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Introduction: Parkinson’s disease (PD) is associated with a progressive inability to accomplish essential activities of daily living (ADL) resulting in a loss of autonomy and quality of life. Accurate measurement of ADL in PD is important to monitor disease progression and optimize care. Despite its relevance, it is still unclear which measurement instruments are the most suitable for evaluating ADL in people with PD.

Objective: To identify and critically appraise which measurement instruments have been used to assess ADL in PD.

Methods: A systematic review was conducted using the databases CENTRAL, MEDLINE, and PEDro from their inception to October 2021 to identify all observational and experimental studies conducted in PD or atypical parkinsonism that included an ADL assessment. Titles and abstracts were screened independently by two authors. The clinimetric properties of the measurement instruments were assessed, and the instruments were classified as “recommended,” “suggested,” or “listed.”

Results: A total of 129 articles were included, with 37 measurement instruments used. The Unified Parkinson’s Disease Rating Scale (UPDRS), the Schwab & England ADL scale (S&E scale), the Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), the Barthel Index, the Lawton-Brody Instrumental Activities of Daily Living Scale, the Functional Independence Measure (FIM) and the Alzheimer’s Disease Cooperative Study – ADL (ADCS-ADL) scale were the seven most frequently cited measurement instruments. Of these, only two included an assessment of basic and instrumental ADL.

Conclusion: MDS-UPDRS and the S&E scale were the only two scales that could be classified as recommended. For the MDS-UPDRS, either the full version or only Part II, which is focused on ADL, can be used. Future studies should explore the use of wearable devices to assess ADL remotely and more continuously.
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Introduction

Parkinson’s disease (PD) is a heterogeneous neurodegenerative disease characterized by a wide range of motor and non-motor symptoms (Bloem et al., 2021). Regardless of the therapeutic options available, disease progression usually leads to impaired functionality, loss of autonomy, and increasing dependence (Lee et al., 2016).

The term “Activities of Daily Living” (ADL) refers to the fundamental skills required for self-care, such as eating, bathing, and mobility (Katz, 1983). There are two types of ADL: basic (also known as physical) and instrumental. Personal hygiene or grooming, dressing, toileting, transferring or ambulating, and eating are all basic ADLs. More complex activities related to being able to live independently in the community, such as financial planning and medication management, food preparation, housekeeping, and communication with others (telephone, email), are included in the instrumental ADL (Edemekong et al., 2022). ADLs are a measure of a person’s functional status and are dependent on the motor, cognitive, and perceptual abilities. Patients’ inability to perform ADL leads to reliance on others and/or mechanical devices, resulting in unsafe conditions and poor quality of life (De Vriendt et al., 2012). It also contributes to caregivers’ burden, a multifaceted strain endured by a person who cares for an ill, which is associated with a lower quality of life, physical and psychological health problems of the caregiver, and decreased care provision to the patient (Liu et al., 2020).

As PD progresses, patients’ ability to perform ADL deteriorates (Schenkman et al., 2002; Hariz and Forsgren, 2011). Evaluating ADL limitations can aid in disease progression monitoring, care optimization, and disease burden reduction (Bloem et al., 2021). Standardized outcome measures are recommended to facilitate effective communication between healthcare professionals, allow for discussion with patients and families about the course of the disease and treatment plan, and compare clinical study results, all of which contribute to better patient care (Foster, 2014). Even though ADL is a relevant topic and a common outcome in PD clinical studies, the best measurement instruments for assessing ADL in PD patients are unknown (Lee et al., 2016). As a result, we conducted a systematic review of the published literature to identify and critically evaluate the measurement instruments used to assess ADL in PD. Recommendations were made based on the results.



Methods


Literature search

We searched CENTRAL, MEDLINE, and PEDro from their inception to October 2021 using the following keywords “Parkinson*,” “Activity* daily living,” and “ADL.” Reference lists from the identified articles were cross-checked to identify any further potentially eligible studies.



Study selection

Observational and experimental clinical studies conducted in PD and/or atypical parkinsonism were included. Studies had to include an ADL assessment and describe the measurement tool used. Studies written in languages other than English, Portuguese, and Spanish were excluded. Two authors independently screened abstracts obtained from the database search. The full texts of potentially relevant articles were retrieved for further assessment. Disagreements were resolved by consensus or by consultation with a third reviewer.



Data extraction

The following data from the individual studies were included in a pre-piloted form: general information (authors, journal and year of publication, study design, population and sample size, intervention and control conditions, and primary outcome); ADL measurement tools (name of measurement instruments, type of instrument, and timings of measurement) and measurement instrument classification.



Assessment of measurement instruments

Based on criteria used in previous reviews, measurement instruments were classified as recommended, suggested, or listed (Antonini et al., 2011; Elble et al., 2013). These included: being developed and used in PD patients (A), being used in published studies by people other than the developers (B), and “successful” clinimetric testing (C). Measurement instruments were classified as recommended if all three criteria were met; suggested if two of the criteria were met; and listed if only one criterion was met.

The search for studies evaluating the clinimetric properties of the included measurement tools was based on previous research (Terwee et al., 2012; Bloem et al., 2016) and the references provided for each measurement tool in the included studies.



Statistical analysis

The primary outcome was to identify the measurement instruments currently used to evaluate ADL in people with PD. Descriptive data were summarized using frequencies and percentages.




Results


General data

The electronic searches identified 2,900 citations (Figure 1). A total of 415 full-text articles were assessed for eligibility and 129 were included in the review. Wrong outcome (n = 2167), wrong study design (n = 973), and ineligible base population (n = 653) were the most common reasons for exclusion.


[image: image]

FIGURE 1
Flow diagram of the study selection process.


Over time, the number of studies evaluating PD has increased (Figure 2). Of the 129 included studies, the three most common study designs were cross-sectional (31%, n = 40), prospective cohort (27.1%, n = 35) and randomized controlled studies (19.4%, n = 25). The median sample size was 64 (7, 3,777) patients, with a study duration ranging from one to 180 months. ADL was the primary outcome in 88.4% (n = 114) of the studies.
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FIGURE 2
Publications per year.




Measurement instruments

A total of 37 measurement instruments were used in the included 129 studies. Of these, 46% (n = 17) can be used as patient- or clinician-reported outcomes, 27.2% (n = 10) were clinician-reported outcomes (ClinRO), 16.2% (n = 6) observer-reported outcomes (ObsRO), and 8.1% (n = 3) were patient-reported outcomes (PRO). Wearable sensors were used in one of the studies to evaluate specific movements related to ADL (sitting down on a chair, standing up from a chair, reaching, walking, and running) (Nguyen et al., 2018).

The most frequently cited measurement instruments (used in at least five studies) are summarized in Table 1, with a more detailed description below.


TABLE 1    Characteristics and classification of the most cited measurement tools.
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Regarding the Unified Parkinson’s Disease Rating Scale (UPDRS) and the Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), the included studies only used the section dedicated to ADL (Part II). We chose to present the scale in its entirety in this review, stating whether Part II can be used independently and what its benefits are.


Unified Parkinson’s disease rating scale

Unified Parkinson’s Disease Rating Scale Part II was used in 34.1% (n = 44) of the included studies.

Construct assessed: Disease severity.

Test description: The UPDRS is a disease-specific rating scale containing 55 items grouped into four subscales: Part I – mentation, behavior, and mood; Part II – activities of daily living; Part III – motor exam; and Part IV – complications of therapy (in the past week). A lower score represents less disability in performing ADL in PD. According to its description, the average time required to administer the full scale is between 10 and 20 min (Movement Disorder Society Task Force on Rating Scales for Parkinson’s Disease, 2003).

Clinimetric properties: Specifically designed for the PD population. Test-retest reliability is excellent (ICC = 0.92) for the entire scale and substantial (ICC = 0.85) for the ADL section. It has adequate internal consistency (Cronbach’s alpha = 0.96) and inter-rater reliability (k ≥ 0.4), criterion, and convergent validity. The clinimetric properties for Part II as an independent scale were already studied and showed that floor and ceiling effects, convergent validity, reliability, and standard error of measurement, found to be adequate (Martinez-Martin et al., 2006), suggesting that the UPDRS Part II generally would be considered a psychometrically sound tool for measuring ADL outcomes in people with PD (Ramaker et al., 2002; Siderowf et al., 2002; Hariz et al., 2003; Martínez-Martín et al., 2003; Hagell, 2019).

Feasibility: The UPDRS has several advantages, including the ability to provide a comprehensive assessment of the main features of PD while requiring little material (just a pencil or a pen and a chair). Its main drawbacks are its reliance on the expertise of the evaluator and the amount of time it takes. Although it is estimated to take 10–20 min, due to the numerous topics that must be discussed with the patient, it may take longer, limiting its use in clinical practice. The Movement Disorder Society (MDS) sponsored a critique of the UPDRS in 2001, which praised the scale’s strengths while pointing out several ambiguities, flaws, and areas that needed to be included to reflect current scientific developments. In 2008, the MDS developed a new version of the scale, which addressed some of the original scale’s flaws and included several clinically relevant PD-related issues that were underrepresented in the original version. Although the new version of the scale was recommended, the transition was not immediate as the old version had been used in several studies after 2008 (Hoehn and Yahr, 1967; Fahn et al., 1987; Movement Disorder Society Task Force on Rating Scales for Parkinson’s Disease, 2003; Goetz et al., 2007; Martinez-Martin et al., 2013; Bloem et al., 2016).



Schwab and England daily living activities scale

Schwab and England Daily Living Activities Scale was used in 23.3% (n = 30) of the included studies.

Construct assessed: Ability to perform ADL.

Test description: The S&E is a single-item self-rated scale created specifically for people with PD. Patients are asked to rate their ability to perform ADL from 0% (bedridden) to 100% (completely independent). This instrument takes about 5 min to administer (Schwab and England, 1968; Siderowf, 2010).

Clinimetric properties: The test-retest and inter-rater reliabilities of the instrument are both adequate (ICC = 0.7 and 0.6, respectively). A 10-point change was reported as the minimum clinically significant difference (Schwab and England, 1968: Ramaker et al., 2002; Siderowf, 2010; Dal Bello-Haas et al., 2011).

Feasibility: Based on patients’ own perceptions, the S&E provides a global impression of patients’ level of independence in performing ADL. Because it is a single-item scale, it is very quick and easy to use, and no prior training is required. It is impossible to differentiate between the most difficult activities and precise limitations (Ramaker et al., 2002; Siderowf, 2010).



Movement disorder society-unified Parkinson’s disease rating scale

Movement Disorder Society-Unified Parkinson’s Disease Rating Scale Part II was used in 7.0% (n = 9) of the included studies.

Construct assessed: Disease severity.

Test description: The MDS-UPDRS preserves the UPDRS’ four-part structure, with 65 items and five possible answers: 0 = normal, 1 = slight, 2 = mild, 3 = moderate, and 4 = severe. Parts I (items 1.7–1.13) and II have been designed to fit into a patient/caregiver questionnaire format, allowing them to be completed without the assistance of the investigator. All questions in Part I that deal with complex behaviors (items 1.1–1.6) and all questions in Part IV that deal with motor fluctuations and dyskinesias require the investigator to conduct the interview. Part III keeps the objective assessments of parkinsonism but has now more detailed instructions (Martinez-Martin et al., 2013).

Clinimetric properties: The MDS-UPDRS, which was created specifically for people with PD, has high internal consistency (Cronbach’s alpha = 0.79–0.93 across parts) and is highly correlated with the original UPDRS (q = 0.96). It also has an excellent construct validity (r = 0.92). The instrument has strong concurrent validity based on high correlations with the UPDRS (total score r = 0.96), as well as between the individual parts of the two scales. According to Rodriguez-Blazquez et al. (2013), the part II of MDS-UPDRS correlates with other disability measures (Rapid Assessment of Disability Scale and Clinical Impression of Severity Index for PD, r = 0.70–0.80) and quality of life scales (Parkinson’s Disease Questionnaire-8 and EQ-5D, r = −0.46 to 0.74), which proves useful for assessing disability in PD (Forjaz and Martinez-Martin, 2006; Martinez-Martin et al., 2013; Rodriguez-Blazquez et al., 2013).

Feasibility: The MDS-UPDRS has the advantage of being a more complete instrument, with better instructions for quoting the different items. However, as the number of questions has increased, it will take longer to complete the full scale. The assessment of ADL is performed through Part II, which, in addition to being validated to be used independently, is built in a self-completed questionnaire format. It can be completed by the patient and/or the caregiver.



The barthel activities of daily living index

The Barthel Index was used in 7.0% (n = 9) of the included studies.

Construct assessed: Performance in ADL.

Test description: The Barthel Index was designed to monitor progression in individuals with chronic diseases who are undergoing rehabilitation. It is a 10-item ordinary scale that assesses a person’s ability to conduct ADLs independently, such as feeding, bathing, grooming, dressing, bladder control, bowel control, toilet use, transfers (bed to chair and back), mobility (on a level surface), and stairs (ascending and descending). It can take 5–20 min depending on how the assessment is performed (self-report vs. direct observation). Higher scores imply greater functional independence, with a severity cut-off of 0–20 indicating “complete” dependency, 21–60 indicating “severe” dependency, 61–90 indicating “moderate” dependency, and 91–99 indicating “slight” dependency (Morley et al., 2012; Taghizadeh et al., 2020).

Clinimetric properties: Although not specifically designed, it has been validated for the PD population. In both medication phases it has an excellent test/retest reliability (ICC = 0.84 in ON, ICC = 0.77 in OFF), inter-rater/intra-rater reliability (ICC = 0.91 in ON, ICC = 0.90 in OFF) and internal consistency (Cronbach’s alpha = 0.85 in ON, Cronbach’s alpha = 0.88 in OFF). It also has moderate to high convergent validity in ON and OFF phases (ρ = 0.48–0.82) (Collin et al., 1988; Wade and Collin, 1988; Morley et al., 2012; Taghizadeh et al., 2020).

Feasibility: The Barthel Index is a straightforward tool that takes only a few minutes to complete and provides a global but comprehensive view of the patient’s ADL performance. It can be used in both the early and advanced stages of the disease because it can be used as a self-completion questionnaire or for direct observation. The rating system uses the numbers 0–unable, 1–requires assistance, and 2–independent, which does not allow for a detailed description of the difficulties in each task (Wade and Collin, 1988).



Lawton-brody instrumental activities of daily living scale

The Lawton-Brody scale was used in 4.7% (n = 6) of the included studies.

Construct assessed: Independent living skills.

Test description: Lawton and Brody developed this scale in 1969 to measure disability levels and assess parameters in community-dwelling older adults. This scale includes eight items, including telephone use, shopping, food preparation, housekeeping, laundry, public transportation use, self-medication management, and financial management. Patients are graded on a scale of 0 (cannot or partially perform) to 1 (can perform) based on their highest level of functioning. The total score ranges from 0 (low functioning, dependent) to 8 (high functioning, independent). The assessment takes about 10–15 min to complete (Graf, 2008).

Clinimetric properties: The clinimetric properties of the scale have not been assessed in the PD population. In older adults the instrument has adequate inter-rater reliability (ICC = 0.85). Its validity was tested by determining the correlation with four scales that measure domains of functional status: Physical Classification (6-point rating of physical health), Mental Status Questionnaire (10-point test of orientation and memory), Behavior and Adjustment rating scales (4–6-point measure of intellectual, person, behavioral, and social adjustment), and the Physical Self-Maintenance Scale (6-item ADLs) and all the correlations were significant at the.01 or.05 levels. The scale has also been validated for people with dementia, showing a moderate internal consistency and excellent test-retest reliability (Edwards, 1990; Graf, 2008; Hassani Mehraban et al., 2014; The Memora Group et al., 2021).

Feasibility: Unlike the most, the Lawton-Brody scale is focused on instrumental ADL. Despite being an easy and quick to use instrument, it may not be sensitive to small changes. Since some items, such as meal preparation and laundry, are the tasks and responsibilities not performed by institutionalized patients (and men in some cultures) its use is not advised, due to the fact that the lack of responsiveness to some questions is due to cultural differences, not because of the inability to perform those tasks.



Functional independence measure

The Functional Independence Measure (FIM) was used in 3.9% (n = 5) of the included studies.

Construct assessed: Disability.

Test description: The FIM is a seven-level ordinal scale with 18 items that assess a patient’s level of disability as well as changes in their status in response to a therapeutic intervention. The domains assessed are self-care independence, such as sphincter control, transfers, locomotion, communication, and social cognition, which are usually assessed through observation. The level of assistance required is used to grade functional status, which ranges from total independence to total assistance. The total score ranges from 18 to 126, with each item having a value ranging from 1 (complete dependence) to 7 (complete independence) (Dodds et al., 1993).

Clinimetric properties: The clinimetric properties of the scale have not been assessed in the PD population. Studies in older adults have shown an excellent test-retest reliability (ICC = 0.98) and studies in neurological disorders (not specified which) showed excellent internal consistency (Cronbach’s alpha = 0.95) (Keith et al., 1987; Dodds et al., 1993; Linacre et al., 1994; Hobart et al., 2001; Hsueh, 2002; Coster et al., 2006; Ng et al., 2007; Ellis et al., 2008).

Feasibility: The FIM provides realistic and detailed information about a patient’s level of self-care disability. It has the drawbacks of requiring training, being time-consuming (it takes 30–45 min to administer) and requiring environmental conditions that allow self-care tasks to be performed.



Alzheimer’s disease cooperative study – activities of daily living inventory

The Alzheimer’s Disease Cooperative Study – Activities of Daily Living Inventory (ADCS-ADL) was used in 3.9% (n = 5) of the included studies.

Construct assessed: Ability to perform ADLs.

Test description: The ADCS-ADL is a questionnaire administered by the rater, in in-person assessments, or by telephone. It was developed to identify which ADLs are useful for the assessment of patients in clinical trials in the Alzheimer’s disease (AD) field. It includes 23 items, 6 basic ADL items, and 17 instrumental ADL items. The total score ranges from 0 to 78, with a lower score indicating greater severity (Galasko et al., 1997).

Clinimetric properties: The ADCS-ADL was constructed specifically for use with AD patients. The clinimetric properties of the scale have not been assessed in the PD population (Galasko et al., 1997; Kahle-Wrobleski et al., 2014).

Feasibility: It is a time-consuming instrument, based on the patient/caregivers’ perspective on the ability to perform ADL. It was developed for AD and research purposes.





Discussion

According to our review, ADL was used as an outcome in 129 studies, with 114 (88.4%) using it as the primary outcome. A total of 37 different measurement instruments were used. Of the eight most used measurement instruments, the majority focused on the assessment of basic ADL, with only three including both basic and instrumental ADL assessment.


Recommended measurement instruments

According to our results, two measurement instruments can be classified as recommended: the MDS-UPDRS and the Schwab & England ADL scale (S&E scale). In some of the included studies, these scales were combined. Only the MDS-UPDRS assesses basic and instrumental ADL.

Regarding the MDS-UPDRS, both the full scale and the independent use of the section dedicated to ADL (Part II), proved to be useful in measuring ADL. The full scale can provide a more comprehensive perspective on how disease severity limits patients’ ability to perform ADL since, besides the patient questionnaire focused on ADL, it includes a motor assessment (a more objective measure) and a questionnaire about non-motor aspects and motor complications associated with PD. It also specifies if a patient was in an ON- or OFF-medication state. However, this is a time-consuming scale, for which the independent use of Part II can be, in some circumstances, a more feasible measurement instrument to evaluate ADL in PD patients.

While the MDS-UPDRS Part II covers both specific basic and instrumental ADL and explores the difficulty presented by the patient in performing each task, the S&E scale provides a global perspective of the level of independence in performing tasks in general. This can be useful in circumstances where a quick and global perspective of a patient’s level of disability is needed.

Although UPDRS complies with all the criteria required to achieve the level of “recommended” and was the most widely used scale for the clinical study of PD for several years, it was replaced by the MDS-UPDRS due to the need to correct some flaws and ambiguities present in the scale and include the evaluation of some relevant missing items. We propose that the MDS recommendation of using the revised version of the scale (the MDS-UPDRS) be followed in order to reduce the variability of the instruments used to assess ADL.



Suggested measurement instruments

Of the eight most used measurement instruments, only one, the Barthel Index, achieved the level of suggested. This is an instrument focused on basic ADL.

The Barthel Index provides a more complete perspective of patients’ ability to perform ADL than the S&E scale, but a less detailed perspective when compared with the MDS-UPDRS Part II. This measurement instrument was not specifically developed for PD patients, therefore, it does not have a disease-specific perspective when assessing ADL. It is a scale that can be used to evaluate patients through observation but is most often used as a self-completion questionnaire, which can be completed by the patient or caregiver. It has the advantage of being a scale that is simple to use and capable of being filled in by third parties in cases of cognitive deficit (common in advanced stages of the disease). It has the disadvantage of only covering basic ADL and not instrumental ADL. Future studies should study the clinimetric properties of the scale in people with PD. It is a very useful and feasible non-disease-specific instrument to assess ADL for example in institutionalized patients or rehabilitation centers.



Listed measurement instruments

Three of the eight most used measurement instruments were classified as listed: the Lawton-Brody scale, the FIM, and the ADCS-ADL. Clinimetric properties in the PD population are not available for any of these instruments. Only the ADCS-ADL assesses basic and instrumental ADL, the Lawton-Brody scale is the only instrument (of the eight analyzed) that only assesses instrumental ADL.

The Lawton-Brody scale has the added value of approaching instrumental ADL. However, it does not include the assessment of basic ADL and is only applicable in independent, non-institutionalized/hospitalized patients. Its use may be conditioned in some cultures where men do not perform certain tasks related to housekeeping (e.g., laundry). As PD is more common in men and is also a progressive disease, these factors may limit the use of the scale in clinical practice and research.

The FIM addresses basic ADL by dividing them into motor (Self-care, Sphincter control, Transfers, Locomotion) and cognitive (Communication, Social cognition). ADL can be assessed through observation or interview. Although it takes between 35 and 40 min to administer, it is a frequently used measurement instrument in health institutions for patients with different diagnoses, since it allows the monitoring of the patient’s evolution in response to both disease progression and therapeutic interventions, it is not limited to any stage of the disease and provides a multidisciplinary perspective.

The use of the ADCS-ADL, an instrument developed for patients with AD and not validated in PD, may, at first glance come as a surprise. In our opinion, the fact that this instrument is one of the most used is related to the fact that it evaluates, in a detailed way, an extensive set of ADL, including basic and instrumental ADL. Excluding the MDS-UPDRS, the remaining instruments analyzed here only assess one type of ADL, and the MDS-UPDRS itself does not present such a complete assessment. For research purposes, the ADCS-ADL could be a useful instrument, if its clinimetric properties are studied in PD. Its use in clinical practice is limited by the time it takes to apply.



Other potential useful measurement instruments

One of the included studies used wearable sensors to evaluate ADL.

The traditional measurement instruments, while accessible and useful, have certain limitations. These include: (1) only providing brief “snapshots” of a patient’s performance, with limited ability to capture how it fluctuates through the day and over time); (2) being subject to intra- and inter-rater variability; (3) requiring an in-person at the very least a telephone assessment; and (4) being time-consuming.

To overcome the limitations of traditional clinical scales, a plethora of new and improved devices have been developed thanks to technological advancements. These have the added value of: (1) capturing the full complexity and diversity of PD symptoms with higher sensitivity and accuracy; (2) providing a more realistic portrayal of patients’ performance; and (3) enabling closer monitoring of therapy response. However, while technology-based objective measures (TOMs) are very promising, some aspects of them need to be improved. The main disadvantage is that, despite significant and rapid advancements in device characteristics, algorithm development has lagged. Currently, issues like algorithmically analyzing captured data, defining truly relevant clinical information, and displaying it synthetically and intuitively need to be addressed.

Future research should explore the use of wearable sensors to monitor ADL in patients with PD, preferably in free-living and passively.




Conclusion

From the eight most used measurement instruments, two are classified as recommended: the MDS-UPDRS and the S&E scale. The full MDS-UPDRS can provide a more comprehensive perspective of patients’ ability to perform ADL, however, it is time-consuming to use in clinical routine. To overcome this difficulty, the MDS-UPDRS Part II, which focuses on ADL and assesses it through a self-administered questionnaire, can be used as an independent measurement instrument. If a more global perspective of patients’ independence in performing ADLs is sought, the S&E scale is a better option. As the development of TOMs continues, we believe that they might become the best tool to assess ADL in a real, unsupervised context.
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