. To investigate the presence of proportional bias, a test of

no correlation was conducted. Proportional bias was considered to exist if the regression was

significant. When neither fixed bias nor proportional bias was detected, only accidental error

was considered to exist.

LOA and MDCys were calculated to determine the acceptable range of error. If a systematic

error was present, we calculated the LOA. The LOA was adapted to the most optimistic range

between the lower LOA and upper LOA [25]. When an accidental error was considered to exist,

MDCys was calculated.

The formulae used to calculate 95% CI of the mean difference between the T1 and T2 values

[25], LOA [14] and MDCos [24] are as follows:

* 95% CI of the mean difference between the T1 and T2 values = d + t X /SDﬁ /n

- Lower LOA= (d —1.96 xSDq) + t X [3SD3/n

- Upper LOA= (d +1.96 xSDg) + t X [3SD3/n

* Optimistic LOA =

t X ’3SD2; Zn

* MDCys = 1.96 x SDy

where n = the number of measured subjects, d = the difference between T1 and T2 values
(T1-T2), d = the mean of the difference between the T1 and T2 values, SDq4 = the standard

deviation of the difference between the T1 and T2 values, and t = the point of the t distribution
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(degree of freedom is n-1 and P <0.05).

RESULTS

Subjects

Of the 63 participants, we excluded 14 subjects from the analysis because of the presence of
cognitive impairment as indicated by the MSQ, one subject because of refusal to participate in
this research and one subject because of missing values. Therefore, the final sample for analysis
comprised 47 respondents (22 for assessment of test-retest reliability and 25 for assessment of

inter-rater reliability) (Figure 1).

Characteristics and other variables in the subjects

Table 1 presents the characteristics of the subjects and results of the comparison tests between
the two study groups. Except for the age of the participants, there were no other significant
differences between the two groups. Subjects of the test-retest reliability group were
significantly older than subjects of inter-rater reliability group (P <0.05).

In assessing test-retest reliability (n = 22; 14 women, 8 men), the average age was 84.1 years.
Among these 22 subjects, 6 satisfied the criteria of independence degree as “Independent,” 12 as
“House-bound” and 4 as “Bed-bound.” Seven were registered for LTCI care levels “requiring
support 1-2,” 10 as “requiring long-term care 1-2” and 5 as “requiring long-term care 3-5.”
Average total scores (SD) of the FIDS were 29.7 (7.7) for T1 and 31.4 (7.4) for T2.

In assessing inter-rater reliability (n = 25; 14 women, 11 men), the average age was 79.1
years. Among these 25 subjects, 11 satisfied the criteria of independence degree as
“Independent,” 13 as “House-bound” and 1 as “Bed-bound.” Eleven were registered for LTCI

care levels “requiring support 1-2,” 11 as “requiring long-term care 1-2” and 3 as “requiring
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long-term care 3-5.” Average total scores (SD) of the FIDS were 32.0 (7.0) for T1 and 31.9

(7.3) for T2.

Agreement

The agreement for each item of the FIDS between T1 and T2 is shown in Table 2. In assessing
test-retest reliability, the un-weighted Kappa coefficient ranged from 0.46 to 0.92 (mean
[standard deviation; SD] was 0.66 [0.15]). In assessing inter-rater reliability, the un-weighted

Kappa coefficient ranged from 0.41 to 0.77 (mean [SD] was 0.64 [0.10]).

Relative reliability
For assessing test-retest reliability, the ICC (1, 1) was 0.90 (P <0.001), and the 95% CI was 0.78
to 0.96. For assessing inter-rater reliability, the ICC (2, 1) was 0.97 (P<0.001), and the 95% CI

was 0.96 to 0.99.

Absolute reliability
The results of Bland-Altman analysis are shown in Table 3. In assessing test-retest reliability,
fixed bias was detected, and the LOA was -5.2 to 1.8. In assessing inter-rater reliability, no

fixed bias or proportional bias was detected, and the MDCos was 3.7.

Discussion

This is the first demonstration of the relative and absolute reliability of a new BADL assessment
tool, the FIDS. The results of agreement and relative reliability were satisfactory. Moreover,
results of absolute reliability suggested useful information for detecting real change of BADL

ability. Our findings support the use of FIDS as an indicator of BADL performance in clinical



260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

12

practice or clinical research targeting frail elderly Japanese people using LTCI services.

The agreement and relative reliability of the FIDS were calculated by un-weighted Kappa
coefficient and ICC, respectively. A Kappa coefficient above 0.81 is considered as “almost
perfect,” that between 0.61 and 0.80 as “substantial” and that between 0.41 and 0.60 as
“moderate [26].” An ICC above 0.9 was considered as good reliability, between 0.7 and 0.9 as
average reliability and less than 0.7 as poor reliability [27]. Moreover, the recommended ICC
for an assessment tool is ICC>0.7 for a large group (as in research) or [CC> 0.9 for individuals
[28]. Our Kappa coefficient and ICC results met these criteria, as “moderate” to “almost perfect”
and as “excellent reliability,” respectively. These findings supported that FIDS is an assessment
tool that ensures the agreement and the relative reliability for use in individuals.

Although relative reliability is a measure of the degree to which individuals maintain their
test results with repeated measurements, relative reliability cannot, in practical use, realize
certain analytical goals. For the clinical practitioner or researcher, information on absolute
reliability, which can be used to interpret the magnitude of “real change” in individual patients
or subjects, is needed. It would be important to consider the values of the acceptable range of
error for use in individuals.

Our Bland-Altman analysis showed an acceptable range of error for test-retest reliability of
-5.2 to 1.8 and inter-rater reliability of 3.7. This suggested that when assessing BADL ability in
FIDS for pre/post intervention effect, an increase of over 6 points indicates improvement, and a
decrease of over 2 points indicates decline. Similarly, when different raters assess FIDS, there
may be a 3-point difference between them.

Although our findings of absolute reliability could imply that FIDS can be used to detect real
changes in an older population, some points should be noted when interpreting these results.

First, although no systematic error was detected in inter-rater reliability, systematic error (fixed
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bias) was detected in test-retest reliability. This discrepancy may be because that the alternation
of raters avoided bias from order effect in inter-rater reliability, but learning effect might
influence the FIDS score between the two sessions in test-retest reliability. Second, our results
of acceptable range of error were relatively wide. This may because our subjects had various
chronic diseases and a wide range in their levels of cognitive impairment and independence
degree of daily living. This heterogeneity in background variables might influence the
acceptable range of error of the FIDS.

This study has several limitations. First, the study sample was small and comprised only frail
elderly using LTCI services. Therefore, the generalization of our results was restricted by
known and unknown selection bias. Further research using a large and more diverse sample of
participants is needed. This additional research may reveal a more specific type of reliability of
FIDS, e.g., reliability of FIDS by LTCI care levels, reliability of FIDS in healthy elderly using
no LTCI services and disease-specific reliability of FIDS. Second, we assessed the reliability of
FIDS in the face-to-face mode, and thus it may not be generalizable to self-administered modes.
Further research assessing the reliability of FIDS in self-administered modes is needed.
Moreover, if the reliability of FIDS in different modes, i.e., face-to-face mode and

self-administered mode, were verified, a FIDS score based on the different modes could be

considered equivalent and comparable within the same subject.

Conclusion

In conclusion, the results of this study demonstrated that the FIDS appeared to be a reliable
instrument for Japanese community-dwelling frail elderly people using LTCI services. Although
further research using a large and more diverse sample of participants is needed, our findings

support the use of FIDS in clinical practice or clinical research targeting frail elderly Japanese
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people.
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Table 1 Characteristics of the subjects and results of comparison test between the two study groups

Test-retest Inter-rater
reliability reliability Test statistic P-value
(n=22) (n=25)
Age (years) 84.1+7.6 79.1+£7.6 2.28% <0.054
Sex, n (%)
Male 8(36.4) 11 (44.0)
0.28° 0.60°
Female 14 (63.6) 14 (56.0)
BMI (kg/m?) 21.2+4.0 22.5+3.8 -0.77¢ 0.44"
Independence degree of daily living, n (%)
Independent 6 (27.3) 11 (44.0)
House-bound 12 (54.5) 13 (52.0) -1.57¢ 0.12f
Bed-bound 4 (18.2) 1 (4.0)
Level of LTC, n (%)
Requiring support 1-2 7 (31.8) 11 (44.0)
Requiring long-term care 1-2 10 (45.5) 11 (44.0) -1.28¢ 0.20"
Requiring long-term care 3-5 5(22.7) 3(12.0)
Chronic disease, n (%)
Cerebrovascular diseases 6 (27.3) 4 (16.0)
Musculoskeletal disease 11 (50.0) 12 (48.0)
Internal disease 2(9.1) 4 (16.0) 0.92° 0.21¢
Neuromuscular disease 2(9.1) 4 (16.0)
Others 1 (4.5) 1 (4.0)
Error of MSQ, n (%)
0-2 15 (68.2) 22 (88.0)
3-5 6 (27.3) 2 (8.0) -1.57¢ 0.12°

6-8 1 (4.5) 1 (4.0)
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Total FIDS score (points)
Session 1 29.7 (7.7) 32.0(7.0) -1.08* 0.29¢

Session 2 31.4 (7.4) 31.9 (7.3) -0.26° 0.80¢

Values are means =+ standard deviation and percentage (%). BMI body mass index, FIDS Functional
Independence and Difficulty Scale, LTC long-term care, MSQ Mental State Questionnaire.

¢ value

® Chi-square value

¢z value

4Two-sample #-test.

¢ Chi-square test.

fUnpaired Mann-Whitney test.

20
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Table 2 Unweighted Kappa coefficient for each item of the Functional Independence and Difficulty Scale

21

Test-retest reliability

Inter-rater reliability

(n=22) (n=25)
Kappa P-value Kappa P-value
coefficient coefficient

Getting up from bed 0.53 <0.001 0.60 0.001
Standing up from a chair 0.81 <0.001 0.67 <0.001
Standing up from the floor 0.66 <0.001 0.41 0.007
Dressing 0.80 <0.001 0.71 <0.001
Putting on pants 0.49 0.002 0.75 <0.001
Eating 0.48 <0.001 0.60 0.001
Cleaning after toileting 0.67 <0.001 0.51 0.002
Washing 0.92 <0.001 0.72 <0.001
Brushing teeth 0.56 <0.001 0.60 0.001
Opening a PET bottle 0.65 <0.001 0.77 <0.001
Cutting toenails 0.75 <0.001 0.74 <0.001
Walking inside 0.46 0.001 0.59 <0.001
Walking outside 0.62 <0.001 0.66 <0.001
Going up and down 4 to 6 steps 0.90 <0.001 0.63 <0.001
Mean + standard deviation 0.66 £0.15 0.64 £0.10




Table 3 Absolute reliability of the Functional Independence and Difficulty Scale

22

Bland-Altman analysis

Fixed bias Proportional bias Acceptable range of error
r
95% CI Bias Bias LOA MDCos
(P-value)
Test-retest
0.12 Does not
reliability -3.0t0-0.4 Exists -52t01.8 -
(0.60) exist
(n=22)
Inter-rater
Does not -0.18 Does not
reliability -0.7t0 0.9 - 3.7
exist (0.39) exist
(n=25)

95% CI 95% confidence interval of the mean difference between T1 and T2 values, LOA limit of agreement,

MDCys 95% confidence interval of the minimal detectable change
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Figure Legend

Figure 1 Flow diagram of the study selection process and testing procedure.
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