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Key Points

� Frailty prevalence varies for the Frailty Phenotype, a frailty index, and the Clinical Frailty Scale in transplant
candidates.

� Agreement between these measures for determining frailty status was variable, suggesting they measure different
aspects of frailty.

� The frailty index and the Clinical Frailty Scale were associated with a shorter time to death or waitlist withdrawal in
an unadjusted analysis.

Abstract
Background Comparisons between frailty assessment tools forwaitlist candidates are a recognized priority area for
kidney transplantation. We compared the prevalence of frailty using three established tools in a cohort of waitlist
candidates.

MethodsWaitlist candidateswereprospectivelyenrolledfrom2016 to2020acrossfivecenters. Frailtywasmeasured
using the Frailty Phenotype (FP), a 37-variable frailty index (FI), and the Clinical Frailty Scale (CFS). The FI and CFS
were dichotomized using established cutoffs. Agreement was compared using k coefficients. Area under the
receiver operating characteristic (ROC) curves were generated to compare the FI and CFS (treated as continuous
measures) with the FP. Unadjusted associations between each frailty measure and time to death or waitlist
withdrawal were determined using an unadjusted Cox proportional hazards model.

Results Of 542 enrolled patients, 64% were male, 80% were White, and the mean age was 54614 years. The
prevalence of frailty by the FP was 16%. The mean FI score was 0.2360.14, and the prevalence of frailty was 38%
(score of$0.25). ThemedianCFS scorewas three (IQR, 2–3), and the prevalencewas 15% (score of$4). The k values
comparing the FP with the FI (0.44) and CFS (0.27) showed fair to moderate agreement. The area under the ROC
curves for theFPandFI/CFSwere0.86 (good) and0.69 (poor), respectively. Frailtyby theCFS (HR, 2.10; 95%CI, 1.04
to 4.24) and FI (HR, 1.79; 95% CI, 1.00 to 3.21) was associatedwith death or permanent withdrawal. The association
between frailty by the FP and death/withdrawal was not statistically significant (HR, 1.78; 95% CI, 0.79 to 3.71).

Conclusion Frailty prevalence varies by themeasurement tool used, and agreement between thesemeasurements is
fair to moderate. This has implications for determining the optimal frailty screening tool for use in those being
evaluated for kidney transplant.
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Introduction
Frailty is a state of increased vulnerability due to degenera-
tion in multiple systems, and has been shown to be highly
predictive of morbidity and mortality in the elderly (1).
Frailty can be defined by a Frailty Phenotype (FP), which is
defined by physical characteristics, or as an accumulation of
deficits across multiple domains, as in a frailty index (FI) (2).
Regardless of the definition used, frailty is highly preva-

lent in patients with kidney disease. Among those receiving
dialysis, pooled prevalence using the FPhas been reported at
37% (3). In those post–kidney transplantation, the prevalence
has been estimated at almost half of that amount (20%) (4).
Not only is frailty highly prevalent in patients with kidney
disease, it is also associated with morbidity and mortality,
similarly to those without kidney disease (5).
To date, few studies describe the prevalence of frailty in

those being evaluated for kidney transplant, despite a recent
multinational position paper identifying the need to include
frailty in the waitlist evaluation as a priority area for trans-
plantation (6). In a large cohort studymeasuring frailty in can-
didates for kidney transplant by the FP, 13%of the cohortwas
considered frail (7). Although informative, it is known that
frailty status differs by the instrument used (8). It is uncertain
which instruments yield themost clinically relevantmeasure-
ment of frailty or how frail transplant candidates differ
betweenmeasures. Gaining a better understanding of the dif-
ferences in measured frailty using alternate tools in those
being evaluated for kidney transplant has recently been iden-
tified as an important area of research (9).
We conducted a multicenter cohort study of Canadian

kidney transplant waitlist candidates to (1) describe the pre-
valence of frailty using three commonly used assessment
tools (the FP, the Clinical Frailty Scale [CFS], and an FI),
(2) identify patient characteristics associated with frailty by

each measure, (3) determine the level of agreement between
measures, (4) assess the ability of theCFS and FI at predicting
frailty status by the FP, and (5) determine the effect of frailty
by each measure on time to death or permanent withdrawal
from the waitlist.

Materials and Methods
Study Design and Participants

Five Canadian tertiary care centers that evaluate patients
for waitlist eligibility (Nova Scotia, N51; New Brunswick,
N51; Quebec, N51; and Ontario, N52) enrolled patients
and collected data for this longitudinal cohort study (10).
The aim of the primary study was to evaluate frailty among
patients activated to thewaitlist (on the basis of an assessment
using all threemeasures conducted66months from thewait-
list date) and risk of death or permanentwithdrawal from the
waitlist. However, acknowledging differences in the process
for waitlist activation at each site, in this study, we included
patients whether or not their workup was complete. Patients
unwilling to consent or unable to complete the frailty assess-
ments without the help of a substitute decision maker were
excluded. Only the first assessment of frailty with all three
measures was used for participants with follow-up visits. In
a prespecified sensitivity analysis, we restricted the cohort
to participants with all three measures completed within 6
months of their activation date (Figure 1). This study was
approved by the research ethics boards of all participating
centers.

Outcome Definitions
Frailty status was assessed using the FP, an FI, and the

CFS. The FP comprises five components: shrinking (self-
report of.5% unintentional weight loss over the preceding
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Figure 1. | Cohort derivation.
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year on the basis of dry weight), exhaustion (self-report),
weakness (average grip strength below an established cut-
off), inactivity (estimated kilocalories per week below an
established cutoff), and slowness (timed walk below an
established cutoff) (11). This measure was chosen as the pri-
mary assessment tool due to the breadth of prior study valid-
ity (12–14). Both the Minnesota Leisure Time Activities
(MLTA) scale and the International Physical Activity Ques-
tionnaire (IPAQ) were used to assess inactivity (15,16). The
MLTA, being the scale used in the original FP,was used pref-
erentially, and the IPAQwas only used in patientswhere the
MLTA was not performed (n541, 8%). To calculate a
patient’s frailty score, eachmeasurewas gradedas eitherpre-
sent (one) or absent (zero), and then summed. A score of
three ormore classified a patient as frail, one or two classified
a patient as prefrail, and zero classified a patient as fit (11).
An FI is a measure of deficit accumulation with character-

istic properties that is cohort specific and contains$30 vari-
ables acrossmultiple domains (17). The FI score is the ratio of
deficits present in an individual to the total number of index
deficits, with scores ranging from zero to one. The approach
to creating an FI has been validated regardless of the items
used, and FIs can use health record data and patient self-
report items (18). We developed a 37-item transplant
waitlist–specific FI using a standardized approach with an
expert panel (a geriatrician, three transplant nephrologists,
and a general nephrologist) for content validity. This index
was tested in a cross-section of transplant candidates from
Halifax, Nova Scotia (Supplemental Table 1). The mean
index scorewas 0.1560.10 (five out of 37 items) and themax-
imum score was 0.44 (16 items) (10). In prespecified sensitiv-
ity analyses, because the transplant-specific FI included the
five components of the FP among its 37 deficits, we also
analyzed agreement using a 32-item FI (without the FP
components).
The CFS relies on clinical judgment to score a patient’s

frailty severity on a scale from one (very fit) to eight (very
severely frail). The CFS is highly reliable (r50.84–0.95) for
multiple raters in a dialysis population, and is correlated
with the FI in the general (r50.80) and dialysis population
(r50.57) (19).
At sites where waitlist eligibility is assessed in person by

one nephrologist (N53), site research coordinators con-
ducted the tests and questionnaires to determine the FP
and FI on this date. For the two remaining sites (inNova Sco-
tia and New Brunswick), acceptance to the waitlist is made
by a committee along with an in-person assessment by the
patients’ primary nephrologist. Eligible patients affiliated
with these sites were identified by transplant recipient coor-
dinators, and frailty assessments were performed by site
research coordinators. For the FP and FI, all physicians
assessing patients for waitlist eligibility were blinded to the
results. In contrast, the CFS was assessed by the physician
determining waitlist eligibility and/or the patient’s primary
nephrologist.
Patients were followed for outcomes (death, transplant,

permanent and temporary withdrawal) until March 2021.
For the survival analysis, a composite outcome of death or
permanent withdrawal from the waitlist was used. For the
purposes of this analysis, patients who were withdrawn on
a temporary basis for .90 days and who were not

reactivated during the study period were also considered
to be permanently withdrawn.

Potential Confounders and Additional Baseline
Characteristics
Baseline data were collected prospectively on patients at

each site by research coordinators, and this included demo-
graphic information (age, race, and sex), characteristics and
comorbid conditions determined from chart documentation
(body mass index, number of medications, diabetes, coro-
nary artery disease, congestive heart failure, peripheral
vascular disease, cerebrovascular disease, history of prior
malignancy, chronic lung disease, chronic liver disease, prior
failed kidney transplant, cause of ESKD, and dialysis infor-
mation), andbaseline laboratory investigations (hemoglobin,
albumin, and parathyroid hormone).

Statistical Analyses
Descriptive statistics were reported as counts and percen-

tages for categoric variables, means6SDs for normally dis-
tributed continuous variables, andmedians and interquartile
ranges for non-normally distributed continuous variables.
The prevalence of frailty by the FP was reported using a cut-
off of three or more. The prevalence of frailty by the FI and
CFS were determined using established cutoffs ($0.25 for
the FI and four or more for the CFS) (20,21). These cutoffs
were also used for determining diagnostic characteristics
and calculating k coefficients. To preserve the continuous
nature of both the FI and CFS, area under the receiver oper-
ating characteristic curves (AUCs)were calculated, using the
FP as the “gold standard.” Factors associated with frailty
were determined using logistic regression and expressed as
adjusted odds ratios (aORs).
k Coefficients and AUCs were determined for unadjusted

walk time as a comparator, given its close association with
the FP (22). All analyses were repeated in a prespecified sen-
sitivity analysis, restricted to those individuals with assess-
ments 6months before or after their date ofwaitlist activation.
Finally, a survival analysis was performed using both

unadjusted and adjusted Cox proportional hazards model
to determine the effect of frailty by each assessment tool on
time to death or permanent withdrawal from the waitlist
for those who were waitlisted.

Results
A total of 542 unique patients were enrolled between

June 2016 and February 2020. Among them, the mean6SD
age was 54614 years, 36% were female, and 39% were obese
(bodymass index$30 kg/m2). In addition, 52%were receiv-
ing hemodialysis (hospital, satellite, and home based), 20%
were receivingperitoneal dialysis, and 24%of the population
had not yet been initiated on kidney replacement therapy
(Supplemental Table 2).

Prevalence and Characteristics of Frailty
The characteristics of patients classified as frail by the FP,

FI, and CFS are detailed in Table 1 and Supplemental Table
3. The prevalence of frailty was 16% by the FP, 34% by the
FI, and 15% by the CFS. Impaired grip strength was the
most common FP impairment (41%), whereas slow walk
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Table 1. Differences in patient characteristics among patients assessed as frail according to the FP, FI, and CFS

Variable

Frailty Phenotype
Score of $3
(n588, 16%)

Frailty Index
Score of $0.25
(n5183, 34%)

Clinical Frailty
Scale Score of $4

(n581, 15%)

Demographics
Age (yr), mean6SD 58614 57613 46612
Age .65 yr, n (%) 36 (41) 56 (31) 27 (34)
Male sex, n (%) 51 (58) 114 (62) 46 (57)
White race, n (%) 73 (83) 145 (79) 62 (77)

Site, n (%)
Atlantic Canada 11 (13) 32 (17) 20 (25)
Hamilton 14 (16) 32 (17) 26 (32)
London 60 (68) 115 (63) 27 (33)
Montreal 3 (3) 4 (2) 8 (10)

Cause of ESKD, n (%)
DM 35 (40) 74 (40) 30 (37)
Vascular/HTN 5 (6) 11 (6) 1 (1)
GN 20 (23) 40 (26) 18 (22)
Congenital 12 (14) 21 (11) 9 (11)
Structural 5 (6) 10 (5) 7 (9)
Other 11 (13) 27 (15) 16 (20)

Dialysis vintage yr, median (IQR) 1.2 (0.4–2.2) 1.2 (0.2–2.2) 2.0 (1.2–2.9)
Dialysis type, n (%)
HD 54 (61) 107 (58) 55 (68)
PD 20 (23) 46 (25) 18 (22)
Pre-emptive 13 (15) 28 (15) 5 (6)
Unknown 1 (1) 2 (1) 3 (4)

Laboratory investigations, mean6SD
Albumin (g/L) 3766 3765 3666
Hemoglobin (g/L) 108614 108615 107615
Parathyroid hormone (pg/mL) 51653 50648 57654

Comorbidities, n (%)
DM 45 (51) 99 (54) 46 (57)
CAD 25 (28) 52 (29) 22 (27)
CHF 28 (32) 72 (39) 25 (31)
CVD 12 (14) 23 (13) 12 (15)
PVD 9 (10) 20 (11) 8 (10)
Chronic lung disease 5 (6) 15 (8) 10 (12)
Chronic liver disease 6 (7) 11 (6) 8 (10)
Previous malignancy 14 (16) 27 (15) 13 (16)

Previous kidney transplant, n (%) 6 (7) 18 (10) 8 (10)
BMI, n (%)
Underweight (,18.5 kg/m2) 2 (2) 7 (4) 4 (5)
Normal (18.5–24.9 kg/m2) 24 (27) 39 (21) 16 (20)
Overweight (25.0–29.9 kg/m2) 26 (30) 56 (31) 21 (26)
Obese 1 (30.0–34.9 kg/m2) 22 (25) 53 (29) 23 (28)
Obese 2 (35.0–39.9 kg/m2) 12 (14) 22 (12) 10 (12)
Obese 3 ($ 40.0 kg/m2) 2 (2) 6 (3) 7 (9)

Karnofsky Performance Scale, n (%)
Fully active 20 (23) 55 (27) 14 (17)
Ambulatory, light work 50 (57) 110 (54) 39 (48)
Ambulatory, self-care 9 (10) 23 (11) 16 (20)
Limited self-care, 50% of time in bed 1 (1) 3 (1) 3 (4)
Disabled 1 (1) 2 (1) 1 (1)
Unknown 7 (8) 12 (6) 8 (10)

Activated to waitlist 47 (53) 107 (52) 39 (48)

FP, Frailty Phenotype; FI, frailty index; CFS, Clinical Frailty Scale; DM, diabetesmellitus; HTN, hypertension; IQR, interquartile range;
HD, hemodialysis; PD, peritoneal dialysis; CAD, coronary artery disease; CHF, congestive heart failure; CVD, cerebrovascular
disease; PVD, peripheral vascular disease; BMI, body mass index.
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timewas the least common (17%) (Supplemental Figure 1A).
The average FI score was 0.2260.14 (Supplemental Table 4),
and scores ranged from zero to 0.70 (Figure 2A). The social/
cognitive domain of the FI had the most significant impair-
ment (Supplemental Figure 1B). According to the CFS,
most patients were felt to be “managing well” (36%), corre-
sponding to a score of three (Figure 2B).

Factors Associated with Frailty
Diabetes was associated with frailty by all three measures

(Table 2, Supplemental Table 5). Being older than 65 years
was associated with the FP (aOR, 2.44; 95% CI, 1.45 to 4.
09), whereas the presence of coronary disease, heart failure,
and cerebrovascular diseasewereonly associatedwith frailty
by the FI. The presence of chronic liver disease was associ-
ated with frailty by the CFS (aOR, 2.52; 95% CI, 1.01 to 6.
28), as was having been on dialysis for over a year (aOR, 4.
67; 95% CI, 2.56 to 8.49).

Comparison of Frailty Assessment Tools
The k agreement among the different frailty assessment

tools is displayed in Table 3 and Supplemental Table 6 and
ranged from 0.27 (FP and 32-item FI) to 0.44 (FP and
37-item FI). The greatest agreement occurred between unad-
justed walk time and the FP (0.51). Simple agreement
between the three frailty measures is represented visually
in Figure 3.
Diagnostic characteristics of the different frailty assess-

ment tools using the FP as the gold standard are represented
in Table 4.
AUC values were highest for the 37-item FI (0.86); how-

ever, this decreasedwhen the FP components were removed
(0.79). The CFS resulted in an AUC value of 0.69 (Table 4,
Supplemental Table 7).

Survival Analysis
A total of 282 patients were waitlisted during the study

period, of which four died and 42 were withdrawn from
the waitlist for a total of 46 outcomes. Unadjusted survival
analysis of the waitlisted patients for the FP, FI, and CFS
revealed hazard ratios of 1.78, 1.79, and 2.10, respectively,
with only the CFS and FI achieving statistical significance.
When this analysis was repeated with adjustment for age
.70 and sex, the association remained (Figure 4,Table 4).

Discussion
In this prospective cohort of kidney transplantwaitlist can-

didates, we assessed three clinical assessment tools, two of
which have not previously been studied in this population
(7). We described the prevalence of frailty, identified charac-
teristics associated with frailty, and assessed agreement
between all three frailty definitions.
The prevalence of frailty in our cohort varied depending

onwhich assessment toolwas used. The prevalence of frailty
by the FP (16%) in our cohort was in keeping with that
reported in similar populations (7,23,24). Prevalence was
higher using the FI (34%), likely due to the broader definition
of frailty on which it is based. A previous study comparing
the FP and FI in community-dwelling elderly patients found
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a similar disparity, with 18% of patients being frail by the FP
and 48% by the FI (25).
The CFS yielded a comparable prevalence to the FP (15%).

Previous studies using the CFS in those $65 years have
reported a much higher prevalence, in the range of
40%–50% (26,27). There are multiple possible explanations
for this finding. Firstly, patients in our cohort may have
been “prescreened” before being referred for kidney trans-
plantation. Because the CFS relies on clinical judgment and
vignettes to assess cognitive and functional status, it is possi-
ble that patients who would be expected to score highly on
the scale are not being referred for kidney transplantation.
Additionally, tools that rely on clinical judgment may miss
subclinical frailty identified by more objective measures,
especially in cases where assessors are not familiar with the
tool.
Although factors associated with frailty varied by assess-

ment method, the presence of diabetes was associated with
frailty status by all three measures. This is unsurprising,
because the relationship between diabetes and frailty is
well described (28). In addition to diabetes, the presence of
coronary disease, heart failure, and cerebrovascular disease
were associated with frailty by the FI. However, all of these
comorbidities are also deficits included in the calculation of

FI scores, which at least partially explains their association.
Finally, dialysis vintage was associated with frailty only by
the CFS. This may speak to the negative effect dialysis
appears to have on functional status (29), or could represent
bias; clinicians may expect that patients who have been on
dialysis longer are more frail, and unconsciously score
them higher.

k Agreement and AUC values varied by assessment tool
but were ultimately underwhelming. The k agreement was
generally fair, with values between 0.2 and 0.4, the only
exceptions being those between the FP and the 37-item FI
(which includes the five components of the FP) and walk
time (one of the five FP components). In terms of AUC val-
ues, the FI predicted frailty status by the FP well; however,
the predictive ability decreased when FP components were
removed. The CFS predicted frailty status by the FP poorly.
The low k agreement and AUC values for the CFS and the
FP are surprising; previous work in the general elderly pop-
ulation and in those on dialysis have shown k agreement in
the moderate to substantial range, and AUC values in the
good to excellent range (22,30). These findings could be
explained by the population studied; patients referred to
the transplant waitlist are screened for eligibility and could
reasonably be expected to be fitter than the general dialysis
and elderly populations. Perhaps each frailty tool is captur-
ing different aspects of vulnerability within our population,
at a relatively early stage. If the tools are capturing different
elements of vulnerability with a shared end state (severe
frailty), this could explain the differing levels of agreement
between our studies and those before it.

All assessment tools studied were found to have higher
negative predictive values (NPVs) than positive predictive
values. The NPVs for the FI (with and without the compo-
nents of the FP included) were particularly strong, suggest-
ing that a score ,0.25 likely means that a patient will not
be deemed frail by the FP. Having an impaired walk time
also had a strong NPV, suggesting that patients with con-
served gait speed are unlikely to be frail. In our cohort,
impaired walk timewas the least prevalent deficit measured
by the FP (17%), a finding also demonstrated in patients
post–kidney transplant (31). Taken together, this suggests
that gait impairment is a late finding along the spectrum of

Table 2. Clinical factors associated with frailty as measured by the Frailty Phenotype, frailty index and Clinical Frailty Scale score

Variable

Adjusted Odds Ratio (95% CI)

FP ($3) FI ($0.25) CFS ($4)

Age .65 yr 2.44 (1.45 to 4.09) 1.31 (0.84 to 2.05) 1.30 (0.74 to 2.31)
Male sex 0.58 (0.35 to 0.95) 0.74 (0.49 to 1.01) 0.57 (0.33 to 0.96)
DM 1.75 (1.07 to 2.86) 2.35 (1.59 to 3.47) 2.15 (1.26 to 3.67)
CAD 1.57 (0.86 to 2.88) 1.71 (1.03 to 2.85) 1.21 (0.63 to 2.33)
CHF 0.98 (0.58 to 1.68) 1.96 (1.29 to 2.98) 1.03 (0.58 to 1.83)
CVD 1.91 (0.87 to 4.20) 2.26 (1.10 to 4.64) 1.78 (0.80 to 3.98)
PVD 0.98 (0.41 to 2.37) 1.36 (0.66 to 2.78) 0.84 (0.32 to 2.18)
Chronic lung disease 0.53 (0.19 to 1.48) 0.87 (0.42 to 1.82) 1.57 (0.68 to 3.61)
Chronic liver disease 1.14 (0.44 to 2.95) 1.06 (0.48 to 2.35) 2.52 (1.01 to 6.28)
Dialysis vintage .1 year 1.26 (0.76 to 2.08) 1.32 (0.89 to 1.96) 4.67 (2.56 to 8.49)

FP, Frailty Phenotype; FI, frailty index; CFS, Clinical Frailty Score; DM, diabetes mellitus; CAD, coronary artery disease; CHF,
congestive heart failure; CVD, cerebrovascular disease; PVD, peripheral vascular disease.

Table 3. Agreement between frailty assessment tools
represented as k coefficients

Assessment Tools k Coefficients Simple Agreement

FP versus FI 0.44 0.78
FP versus FI32 0.27 0.70
FP versus CFS 0.27 0.81
FI37 versus CFS 0.30 0.73
FI32 versus CFS 0.29 0.71
WT versus FP 0.51 0.86

Using predefined cutoffs of four or more for the CFS,$0.25 for
the FI, and the FP definition for impaired walk time. FP, Frailty
Phenotype; FI, frailty index; FI32, frailty index with Frailty
Phenotype components removed; CFS, Clinical Frailty Scale;
FI37, frailty index including only data able to be acquired
remotely; WT, walk time.
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frailty, and that, once present, a patient’s frailty severity can
be expected to be significant.
In both an unadjusted and adjusted Cox survival analysis,

the CFS and FI, but not the FP, predicted death or permanent
withdrawal from the waitlist. Although this observation dif-
ferswhen comparedwith a similar analysis conducted in the
United States using the FP (23), it is important to acknowl-
edge that the point estimates of the association between
frailty and death/withdrawal were comparable for both

studies. It is possible that this preliminary analysis may be
underpowered (10); therefore, further study is needed to rec-
ommend one frailty assessment more definitively over
another in this population, and to truly ascertain the associ-
ation between each measure and the outcome of death/
withdrawal.
This study has several strengths. It is the first study to

assess frailty in patients referred to the kidney transplant
waitlist using a FI and the CFS (9), and the first to compare

Table 4. Diagnostic characteristics and survival analysis of frailty screening tools

Assessment
Tool Compared
with the FP Sensitivitya Specificitya PPVa NPVa

AUC
(95% CI)

N5282; Outcome546

Unadjusted HR for
Death or Permanent
Withdrawal from the
Waitlist (95% CI)a

Adjusted HR
for Death or Permanent
Withdrawal from the
Waitlist (95% CI)a,b

FP NA NA NA NA NA 1.78 (0.86 to 3.71) 1.76 (0.84 to 3.66)
FI 0.864 0.764 0.415 0.967 0.863 (0.825 to 0.902) 1.79 (1.00 to 3.21) 1.95 (1.07 to 3.54)
FI32 0.716 0.696 0.313 0.927 0.788 (0.737 to 0.839) 1.59 (0.89 to 2.88) 1.73 (0.95 to 3.15)
CFS 0.376 0.890 0.395 0.882 0.689 (0.631 to 0.747) 2.10 (1.04 to 4.24) 2.24 (1.09 to 4.57)
WT 0.614 0.912 0.574 0.924 0.835 (0.784 to 0.885) 1.18 (0.57 to 2.47) 1.24 (0.59 to 2.62)

FP, Frailty Phenotype; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the receiver operating
characteristic curve; HR, hazard ratio; NA, not applicable; FI, frailty index; FI32, Frailty Index with FP components removed; CFS,
Clinical Frailty Scale; WT, walk time.
aUsing predefined cutoffs of four or more for the CFS, $0.25 for the FI, and the FP definition for impaired walk time.
bAdjusted for age .70 years and sex.
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these tools with the FP. It is also one of the few studies to
assess frailty in Canadian kidney transplant candidates,
and the inclusion of subjects from multiple sites increased
diversity within the population. The prospective nature of
frailty assessments limited potential bias and improved the
accuracy of data collection. The cohort was of sufficient
size to allow for multivariate analysis and included subjects
of all ages, not just older adults.
Despite these strengths, there are limitations. As stated

above, the small sample size for outcomes at this early stage
of the primary study likely means that our studywas under-
powered to make a definitive statement regarding the true
effect of frailty status. Further study is necessary to make
more definitive statements regardingwhich frailty screening
tool is best for patients being evaluated for kidney transplant.
In summary, frailty is highly prevalent in patients referred

for the transplant waitlist, and prevalence varies depending
on the assessment tool used. Factors associated with frailty
differed depending on which tool was used, and agreement
betweenassessment toolswas only fair tomoderate, suggest-
ing that each toolmay bemeasuring a different aspect of vul-
nerability within this population. In an unadjusted analysis,
the CFS and FI, but not the FP, increased the risk of death or
permanent withdrawal from the waitlist. Further study is
needed to make a more definitive statement onwhich frailty
assessment should be favored in this population.
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