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    Abstract
Background Adequate and user-friendly instruments for assessing physical function and disability in older adults are vital for estimating and predicting health care needs in clinical practice. The Late-Life Function and Disability Instrument Computer Adaptive Test (LLFDI-CAT) is a promising instrument for assessing physical function and disability in gerontology research and clinical practice.

Objective The aims of this study were: (1) to translate the LLFDI-CAT to the Dutch language and (2) to investigate its validity and reliability in a sample of older adults who spoke Dutch and dwelled in the community.

Design For the assessment of validity of the LLFDI-CAT, a cross-sectional design was used. To assess reliability, measurement of the LLFDI-CAT was repeated in the same sample.

Methods The item bank of the LLFDI-CAT was translated with a forward-backward procedure. A sample of 54 older adults completed the LLFDI-CAT, World Health Organization Disability Assessment Schedule 2.0, RAND 36-Item Short-Form Health Survey physical functioning scale (10 items), and 10-Meter Walk Test. The LLFDI-CAT was repeated in 2 to 8 days (mean=4.5 days). Pearson's r and the intraclass correlation coefficient (ICC) (2,1) were calculated to assess validity, group-level reliability, and participant-level reliability.

Results A correlation of .74 for the LLFDI-CAT function scale and the RAND 36-Item Short-Form Health Survey physical functioning scale (10 items) was found. The correlations of the LLFDI-CAT disability scale with the World Health Organization Disability Assessment Schedule 2.0 and the 10-Meter Walk Test were −.57 and −.53, respectively. The ICC (2,1) of the LLFDI-CAT function scale was .84, with a group-level reliability score of .85. The ICC (2,1) of the LLFDI-CAT disability scale was .76, with a group-level reliability score of .81.

Limitations The high percentage of women in the study and the exclusion of older adults with recent joint replacement or hospitalization limit the generalizability of the results.

Conclusions The Dutch LLFDI-CAT showed strong validity and high reliability when used to assess physical function and disability in older adults dwelling in the community.


Adequate assessment of physical function and disability in older adults dwelling in the community is vital for estimating and predicting health care needs in research and clinical practice.1,2 As a result, physical function and disability have become part of the comprehensive geriatric assessment used in geriatric clinical care and are commonly used as outcome measures in gerontology research.3,4
Not surprisingly, many measurement instruments have been developed to assess physical function or disability.5 Patient-reported outcome measures (PROMs) are preferred because of their low cost and convenience.6 However, PROMs often suffer from limitations, such as measuring only a single construct; being multidimensional, with no apparent conceptual structure; lacking sensitivity to detect important changes; being time-consuming to administer; and having floor or ceiling effects when used for evaluative purposes.7
For overcoming these limitations, the Late-Life Function and Disability Instrument (LLFDI) was developed.8,9 The LLFDI is a PROM designed to assess physical function and disability in older adults living in the community.8,9 It consists of 2 scales: the 32-item function scale and the 16-item disability scale. The LLFDI has excellent test-retest reliability in the function component (intraclass correlation coefficient [ICC]=.87–.98) and moderate-to-good reliability in the disability component (ICC=.68–.91).10,11 For both components, the observation of expected differences in summary scores of known functional groups supported validity.8,9 Additionally, the responsiveness, construct validity, and predictive validity of the LLFDI have been shown to be comparable to those of performance-based measures.11,12 However, the LLFDI has 2 major limitations. Like comparable PROMs for physical function and disability, the LLFDI takes a long time to complete (>20 minutes, on average, for the combined function and disability scales), and all questions are administered to all patients regardless of applicability; these limitations make using the LLFDI in clinical care difficult.13
For alleviating respondent burden without sacrificing precision and sensitivity, a computer adaptive test (CAT) version of the LLFDI was developed with item response theory methods.4 For construction of the item bank required for the CAT version of the LLFDI, the 48 items of the fixed-item LLFDI were expanded to a 192-item database. The added items were designed to create a comprehensive pool of physical function and disability items. Item response theory–based CAT instruments have several advantages over conventional instruments.14 First, CAT instruments use existing data to individualize the measurement process and select relevant items for an individual respondent. Furthermore, CAT instruments reduce the number of questions needed, maintain measurement precision, and decrease respondent burden.4 To enable the use of the LLFDI-CAT in research and clinical practice in the Netherlands, we aimed to translate the LLFDI-CAT to the Dutch language and to investigate its validity and reliability in older people who spoke Dutch and dwelled in the community.
Method
Phase 1: Translation
The translation protocol was based on the guidelines proposed by Beaton et al.15 Figure 1 shows the flowchart of the translation procedure.
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Figure 1. Translation and cross-cultural adaptation of the Dutch version of the Late-Life Function and Disability Instrument Computer Adaptive Test.



In stage I, all 192 items from the LLFDI-CAT function and disability item banks and all introductory texts were translated into Dutch by 2 independent translators who were bilingual, with Dutch as their mother tongue. The first translator was a clinician who was aware of the purpose and application of the questionnaire in order to create a translation of clinical equivalence. The second translator had no medical background and was unaware of the purpose and application of the LLFDI-CAT in order to create a translation reflecting the language used by the general population in the Netherlands.15 This approach ensured 2 translations with different perspectives.
In stage II, the 2 translations from stage I were incorporated into a combined translation. For this stage, the protocol of Beaton et al15 was modified for practical reasons. Instead of a meeting of the 2 translators to discuss the translations and resolve all discrepancies, the first translator created a first draft of the combined translation. The first draft was thoroughly checked by the second translator, who listed any inconsistencies or translations with which he disagreed. The first draft and the list from the second translator were discussed during a meeting of both translators and an independent observer until a consensus on the combined translation was reached. All changes made were registered by the observer.
Stage III was the backward translation of the combined translation. Two independent bilingual translators with English as their mother tongue and Dutch as their second language translated the combined translation back to English. Both translators were unaware of the LLFDI-CAT and had no medical background. When both backward translations were finished, content agreement with the original version was checked by 2 independent reviewers to ensure consistent translation. Any inconsistencies or conceptual errors in the translation were documented, and the corresponding items were changed.
In stage IV, an expert committee consisting of a methodologist, a medical professional, one of the forward translators, one of the backward translators, and a language professional consolidated the final translation of the introductory texts and 192 items from the LLFDI-CAT item banks. The complete list of items in the LLFDI-CAT item banks is provided in the LLFDI-CAT manual of procedures.16
The expert committee ensured that the translation and adaptation were idiomatically, semantically, experientially, and conceptually equivalent. After all issues were resolved, the software for the Dutch translation of the LLFDI-CAT was produced by the original developer of the instrument.

Phase 2: Validity and Reliability Study
Study population.
A convenience sample of older adults dwelling in the community was recruited from the regions of Leiden and Utrecht, the Netherlands. Invitation letters were distributed to all residents (N=252) in a convenience sample of 4 senior apartment buildings and senior housing facilities. Older adults interested in participating in the study were asked to contact the researchers by phone or by email. Additionally, the older adults could contact a researcher in person at the senior apartment buildings or housing facilities 1 week after distribution of the invitation letters for more information regarding the study or to express interest in participating in the study. Information about when the researcher would be present at the senior apartment buildings or housing facilities was included in the invitation letters received by the residents.
Older adults willing to participate in the study were screened for eligibility with the following criteria: (1) age of 65 years or older, (2) independently ambulatory (with or without an assistive device), (3) community dwelling, and (4) must have provided informed consent prior to participation. Older adults were excluded if they: (1) had undergone joint replacement surgery in the lower extremities within the preceding 6 months, (2) had been hospitalized within the preceding 3 months, (3) were unable to walk 10 m without assistance from another person, or (4) were living in a nursing home or a similar facility at the time of screening. Informed consent was obtained from all participants before participation. Demographic data were collected and are shown in Table 1.
View this table:	View inline
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Table 1. Characteristics of the Study Sample (n=54)a




Assessment of validity.
The concurrent validity of the Dutch LLFDI-CAT was determined as follows. The participants were asked to complete the Dutch LLFDI-CAT on a laptop computer. Additionally, paper forms of the World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) and the RAND 36-Item Short-Form Health Survey physical functioning scale (10 items) (PF-10) were completed.17,18 Lastly, the 10-Meter Walk Test (10MWT) was completed by all participants.19 Measurements were obtained by a researcher in the participant's own home environment or at a local physical therapy practice.

Assessment of reliability.
The test-retest reliability of the LLFDI-CAT was assessed with a retest moment. Participants were contacted by phone within 2 to 14 days after completion of the initial testing procedure. During this contact, a researcher administered the LLFDI-CAT to obtain the retest data.

LLFDI-CAT.
The LLFDI-CAT consists of a large item bank containing items for both the function scale and the disability scale. Item response theory methods were used to calibrate the items in the item bank on a scale ranging from 0 to 100, with a mean of 50 and a standard deviation of 10.4 A higher scale score represents better functioning or less disability. Function scale items ask, “How much difficulty do you currently have…?” Response options are “none at all,” “a little,” “a lot,” “unable to do,” and “does not apply.” The disability scale items ask, “Because of your physical or mental health, to what extent do you feel limited in…?” Response options are “none at all,” “a little,” “a lot,” “completely,” and “does not apply.” After an item from a scale is completed, the software calculates a participant scale score and a participant-level standard error of measurement (SEM). When a preset SEM has been reached or when a preset number of items has been administered, the final participant scale score and participant-level SEM are calculated.
Earlier research on the LLFDI-CAT software showed that the use of a stopping rule of at least 10 items per scale is needed to achieve precision and sensitivity levels similar to those of the original fixed-item LLFDI.4 Therefore, in the present study, the LLFDI-CAT software was programmed to stop administering items per scale when 10 items per scale were completed or when the participant-level SEM reached less than 3.0.


Comparison Instruments
The 36-item PROM WHODAS 2.0 was used to assess the functioning of a participant in 6 activity domains: understanding and communicating, getting around, self-care, getting along with people, life activities, and participation in society.17 The WHODAS 2.0 items are scored on a 5-point Likert scale (none; mild; moderate; severe; and extreme, cannot do). After scoring is complete, an algorithm converts the item scores to a score ranging from 0 (no disability) to 100 (full disability). Cronbach's α values for the subscales of the WHODAS 2.0 ranged from .7 to .97 for patients in rehabilitation settings and from .77 to .98 for patients with chronic diseases.20,21
The PF-10 consists of 10 items designed to assess self-care, mobility, and other physical activities and body movements.18 Items are scored on a 3-point Likert scale (“yes, limited a lot”; “yes, limited a little”; and “no, not limited at all”). The raw scores are converted to a scale score ranging from 0 to 100, with higher scores representing better physical function. Cronbach's α representing the internal consistency of the PF-10 in older adults is .82.22
The 10MWT is designed to measure walking speed.19 Participants are asked to walk a distance of 10 m at a comfortable walking speed. The test-retest reliability of the 10MWT has been reported to be excellent (ICC=.96–.98), with a small SEM (0.004–0.008 m/s).23

Data Analysis
We used IBM SPSS 20.0 (IBM Corp, Armonk, New York) to perform statistical analyses. On the basis of data from a validation study of the original LLFDI, a sample size of at least 42 participants was calculated with an α of .05, a β of .20, and an expected absolute effect size r of .50 for all correlations between the LLFDI-CAT scales and the comparison instruments.24
To assess concurrent validity, we calculated Pearson's r; we used Spearman's rho for data that were not normally distributed. The validity of the LLFDI-CAT was interpreted with Cohen's conventions for effect sizes of Pearson's r (0.10=small, 0.30=medium, and 0.5=large).25
Item response theory models expand on measurement domain reliability by allowing the calculation of participant-level and group-level reliability.26 Unlike the reliability of fixed-item measurement instruments, which is calculated with the SEM of sample scores, the CAT software provides a SEM for an individual participant. These data allow the calculation of participant-level reliability, which is the reliability of the measurement instrument for the level of functioning or disability of an individual participant.26 Using the average of participant-level SEMs, we calculated group-level reliability, which more closely reflects conventional reliability statistics. To assess test-retest reliability, we calculated the ICC (2,1) absolute agreement.27,28 Because high between-subject variability inflates ICC scores, classifying ICC scores in categories such as low, medium, and high provides little information.29 Instead, participant-level reliability was plotted against LLFDI-CAT participant scores to provide information on the reliability of the LLFDI-CAT for different participant score levels.


Results
Demographics
A total of 56 older adults expressed interest in participating in the study and were screened for eligibility. Two of the 56 potential participants were excluded because they were living in a nursing home at the time of data collection. The 54 participants in the final sample were predominantly women (77.8%), and 67% reported having one or more chronic diseases. The mean score on the LLFDI-CAT function scale was 51.8 (SD=8.6, range=37.6–76.4), and that on the LLFDI-CAT disability scale was 51.0 (SD=8.5, range=34.6–65.0). More detailed information about the participants is shown in Table 1.
The average time required to administer the complete LLFDI-CAT was 6 minutes 3 seconds (n=54). For one participant, 2 items on the PF-10 were missing. These missing values were imputed with the personal scale mean, as suggested in the RAND 36-Item Short-Form Health Survey manual.30 For 2 participants, 2 items on the same subscale of the WHODAS 2.0 were missing; therefore, data from these participants had to be excluded from the correlation analysis.

Validity
The absolute correlations (r) of the LLFDI-CAT function scale with all comparison instruments exceeded .65; the correlation with the PF-10 was .74 (Tab. 2). Additionally, the absolute correlations (r) of the LLFDI-CAT disability scale with all comparison instruments exceeded .50; the correlations with the WHODAS 2.0 and the 10MWT were −.57 and −.53, respectively (Tab. 2).
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Table 2. Correlations of LLFDI-CAT Scales With Comparison Instrumentsa




Reliability
All participants were available for the retest of the LLFDI-CAT, and the number of days between the test and the retest ranged from 2 to 8 (median=5). The ICC (2,1) scores and the group-level reliability of the LLFDI-CAT function scale and the LLFDI-CAT disability scale are shown in Table 3. Figures 2 and 3 show the participant-level reliability plots of the relationship between participant-level reliability and the LLFDI-CAT scale scores. For both LLFDI-CAT scales, participant-level reliability scores were between .8 and .9, until a participant ability score of 60 was reached. Participants with scale scores between 60 and 70 had participant-level reliability scores ranging from .6 to .8. Scale scores over 70 resulted in participant-level reliability scores of less than .6. Eleven and 12 participants scored higher than 60 on the function scale and on the disability scale, respectively.
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Table 3. Reliability of LLFDI-CAT Scalesa
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Figure 2. Participant-level reliability plotted against participant scores for the Late-Life Function and Disability Instrument Computer Adaptive Test (LLFDI-CAT) function scale.
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Figure 3. Participant-level reliability plotted against participant scores for the Late-Life Function and Disability Instrument Computer Adaptive Test (LLFDI-CAT) disability scale.





Discussion
The results found in the validity study confirmed the concurrent validity of the Dutch language version of both the function scale and the disability scale of the LLFDI-CAT. The magnitude and direction of the correlations of the LLFDI-CAT scales and the comparison instruments were as expected. The group-level reliability and test-retest reliability of the LLFDI-CAT were found to be good, with all reliability scores exceeding .80.
The results of the present study were compared with the results of studies investigating the validity of the original LLFDI. The correlation of the LLFDI-CAT function scale with the PF-10 in the present study was slightly lower than the values found by Dubuc et al (r=.85),31 Lapier (r=.83),32 and Hand et al (r=.88)33 for the original LLFDI. However, Roaldsen et al10 reported a lower correlation (r=.52). A possible explanation for the lower correlation found by Roaldsen et al10 is that their sample consisted of older adults who dwelled in the community and had self-reported balance deficits and fear of falling. Because the correlations found in the present study are comparable to or higher than those of the original LLFDI, the validity of the LLFDI-CAT function scale is supported.10
The correlations of the LLFDI-CAT disability scale with the WHODAS 2.0 and the 10MWT in the present study were strong, according to Cohen's conventions, confirming the concurrent validity of the LLFDI-CAT.25 A possible explanation for the lower correlations of the LLFDI-CAT disability scale compared with the LLFDI-CAT function scale is the broad construct of disability. As a result, fixed-item instruments lack the large number of items required to measure the entirety of the construct.34 Similarly, a performance test, such as the 10MWT, does not capture the parts of disability caused by mental health, social, or environmental factors. Therefore, it was expected that the construct “disability” would be only partially measured by the comparison instruments, resulting in lower correlations.
Another explanation for the lower correlations is the theoretical basis on which the instruments are based. The LLFDI-CAT disability scale aims to measure disability in older adults, where the WHODAS 2.0 was designed for adults in general.8,9,17 The concurrent validity of the LLFDI-CAT disability scale was comparable to that of the original LLFDI. The LLFDI has been compared with self-report questionnaires, such as the London Handicap Scale (r=.47–.66), the Western Ontario and McMaster Universities Osteoarthritis Index (r=−.47), and the 20-Meter Walk Test (a performance test) (r=.37).31,32,35 The correlations found in those studies are similar to or lower than the correlations found in the present study, further confirming the concurrent validity of the LLFDI-CAT disability scale.
The test-retest reliability scores of the function and disability scales were sufficiently high to indicate that the instrument is stable over repeated measurements when no change is expected. These reliability findings are consistent with those of reliability studies of the original LLFDI (ICC range=.44–.98), the Hebrew translation of the conventional LLFDI (ICC range=.46–.90), and the Swedish translation of the conventional LLFDI (ICC range=.82–.91).8–10,36
Additionally, the reliability of item response theory–based instruments expands on the concept of reliability in classical test theory. Because the CAT software provides a participant-level SEM tied to the participant's ability score, it is possible to tailor the reliability of the instrument to the specific needs of the application. In the present study, the stopping rule for the software was a participant-level SEM of less than 3.0 or the administration of 10 questions. The resulting group-level reliability scores of .85 for the function scale and .81 for the disability scale are high and, combined with the observed excellent test-retest reliability, indicate that the LLFDI-CAT is excellent for use in research pertaining to older adults dwelling in the community.
The participant-level reliability scores shown in Figures 2 and 3 lie between .8 and .9 until an ability score of approximately 60 on both LLFDI-CAT scales. Additionally, the plotted lines show a limitation of CAT. At extreme ability scores, participant-level reliability decreases and, as a result, more items are required to achieve higher reliability scores. Therefore, we advise changing the stopping rules of the LLFDI-CAT to incorporate only the SEM and not a number of questions in order to maintain high reliability when targeting populations of older adults with more extreme expected ability scores.
In addition to high precision, the other advantage of a CAT instrument over a fixed-item instrument is the short time required for completion of the instrument. Completing both domains of the LLFDI-CAT took less than 9 minutes, thereby reducing respondent burden by as much as 50% compared with that associated with the fixed-item LLFDI.4
The present study has some limitations. First, to our knowledge, the present study is the first study in which translation of the CAT version of the LLFDI was attempted and is one of the first studies in which an existing CAT instrument was translated and validated. Consequently, there are no standardized guidelines or protocols for the translation and validation of existing CAT instruments. To overcome this problem, we adapted an existing protocol originally designed for use in the translation of fixed-item instruments and applied it to the translation of the LLFDI-CAT.15
Second, the high percentage of women in the sample can make generalization of the results to the general population of the same age difficult. However, as the age of the population advances, the percentage of women increases, to up to 72.1% of people who are 90 years old.37 Given that the mean age of the participants in the present study was 80 years and that 78% were women, the number of women in the sample was only slightly higher than that in the general population of the same age.
Finally, the exclusion criteria used in the present study prevented the participation of older adults with recent joint replacement surgery or hospitalization. Although both joint replacement surgery and hospitalization are not uncommon in older adults, the results of the present study cannot be generalized to older adults with recent joint replacement surgery or hospitalization.
The thoroughness with which the validity and reliability of the LLFDI-CAT were tested provides a clear understanding of the psychometric properties of the instrument and reveals that the Dutch language version of the LLFDI-CAT has acceptable levels of validity and reliability for the assessment of physical function and disability in older adults dwelling in the community.
Problems in physical function and disability in older adults dwelling in the community are often treated by physical therapists. For assessment of the effectiveness of treatment strategies used by physical therapists, reliable and valid measurement instruments are required. However, the fact that many older adults have multiple morbidities complicates the choice of a disease-specific instrument. Furthermore, the effects of treatment strategies are difficult to compare in individual adults with different morbidities when different measurement instruments are used. Finally, because most PROMs have a relatively large measurement error, the precision of these measurement instruments is often too low to reveal treatment effects in individual adults.
The LLFDI-CAT can overcome these difficulties because it was designed to function as a generic instrument, independent of underlying morbidities. Also, it can reduce administrative burden and time investment for both physical therapists and patients. Furthermore, an advantage of CAT is that it allows the user to specify the stopping rule for a particular application. For individual assessment, in which high precision is desirable, a 15-item stopping rule or a criterion reflecting a smaller degree of measurement error may be more desirable. In contrast, for research in large-scale studies, in which efficiency of administration is essential and less precision is required, a 5-item CAT may be acceptable.
Furthermore, the use of PROMs is becoming increasingly important as a health system performance indicator in the measurement of health care quality. Generic and low-burden measures (such as the LLFDI-CAT) that can be used independently of morbidities and with high precision—enabling individual decision making—are needed and preferable to disease-specific measures.
Future research should focus on responsiveness and the ability to detect long-term change. When the responsiveness of the LLFDI-CAT has been confirmed, it can be confidently used to assess the effectiveness of treatment strategies aimed at improving physical function and disability in older adults dwelling in the community. Furthermore, the validity and reliability of the LLFDI-CAT in specific groups of older adults, such as patients after stroke, patients after recent hospitalization, or older adults with cognitive impairments, should be examined further.
In conclusion, the Dutch language version of the LLFDI-CAT has good concurrent validity and high reliability for the assessment of physical function and disability in older adults dwelling in the community and can be used for evaluative purposes in research and clinical practice. Furthermore, the advantages of the LLFDI-CAT over traditional, fixed-item instruments make it preferable over those instruments.
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