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a b s t r a c t

When treating older adults, a main factor to consider is physical frailty. Because specific assessments in
clinical trials are frequently lacking, critical appraisal of treatment evidence with respect to functional
status is challenging. Our aim was to identify and categorize assessments for functional status given in
clinical trials in older adults to allow for a retrospective characterization and indirect comparison of
treatment evidence from these cohorts. We conducted 4 separate systematic reviews of randomized and
nonrandomized controlled clinical trials in older people with hypertension, diabetes, depression, and
dementia. All assessments identified that reflected functional status were analyzed. Assessments were
categorized across 4 different functional status levels. These levels span from functionally not impaired,
slightly impaired, significantly impaired, to severely impaired/disabled. If available from the literature,
cut-offs for these 4 functioning levels were extracted. If not, or if the existing cut-offs did not match the
predefined functional levels, cut-off points were defined by an expert group composed of geriatricians,
pharmacists, pharmacologists, neurologists, psychiatrists, and epidemiologists using a patient-centered
approach. We identified 51 instruments that included measures of functional status. Although some of
the assessments had clearly defined cut-offs across our predefined categories, many others did not. In
most cases, no cut-offs existed for slightly impaired or severely impaired older adults. Missing cut-offs or
values to adjust were determined by the expert group and are presented as described. The functional
status assessments that were identified and operationalized across 4 functional levels could now be used
for a retrospective characterization of functional status in randomized controlled trials and observational
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Fig. 1. (A) Benefit-risk relation for treatment regimens
vulnerable older people.
studies. Allocated categories only serve as approximations and should be validated head-to-head in
future studies. Moreover, as general standard, upcoming studies involving older adults should include
and explicitly report functional impairment as a baseline characteristic of all participants enrolled.
� 2018 AMDA e The Society for Post-Acute and Long-Term Care Medicine. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
To optimally tailor drug therapy in older adults to their specific
needs, it is desirable to identify, evaluate, and critically appraise the
available evidencewith respect to not only chronological age but other
factors. Epidemiologic longitudinal studies have demonstrated that
functional status, disability, or frailty were more predictive for mor-
tality or other relevant endpoints than, for example, the number of
comorbidities or age alone.1e4 As a consequence, at least some
guideline committees are already working on separate recommen-
dations for functionally impaired older adults.5 However, evidence is
still very limited because of the exclusion of functionally dependent
patients from clinical studies and because it is impossible to compare
cohorts in treatment studies with respect to functional status.6,7

Although the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) has recom-
mended to include frail older adults in clinical trials in 1993,8 most
studies have not yet followed this advice. A few studies, however, did
include frail older people. Recent examples are the Systolic blood
PRessure INtervention Trial (SPRINT) and the HYpertension in the Very
Elderly Trial (HYVET) for the treatment of arterial hypertension. Both
have demonstrated positive effects of tighter blood pressure control,
even in prefrail and apparently frail older adults, identified by the
frailty index.9,10 This does not resemble findings from observational
studies that show that the more severely impaired may not benefit
anymore.3,4 These uncertainties often spark great controversies as
observed with the development of the Joint National Committee (JNC-
8) guideline on arterial hypertension.11e13 The call for inclusion of frail
people has been repeated in the 2007 statement paper by the Euro-
pean Medicines Agency (EMA),14 such as the statement on points to
consider on frailty (EMA/CHMP/778709/201515) or the EU DIRECTIVE
2001/83/EC.16 Frailty, however, is an extremely heterogeneous term,
still awaiting an international consensus definition. It is accepted that
frailty can be considered a vulnerable state that often results in
disability, loss of autonomy, and dependency. Frailty is, therefore,
subsequently tightly linked to functional status.17

Functional status can be characterized by measures of activities of
daily living, performance-based tests on physical functioning, or
interview-based questionnaires on functional abilities.18 Functional
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parameters can also be found in all tools on physical frailty and a
variety of assessments addressing functional status have been devel-
oped and included in studies.19 In addition to the International Clas-
sification of Diseases (ICD), the WHO has developed the International
Classification of Functioning, Disability and Health (ICF) to standardize
the assessment of health and disability across all social and cultural
contexts.20 Impaired functional status may result in dependency and
disability, in line with the disablement process model by Verbrugge
and Jette21 and the ICF framework.

Nobody would ever question that functional status at least
implicitly influences everyday treatment decisions in older people. As
an example, high-risk treatments such as chemotherapy would in
most cases not be considered appropriate for functionally impaired
older people (Figure 1A). Our hypothesis is that for less aggressive
treatments, the benefit-harm turnover, where the risk for harm is
greater than the expected benefit, shifts toward the functionally
severely impaired and disabled older people, but that it still does exist
and has to be considered for most treatment decisions (Figure 1B).
Therefore, all information on functional status that can be found in
available clinical trials and observational studies should be used to
classify treatment evidence across the functional trajectory.

For that purpose, all assessments that include a sufficient number
of parameters on functional status could be used as proxies to
approximately characterize the population of interest according to
their functional level. This also applies to assessments on physical
frailty. In the following, we will explain our rationale and why we are
confident that this approach would be of use for the scientific com-
munitydat least until all new treatment studies include appropriate
tests on functional status as well as a significant number of older
adults with functional impairments.
Methods

The Medication and Quality of Life research group is a German
network by the Ruprecht-Karls University of Heidelberg, the Albrecht-
Ludwigs University of Freiburg i. Br., and Ulm Universit. It consists of
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geriatricians, internists, epidemiologists, neurologists, psychiatrists,
clinical pharmacologists, and clinical pharmacists. The overall goal of
the project is to identify the highest level of evidence for drug treat-
ment of older people across different functional status levels and
include this evidence in computer-adapted decision tools, taking into
account individual preferences in order to facilitate treatment de-
cisions in everyday clinical life. The first 2 work packages are devoted
to the compilation of systematic literature reviews on common
chronic diseases for older adults, beginning with arterial hyperten-
sion,22 and the categorization of this evidence across different func-
tional status levels. As part of 3 ongoing systematic reviews of
randomized and nonrandomized controlled clinical trials in older
people with hypertension, dementia, and diabetes, all assessments
reflecting functional status identified in such trials were collected.
Definition of Functional Categories

In order to rate the evidence across defined functional levels, the
group first had to agree on the optimal and minimal number of
categories needed to differentiate between treatments across
different disease entities. A consensus was reached on categorizing
functional status across the following 4 different levels to optimally
account for findings from different clinical trials involving older adults
and to account for clinical feasibility: (1) functionally independent,
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Fig. 2. Proposed functional status levels for the retro
(2) slightly impaired, (3) significantly impaired, and (4) severely
impaired/disabled/dependent older adults. Figure 2 describes the
prototypic person for each category. The category on the disabled,
functionally severely impaired older adults includes all of those that
are mostly or totally dependent on help by relatives or professionals,
and often live in long-term care or nursing homes. Many assessments,
especially those on frailty, lack information about this last (disability/
dependency) category, which we consider necessary in order to
discuss treatment recommendations for several slowly progressing
chronic diseases.
Identification of Functional and Physical Frailty Assessments

As part of 3 systematic literature reviews within a larger project on
available evidence for drug treatment of frail older adults,22 we
identified assessments of physical function or physical frailty that
were used in any of these studies. In addition, we conducted a
nonsystematic search using the search terms function(al) assessment,
function(al) measure, function(al) test, frailty assessment, frailty score,
and frailty scale to identify additional indices, scores, and function-
ality/frailtymeasures that are related to functionality/frailty or, at least
to some extent, relate to functional decline and/or disability. Our
expert group added further instruments that were not found by the
mentioned procedures. No additional restrictions were made.
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spective characterization of study populations.
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Categorization of Assessment Quality With Respect to Functional
Status

Following our concept, all applicable assessments had to report on
physical functioning/functional status, and function measures should
contribute substantially to the overall assessment or be reported
separately. Ideally, most measures or questionnaires should be related
to lower extremity and mobility domains because of their greater
impact on activities of daily living and dependency.23 All tools
complying with these requirements were rated as functional quality
category A. Assessments that contained rather few functional or
physical frailty items or which only implicitly addressed these items
(eg, within a rating of general health such as ASA, Karnofsky, or ECOG
Performance Scores) were rated as category B. All assessments that
solely addressed different concepts such as physical activity or
morbidity or that did not allow differentiation of 4 functional levels
according to our method were excluded.

After identifying the instruments, we proceeded to extract their
cut-offs for the 4 defined functional levels. For those instruments
where no cut-off values were established from the literature that
resembled our predefined categories, or where the existing cut-offs
did not match our functional concept, cut-offs based on functional
status were proposed following these steps:

1. Critical evaluation of items, taking into account the maximum
and minimum item results and item weights, the used scoring
system and its clinical interpretation, followed by determining
what best possible result a person could optimally obtain in a
given functionality category in each item.

2. Determination of the upper cut-off points by counting the re-
sults, whereas the lower cut-offs result from the upper ones of
the next lower functional status level.

3. Discussion and review of the results within the expert group
and final statement.
With the resulting proposal, studies for diverse treatments in

older people could be reevaluated according to functional status
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Fig. 3. Flow chart of the identification
of participants in order to construct Geriatric evidence maps.
These maps should be clearly separated for functional status and
for evidence levels according to standard approaches. They would
list the number of studies showing a positive effect, neither a
positive nor a negative effect, or a negative effect of a certain
treatment for clinically relevant outcomes depending on func-
tional status.
Results

A total of 67,037 studies were screened as part of the 3 systematic
reviews as described above. Complemented by the result of the non-
systematic literature search and the additions of the expert group, 80
assessments were identified and critically evaluated. Twenty-nine
assessments were excluded, and 51 were rated according to our pre-
defined method. Forty-seven were assigned to category A and 4 to
category B (Figure 3).

Possible cut-off points for this nonconclusive list of 51 instruments
are presented in Tables 1 and 2. For better overview, frailty-oriented
assessments are presented separately in Table 1, whereas Table 2
summarizes all other assessments that include functional status
items and could be classified across our predefined functional
categories. A list of included and excluded assessments with com-
ments on the reasons for inclusion or exclusion can be found in
Supplement 1. Ratings of individual assessment items are provided in
Supplement 2.

Available cut-offs for all 4 defined functional levels were consid-
ered present in 5 of 51 assessments; 6 assessments had only pre-
defined cut-offs for some of the functional levels (eg, without
discrimination between “functionally independent” and “functionally
slightly impaired”) and it was not possible to calculate the missing
cut-offs. The remaining assessments were partly (n¼ 3) or completely
(n ¼ 33) processed according to our algorithm. For the clinical judg-
ment scores (n ¼ 4), we had to estimate which clinical conditions
mostly fit the 4 functional levels.
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Table 1
Frailty Indices and Scores to Categorize Patients According to Their Functional Status/Frailty Stage*

Scores and Indices/
Functional Category

Functionally
Independent

Functionally
Slightly
Impaired

Functionally Significantly
Impaired/Partially
Dependent

Functionally Severely Impaired/
Disabled/Mostly or Totally
Dependent

Functional
Quality
Category

Comprehensive Assessment of Frailty
(CAF)43,44

1-5 6-22 23-30 31-35 A

Cardiovascular Health Study (CHS,
Fried) Frailty Scale17

0 0-2 3 4-5 A

Clinical Frailty Scale45 1-2 3-4 5-6 7-8 A
Frailty predicts death One year after
Elective Cardiac Surgery Test
(FORECAST)43,46

1 2-6 7-12 13-14 A

Gill Frailty Measure47 �10 s to walk 3.0 m forth and
back as quickly as possible
and able to stand up from a
chair with arms folded

>10 s to walk 3.0 m forth and back as
quickly as possible or unable to stand
up from a chair with arms folded

>10 s to walk 3.0 m forth and back as
quickly as possible and unable to
stand up from a chair with arms
folded

A

Program of Research on Integration of
Services for the Maintenance of
Autonomy (PRISMA)d748

0 1-2 3 4-7 A

Frail Non-Disabled (FiND)
Questionnaire49,50

0 0-1 (A/B) 2 (A/B) þ 0-1 (C/D/E) ¼ 2-3 2 (A/B) þ 2-3 (C/D/E) ¼ 4-5 A

Fatigue, Resistance, Ambulation,
Illnesses, Loss of Weight (FRAIL)
Scale51

0 0-1 2 3-5 A

Frailty/Vigor Assessment52 <4 frailty criteria, 4 vigor
criteria

4 frailty criteria, �3 vigor criteria >4 frailty criteria, �3 vigor criteria A

FRail Elderly Support researcH group
(FRESH) Screening Instrument53

0 0-2 3 4-5 A

Gérontopôle Frailty Screening Tool54 0 1 �2 A
Groningen Frailty Indicator55 0 0-1 2-4 5-15 A
MacArthur Study of Successful Aging
(MSSA)56

0 0-3 4 �5 A

Study of Osteoporotic Fractures (SOF)57 0 1 2-3 A
Tilburg Frailty Indicator (Part B)58 0 1-4 5 6-15 A
Canadian Study on Health and Aging
(CSHA, Rockwood) Frailty Index (min.
30 items)41

0-0.1 >0.1 and � 0.21 >0.21 and � 0.45 >0.45 A-By

*For the determination of cut-offs: see supplement 2 and methods above.
yDepends on the index used in the study that is to be examined because index is composed individually in every study. Index should, therefore, be scrutinized with respect

to items reflecting functional status.

S. Brefka et al. / JAMDA xxx (2018) 1e9 5
Discussion

We identified and categorized 51 assessments across 4 predefined
functional status levels, which could now be used to characterize a
study population according to functional status. We also defined
categories that allow for quality ratings of all functional assessments
identified. With our proposed approach, evidence maps for certain
treatments in older people could be constructed, clearly separated for
functional status and for evidence levels according to standard
approaches.

To our knowledge, such an approach has not been taken before.We
believe that our results can be useful for improving the critical
appraisal of the available literature by setting the results of clinical
trials into a functional perspective. This would improve information
for stakeholders and health professionals on the (lack of) evidence on
medical treatments across a trajectory of functionally independent
older adults versus those with functional impairments up to disability
and functional dependency.

Following our hypothesis, the benefit-risk relation of certain
treatments changes along the trajectories of functional status
depending on the clinical condition. Implications of this observation
can be exemplified by different guidelines on arterial hypertension
that recommend different systolic blood pressure targets for older
people. Although most of them still endorse 150 mmHg for those
�80 years old, newer trials such as the SPRINT study shatter these
recommendationsdeven in frail older people. Frailty in SPRINT was
measured by amodified frailty index as proposed by Rockwood.24 This
frailty indexwas generated out of 37 items, of which only 4 itemswere
related to functional status (gait speed, washing and dressing com-
bined, limitations with moderate activities, and climbing a flight of
stairs), applying a multidimensional approach to increasing vulnera-
bility. According to our functional approach, it would be rated category
B and should be critically appraised in evidence maps focusing on
functional status. Therefore, SPRINT (or HYVET9) might not contradict
findings from observational trials that included participants with
higher functional impairments or disability such as the PARTAGE
study in nursing homes3 or a population-based study using data from
the National Health and Nutrition Examination Survey.4 Some
guidelines have taken up these findings. For example, the 2013 ESH/
ESC guideline recommends that in frail older adults blood pressure
should be lowered as tolerated.25 These results seem to be comparable
to other chronic diseases such as chronic obstructive pulmonary dis-
ease26 or osteoporosis,27 where standard treatments could be rec-
ommended up to frail, but possibly not functionally severely impaired,
activities of daily livingedependent older people. When treatments
are known to possibly cause more severe adverse drug reactions,
deviations from standard recommendations in older people could
even become necessary earlier during the functional trajectory. Ex-
amples can be found for antidepressant medication of major depres-
sive disorders,28 or even more pronounced for chemotherapy29 and
treatment of diabetes with an increased risk of hypoglycaemia.30

Frailty instruments were also included and rated according to our
approach. Although many focus on physical frailty and, therefore,
include many functional status measures, many others do not. The



Table 2
Other Indices and Scores to Categorize Patients According to Their Functional Status*

Scores and Indices/Functional Category Functionally
Independent

Functionally
Slightly
Impaired

Functionally Significantly
Impaired/Partially
Dependent

Functionally Severely
Impaired/Disabled/
Mostly or Totally
Dependent

Functional
Quality
Category

Barthel ADL-Index59 100 75-100 45-70 0-40 A
Berg Balance Scale60 55-56 38-54 9-37 �8 A
Bristol ADL Scale61 0 1-7 8-36 �37 A
Functional Independence Measure (FIM)62 126 105-126 64-104 18-63 A
5-Chair-Rise63 �15 s >15 s Unable A
Gait Speed64,65 �1.0 m/s <1.0 and � 0.8 m/s <0.8 and � 0.5 m/s <0.5 m/s A
Groningen Activity Restriction Scale (GARS)66 18-21 22-36 37-68 �69 A
Handgrip strength67,68 �32 kg _

�20 kg \

26-31.9 kg _

16-19.9 kg \

19-25.9 kg _

15.3-15.9 kg \

�18.9 kg _

�15.2 kg \

A

Interview for Deterioration in Daily Living
Activities in Dementia (IDDD)69

36 (initiation),
0 performance

36 (initiation),
0-2 performance

36 (initiation),
3-36 performance

36 (initiation), �37
performance

A

Katz ADL Index70 6 4-6 2-3 0-1 A
Knee extensor strength71 �3.0 Nm/kg <3.0 Nm/kg A
Lawton IADL Index72 8 8 4-7 0-3 A
Minimum Data Set (MDS) ADL73,74 0 0-3 4-18 �19 A
Modified Physical Performance Test (MPPT)75 32-36 19-31 3-18 �2 A
Nürnberger Alters-Alltagsaktivitäten (NAA)
Scale76

20 20-24 25-39 �40 A

Nürnberger Alters-Beobachtungen (NAB)
Scale76

15 15-19 20-29 �30 A

Physical Self-Maintenance Scale (PSMS) ADL
(range 0-6)72

6 3-6 1-2 0 A

Physical Self-Maintenance Scale (PSMS) original
observer-rated version (range 6-30)77

6 6-10 11-21 �22 A

Physical Self-Maintenance Scale (PSMS) self-
rated version (range 8-24)78

24 21-24 10-20 �9 A

6-Minute-Walk79 >300 m �300 m A
Short Physical Performance Battery (SPPB)80 10-12 7-9 3-6 0-2 A
Timed Up and Go81 <10 s �10 and < 20 s �20 and < 30 s �30 s A
Vulnerable Elders Survey (VES) 1382,83 0 or 3 (if participant

gets 3 points for age)
0-6 or 3-9 (if participant
gets 3 points for age)

7-10 or 10 (if participant
gets 3 points for age)

A

Alzheimer’s Disease Cooperative Study (ADCS)
ADL Scale84,85

78 72-78 38-71 �37 A

Disability Assessment for Dementia (DAD)86,87 100% >90%-100% >47.5%-90% �47.5% A
Epic Assessment System (EASY) Care88 49-50 51-59 60-80 �81 A
Multidimensional Prognostic Index (MPI)89 0-0.33 0.34-0.66 0.67-1.0 A
Short Form (SF) 12 (PCS)90 50.5-56.6 40.3-50.4 29.7-40.2 �29.6 A
Short Form (SF) 36 (PCS)91e93 48.7-64.0 29.6-48.6 21.2-29.5 �21.1 A
Score Hospitalier d’Evaluation du Risque de
Perte d’Autonomie (SHERPA)94

0 0-1 1.5-3 3.5-11.5 A

Triage Risk Screening Tool (TRST)95 0 0-1 2-5 A
American Society of Anesthesiologists (ASA)
Score96

I-II II-III III-IV IV-V B

Eastern Cooperative Oncology Group (ECOG)97 0 1-2 3-4 B
Falls Efficacy ScaleeInternational (FES-I)98 16 17-32 33-48 49-64 B
Karnofsky Index99 100 80-90 60-70 10-50 B

(I)ADL, (instrumental) activities of daily living.
*For the determination of cut-offs: see supplement 2 and methods above.
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heterogeneity of frailty definitions is huge. And because frailty has
been defined primarily clinically, its etiology has been discussed in
comparable complexity as its operationalization. Potential causative
pathways that have been hypothesized include sarcopenia,31 senes-
cent immune remodeling,32 neurodegeneration,33 or even poly-
pharmacy.34 Therefore, frailty assessments sometimes even include
biomarkers35 or psychological parameters such as cognition
(Edmonton Frail Scale36). This heterogeneity has led to the definition
of derived concepts such as cognitive frailty,37 cardiovascular frailty,38

or social frailty.39 The most common assessment instruments are the
clinical phenotype model by Fried (the Frailty phenotype, often also
called physical frailty)17 and the deficit model by Rockwood and
Mitnitski (the Frailty Index).40,41 Although the frailty phenotype
model includes mainly functional status items, the estimated frailty
index according to the deficit model depends very much on the pa-
rameters collected in each study. As a result, it hardly ever includes the
same parameters and, for example, as demonstrated above, in the
SPRINT study mostly assesses multimorbidity. Thus, in every study
where deficit models are used to characterize frail older people, these
models have to be judged individually according to our proposed
criteria.

Following strictly our concept of functional impairment, we
excluded those frailty scores that did not contain at least 25% physical
functionality. Furthermore, not all models span the full range from no
or little impairment to disability and dependency. Even physical frailty
models such as the clinical phenotype by Fried usually do not include
dependency, with the consequence of limited applicability to identify
these functional states. Because treatment recommendations for
many chronic diseasesmight not be different for frail older adults until
evident disability occurs, as shown above, we need to span a wider
range of functional status including dependency. Nevertheless, in the
context of early identification of (imminent) frailty and prevention of
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functional decline, frailty assessments and their implementation and
application are still essential.

When rating evidence according to functional levels, several out-
comes should be considered. An individual’s personal preferences can
change along the life course and, apart from overall survival, can range
from longevity to quality of life or disability-free life years.42 Terms
such as quality-adjusted life years (QALYs) and disability-adjusted life
years (DALYs) have to be mentioned in this context as appropriate
endpoints. As an example, frequent falls because of hypotensionmight
be more threatening to an individual person than the risk of suffering
a cerebral ischemia within the next years. However, cerebral ischemia
can have catastrophic consequences, and physicians are responsible
for clearing up any misunderstandings about the disabling results of a
major stroke before they accept to withhold essential treatment.
Guidelines including stratification of treatment goals according to
physical frailty or functionality could support these clinical decisions.
If no evidence for the functionally severely impaired is available,
treatment choices should be made according to the available disease-
specific guidelines. These considerations very clearly demonstrate the
need to be as precise as possible when critically appraising evidence
for individual diseases in older adults, and that tailoring treatment
approaches according to chronological age never really hits the mark.

Strengths and Limitations

Because of the non-systematic approach of our review, Tables 1
and 2 summarize only the most common instruments used in clin-
ical settings and do not represent an exhaustive list. Nevertheless, our
study proposes a new approach to disentangle functionality levels
across different instruments and new instruments can always be
added, following our approach. The decision that an assessment or
score sufficiently reflects physical function is always contestable. We
are aware that several proposed assessments do not primarily mea-
sure functional status and should be interpreted with caution and
within the individual context. For certain indices the cut-off values
were very difficult to determine and consensus not easy to reach.
Especially, disentangling the functional levels “independent” and
“slightly impaired” was not always possible or sometimes only
resulted in very small differences. For example, when evaluating the
Lawton IADL, we determined a difference of only 1 point between a
functionally independent and a functionally significantly impaired
patient, taking into account that only 1 of the inquired instrumental
activities of daily living would most likely not be achievable for a
significantly impaired older person, which is “taking care of all
shopping needs independently.”

Tables 1 and 2 also include some assessments that do not explicitly
measure functionality but provide information about general health
such as the ASA Score and Karnofsky Index. In addition, from a con-
ceptual point of view, a proxy-rated activities of daily living index
cannot be compared with performance-based assessments such as
gait speed or handgrip strength. However, this proposal has to be
considered a reasoned viewpoint to provoke and inform further dis-
cussion about necessary changes in clinical trial planning for older
people. In addition, because of the frequent lack of measurements on
functionality, these instruments could still help to retrospectively
characterize the study population in relation to the participants’
functional limitation and/or dependency better than by simply using
age as the primary stratifying variable.We encourage identifyingmore
suitable assessments and adding them to our list by evaluation ac-
cording to our proposed method. We are aware that cognitive
impairment and mental health (eg, depression) are not explicitly
included by focusing on functional status. However, as mentioned
above, deficits in these domains also may lead to functional decline
and disability downstream within the disablement process. Our
strong focus on physical function allows for rating and
characterization of all kinds of different treatments from antihyper-
tensives to antidementive or antidepressant therapies.

Conclusion

According to the available evidence, differences in treatment ef-
fects and outcomes seem to affect mostly individuals with (severe)
functional impairments and disability. Most clinical trials and obser-
vational studies in older adults have not included appropriate as-
sessments to allow for a functional categorization of their participants.
However, they might provide some other information about func-
tional status, which could be used as a proxy to rate the population
under study. For the retrospective characterization of frail and func-
tionally impaired older people in clinical trials and observational
studies, we propose cut-off points for 51 existing assessments on
functional status and physical frailty across 4 common categories. The
scientific and clinical community should strive for inclusion of
appropriate assessments on functionality in every future study in
order to clearly identify any of the following categories: independent,
slightly impaired, significantly impaired, and disabled. Expanding the
CONSORT reporting guideline with this item would further help to
support the search, analysis, synthesis, and interpretation of evidence
in older people not just based on the chronological age but according
to one of the most critical modulators of clinical endpoints in older
people: functional status.

Supplementary Data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jamda.2018.11.008.

References

1. Landi F, Liperoti R, Russo A, et al. Disability, more than multimorbidity, was
predictive of mortality among older persons aged 80 years and older. J Clin
Epidemiol 2010;63:752e759.

2. Evans SJ, Sayers M, Mitnitski A, Rockwood K. The risk of adverse outcomes in
hospitalized older patients in relation to a frailty index based on a compre-
hensive geriatric assessment. Age Ageing 2014;43:127e132.

3. Benetos A, Labat C, Rossignol P, et al. Treatment with multiple blood pressure
medications, achieved blood pressure, and mortality in older nursing home
residents: The PARTAGE Study. JAMA Intern Med 2015;175:989e995.

4. Odden MC, Peralta CA, Haan MN, Covinsky KE. Rethinking the association of
high blood pressure with mortality in elderly adults: The impact of frailty. Arch
Intern Med 2012;172:1162e1168.

5. Scherbaum WA, Kerner W, Hader C, et al. Evidence-based guidelines on the
diagnosis, treatment and follow-up of type 2 diabetes in the elderly. Available
at: https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur
/Leitlinien/Englische_Leitlinien/GUIDELINE_DM_IN_ELDERLY_05_2004_19090
6.pdf. Accessed October 25, 2017.

6. Bourgeois FT, Orenstein L, Ballakur S, et al. Exclusion of elderly people from
randomized clinical trials of drugs for ischemic heart disease. J Am Geriatr Soc
2017;65:2354e2361.

7. Broekhuizen K, Pothof A, de Craen AJM, Mooijaart SP. Characteristics of ran-
domized controlled trials designed for elderly: A systematic review. PLoS One
2015;10:e0126709.

8. International Conference on Harmonisation of technical requirements for
registration of pharmaceuticals for human use. ICH Harmonised Tripartite
Guideline. Studies in support of special populations: Geriatrics E7. Current step
4 version, 24 June 1993. Available at: http://www.ich.org/fileadmin/Public_
Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf.
Accessed October 25, 2017.

9. Warwick J, Falaschetti E, Rockwood K, et al. No evidence that frailty modifies
the positive impact of antihypertensive treatment in very elderly people: An
investigation of the impact of frailty upon treatment effect in the HYpertension
in the Very Elderly Trial (HYVET) study, a double-blind, placebo-controlled
study of antihypertensives in people with hypertension aged 80 and over. BMC
Med 2015;13:78.

10. Williamson JD, Supiano MA, Applegate WB, et al. Intensive vs standard blood
pressure control and cardiovascular disease outcomes in adults aged � 75
years: A randomized clinical trial. JAMA 2016;315:2673e2682.

11. James PA, Oparil S, Carter BL, et al. 2014 evidence-based guideline for the
management of high blood pressure in adults: Report from the panel members
appointed to the Eighth Joint National Committee (JNC 8). JAMA 2014;311:
507e520.

https://doi.org/10.1016/j.jamda.2018.11.008
https://doi.org/10.1016/j.jamda.2018.11.008
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref1
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref1
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref1
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref1
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref2
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref2
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref2
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref2
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref3
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref3
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref3
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref3
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref4
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref4
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref4
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref4
https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Englische_Leitlinien/GUIDELINE_DM_IN_ELDERLY_05_2004_190906.pdf
https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Englische_Leitlinien/GUIDELINE_DM_IN_ELDERLY_05_2004_190906.pdf
https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Leitlinien/Englische_Leitlinien/GUIDELINE_DM_IN_ELDERLY_05_2004_190906.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref6
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref6
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref6
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref6
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref7
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref7
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref7
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E7/Step4/E7_Guideline.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref9
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref10
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref10
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref10
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref10
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref10
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref11
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref11
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref11
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref11
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref11


S. Brefka et al. / JAMDA xxx (2018) 1e98
12. Wright JT, Fine LJ, Lackland DT, et al. Evidence supporting a systolic blood
pressure goal of less than 150 mm Hg in patients aged 60 years or older: The
minority view. Ann Intern Med 2014;160:499e503.

13. Finks S, Ripley TL. Sorting it out: What JNC 8 is and what it is not. J Manag Care
Spec Pharm 2015;21:110e112.

14. Adequacy of guidance on the elderly regarding medicinal products for human
use. Available at: http://www.ema.europa.eu/docs/en_GB/document_library/
Scientific_guideline/2010/01/WC500049541.pdf. Accessed July 24, 2017.

15. European Medicines Agency. Frailty: Evaluation instruments for baseline
characterisation of clinical trial populations. Available at: http://www.ema.
europa.eu/ema/index.jsp?curl¼pages/regulation/general/general_content_001
232.jsp&mid¼. Accessed December 17, 2017.

16. EUR-Lex. Directive 2001/83/EC of the European Parliament and of the Council
of 6 November 2001 on the Community code relating to medicinal products for
human use. Available at: http://eur-lex.europa.eu/legal-content/EN/TXT/?
uri¼CELEX:02001L0083-20081230. Accessed December 17, 2017.

17. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: Evidence for a
phenotype. J Gerontol A Biol Sci Med Sci 2001;56:M146eM156.

18. Rubenstein LZ, Schairer C, Wieland GD, Kane R. Systematic biases in functional
status assessment of elderly adults: Effects of different data sources. J Gerontol
1984;39:686e691.

19. Azzopardi RV, Vermeiren S, Gorus E, et al. Linking frailty instruments to the
international Classification of functioning, disability, and health: A systematic
review. J Am Med Dir Assoc 2016;17:1066.e1e1066.e11.

20. World Health Organization. International Classification of Functioning,
Disability and Health (ICF). Geneva: World Health Organization; 2001.

21. Verbrugge LM, Jette AM. The disablement process. Soc Sci Med 1994;38:1e14.
22. PROSPERO protocol: Antihypertensive pharmacotherapy in frail older adults: A

systematic review on efficacy and safety. Available at: https://www.crd.york.ac.
uk/PROSPERO/display_record.asp?ID¼CRD42017067253. Accessed July 20,
2017.

23. Guralnik JM, Ferrucci L, Pieper CF, et al. Lower extremity function and subse-
quent disability: Consistency across studies, predictive models, and value of
gait speed alone compared with the short physical performance battery.
J Gerontol A Biol Sci Med Sci 2000;55:M221eM231.

24. Pajewski NM, Williamson JD, Applegate WB, et al. Characterizing frailty status
in the systolic blood pressure Intervention trial. J Gerontol A Biol Sci Med Sci
2016;71:649e655.

25. Mancia G, Fagard R, Narkiewicz K, et al. 2013 ESH/ESC guidelines for the
management of arterial hypertension: The Task Force for the management of
arterial hypertension of the European Society of hypertension (ESH) and of the
European Society of Cardiology (ESC). J Hypertens 2013;31:1281e1357.

26. Valente S, Pasciuto G, Bernabei R, Corbo GM. Do we need different treatments
for very elderly COPD patients? Respir Int Rev Thorac Dis 2010;80:357e368.

27. Bolland MJ, Grey AB, Gamble GD, Reid IR. Effect of osteoporosis treatment on
mortality: A meta-analysis. J Clin Endocrinol Metab 2010;95:1174e1181.

28. Mallery L, Moorhouse P, McLean-Veysey P, et al. Systematic review and meta-
analysis of antidepressants for depression in frail older adults with and without
dementia and the neuropsychiatric symptoms of dementia. Available at:
https://cdn.dal.ca/content/dam/dalhousie/pdf/faculty/medicine/departme
nts/core-units/cpd/Research/ADreview2016.pdf. Accessed October 25, 2017.

29. Handforth C, Clegg A, Young C, et al. The prevalence and outcomes of frailty in
older cancer patients: A systematic review. Ann Oncol 2015;26:1091e1101.

30. Laubscher T, Regier L, Bareham J. Diabetes in the frail elderly: Individualization
of glycemic management. Can Fam Physician 2012;58:543e546.

31. Cesari M, Landi F, Vellas B, et al. Sarcopenia and physical frailty: Two sides of
the same coin. Front Aging Neurosci 2014;6:192.

32. Denkinger MD, Leins H, Schirmbeck R, et al. HSC aging and senescent immune
remodeling. Trends Immunol 2015;36:815e824.

33. Robertson DA, Savva GM, Kenny RA. Frailty and cognitive impairmentda re-
view of the evidence and causal mechanisms. Ageing Res Rev 2013;12:
840e851.

34. Saum K-U, Schöttker B, Meid AD, et al. Is polypharmacy associated with frailty
in older people? Results from the ESTHER cohort study. J Am Geriatr Soc 2017;
65:e27ee32.

35. Sanchis J, Núñez E, Ruiz V, et al. Usefulness of clinical data and biomarkers for
the identification of frailty after acute coronary syndromes. Can J Cardiol 2015;
31:1462e1468.

36. Rolfson DB, Majumdar SR, Tsuyuki RT, et al. Validity and reliability of the
Edmonton frail scale. Age Ageing 2006;35:526e529.

37. Montero-Odasso MM, Barnes B, Speechley M, et al. Disentangling cognitive
frailty: Results from the gait and Brain study. J Gerontol A Biol Sci Med Sci
2016;71:1476e1482.

38. Tabara Y, Igase M, Miki T, et al. Orthostatic hypertension as a predisposing
factor for masked hypertension: The J-SHIPP study. Hypertens Res 2016;39:
664e669.

39. Bunt S, Steverink N, Olthof J, et al. Social frailty in older adults: A scoping re-
view. Eur J Ageing 2017;14:323e334.

40. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a proxy
measure of aging. ScientificWorldJournal 2001;1:323e336.

41. Rockwood K, Song X, Mitnitski A. Changes in relative fitness and frailty across
the adult lifespan: Evidence from the Canadian National population health
Survey. CMAJ 2011;183:E487eE494.
42. Fried TR, Tinetti ME, Iannone L, et al. Health outcome prioritization as a tool for
decision making among older persons with multiple chronic conditions. Arch
Intern Med 2011;171:1854e1856.

43. Sündermann S, Dademasch A, Rastan A, et al. One-year follow-up of patients
undergoing elective cardiac surgery assessed with the Comprehensive
Assessment of Frailty test and its simplified form. Interact Cardiovasc Thorac
Surg 2011;13:119e123. discussion 123.

44. Sündermann S, Dademasch A, Praetorius J, et al. Comprehensive assessment of
frailty for elderly high-risk patients undergoing cardiac surgery. Eur J Car-
diothorac Surg 2011;39:33e37.

45. Rockwood K. Clinical frailty scale, version 1.2, 2007-2009. Available at: http://
camapcanada.ca/Frailtyscale.pdf. Accessed January 4, 2018.

46. Sündermann SH, Dademasch A, Seifert B, et al. Frailty is a predictor of short-
and mid-term mortality after elective cardiac surgery independently of age.
Interact Cardiovasc Thorac Surg 2014;18:580e585.

47. Gill TM, Baker DI, Gottschalk M, et al. A program to prevent functional decline
in physically frail, elderly persons who live at home. N Engl J Med 2002;347:
1068e1074.

48. Raîche M, Hébert R, Dubois M-F. PRISMA-7: A case-finding tool to identify
older adults with moderate to severe disabilities. Arch Gerontol Geriatr 2008;
47:9e18.

49. The FiND questionnaire. Available at: http://www.frailty.net/wp-content/
uploads/FiND_Questionnaire_English.pdf. Accessed January 2, 2018.

50. Cesari M, Demougeot L, Boccalon H, et al. A self-reported screening tool for
detecting community-dwelling older persons with frailty syndrome in the
absence of mobility disability: The FiND questionnaire. PLoS One 2014;9:
e101745.

51. Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. J Nutr Health Aging
2012;16:601e608.

52. Speechley M, Tinetti M. Falls and injuries in frail and vigorous community
elderly persons. J Am Geriatr Soc 1991;39:46e52.

53. Kajsa E, Katarina W, Sten L, Synneve I-D. Screening for frailty among older
emergency department visitors: Validation of the new FRESH-screening in-
strument. BMC Emerg Med 2016;16:27.

54. Vellas B, Balardy L, Gillette-Guyonnet S, et al. Looking for frailty in community-
dwelling older persons: The Gérontopôle Frailty Screening Tool (GFST). J Nutr
Health Aging 2013;17:629e631.

55. Bielderman A, van der Schans CP, van Lieshout M-RJ, et al. Multidimensional
structure of the Groningen Frailty Indicator in community-dwelling older
people. BMC Geriatr 2013;13:86.

56. Sarkisian CA, Gruenewald TL, John Boscardin W, Seeman TE. Preliminary evi-
dence for subdimensions of geriatric frailty: The MacArthur study of successful
aging. J Am Geriatr Soc 2008;56:2292e2297.

57. Ensrud KE, Ewing SK, Taylor BC, et al. Comparison of 2 frailty indexes for
prediction of falls, disability, fractures, and death in older women. Arch Intern
Med 2008;168:382e389.

58. Gobbens RJJ, van Assen MALM, Luijkx KG, Schols JMGA. The predictive validity
of the Tilburg Frailty Indicator: Disability, health care utilization, and quality of
life in a population at risk. Gerontologist 2012;52:619e631.

59. Mahoney FI, Barthel DW. Functional evaluation: The Barthel index. Md State
Med J 1965;14:61e65.

60. Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring balance in the
elderly: Validation of an instrument. Can J Public Health 1992;83(suppl 2):
S7eS11.

61. Bucks RS, Ashworth DL, Wilcock GK, Siegfried K. Assessment of activities of
daily living in dementia: Development of the Bristol activities of daily living
scale. Age Ageing 1996;25:113e120.

62. Keith RA, Granger CV, Hamilton BB, Sherwin FS. The functional independence
measure: A new tool for rehabilitation. Adv Clin Rehabil 1987;1:6e18.

63. Buatois S, Perret-Guillaume C, Gueguen R, et al. A simple clinical scale to
stratify risk of recurrent falls in community-dwelling adults aged 65 years and
older. Phys Ther 2010;90:550e560.

64. Cesari M, Kritchevsky SB, Penninx BWHJ, et al. Prognostic value of usual gait
speed in well-functioning older peopledresults from the Health, Aging and
Body Composition Study. J Am Geriatr Soc 2005;53:1675e1680.

65. Weidung B, Boström G, Toots A, et al. Blood pressure, gait speed, and mortality
in very old individuals: A population-based cohort study. J Am Med Dir Assoc
2015;16:208e214.

66. Suurmeijer TP, Doeglas DM, Moum T, et al. The Groningen Activity Restriction
Scale for measuring disability: Its utility in international comparisons. Am J
Public Health 1994;84:1270e1273.

67. Alley DE, Shardell MD, Peters KW, et al. Grip strength cutpoints for the iden-
tification of clinically relevant weakness. J Gerontol A Biol Sci Med Sci 2014;69:
559e566.

68. Bohannon RW, Bear-Lehman J, Desrosiers J, et al. Average grip strength: A
meta-analysis of data obtained with a Jamar dynamometer from individuals 75
years or more of age. J Geriatr Phys Ther 2007;30:28e30.

69. Voigt-Radloff S, Leonhart R, Schützwohl M, et al. Interview for Deterioration in
daily living activities in dementia: Construct and concurrent validity in patients
with mild to moderate dementia. Int Psychogeriatr 2012;24:382e390.

70. Katz S. Assessing self-maintenance: Activities of daily living, mobility, and
instrumental activities of daily living. J Am Geriatr Soc 1983;31:721e727.

http://refhub.elsevier.com/S1525-8610(18)30640-6/sref12
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref12
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref12
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref12
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref13
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref13
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref13
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500049541.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500049541.pdf
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001232.jsp&amp;mid=
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001232.jsp&amp;mid=
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001232.jsp&amp;mid=
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_001232.jsp&amp;mid=
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001L0083-20081230
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001L0083-20081230
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02001L0083-20081230
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref17
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref17
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref17
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref18
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref18
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref18
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref18
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref19
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref19
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref19
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref19
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref20
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref20
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref21
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref21
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017067253
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017067253
https://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42017067253
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref23
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref23
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref23
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref23
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref23
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref24
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref24
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref24
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref24
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref25
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref25
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref25
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref25
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref25
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref26
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref26
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref26
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref27
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref27
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref27
https://cdn.dal.ca/content/dam/dalhousie/pdf/faculty/medicine/departments/core-units/cpd/Research/ADreview2016.pdf
https://cdn.dal.ca/content/dam/dalhousie/pdf/faculty/medicine/departments/core-units/cpd/Research/ADreview2016.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref29
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref29
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref29
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref30
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref30
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref30
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref31
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref31
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref32
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref32
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref32
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref33
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref33
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref33
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref33
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref33
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref34
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref34
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref34
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref34
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref35
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref35
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref35
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref35
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref36
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref36
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref36
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref37
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref37
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref37
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref37
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref38
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref38
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref38
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref38
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref39
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref39
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref39
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref40
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref40
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref40
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref41
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref41
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref41
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref41
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref42
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref42
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref42
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref42
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref43
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref43
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref43
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref43
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref43
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref44
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref44
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref44
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref44
http://camapcanada.ca/Frailtyscale.pdf
http://camapcanada.ca/Frailtyscale.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref46
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref46
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref46
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref46
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref47
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref47
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref47
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref47
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref48
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref48
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref48
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref48
http://www.frailty.net/wp-content/uploads/FiND_Questionnaire_English.pdf
http://www.frailty.net/wp-content/uploads/FiND_Questionnaire_English.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref50
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref50
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref50
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref50
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref51
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref51
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref51
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref51
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref52
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref52
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref52
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref53
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref53
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref53
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref54
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref54
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref54
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref54
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref55
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref55
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref55
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref56
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref56
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref56
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref56
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref57
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref57
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref57
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref57
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref58
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref58
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref58
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref58
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref59
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref59
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref59
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref60
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref60
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref60
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref60
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref61
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref61
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref61
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref61
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref62
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref62
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref62
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref63
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref63
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref63
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref63
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref64
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref64
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref64
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref64
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref64
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref65
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref65
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref65
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref65
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref66
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref66
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref66
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref66
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref67
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref67
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref67
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref67
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref68
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref68
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref68
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref68
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref69
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref69
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref69
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref69
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref70
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref70
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref70


S. Brefka et al. / JAMDA xxx (2018) 1e9 9
71. Ploutz-Snyder LL, Manini T, Ploutz-Snyder RJ, Wolf DA. Functionally relevant
thresholds of quadriceps femoris strength. J Gerontol A Biol Sci Med Sci 2002;
57:B144eB152.

72. Lawton MP, Brody EM. Assessment of older people: Self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179e186.

73. Morris JN, Fries BE, Morris SA. Scaling ADLs within the MDS. J Gerontol A Biol
Sci Med Sci 1999;54:M546eM553.

74. Hawes C, Morris JN, Phillips CD, et al. Development of the nursing home
Resident assessment instrument in the USA. Age Ageing 1997;26(suppl 2):
19e25.

75. Brown M, Sinacore DR, Binder EF, Kohrt WM. Physical and performance
measures for the identification of mild to moderate frailty. J Gerontol A Biol Sci
Med Sci 2000;55:M350eM355.

76. Oswald WD, Fleischmann UM. Nürnberger-Alters-Inventar (NAI). Testinventar
& NAI- Testmanual und Textband. 4th edition. Göttingen, Germany: Hogrefe
Verlag für Psychologie; 1997.

77. Lawton MP. Physical Self-Maintenance Scale (PSMS) original observer-rated
version. Psychopharmacol Bull 1988;24:793e794.

78. Lawton MP. Physical self-maintenance scale (PSMS) self-rated version. Psy-
chopharmacol Bull 1988;24:795e797.

79. Boxer R, Kleppinger A, Ahmad A, et al. The 6-minute walk is associated with
frailty and predicts mortality in older adults with heart failure. Congest Heart
Fail 2010;16:208e213.

80. da Câmara SMA, Alvarado BE, Guralnik JM, et al. Using the Short Physical
Performance Battery to screen for frailty in young-old adults with distinct
socioeconomic conditions. Geriatr Gerontol Int 2013;13:421e428.

81. Podsiadlo D, Richardson S. The timed “up & Go”: A test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 1991;39:142e148.

82. Saliba D, Elliott M, Rubenstein LZ, et al. The vulnerable Elders Survey: A tool for
identifying vulnerable older people in the community. J Am Geriatr Soc 2001;
49:1691e1699.

83. Smets IHGJ, Kempen GIJM, Janssen-Heijnen MLG, et al. Four screening in-
struments for frailty in older patients with and without cancer: A diagnostic
study. BMC Geriatr 2014;14:26.

84. Galasko D, Bennett D, Sano M, et al. An inventory to assess activities of daily
living for clinical trials in Alzheimer’s disease. The Alzheimer’s Disease Coop-
erative Study. Alzheimer Dis Assoc Disord 1997;11:S33eS39.

85. Rózsa S, Brandmüller A, Nagy B, et al. The psychometric properties of
ADCSdactivities of daily living inventory and comparison of different ADL
scores. Available at: http://eprints.whiterose.ac.uk/10889/. Accessed
September 26, 2017.

86. Gauthier L, Gélinas I. DADdCanada/EnglishdMapi research Institute. Available
at: http://inesss.qc.ca/fileadmin/doc/INESSS/Rapports/Geriatrie/MA_TNC
_DAD_scale.pdf. Accessed September 26, 2017.

87. Gélinas I, Gauthier L, McIntyre M, Gauthier S. Development of a functional
measure for persons with Alzheimer’s disease: The disability assessment for
dementia. Am J Occup Ther 1999;53:471e481.

88. Craig C, Chadborn N, Sands G, et al. Systematic review of EASY-care needs
assessment for community-dwelling older people. Age Ageing 2015;44:
559e565.

89. Pilotto A, Ferrucci L, Franceschi M, et al. Development and validation of a
multidimensional prognostic index for one-year mortality from comprehen-
sive geriatric assessment in hospitalized older patients. Rejuvenation Res 2008;
11:151e161.

90. Ware JE, Kosinski M, Keller SD, editors. SF-12: How to score the SF-12 Physical
and Mental Health Summary scales. second edition; 1995.

91. 36-Item short form Survey (SF-36) scoring instructions. Available at: https://
www.rand.org/health/surveys_tools/mos/36-item-short-form/scoring.html.
Accessed January 1, 2018.

92. Taft C, Karlsson J, Sullivan M. Do SF-36 summary component scores accurately
summarize subscale scores? Qual Life Res 2001;10:395e404.

93. Ware JE, Sherbourne CD. The MOS 36-item Short-Form Health Survey (SF-36).
I. Conceptual framework and item selection. Med Care 1992;30:473e483.

94. Cornette P, Swine C, Malhomme B, et al. Early evaluation of the risk of func-
tional decline following hospitalization of older patients: Development of a
predictive tool. Eur J Public Health 2006;16:203e208.

95. Meldon SW, Mion LC, Palmer RM, et al. A brief risk-stratification tool to predict
repeat emergency department visits and hospitalizations in older patients dis-
charged from the emergency department. Acad Emerg Med 2003;10:224e232.

96. Saklad M. Grading of patients for surgical procedures. Anesthesiology 1941;2:
281e284.

97. Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
Eastern Cooperative Oncology group. Am J Clin Oncol 1982;5:649e655.

98. Yardley L, Beyer N, Hauer K, et al. Development and initial validation of the falls
efficacy scaleeinternational (FES-I). Age Ageing 2005;34:614e619.

99. Karnofsky DA, Burchenal JH. The clinical evaluation of chemotherapeutic
agents in cancer. In: MacLeod CM, editor. Evaluation of Chemotherapeutic
Agents. New York: Columbia University Press; 1949. p. 196.

http://refhub.elsevier.com/S1525-8610(18)30640-6/sref71
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref71
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref71
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref71
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref72
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref72
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref72
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref73
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref73
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref73
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref74
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref74
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref74
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref74
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref75
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref75
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref75
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref75
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref76
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref76
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref76
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref77
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref77
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref77
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref78
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref78
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref78
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref79
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref79
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref79
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref79
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref80
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref80
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref80
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref80
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref81
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref81
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref81
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref82
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref82
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref82
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref82
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref83
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref83
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref83
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref84
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref84
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref84
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref84
http://eprints.whiterose.ac.uk/10889/
http://inesss.qc.ca/fileadmin/doc/INESSS/Rapports/Geriatrie/MA_TNC_DAD_scale.pdf
http://inesss.qc.ca/fileadmin/doc/INESSS/Rapports/Geriatrie/MA_TNC_DAD_scale.pdf
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref87
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref87
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref87
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref87
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref88
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref88
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref88
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref88
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref89
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref89
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref89
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref89
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref89
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref90
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref90
https://www.rand.org/health/surveys_tools/mos/36-item-short-form/scoring.html
https://www.rand.org/health/surveys_tools/mos/36-item-short-form/scoring.html
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref92
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref92
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref92
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref93
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref93
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref93
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref94
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref94
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref94
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref94
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref95
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref95
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref95
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref95
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref96
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref96
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref96
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref97
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref97
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref97
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref98
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref98
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref98
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref98
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref99
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref99
http://refhub.elsevier.com/S1525-8610(18)30640-6/sref99

	A Proposal for the Retrospective Identification and Categorization of Older People With Functional Impairments in Scientifi ...
	Methods
	Definition of Functional Categories
	Identification of Functional and Physical Frailty Assessments
	Categorization of Assessment Quality With Respect to Functional Status

	Results
	Discussion
	Strengths and Limitations

	Conclusion
	Supplementary Data
	References


