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ABSTRACT
Background

Frailty is characterized by increased vulnerability to adverse
health outcomes. The prevalence of frailty across neurode-
generative disorders (NDD) is largely unknown. Symptoms of
frailty and NDD overlap, calling into question a tautology in
some frailty instruments. Our objectives were 1) to construct
a Frailty Index (FI) independent of NDD symptoms, and 2) to
estimate frailty prevalence in a broad NDD cohort using both
the Frailty Phenotype (FP) and the constructed FI as measures.

Methods

Data from the Canadian COMPASS-ND cohort study were as-
sessed for applicability to FI construction. Frailty status accord-
ing to FI and FP criteria were ascertained for each participant.

Results

81 items were selected for the FI. In the cohort (150 partici-
pants; 46% women; mean age 73.6+7.0; 10 NDD subgroups),
frailty was identified in 11% and 14% of participants accord-
ing to the FI and FP, respectively. The difference between
estimates was not significant. The FP classified most partici-
pants (84%) as pre-frail.

Conclusion

The presence of frailty elements, regardless of whether they
are part of NDD, is likely to influence health status. Given the
FP identified a large proportion of the cohort as pre-frail or
frail, it is likely worthwhile to identify frailty in the context
of NDD.

Key words: frailty, neurodegeneration, frailty index, frailty
phenotype, dementia

INTRODUCTION

Frailty, a clinically recognizable state, is characterized by
declining reserve and function across multiple physiologic
systems, resulting in a compromised ability to deal with
acute stressors.!) Numerous adverse outcomes are associated
with frailty including increased vulnerability to falls, dis-
ability, hospital admission, institutionalization, and mortality.
@) Identifying frailty is important for addressing care needs
and implementing strategies to mitigate or reverse frailty.)

The link between frailty and neurodegeneration, particu-
larly cognitive impairment, has been repeatedly demonstrated.
*5) Adding cognitive impairment to frailty models improves
the predictive validity for a range of adverse outcomes;
however, including cognitive impairment as a component of
frailty has not been done consistently.©®) Compared to robust
individuals, frail persons are eight times more likely to have
some form of dementia.®) Dementia commonly arises from
neurodegenerative disorders (NDD; a group of motor and
cognitive conditions in which progressive degeneration or
death of nerve cells results in debilitating diseases).”” While
frailty may accelerate cognitive deterioration, addressing
frailty might slow the onset of dementia and its progression.®

The literature suggests the prevalence of frailty in NDD
has only been reported in Alzheimer’s disease (AD) and
Parkinson’s disease (PD), using varied methodologies for
determining frailty status. A systematic review of mild-to-
moderate AD reported frailty prevalence estimates ranging
from 11.1-50.0%.®) The few frailty prevalence studies
available for PD reported results ranging from 22.2-69.4%
and did not distinguish between cognitive subtypes.(!%!1
Overall, little is known about the prevalence of frailty across
neurodegenerative disorders. Establishing these estimates is
necessary for developing frailty prevention and treatment
programs in NDD populations.

Determining the prevalence of frailty in NDD popu-
lations is complicated given that many characteristics of
NDD, including clinical features, prediction of outcomes,
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and risk factors, overlap with frailty.® In frailty litera-
ture, two of the most popular approaches to assess frailty
include: 1) a phenotype model referred to as the Frailty
Phenotype (FP), and 2) the Frailty Index (FI), which cap-
tures accumulated health deficits.(!>!3) The FP is used to
stratify individuals into risk profiles (e.g., robust, pre-
frail, or frail) according to five clinical criteria: shrinking,
weakness, exhaustion, slowness, and low activity.(!?) The
utility of the FP in patients with comorbidities has been
questioned, given the overlap of pathological processes
on aspects of the phenotype—an overlap which may arti-
ficially inflate frailty estimates. For this reason, individuals
with Parkinson’s disease, cognitive impairment, stroke,
and those taking antidepressants were excluded from the
original study.('>!¥ An alternative approach, the FI is a
flexible instrument without set criteria that can be con-
structed from most aging-related databases; variables that
overlap between pathological processes and frailty can be
excluded to allow estimates of frailty that are independent
of disease. As long as a minimum of 30—40 health deficits
meeting FI criteria are present, prediction of adverse out-
comes has been shown to be sufficiently accurate.('> The
thorough nature of the assessments made to calculate an
FI dually serve to capture a sufficient number of variables
to ensure frailty risk calculations are robust.(!®) To the best
of our knowledge, frailty prevalence has never before been
estimated broadly in NDD using the FP and FI.

The objectives of this study were to 1) construct an FI
independent of NDD features, and 2) to examine frailty in
participants from the Comprehensive Assessment of Neuro-
degeneration and Dementia (COMPASS-ND) study using the
FI and FP. We hypothesized that frailty prevalence estimates
made by the FP, with its fixed content, would be higher than
those made by an FI, customized as to be independent of
NDD disease states.

METHODS

Overview

This study analyzed the first data release of the COMPASS-
ND study (release date October 01, 2018; 150 participants
from 12 Canadian sites). All available data were used in this
analysis; future data releases are planned by the sponsor
pending completion of data monitoring procedures. A detailed
methodology has been published previously.!!”) Briefly, the
cross-sectional observational study collects clinical, neuropsy-
chological, MRI imaging, biomarkers, and sociodemographic
information from participants with subjective cognitive im-
pairment, mild cognitive impairment, subcortical ischemic
vascular mild cognitive impairment, AD, dementia of mixed
etiology, frontotemporal dementia, PD, PD with mild cogni-
tive impairment, PD with dementia, and Lewy body dementia.
Local ethics approval was obtained from the research ethics
committee of each participating centre.

Operational Definition: Frailty Phenotype

Minor adaptations were necessary to operationalize FP criteria
for use with COMPASS-ND study data (Table 1). The shrink-
ing criterion was met if participants reported unintentional
weight loss of >10 Ibs or 5% in the past year. Weakness
was determined by grip strength performance. Participants
performed three trials of grip strength using a handheld dy-
namometer with their dominant hand. Cut-off points set by
Fried et al.1? were used to determine whether the average of
each participant’s three trials met frailty criteria. Exhaustion
was measured via two self-report questions that were adapted
from Fried et al.'® related to constant fatigue. A response
indicating that at least a moderate amount of time (3—4 days
during the past week) was spent feeling like “everything...
was an effort” or that the participant “could not get going” was
scored as exhausted. Slowness criterion was met if the average
usual comfortable walking speed of participants over three
trials was recorded at less than 1 m/s as previously validated
and implemented in frailty research.(!8-2Y) The COMPASS-ND
gait protocol has been published previously.! Activity was
determined using an adapted version of the Physical Activity
Scale for the Elderly.*? Scores lower than 64 for men and 52
for women met frailty criteria.?9)

Per Fried et al.,'? the following overall frailty scoring
was applied: 1) Where no criteria were met, individuals were
considered robust; 2) Where one or two criteria were met, in-
dividuals were considered pre-frail; 3) If three or more criteria
were met, participants were classified as frail. Individuals with
missing data for one or more FP criteria were excluded from
the analysis if the missing data point(s) could potentially shift
the participant between risk profiles.

Operational Definition: Frailty Index

Eighty-one items were selected for the COMPASS-ND FI
(Table 2), according to expert opinion and FI construction
guidelines.('>) For the purpose of creating an unbiased index
across NDD, items related to neurological disecase were ex-
cluded (e.g., parkinsonism). Item coding was applied according
to the convention of ‘0’ indicating deficit absence and ‘1’ indi-
cating deficit presence. For ordinal and continuous variables,
intermediate scores were determined by expert opinion and/or
self-evident cut-points. The proportion of health deficits present
in an individual out of the total number of age-related health
variables considered was used to calculate an FI score. The FI
was considered in two ways: 1) as a continuous variable per the
intent of the original author, and 2) dichotomized in accordance
with a previously established cut-off value, such that individuals
with an FI score > 0.25 were considered frail.?%

Sources of Funding

This work was supported by the Canadian Consortium on
Neurodegeneration in Aging (CCNA) which itselfis supported
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TABLE 1.
Frailty Phenotype—operationalized definition

Frailty Characteristic

COMPASS-ND Study Operational Definitions

“Has the participant experienced any unintentional weight loss (= 10 Ibs. or 5% of body weight) in the past year?” If

Grip strength assessed over three trials. Average of trials compared to cut-off points (stratified by gender and body
mass index quartiles) determined by Fried et al.(!?) If failure to meet cut-off, point for weakness criterion given.

Participants asked: 1) How often during the last week did you feel that “everything you did was an effort”? and
2) How often during the last week did you feel that “you could not get going?” If participants answer “a moderate
amount of the time (3-4 days)” or “most of the time”, then point for exhaustion criteria given.

Walking speed assessed over three timed 6m walking trials. If average walking speed is assessed at less than 1 m/s, point

Point given if men score less than 64 and if women score less than 52 on the adapted Physical Activity Scale for

Shrinking yes, then point for weight loss criterion given.
Weakness
Exhaustion
Slowness .
for slowness criteria given.
Low Activity the Elderly.
0 points Robust
Scoring 1-2 points  Pre-frail

3+ points  Frail

by a grant from the Canadian Institutes of Health Research
with funding from several partners (www.ccna-ccnv.ca). The
CCNA designed the COMPASS-ND study, and funded subject
recruitment and data collection. The authors were funded
by the CCNA through involvement in various CCNA team
activities. This project was a collaboration between members
of Team 8 (Lewy Bodies, Aging and Dementia), Team 12
(Mobility, Exercise and Cognition), and Team 14 (How Multi-
Morbidity Modifies the Risk of Dementia and the Patterns of
Disease Expression). The CCNA and its partners had no role
in the design, analysis, or preparation of this paper.

Statistical Analysis

Descriptive statistics (counts, percentages, mean, and standard
deviation) were used to determine baseline characteristics over-
all and by NDD subgroup. Continuous FI score range, mean,
and median were determined according to FP classification and
for the overall cohort. We compared mean FI scores between
FP groups (robust, pre-frail, frail) using a one-way analysis of
variance (ANOVA). Multiple comparisons were performed
with the Tukey’s post hoc test. A cross tabulation of frailty
diagnoses made by the FP and FI was created with raw agree-
ment calculated. McNemar’s test was used to determine if the
proportion of individuals classified as frail by the FP and FI
differed. We also investigated the difference in mean FI scores
between sexes using an independent samples #-test. P values
< .05 were considered statistically significant. Analyses were
performed using SPSS Version 25.0 (IBM Corp., Armonk, NY).

RESULTS
The analysis included 150 participants from 10 NDD sub-

groups (Table 3). Frailty prevalence was estimated to be
11% (95% CI, 5.8-15.8) and 14% (95% CI, 8.0-19.0) by

the FI and FP, respectively. Estimates did not significantly
differ (McNemar’s test, p = .57). The FP identified 84% of
participants as pre-frail. The overall mean FI score was 0.15
+ 0.07 (Table 4). Mean FI scores did not differ significantly
between sexes (t-test, p = .13), and approximately equal
numbers of men and women were identified as frail by the FP
(9 women vs. 11 men). Mean FI scores differed significantly
between FP groups (robust, pre-frail, and frail) as determined
by one-way ANOVA (p = .01). During post hoc analysis, a
significant difference was found in mean FI scores between
the pre-frail and frail FP groups (p <.01). However, there were
no statistically significant differences between the robust and
frail groups or the robust and pre-frail groups. Table 5 shows
a cross tabulation of frailty classifications made by the two
instruments. The FI and FP tools agreed on 120 of 148 clas-
sifications (raw agreement, 81%).

Two MClI participants were excluded from the FP analysis
for missing gait data that were needed to definitively determine
risk profile. Regarding FP criteria, 72.3% of participants met
criteria for slowness, 34.7% for weakness, 26.0% for low
physical activity, 20.5% for exhaustion, and 6.0% for shrinking.
The FI analysis included all 150 participants as the minimum
criteria of 30—40 health deficits were universally satisfied. On
average, 80.4 variables were used to calculate FI score. For
130 participants, all 81 variables were available to calculate
frailty score. Among the other 20 participants, 80 variables were
available for 11 participants, 79 variables were available for 4
participants, and the remaining 5 participants had constructed
FIs from 77, 72, 66, 62, and 60 variables, respectively.

DISCUSSION

In this study, we examined frailty in NDD using two ap-
proaches. We obtained frailty prevalence estimates of 11%
and 14% for the FI and FP, respectively. As hypothesized,
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TABLE 2.

Frailty Index—operationalized definition

Category

Item

Coding

Basic Activities for

Daily Living
(6 Items)

Dressing and undressing
Eating

Taking care of appearance
Walking

Getting in/out of bed

Trouble getting to the bathroom in time

0 = without help
0 = without help
0 = without help
0 = without help
0 = without help
0=No 1 =Yes

0.5 = with some help
0.5 = with some help
0.5 = with some help
0.5 = with some help
0.5 = with some help

1 = completely unable
1 = completely unable
1 = completely unable
1 = completely unable

1 = completely unable

Instrumental

Activities for Daily

Using the telephone

Getting to places beyond walking distance

Going shopping for groceries of clothes

Preparing own meals

0 = without help
0 = without help
0 = without help
0 = without help

0.5 = with some help
0.5 = with some help
0.5 = with some help
0.5 = with some help

1 = completely unable
1 = completely unable
1 = completely unable

1 = completely unable

Living
(7 Ttems) Doing housework 0 = without help 0.5 = with some help 1 = completely unable
Taking medication 0 = without help 0.5 = with some help 1 = completely unable
Handling money 0 = without help 0.5 = with some help 1 = completely unable
Physical Health 0 = Excellent 0.33 = Good 0.66 = Fair 1 =Poor
Energy 0 = Excellent 0.33 = Good 0.66 = Fair 1 =Poor
Quality of Life Mood 0 = Excellent 0.33 = Good 0.66 = Fair 1 = Poor
(6 Items) Memory 0 = Excellent 0.33 = Good 0.66 = Fair 1 =Poor
Ability to do chores around the house 0 = Excellent 0.33 = Good 0.66 = Fair 1 =Poor
Ability to do things for fun 0 = Excellent 0.33 = Good 0.66 = Fair 1 =Poor
Unintentional weight loss 0=No 1 =Yes
Self-reported current health rating 0 = Very Good 0.25 = Good 0.50 = Average
0.75 = Poor 1 = Very Poor
Fatigue — everything an effort 0 = Rarely or none of the time OR Some or a little of the time
1 = A moderate amount OR most of the time
Fatigue — could not get going 0 = Rarely or none of the time OR Some or a little of the time
1 = A moderate amount OR most of the time
Falls in the past year 0=No 1 =Yes
Self-report eyesight 0 = Excellent 0.25 = Very Good 0.50 = Good
0.75 = Fair 1 = Poor or non-existent
Self-report hearing 0 = Excellent 0.25 = Very Good 0.50 = Good
0.75 = Fair 1 =Poor
Clinical . .
If-report tit 0= 033 = 0.66 =F 1=P
Assessment Self-report appetite Very good Good air oor
(61 Items) Coughing, choking, pain when swallowing 0 =Never 0.33 =Rarely 0.66 = Sometimes 1 = Often or always
Self-report mouth health 0 = Excellent 0.25 = Very Good 0.50 = Good
0.75 = Fair 1 =Poor
Eating discomfort due to mouth problems 0=Never 0.33 =Rarely 0.66 =Sometimes 1= Often
Avoid eating particular food due to mouth 0 =Never 0.33 =Rarely 0.66 =Sometimes 1= Often or always
Self-report sleep quality 0 = Very good 0.33 = Fairly good 0.66 = Fairly bad
1 = Very bad

Polypharmacy

Osteoarthritis
Rheumatoid arthritis
Other arthritis

Chronic respiratory condition

0.5 = 5-7 medications
2 = 14 or more medications

0 = 0-4 medications
1 = 8-13 medications

0=No 1 =Yes
0=No 1 =Yes
0=No 1 =Yes
0=No 1=Yes
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TABLE 2.
Continued
Category Item Coding

Shortness of breath 0=No 1=Yes
Sleep apnea 0=No 1="Yes
High blood pressure or hypertension 0=No 1 =Yes
Angina or chest pain =No 1 =Yes
Atrial fibrillation or irregular heart beat 0=No 1 ="Yes
Heart attack, congestive heart failure 0=No 1 =Yes
Peripheral vascular disease =No 1 =Yes
Hematologic disease =No 1 =Yes
Stroke or CVA 0=No 1 =Yes
Mini-stroke or TIA 0=No 1 =Yes
Episodes of fainting =No 1 =Yes
Type II diabetes 0=No 0.5=Borderline/high blood sugar 1=Type I or Type II diabetes
High cholesterol =No 1 =Yes
Hypothyroidism 0=No 1 =Yes
Hyperthyroidism =No 1 =Yes
Osteoporosis =No 1 =Yes
Stomach ulcers =No 1 =Yes
Inflammatory bowel disease 0=No 1 =Yes
Celiac disease 0=No 1 =Yes
Chronic constipation =No 1 =Yes

Clinical Bowel incontinence 0=No 1 =Yes

l(zslsitssﬁsn t Urinary incontinence 0=No 1 =Yes

Continued Cataracts 0=No 1="Yes
Glaucoma 0=No 1 =Yes
Macular degeneration =No 1=Yes
Cancer 0=No 1="Yes
Psoriasis 0=No 1 =Yes
Kidney disease =No 1=Yes
Liver disease =No 1="Yes
Hepatitis =No 1 ="Yes
HIV =No 1 ="Yes
Major depressive disorder =No 1 =Yes
Bipolar disorder =No 1 =Yes
Other mood disorder =No 1 =Yes
Generalized anxiety disorder =No 1 =Yes
Phobic disorder =No 1 =Yes
Obsessive compulsive disorder =No 1 =Yes
Panic disorder =No 1 =Yes
Post-traumatic stress disorder =No 1 =Yes
Schizophrenia =No 1 =Yes
Suicide attempt =No 1 =Yes
Hip replacement =No 1 =Yes
Knee replacement =No 1 =Yes
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TABLE 2.
Continued
Category Item Coding
Low Activity Physical activity (PASE Score) 0 = Score >64 for men or >52 for women
(1 Item) 1 = Score <64 for men or <52 for women
Frailty Index = Proportion of health deficits present in an individual out of the total number of age-related health
variables considered
. Frailty Index = Total Health Deficits Score / 81 Variables Considered
Scoring
Frailty Index Frail: > 0.25
Pre-frail: 0.09-0.24
Robust: <0.08
TABLE 3.
Demographic characteristics of older adults with neurodegenerative disorders
Neurodegenerative Disorder Subgroup
Overall SCI MCI V-MCI PD PD-MCI  PDD LBD FTD Mixed
Group Size (n) 150 24 64 6 8 6 3 7 3 8
Women
N (%) 69 (46) 18(75) 35(55) 1(17) 2 (25) 1(17) 0(0) 2(29) 2(67) 4 (50)
Age (years)
Mean (SD) 73.6 (7.0) 68.3 (5.5) 73.6 (6.7) 79.3 (3.0) 76.3 (7.3) 66.7 (6.0) 74.6 (6.6) 80.0 (2.6) 75.3 (4.9) 70.9 (7.3) 80.7 (3.7)

Education (years)

Mean (SD)
MoCA

Mean (SD)
Gait Speed (m/s)

Mean (SD)
Hoehn & Yahr Stage

Mean (SD) - - - -

15.6 (3.4) 17.2(33) 15.5(3.1) 17.3(5.0) 152 (2.8) 14.8 (3.0) 15.0 (2.7) 15.0 (2.6) 13.4(5.8) 16.0 (3.5) 14.4 (3.9)

23.1(4.5) 27.2(2.1) 24.0 (3.1) 24.3(3.6) 19.1 (3.3) 27.8(1.2) 22.2(2.6) 17.7 (7.1) 17.0 (3.5) 20.7 (6.0) 17.5 (3.3)

1.08(0.3) 0.9(0.2) 0.9¢(0.2) 0.9(0.1) 1.1(0.3) 0.8(0.1) 0.9(02) 1.3(0.1) 1.2(0.6) 0.9(0.2) 1.2(0.2)

1.9(0.4) 1.8(1.0) 2.5(0.7) 2.3(0.8) - -

#Data unavailable for 2 MCI.

SCI = subjective cognitive impairment; MCI = mild cognitive impairment; V-MCI = subcortical ischemic vascular mild cognitive
impairment; AD = Alzheimer’s disease; PD = Parkinson’s disease; PD-MCI = Parkinson’s disease with mild cognitive impairment; PDD
= Parkinson’s disease with dementia; FTD = frontotemporal dementia; Mixed = dementia of mixed etiology; SD = standard deviation.

the FP estimated higher frailty prevalence than the FI. Even
so, the similarity in frailty prevalence estimates reported here
supports previous research showing considerable convergence
between the FP and FI approaches to frailty.?*) The presence
of frailty elements, regardless of whether or not they are part
of a neurodegenerative disorder, is likely to influence an indi-
vidual’s health status; so it is likely still worthwhile to identify
frailty in the context of NDD. Further, frailty (as deficit ac-
cumulation) appears to increase the risk of cognitive impair-
ment—including dynamically—and modify the relationship
between Alzheimer neuropathology and dementia.?>2%) For
example, even people with low levels of plaques and tangles
are at risk for dementia if their frailty levels are high.>®

Compared to previous frailty estimates in AD (11.1—
50.0%)® and PD (22.2-69.4%),(1%1D there was less frailty in
our sample than expected. Although it is difficult to compare
our findings with previous studies, given varying frailty mea-
sures and disease severities, our low frailty estimates suggest
a volunteer bias of less frail participants may have resulted
from the demanding protocol of the COMPASS-ND study.
By nature, the COMPASS-ND cohort recruits patients with
milder disease despite its “all-comers” approach to NDD.?7)
As such, our participants may be unusually high-functioning,
possibly resulting in an underestimation of the true prevalence
of frailty among patients with NDD. Conversely, the applica-
bility of our findings is increased by having examined frailty
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TABLE 4.
Frailty Index score range, mean, and median by Frailty Phenotype classification group for neurodegenerative disorders overall
Frailty Index Score
95% Confidence Interval .
N Range Mean (SD) for Mean Median
Robust 4 0.07-0.18 0.13 (0.05) 0.06-0.20 0.14
Frailty Phenotype o g5 124 0.02-0.35 0.15 (0.07) 0.14-0.16 0.15
Classification

Frail 20 0.12-0.37 0.20 (0.07) 0.17-0.23 0.18

Overall 148 0.02-0.37 0.15 (0.07) 0.14-0.16 0.15
TABLE 5.

Agreement and disagreement on frailty classifications made by the Frailty Phenotype and Frailty Index

Frailty Index Classification

Non-frail Frail Total
Frailty Phenotype Robust or Pre-frail 116 12 128
Classification Frail A "
Total 132 16 148

in a broad cohort of NDD patients, as individuals within this
population commonly have uncertain diagnoses, overlapping
pathology, or are fluctuating or transitioning between cogni-
tive states. At this time, data in individual neurodegenerative
groups were insufficient for subgroup analysis. Similarly, we
believe the lack of statistically significant difference in mean
FI score between the robust group and the other groups may
be attributable to the small sample size identified as robust (n
= 4). Future analyses to be completed on the full dataset (to
be comprised of 1,650 participants across 30 sites recruited
by September 2020) will examine how expressions of frailty
and frailty risk may differ between neurodegenerative sub-
groups; ultimately, longitudinal follow-up should determine
the impact of frailty on progression of NDD.

Guidelines currently recommend screening for frailty
in all individuals over 70 years of age and all individuals
with significant weight loss (=5%) due to chronic disease.
) Our findings suggest these guidelines are suboptimal for
NDD patients. In our cohort, slowness was the most likely
FP criterion to be met by NDD patients, with 65% of frail
participants and 76% of pre-frail participants satisfying this
criterion. This result supports previous findings that gait
speed can be used as a screening method to detect pre-frail
individuals at risk of dementia, adverse events, and future
functional decline.® One notable approach to frailty screen-
ing, as introduced in the United Kingdom, may be to integrate
an electronic FI into existing electronic medical records
systems for routine identification and management of frailty.
29 Given that estimates of pre-frailty in this study were
approximately double those seen in non-neurodegenerative

populations,®? we recommend screening all NDD patients
for frailty as part of regular care.

We have provided operationalized definitions for future
examinations of frailty in COMPASS-ND cohorts and other
studies of NDD. Frailty screening using appropriate criteria
is a public health priority as it provides clinicians with the
opportunity to implement interventions that may serve to
prevent frailty and benefit cognition, driving down health-
care costs and increasing patient quality of life. Although the
FP and FI diagnosed frailty comparably in NDD, as health
systems increasingly move to electronic medical records, the
ability to integrate the FI into existing databases may be a
significant advantage for detecting frailty in populations with
and without comorbidities.
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