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ABSTRACT 28 

Background  The new Functional Independence and Difficulty Scale (FIDS) is a tool for 29 

assessing the performance of basic activities of daily living (BADL). Because many BADL 30 

measures already exist, it is important to know whether FIDS can offer added benefit over the 31 

existing measures. 32 

Aims  This study compared measurement properties between the FIDS and a representative 33 

BADL assessment tool, the Barthel Index (BI). 34 

Methods  Recruitment of the participants was done on the basis of convenience sampling. 35 

Participants were community-dwelling elderly Japanese subjects (n=314; age ≥65 years) 36 

divided into a healthy elderly group (n=225; subjects not using long-term care insurance [LTCI] 37 

services) and frail elderly group (n=89; subjects using LTCI services). For each group, ceiling 38 

effect (percent participation with the maximum score) was calculated, and it was compared 39 

between the two scales. Associations between the FIDS, BI and Medical Outcomes Study Short 40 

Form 8 Health Survey (SF-8) were evaluated by Spearman correlation coefficient and partial 41 

correlations. Partial correlations coefficients to SF-8 were compared between the two scales. 42 

Results  FIDS showed a relatively small ceiling effect compared to the BI. Compared to the BI, 43 

FIDS showed a significant positive partial correlation with the broader aspect of the SF-8 44 

subscales, but the strength of correlation between FIDS and SF-8 was weak to negligible. 45 

Conclusions  The FIDS might be less affected by ceiling effect than the BI. Additional studies 46 

using a sufficient number of probability samples are needed to clarify whether FIDS has any 47 

benefit over BI in terms of correlations with the SF-8. 48 

 49 

Keywords  Activities of daily living, Validity, Health-related quality of life, Floor effect, 50 

Ceiling effect, Barthel Index  51 
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Introduction 52 

Basic activities of daily living (BADL) are an essential aspect of the health status of older 53 

persons as is demonstrated in the World Health Organization’s International Classification of 54 

Functioning, Disability and Health [1]. Assessing disability in BADL is important in both 55 

clinical practice and clinical research for elderly people [2]. 56 

Disability in BADL can be defined either as dependence or difficulty [3,4]. Dependence is 57 

the degree of assistance offered by another person or by special equipment, such as a cane for 58 

ambulation or a tub bench for bathing. Difficulty is the degree of subjective difficulty in 59 

performing certain activities. Using data from cross-sectional and longitudinal analyses, Gill 60 

and colleges [5] suggested that elderly who were BADL independent but had difficulty had 61 

functional profiles, physical performance scores, and rates of health-care utilization and death 62 

that were intermediate to those of elderly who were independent without difficulty and to 63 

persons who were dependent. Their finding implied that questions about both BADL difficulty 64 

and dependence can depict the continuum of disability and frailty more fully than either 65 

question alone [5]. 66 

Several BADL scales [6-8] that include both independence and difficulty were reported. 67 

These scales were developed for and validated in elderly people living in Western countries 68 

[6-8]. To our knowledge, however, these scales are not used in Japan. To assess BADL 69 

disability of Japanese elderly people, it is important to use a suitable scale that reflects the 70 

Japanese lifestyle, such as standing up from the floor. We developed a new instrument, the 71 

Functional Independence and Difficulty Scale (FIDS), that reflects the Japanese lifestyle and 72 

assesses both independence and difficulty in performing BADL [9]. Our previous study on this 73 

scale suggested that psychometric evaluation of FIDS using data from a random sample of 593 74 

community-dwelling Japanese elderly people demonstrated acceptable item validity, internal 75 

consistency, and external validity [9]. 76 

Many different methods to assess BADL have been developed and described [10]. Because 77 

there are many existing measures, it is important to know whether the newly developed FIDS 78 
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offers added benefit over these measures. Thus, we sought to determine whether the FIDS was 79 

more useful than existing measures.  80 

To be useful, a measure should be valid, i.e., measure what it is supposed to measure, and 81 

contain neither a ceiling nor floor effect [11]. The ceiling/floor effect means the fraction of 82 

participation with the highest/lowest possible score. If ceiling/floor effects are present, 83 

participants with the lowest or highest possible score cannot be distinguished from others, 84 

which limits responsiveness because changes cannot be measured in these participants [12]. 85 

The purpose of the present study was to examine the ceiling/floor effect and validity of 86 

newly developed FIDS and to compare these measurement properties between FIDS and the 87 

Barthel Index (BI) [13] in community-dwelling elderly people in Japan. The BI is a 88 

representative existing measure of BADL that has been recommended, together with the 89 

Functional Independence Measure [14], as a measure of activity [15] and has been proposed as 90 

the standard index for clinical and research purposes [16]. 91 

We initially hypothesized that FIDS, which can capture information about not only BADL 92 

dependency but also difficulty and can provide information about the continuum of BADL 93 

disability more fully than BI, would show a relatively small ceiling effect compared to the BI. 94 

To test this hypothesis, we calculated the ceiling/floor effect and compared it between FIDS and 95 

the BI. Our second assumption was that different relationship would exist between FIDS or BI 96 

and a health-related quality of life (HRQOL) scale. Measures of HRQOL include several 97 

aspects of perceived physical and mental health [17] and have become popular because they 98 

have positive associations with physical activity [18] and physical performance [19]. Moreover, 99 

HRQOL is often a predictor of clinically meaningful adverse health outcomes, such as acute 100 

care readmission [20], nursing home placement [21], and mortality [22]. Both FIDS and 101 

HRQOL capture subjective aspects of daily living, whereas the BI captures objective aspects of 102 

daily living, whether help is required from another person. Because of this discordance between 103 

FIDS and the BI, we further hypothesized that FIDS would show a more positive relationship to 104 

a HRQOL scale than the BI. 105 
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 106 

METHODS 107 

 108 

Study design and participant recruitment 109 

 110 

This study was a cross-sectional study. Recruitment of the participants was done on the basis of 111 

convenience sampling. 112 

 113 

Participants 114 

 115 

We included two separate participant groups of community-dwelling elderly people living in 116 

Japan: healthy elderly people not using Japanese long-term care insurance (LTCI) services (HE 117 

group), and frail elderly people using Japanese LTCI services (FE group). In Japan, a mandatory 118 

LTCI system was implemented in 2000. Municipalities are responsible for certification of 119 

long-term care and support needs based on the evaluation results by the Certification Committee 120 

for Long-term Care Need [23]. 121 

The HE group comprised elderly people from Tsumagoi district, Gunma Prefecture. 122 

Tsumagoi district is a rural area located about 150 km north of Tokyo. The population of the 123 

Tsumagoi district was estimated at 10,183 citizens of whom 28.5% were aged ≥ 65 years (1 124 

October, 2010) [24]. Participant recruitment in the HE group was conducted at a public hall in 125 

Tsumagoi district. The participants were individuals who voluntarily joined a specific health 126 

examination provided to those insured by public medical insurance. At the public hall, 127 

individuals not using Japanese LTCI services were invited to participate in this study by the 128 

researchers. 129 

The FE group comprised elderly people from Kawasaki City, Kanagawa Prefecture. 130 

Kawasaki City is a city area located 20 km south of Tokyo. The population of Kawasaki City 131 

was estimated at 1,425,512 citizens of whom 16.6% were aged ≥ 65 years (1 October, 2010) 132 
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[25]. Participants in the FE group were recruited from a home-visit nursing station located in 133 

Kawasaki City. The participants were individuals who were registered as users of LTCI services 134 

including home-visit nursing care or rehabilitation provided from the home-visit nursing station. 135 

The researchers visited each participant’s home and invited them to participate this study. 136 

For both groups, common inclusion/exclusion criteria and data collection methods were 137 

applied. The inclusion criteria were living in the community, age ≥65 years, and being able to 138 

respond to the questionnaire in Japanese. The exclusion criterion was subjects who were blind. 139 

We recruited 346 participants to participate in this research (HE group, n = 252; FE group, n = 140 

94). Subjects who did not match these criteria or those who did not want to participate in 141 

research procedures voluntarily were excluded. 142 

 143 

Data collection 144 

 145 

Data collection was carried out from April to June 2014. Each subject answered the 146 

questionnaire by themselves, and the answers were checked by an examiner. When 147 

self-administration of the questionnaire was difficult for any reason, the examiner interviewed 148 

the subject. 149 

 150 

Background variables 151 

 152 

Background variables included age, sex, height, weight, care levels of LTCI [23], Tokyo 153 

Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) [26], and degree of 154 

independence of daily living. The national uniform level of long-term care need [23] was based 155 

on the insured’s mental and physical conditions and on family doctors’ letters of opinion. The 156 

criteria for certification of long-term care need level in Japan are as follows: Requiring support 157 

1, Requiring support 2, Requiring long-term care 1, Requiring long-term care 2, Requiring 158 

long-term care 3, Requiring long-term care 4, and Requiring long-term care 5. Benefits 159 
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according to these long-term care levels are set to minimum for Requiring support 1 and to 160 

maximum for Requiring long-term care 5. The people classified into the two support levels are 161 

able to independently perform BADL and are considered to need some support to prevent an 162 

increase in eligibility level due to physical or mental impairments, whereas people classified 163 

into the long-term care levels need assistance to perform basic activities of daily living [27]. 164 

Typically, the elderly people in care levels 1-2 can walk independently, whereas those in care 165 

levels 3–5 have difficulty in walking alone [27]. Some studies [28, 29] distinguished between 166 

care levels 1-2 and care levels 3-5, with the former called “moderately disabled” and the later 167 

called “severely disabled.” 168 

The TMIG-IC [26] was designed to evaluate capacity higher than BADL and consists of 169 

three subscales: instrumental self-maintenance, intellectual activity, and social role. The total 170 

score is the sum of all 13 items, with a higher score (maximum 13 points) indicating higher 171 

competence of the elderly. Koyano and colleagues developed normative data based on a 172 

probability sample of community-dwelling Japanese elderly people aged 65 and over, finding 173 

that the mean total score of the TMIG-IC was 11 points [26]. 174 

Criteria assessing the degree of independence of daily living were as follows: independent, 175 

going outside independently; house-bound, needing help to go outside but, in general, living 176 

independently within their house; and bed-bound, needing help for all BADL. 177 

 178 

Functional Independence and Difficulty Scale 179 

 180 

FIDS is a measure that assesses the performance of BADL independently and with difficulty. 181 

FIDS comprises 14 items of BADL, as detailed in our previous report [9]. The function scores 182 

for FIDS range from 14-42, with higher scores representing better function. 183 

 184 

Barthel Index 185 

 186 
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The BI includes 10 items of BADL, as detailed in the original report [13]. This scale ranges 187 

from 0 to 100, for which higher scores are associated with a greater degree of independence. 188 

 189 

Health-related quality of life 190 

 191 

The Japanese version of the Medical Outcomes Study Short Form 8 Health Survey (SF-8) [30], 192 

a short eight-item form based on the original Short-Form 36 Health Survey [31], was applied as 193 

the measure of HRQOL. The SF-8 is a self-reporting form that subjectively assesses health 194 

based on physical functioning, role limitations due to physical and emotional health problems, 195 

freedom from physical pain, general health perception, vitality, social functioning, and mental 196 

health. From these eight dimensions, a physical component summary (PCS) score and mental 197 

component summary (MCS) score are calculated following the scoring algorithm outlined in the 198 

SF-8 manual [30]. Higher scores represent higher self-reported subjective health. 199 

 200 

Data analysis 201 

 202 

Continuous variables are reported as mean ± standard deviation (SD), and categorical variables 203 

are reported as numbers and percentages. We compared the characteristics of the participants 204 

between the HE group and FE group using the two-sample t-test, unpaired Mann-Whitney test, 205 

and Chi-square test. 206 

For each group, ceiling/floor effect was quantified by the percentage of subjects with the 207 

maximum/minimum score. Next, in each group, participants were assigned to three groups 208 

according to their functional state, and the ceiling/floor was calculated. In the HE group, 209 

participants were assigned according to their TMIG-IC score: 13 points (maximum score), 12 to 210 

11 points (less than maximum score but normative mean score [26] or more), and 10 to 0 points 211 

(less than normative mean score [26]). In the FE group, participants were assigned according to 212 

their LTCI level: support level (requiring support level 1 to 2), requiring long-term care with 213 
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moderate disability (requiring long-term care level 1 to 2), and requiring long-term care with 214 

severe disability (requiring long-term care level 3 to 5) [27, 28]. 215 

The validity of FIDS was assessed using the Spearman correlation coefficient and partial 216 

correlations after controlling for subject age and sex. First, the relationship between the total 217 

FIDS score and background variables, BI, and the SF-8 were examined. Next, the relationship 218 

between FIDS/BI and the SF-8 were examined. We interpreted the associations as negligible 219 

correlation (0.00–0.30), low correlation (0.30–0.50), moderate correlation (0.50–0.70), high 220 

correlation (0.70–0.90), and very high correlation (0.90–1.00) [32]. 221 

A two-tailed P value of <0.05 was considered significant. Statistical analyses were carried 222 

out using IBM SPSS Statistics (Version 22, IBM Japan Ltd.). 223 

 224 

RESULTS 225 

 226 

Subjects and characteristics 227 

 228 

Of the 346 participants, we excluded 3 subjects (HE group, n = 1; FE group, n = 2) from the 229 

analysis because they were blind, 5 subjects (HE group, n = 4; FE group, n = 1) because they 230 

refused to participate in this research, and 24 subjects (HE group, n = 22; FE group, n = 2) 231 

because of missing values. Therefore, the final sample for analysis comprised 314 subjects (HE 232 

group, n = 225; FE group, n = 89). There was a discrepancy in sample size between the two 233 

groups: the number of participants in the FE group was smaller than that in the HE group. 234 

Background characteristics and other variables of the two groups are summarized in Table 235 

1. Mean age in the HE group (126 women and 99 men) was 76.0 years. All participants satisfied 236 

the criteria of independence degree as “Independent.” Mean age in the FE group (49 women and 237 

40 men) was 80.5 years. Among these 89 subjects, 31 satisfied the criteria of independence 238 

degree as “Independent,” 50 as “House-bound,” and 8 as “Bed-bound.” 239 

Comparison analysis showed significant differences in age, body mass index, independence 240 
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degree of daily living, registered long-term care, and scores of FIDS, BI, TMIG-IC, SF-8 PCS, 241 

and SF-8 MCS between two groups. This analysis indicated that participants in the FE group 242 

were significantly older and frailer than those in the HE group. 243 

 244 

Ceiling and floor effect 245 

 246 

No floor effect was observed in any of the participants on both FIDS and BI. Among the 225 247 

participants in the HE group, 139 (61.8%) had a maximum score on FIDS, whereas more 248 

participants (204, 90.7%) had a maximum score on the BI. Among the 89 participants in the FE 249 

group, 1 (1.1%) had a maximum score on FIDS, whereas more participants (23, 25.8%) had a 250 

maximum score on the BI. 251 

Ceiling effects by functional state are shown in Table 2. In both groups, relative to those 252 

with the lowest functional state, the percentages of participants with a maximum score rose as 253 

the level of functional state increased. In the HE group, 67.2% of those who received a full 254 

score on the TMIG-IC had a maximum score on FIDS, whereas more subjects (94.9%) had a 255 

maximum score on the BI. In the FE group, only 5.3% of those assigned to LTCI levels as 256 

requiring support 1-2 had a maximum score on FIDS, whereas more subjects (63.2%) had a 257 

maximum score on the BI. 258 

 259 

Relationship between FIDS and other variables by groups 260 

 261 

The relationship between FIDS and background variables, BI, and SF-8 are shown in Table 3. 262 

In the HE group, the FIDS score partially correlated positively, but negligibly, with the BI (r = 263 

0.25) and TMIG-IC (r = 0.14). In the FE group, the FIDS score partially correlated positively 264 

and highly with the BI (r = 0.81) and TMIG-IC (r = 0.75). The SF-8 subscale score, except for 265 

“Mental health” in the HE group and “Bodily pain” and “Social functioning” in the FE group, 266 

showed positive partial correlation with the FIDS score; however, the strength of correlation 267 
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was negligible to low. Although, the SF-8 PCS score showed significant positive partial 268 

correlation with the FIDS score, the SF-8 MCS score showed no significant partial correlation 269 

with the FIDS score. 270 

 271 

Relationship between SF-8 and FIDS/BI in the HE and FE groups 272 

 273 

Table 4 shows the relationship between FIDS/BI and SF-8 in the HE group. For all scales 274 

except for the “Mental Health” and MCS, there was a significant partial correlation between the 275 

SF-8 score and FIDS score. However, the strength of the correlation was negligible to low. In 276 

contrast, the BI score showed a significant partial correlation only with the “role emotional” 277 

score. 278 

Table 5 shows the relationship between FIDS/BI and SF-8 in the FE group. The FIDS score 279 

showed positive partial correlation with the SF-8 score except for “Bodily pain,” “Social 280 

functioning,” and MCS score. However, the strength of the correlation was negligible to low. In 281 

contrast, the BI score showed a significant partial correlation only with the “Role physical,” 282 

“General Health,” and PCS score. 283 

 284 

DISCUSSION 285 

 286 

To determine the usefulness of the newly developed FIDS, we examined the measurement 287 

properties of and compare them between FIDS and the BI. Our two expectations were that FIDS 288 

would show a relatively small ceiling effect compared to the BI and that FIDS would show a 289 

more positive relationship to the HRQOL indicator, the SF-8, than to the BI. Our data supported 290 

the first hypothesis: FIDS showed a relatively small ceiling effect compared to the BI in healthy 291 

and frail elderly people. However, the resulting data only partially supported our second 292 

hypothesis. FIDS showed significant correlation with the broader aspect of the SF-8 subscales 293 

than with the BI, but the strength of the correlation was not necessarily high. 294 
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The first point of discussion is the ceiling/floor effect of FIDS and the BI. The floor effect 295 

was 0% and did not differ between the two measures. However, the ceiling effect was different. 296 

For both the healthy and frail elderly groups, the ceiling effect of FIDS was smaller than that of 297 

the BI. A possible explanation for this difference was that the BI could not fully capture BADL 298 

disability. Although both scales capture BADL disability, the FIDS captures BADL disability in 299 

dependency and difficulty, whereas the BI captures BADL disability in dependency only. 300 

When assessing a floor or ceiling effect, quality criteria are considered to be present if 301 

more than 15% [12] to 20% [33] of respondents achieve the lowest or highest possible score, 302 

respectively. From these criteria, our findings suggested that the BI might be affected by a 303 

ceiling effect even for frail elderly people using LTCI services, and particularly for those 304 

“requiring support.” In contrast, FIDS may be an adaptable BADL assessment tool for frail 305 

elderly people using LTCI services to assess BADL disability without the influence of a ceiling 306 

effect. 307 

In contrast, for the healthy elderly not using LTCI services, both FIDS and the BI may be 308 

affected by a ceiling effect from these criteria. Of importance, however, is that about 32% of the 309 

137 elderly subjects who received a maximum score on the TMIG-IC and 43% of the 63 elderly 310 

subjects who received a less than maximum but normative mean score or more on the TMIG-IC 311 

showed no ceiling effect on FIDS, whereas the rates were about 5% and 11%, respectively, on 312 

the BI. These findings suggested that despite their high-level function, some healthy elderly 313 

people not using LTCI services might have subjective difficulty in performing certain BADL. 314 

This observation is consistent with that of a previous study, which reported that a scale defining 315 

BADL on the basis of difficulty produced BADL disability estimates 1.2 to 5 times greater than 316 

those estimated from a scale defining BADL on the basis of dependence [34]. For healthy 317 

elderly subjects, FIDS, which can capture BADL disability on the basis of both dependency and 318 

difficulty, might be a useful tool for clinicians and investigators to assess BADL disability that 319 

cannot be detected by the BI. 320 

The second concern was the validity of FIDS and whether FIDS has any benefit over BI in 321 
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terms of its validity as a measure of HRQOL. In both the HE and FE groups, a significant 322 

positive correlation between the FIDS score and TMIG-IC/BI score was obtained. These results 323 

provide evidence that FIDS is intrinsically equivalent to the BI and TMIG-IC for both healthy 324 

elderly and frail elderly people who use LTCI services. The strength of correlation was higher in 325 

the FE group than in the HE group. A possible explanation is that compared to the FE group, the 326 

distribution of BI scores and TMIG-IC scores in the HE group was concentrated on the higher 327 

score, and the correlation coefficient became smaller. 328 

Although FIDS showed a significant positive correlation with the broader aspect of the 329 

SF-8 subscales than did the BI, the strength of correlation between FIDS and the SF-8 was weak 330 

to negligible. These results suggested that our hypothesis that FIDS would show more a positive 331 

relationship to the HRQOL scale than would the BI and would have a benefit over BI from the 332 

viewpoint of validity as a measure of SF-8 was not fully supported. The strength of correlation 333 

between FIDS and the SF-8 would be influenced by sample size and distribution of the scores. 334 

Because we used convenience sampling as our recruitment method, the sample size was 335 

insufficient, and distribution of the scores might be influenced by sampling bias. Thus, the 336 

hypothesis that FIDS would have any benefit over BI from the viewpoint of validity as a 337 

measure of SF-8 must be tentative until further research using a sufficient number of probability 338 

samples is conducted. 339 

 340 

Limitations 341 

First, as mentioned above, additional studies using a sufficient number of probability samples is 342 

needed to better examine the relationships between FIDS and the SF-8. Moreover, assessment 343 

of ceiling/floor effect by functional state also requires a sufficient large probability sample. 344 

Terwee and colleagues [12] argue a sample size of at least 50 participants to assess ceiling/floor 345 

effects. When we assessed the ceiling/floor effect according to functional state, participants 346 

were assigned to three groups, and the number of participants dropped to less than 50 347 

participants, especially in the FE group. Second, we excluded participants who were blind. 348 
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Therefore, our results may not be generalizable to elderly subjects with visual impairment. 349 

Third, because our subjects were Japanese elderly people, our results might not be generalizable 350 

to elderly people living in other countries. 351 

In conclusion, we compared the measurement properties of the newly developed FIDS with 352 

the BI. Compared with the BI, FIDS showed a relatively smaller ceiling effect. Although the 353 

strength of correlation was not high, compared with the BI, FIDS showed significant partial 354 

correlation with the broader aspects of the SF-8 subscales. With additional studies, FIDS might 355 

be shown to offer added benefit over the BI and to be a more useful assessment tool to evaluate 356 

BADL in elderly people in Japan. 357 
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Table 1 Characteristics of participants and results of comparison test between two 466 

study groups 467 

Variables HE group  

(n = 225) 

FE group 

(n = 89) 

P-value 

Age (years) 76.0 ± 6.9 80.5 ± 7.1 < 0.001‡ 

Sex, n (%)    

  Male 99 (44.0) 40 (44.9) 
0.88§ 

  Female 126 (56.0) 49 (55.1) 

Height (cm) 154.3 ± 8.6 155.4 ± 9.1 0.36† 

Weight (kg) 56.6 ± 10.6 53.7 ± 11.0 0.10‡ 

BMI (kg/m2) 23.7 ± 3.6 22.2 ± 4 .2 0.002‡ 

Independence degree of daily living, n (%)    

  Independent 225 (100) 31 (34.8) 

< 0.001§   House-bound 0 (0) 50 (56.2) 

  Bed-bound 0 (0) 8 (9.0) 

Registered long-term care, n (%)    

  Not registered 225 (100) 0 (0) 

< 0.001§ 
  Requiring support 1-2 0 (0) 19 (21.3) 

  Requiring long-term care 1-2 0 (0) 46 (51.7) 

 Requiring long-term care 3-5 0 (0) 24 (27.0) 

FIDS (score) 41.0 ± 1.8 29.8 ± 6.1 < 0.001‡ 

Barthel Index (score) 99.4 ± 2.1 83.6 ± 18.2 < 0.001‡ 

TMIG-IC (score) 12.2 ± 1.4 6.0 ± 3.9 < 0.001‡ 

SF-8 PCS (score) 46.8 ± 8.0 39.1 ± 8.3 < 0.001‡ 

SF-8 MCS (score) 51.7 ± 5.9 48.4 ± 8.2 0.002‡ 

Values are shown as mean ± standard deviation. BMI body mass index, Independent going 468 

outside independently, House-bound needing help to go outside but in general living 469 
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independently in their house, Bed-bound needing help for all basic activities of daily living, 470 

FIDS Functional Independence and Difficulty Scale, TMIG-IC Tokyo Metropolitan Institute 471 

of Gerontology Index of Competence, SF-8 PCS Physical component summary score 472 

calculated from the Japanese version of the Medical Outcomes Study Short Form 8 Health 473 

Survey, SF-8 MCS Mental component summary score calculated from Japanese version of 474 

Medical Outcomes Study Short Form 8 Health Survey 475 

†Two-sample t-test, ‡Unpaired Mann-Whitney test, §Chi-square test. 476 

  477 
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Table 2  Percentage of participants with a ceiling effect on the BI and FIDS by functional 

state 

HE group (n = 225) 

   TMIG-IC score 

0-10 (n = 25) 

TMIG-IC score 

11-12 (n = 63) 

TMIG-IC score 

13 (n = 137) 

BI (%) 72.0 88.9 94.9 

FIDS (%) 44.0 57.1 67.2 

FE group (n = 89) 

 Requiring long-term 

care 3-5 (n = 24) 

Requiring long-term 

care 1-2 (n = 46) 

Requiring support 1-2 

(n = 19) 

BI (%) 4.2 21.7 63.2 

FIDS (%) 0 0 5.3 

Values are shown as percentage (%). 

BI Barthel Index, FIDS Functional Independence and Difficulty Scale, TMIG-IC Tokyo 

Metropolitan Institute of Gerontology Index of Competence 
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Table 3 Spearman rank correlation coefficients and partial correlations after controlling for 479 

age and sex between FIDS and other variables  480 

 HE group (n = 225)  FE group (n = 89) 

Spearman 

correlation 

Partial 

correlations 

 Spearman 

correlation 

Partial 

correlations 

Age -0.31** -  -0.06 - 

Sex -0.12 -  -0.21 - 

BMI -0.20** -0.25**  0.10 0.09 

BI 0.30** 0.25**  0.80** 0.81** 

TMIG-IC 0.19** 0.14*  0.75** 0.75** 

SF-8      

  PF 0.47** 0.41**  0.28** 0.26* 

  RP 0.40** 0.34**  0.36** 0.34** 

  BP 0.47** 0.45**  0.07 0.05 

 GH 0.26** 0.22**  0.36** 0.33** 

  VT 0.29** 0.24**  0.32** 0.29** 

  SF 0.29** 0.25**  0.25* 0.21 

  RE 0.22** 0.19**  0.32** 0.30** 

  MH 0.08 0.09  0.27* 0.24* 

PCS 0.49** 0.44**  0.31** 0.29** 

MCS -0.04 -0.03  0.24* 0.21 

**P < 0.01; *P < 0.05. 481 

FIDS Functional Independence and Difficulty Scale BMI body mass index, BI Barthel 482 

Index, TMIG-IC Tokyo Metropolitan Institute of Gerontology Index of Competence, 483 

SF-8 Japanese version of Medical Outcomes Study Short Form 8 Health Survey, PF 484 

Physical functioning, RP Role physical, BP Bodily pain, GH General health, VT Vitality, 485 

SF Social functioning, RE Role emotional, MH Mental health, PCS Physical component 486 
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summary score calculated from the SF-8, MCS Mental component summary score 487 

calculated from the SF-8 488 

  489 



24 
 

 

Table 4  Spearman rank correlation coefficients and partial correlations 

after controlling for age and sex between FIDS, BI, and SF-8 in the HE 

group (n = 225) 

 Spearman correlation  
Partial  

correlations 

 BI FIDS  BI FIDS 

SF-8      

  PF 0.17* 0.47**  0.11 0.41** 

  RP 0.14* 0.40**  0.09 0.34** 

  BP 0.14* 0.47**  0.11 0.45** 

  GH 0.01 0.26**  -0.02 0.22** 

  VT 0.04 0.29**  0.00 0.24** 

  SF 0.13 0.29**  0.09 0.25** 

  RE 0.21** 0.22**  0.19* 0.19** 

  MH 0.11 0.08  0.11 0.09 

PCS 0.11 0.49**  0.06 0.44** 

MCS 0.12 -0.04  0.13 -0.03 

**P < 0.01; *P < 0.05. FIDS Functional Independence and Difficulty 

Scale, BI Barthel Index, SF-8 Japanese version of Medical Outcomes 

Study Short Form 8 Health Survey, PF Physical functioning, RP Role 

physical, BP Bodily pain, GH General health, VT Vitality, SF Social 

functioning, RE Role emotional, MH Mental health, PCS Physical 

component summary score calculated from the SF-8, SF-8 MCS Mental 

component summary score calculated from the SF-8 
  490 
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Table 5  Spearman rank correlation coefficients and partial correlations 

after controlling for age and sex between FIDS, BI, and SF-8 in the FE 

group (n = 89) 

 Spearman correlation  Partial  

correlations 

 BI FIDS  BI FIDS 

SF-8      

  PF 0.21 0.28**  0.21 0.26* 

  RP 0.29** 0.36**  0.27* 0.34** 

  BP -0.04 0.07  -0.06 0.05 

  GH 0.26* 0.36**  0.23* 0.33** 

  VT 0.21 0.32**  0.18 0.29** 

  SF 0.19 0.25*  0.10 0.21 

  RE 0.18 0.32**  0.19 0.30** 

  MH 0.12 0.27*  0.08 0.24* 

PCS 0.24* 0.31**  0.23* 0.29** 

MCS 0.09 0.24*  0.06 0.21 

**P < 0.01; *P < 0.05. FIDS Functional Independence and Difficulty Scale, 

BI Barthel Index, SF-8 Japanese version of Medical Outcomes Study Short 

Form 8 Health Survey, PF Physical functioning, RP Role physical, BP 

Bodily pain, GH General health, VT Vitality, SF Social functioning, RE 

Role emotional, MH Mental health, PCS Physical Component Summary 

score calculated from the SF-8, MCS Mental Component Summary score 

calculated from the SF-8 
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