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Introduction: Frailty likely contributes to disproportionate health care utilization among people living with
chronic kidney disease (CKD) and undergoing hemodialysis (HD); but this is poorly captured in nephrology
clinical and research practice. We examined Fried frailty phenotype among participants with CKD or on HD
and explored associations with health care utilization. We examined frailty transitions in relation to
hospitalization.

Methods: We conducted a prospective observational single-center study of patients with advanced CKD or
undergoing HD. Frailty was assessed at baseline, 6 and 12 months. Demographic and clinical data,
including comorbid burden, disability, and laboratory parameters were recorded. Data linkage with tertiary
hospital captured emergency department (ED) presentations, hospital admissions, and days of hospital
stay, excluding admissions for maintenance HD. Negative binomial regression was used to model health
care utilization patterns. Frailty progression over study follow-up was described using Cox proportional
hazards modelling.

Results: Among 256 participants, frailty (36.3%) and prefrailty (46.5%) were highly prevalent. Frailty
independently predicted ED presentation (incidence rate ratio [IRR]: 1.25, 95% confidence interval [CI]:
1.09-1.43), hospitalization (IRR: 1.22, 95% CI: 1.08-1.37), and total days of hospitalization (IRR: 1.29, 95% ClI:
1.06-1.57) independent of demographics, comorbidity, disability, and inflammation. The median occur-
rence of hospitalization events was 152 days (interquartile range [IQR]: 44-251) after enrolment, sug-
gesting a window of opportunity where frailty recognition might prompt targeted intervention to prevent
frailty-related sequelae. Frailty was highly dynamic; frailty progression was not associated with hospi-
talization or length of stay.

Conclusion: Frailty is a major contributor to excess health care utilization among people with kidney
disease. Recognition of the prognostic implications of frailty might allow timely introduction of in-
terventions to improve patient outcomes.
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railty is a recognizable clinical syndrome reflecting
F a decline in physiologic reserve and dysfunction
across multiple homeostatic mechanisms resulting in
increased vulnerability to acute stressors and adverse
health outcomes."” Among patients with CKD, the
pathophysiologic mechanisms of frailty interact with
the manifestations of uremia, systemic inflammation,
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and accelerated cardiovascular disease to produce
disproportionately high rates of morbidity and mor-
tality.” Frailty prevalence increases with declining
kidney function such that rates of frailty among people
with advanced CKD and undergoing dialysis are more
than double that of community-dwelling adults
without CKD, even after adjustment for demographics
and rnul'cimorbidity.‘l’6 The physiologic dysfunction of
the frailty syndrome is distinct from chronological
aging, impacting patients with CKD at young age, with
early studies describing frailty prevalence of 63% in
patients aged < 40 years at HD initiation.” More recent
studies report frailty rate of 47.3% in HD populations
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aged < 65 years.” Frailty is dynamic and does not
progress in a linear fashion, with studies of frailty
transitions describing equal rates of frailty progression
and remission over longitudinal follow-up in non-CKD
and CKD populations alike.”'” Frailty is also distinct
from comorbidity, although diabetes and peripheral
arterial disease are recognized risk factors for frailty in
HD populations.'""'? Finally, frailty is distinguished
from disability, because not all individuals living
with frailty have impaired activities of daily function,
and frailty may not be visible without objective
assessment. '’

Frailty has a unique pathophysiology reflecting the
combined impact of accumulation of senescent cells and
proinflammatory signaling, conceptualized as “inflam-
maging.”'* The heightened proinflammatory state
characterized by CKD is attributed to uremia and
metabolic acidosis, oxidative stress, anemia; comorbid
infection further compounds the risk of frailty."” In-
flammatory markers of particular relevance to CKD
states including hypoalbuminemia, elevated ferritin,
and c-reactive protein (CRP) frequently accompany
frailty in CKD and potentially assist in identifying
patients at greater risk of frailty sequelae.'®"’

Frailty in persons with advanced CKD has prog-
nostic and management implications. A robust body of
evidence reflecting a range of study settings and
assessment tools has shown that the presence of frailty
is associated with a 2 to 5 times increased hazard for all-
cause mortality in both CKD and HD populations.”'***
Frailty has been demonstrated to associate with
increased rates of ED utilization and hospitalization
among patients with CKD or undergoing HD.”"'****
turn, hospital admission has been reported to exacer-
bate frailty.'” Only a small number of analyses to date,
however, have accounted for the impact of frailty on
hospitalization independent of the confounding in-
fluences of disability, multimorbidity, and inflamma-
21*% Existing studies have focused primarily on
prevalent HD patients and have not examined the
impact of frailty on health care utilization patterns
among people with CKD. To our knowledge, no exist-
ing studies have comprehensively examined the asso-
ciation of frailty with health care contacts, including
ED presentations, hospitalization events, and total days
of hospital admission independent of the related but
separate influences of disability, comorbidity, and
inflammation. We hypothesized that frailty accounts
for higher rates of health care utilization independent
of CKD stage, disability, and comorbidity, including
inflammatory state.

The primary goal of this study was to describe the
association between Fried frailty phenotype among
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patients with advanced CKD or with end-stage kidney
disease (ESKD) undergoing maintenance HD and health
care utilization patterns, adjusting for the confounders
of age, disability, comorbidity, and inflammation. We
aimed to describe ED presentations, hospitalization
events, total days of hospital admission, as well as the
use of care models that might alter frailty outcomes,
including rehabilitation, specialist geriatric medicine or
palliative care involvement, and admission to residen-
tial aged care facility (RACF). We aimed to understand
how frailty influenced hospital-acquired complications
and deterioration and may contribute to care escalation
to intensive care unit (ICU) and coronary care unit
(CCU). Finally, we examined frailty progression over a
follow-up period of 18 months to explore how frailty
status transitioned over longitudinal assessment in
relation to hospitalization events.

METHODS

Study Design

A detailed description of the methodology is reported
elsewhere.”” In brief, this was a prospective, observa-
tional longitudinal study from a single tertiary care
center in Canberra, Australia, with recruitment taking
place between July 2022 and January 2023. Canberra
Health Services Department of Renal Medicine is the
only publicly funded provider of nephrology care for a
source population of 750,000. Ethics approval for this
study was provided by Canberra Health Services and
Australian National University Human Research Ethics
Committee (2020.ETH.00038).

Study Participants

Study participants were adult patients with advanced
CKD defined as estimated glomerular filtration rate < 20
ml/min, or with ESKD undertaking maintenance in-
center HD for more than 3 months. Participants were
recruited and enrolled sequentially at their attendance
for routine nephrology outpatient review and follow-up
visits were aligned with ambulatory clinic attendance or
HD appointment to mitigate impact of research partici-
pation. Exclusion criteria included acute kidney injury,
kidney transplantation, medical instability (defined as
pulmonary edema or fluid overload with impact on
exercise tolerance, symptomatic postural hypotension,
symptomatic atrial fibrillation with rapid ventricular
response, or as otherwise specified by primary
nephrologist), or cognitive impairment threatening
informed consent (defined as existing diagnosis of de-
mentia or abbreviated mental test scores of = 5/10 at
screening). Participants undertaking home HD or peri-
toneal dialysis (PD) were excluded from participation
because of presumed lower rates of frailty and different
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models of clinical care, including an unfavorable clinical
environment (specifically an inclined corridor and un-
suitable seating) and clinic schedule that did not allow
space for frailty assessment aligned with ambulatory
clinic attendance. For this observational study, sample
size was informed by a number of baseline assumptions,
including anticipated rate of frailty of approximately
30% to 40% within our study population, 60% rate of
survival of elderly participants undergoing HD at 2
years, and that 70% of predialysis participants with
CKD would elect in-center HD modality with minimal
(< 5%) anticipated loss to follow-up.”*”*’ The source
population was an in-center HD population of approx-
imately 150 patients, and 340 patients with advanced
CKD regularly attending outpatient appointments. Par-
ticipants provided informed opt-out consent.

Frailty Assessment

The key exposure of interest was frailty phenotype as
defined by Fried and colleagues, which has been
extensively verified in CKD and HD populations.' "'
For the purposes of our study, Fried phenotype was
defined by unintentional weight loss > 5 kg in the
preceding 12 months, physical inactivity defined by the
Rapid Assessment of Physical Activity Scale score = 2
points, self-reported exhaustion based on the Integrated
Palliative Care Outcomes Scale-Renal, handgrip weak-
ness defined as grip strength = 1 SD below the mean
referenced to age, sex,' and body mass index normative
values and slow walk speed, defined as inability to
complete 350 m within 6-minute walk test or walk
speed = 0.8 m/s over 10-m walk distance.’””” Partici-
pants reliant on wheelchair for mobility were not sub-
jected to walk test and were assumed to satisfy the
frailty domain of slowness. Frailty was defined by the
presence of = 3 frailty domains, prefrailty was charac-
terized by 1 to 2 criteria and participants were charac-
terized as robust if none of the frailty domains were
present. Transitions in frailty phenotype were defined
as a move from one phenotype to another on follow-up
assessment, for example, prefrailty to frailty. The
aggregate frailty score was also calculated as the sum of
the component scores (range: 0-5) to allow modelling
frailty as a numeric variable within exploratory ana-
lyses, as has been done by other groups.””**

Frailty was assessed at each study visit at baseline, 6
months, and 12 months follow-up. Study census date
for hospitalization and mortality outcomes was January
31, 2024, or the date of death or kidney transplantation.

"Here “sex” is used to denote biological differences between in-
dividuals, such as those related to sex chromosomes (like X and
Y), sex-specific gene expression, and hormonal variations.
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Clinical and Laboratory Assessments
Comorbidity was defined based on Charlson comor-
bidity index measured at enrolment based on diagnoses
recorded in the electronic medical record. This measure
of comorbidity has been validated to predict 10-year
survival in persons with multimorbidity based on
points allocated for previous myocardial infarction,
congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic obstructive
pulmonary disease, connective tissue disease, peptic
ulcer disease, liver disease, diabetes with or without
end organ damage, hemiplegia, localized solid tumor,
leukemia or lymphoma, metastatic tumor, or acquired
immunodeficiency syndrome.’”® All participants were
allocated 2 points based on the presence of moderate or
severe CKD.

Additional data collection included demographic
details (age, sex, and self-reported ethnicity). Partici-
pants provided their fracture history by recall as sur-
rogate marker for falls and CKD-mineral bone disease.
Previous studies report that frailty in HD predicted
falls and fractures independent of age, sex, comorbid-
ity, and disability, justifying the inclusion of fractures
as a relevant confounder.””””® Laboratory data
informing inflammatory status relevant to CKD-frailty
pathophysiology, including serum albumin, CRP, and
ferritin were collected at baseline and follow-up as-
sessments. For participants undergoing HD, vascular
access, dialysis vintage, and dialysis adequacy and urea
clearance expressed as most recent Kt/V were recorded
at baseline and follow-up visits.

Disability

Walking and mobility disability were defined based on
patient self-report of usual walking aid at baseline or
follow-up assessment, classified as nil, single-point stick,
or prosthetic limb, 4-wheeled walker, or wheelchair.
Participants reported the need for personal assistance
with activities of daily living (ADLs), including bathing
or showering, dressing, getting in and out of bed or
chair, walking, using the toilet, and eating; as well as
functional imitation performing instrumental ADLs,
including shopping, meal preparation, housekeeping,
transportation, managing medications, using the tele-
phone, and managing personal finances.’’

Outcomes

Participants were followed-up with from enrolment
until January 31, 2024, or censoring event of death or
kidney transplant. Health care interaction with tertiary
hospital was captured by data linkage, including total
number of ED presentations, total discrete hospital
admissions after direct admission or interhospital
transfer, excluding admissions for maintenance HD and
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total days of hospital admission over study follow-up
period. International Classification of Diseases, Tenth
Revision coding was used to ascertain primary condi-
tions managed during a hospital admission. Interna-
tional Classification of Diseases, Tenth Revision codes
describing “age-related physical disability,” diagnoses

of “awaiting community supports,” “prolonged
convalescence,”  “delirium,” ‘“dementia,”  “fall,”
“malnutrition,”  “polypharmacy,” and “reduced

mobility” were considered surrogate frailty diagnoses
in line with previous studies that have validated this
approach.””*" Acuity codes were used to classify acute,
maintenance, rehabilitation, and palliative care treat-
ment phases. Admission to RACF was determined from
discharge destination and verified by participant
report. Cause of death was ascertained from discharge
summary and morbidity and mortality review.

Statistical Analyses

Participant characteristics were described using mean
and SD or median and IQR for continuous normally and
nonnormally distributed data, respectively; and counts
and percentages for categorical data. We compared
participant characteristics between patients with CKD
or undergoing HD according to baseline frailty
phenotype using Mann-Whitney U test and Chi-square
tests as appropriate. Time to first admission was
described using Kaplan-Meier analysis, compared
across Fried phenotypes and CKD stage (CKD vs. HD).
For the purposes of exploratory modelling, frailty was
treated as a continuous measure scored as O to 5 Fried
frailty domains. Similar to other groups, we used
negative binomial regression models, appropriate to
overdispersed count outcome variables, to estimate the
association between frailty and the number of ED
presentations, hospitalization events, and total days of
admission with conversion of the coefficients to
IRR.”"** The final models for health care utilization
events were adjusted for age, sex, stage of CKD (CKD
vs. HD), comorbidity, disability, and inflammation.
Participants with missing values were excluded from
the analysis. The association between frailty progres-
sion and health care utilization was examined using
Cox proportional hazards regression. Only participants
who had undergone > 1 frailty assessment were
included in this analysis. Included in the modelling
were confounding factors hypothesized to improve
frailty outcomes, such as inpatient rehabilitation and
geriatrician referral, as well as care models that might
be introduced upon clinician recognition of frailty such
as admission to RACF and palliative care involvement.
Factors associated with a P < 0.2 in univariable anal-
ysis were included in the multivariable model as per
the purposeful model selection method of Hosmer,
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Lemeshow, and Sturdivant, along with the a priori
variables of the total number of admissions and total
days of hospital admission.”’ The proportional hazards
assumption for all models were checked graphically by
plotting Schoenfeld residuals and with assessment for
multicollinearity. All statistical analyses were carried
out using Stata 17.** This study is reported in line with
Strengthening the Reporting of Observational Studies
in Epidemiology guidelines of cohort studies.”’

RESULTS

Patient Characteristics and Frailty Status at
Baseline

A total of 256 participants (61.7% male, median age 70.5
years [IQR: 57-80]), including 147 individuals with CKD
and 109 individuals with ESKD were recruited to the
study, with a high baseline prevalence of frailty and
prefrailty (Table 1). A total of 3 patients declined
participation at screening, citing competing demands of
a chemotherapy regime for active malignancy; one
declined further participation following initial frailty
assessment, indicating lack of interest in ongoing
participation. At screening, 2 participants were
excluded because of diagnosis of dementia. Two patients
demonstrated acute kidney injury with subsequent re-
covery and were removed from study follow-up.
Among participants with CKD, 7 had identified prefer-
ence for nondialysis conservative care. Among HD
participants 98 (89.9%) were undertaking conventional
in-center HD, 8 were undertaking in-center nocturnal
therapy, and 3 were doing home-based HD (recruited
because of protocol violation but retained in study
because of small number). Three patients were excluded
from participation based on the presence of cognitive
impairment. Six participants were resident in RACF at
enrolment. Fracture history was present in 113 of in-
dividuals (44.1%). Vascular access and dialysis vintage
for the study cohort are reported in Table 1. There was a
statistically significant difference in ethnicities repre-
sented among participants with CKD compared with
those undergoing HD (P < 0.001). Persons from
Aboriginal and Torres Strait Islander communities,
Pasifika, and other minority communities were over-
represented among participants requiring HD.

Both frailty and prefrailty were equally prevalent
among participants with CKD and participants under-
going HD (P = 0.84). Compared with participants with
CKD, participants undergoing HD with frailty or pre-
frailty were younger, and less comorbid, suggesting a
survivor effect. The use of walking aid was common,
particularly among participants with frailty or pre-
frailty and there was no statistically significant differ-
ence in use of walking aid by stage of CKD. Fracture
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Table 1. Demographics at baseline

Fried Phenotype

Frail 93 (36.3%)

Prefrail 119 (46.5%)

Robust 44 (17.2%)

CKD stage

Age, yrs Median (IQR)
Sex, n (%) male
Charleson comorbidity Median (IQR)
Usual walking aid

Nil

SPS

4AWW

WC

ADLs

Personal

Instrumental

Resident in aged care facility
Fracture History

Ethnicity

ATSI or Pasifika

Asian

Other

White

Dialysis vintage (days)
Vascular access

AV Fistula

AV Graft

Tunneled vascular catheter
Albumin

Ferritin

C-reactive protein

CKD

55 (37.4%)

79 (72-85)

26 (47.3%)
7 (6-9)

17 (30.9%)

14 (25.5%)

20 (36.3%)
4 (7.2%)

6 (5-6)
5 (3-6)

26 (47.3%)

8 (8.6%)
13 (14.0%)
1.(1.0%)
71 (76.3%)
1013.5 (288-2665)

39 (36-41)
257 (115-580)
5 (2-13.9)

HD

38 (34.9%)

72 (58-82)

19 (60.0%)
6 (6-8)

15 (39.5%)
8 (21.1%)
8 (21.1%)
7 (18.4%)

6 (5-6)
5 (2-7)

13 (34.2%)

CKD HD
66 (44.9%) 53 (48.6%)
73 (61-81) 65 (65-74)
43 (65.2%) 38 (71.7%)
6 (5-8) 5 (4-7)

51 (77.2%) 44 (83.0%)

9 (13.6%) 6 (11.3%)
4 (6.1%) 1.(1.9%)
2 (3.1%) 2 (3.8%)
6 (6-6) 6 (6-6)

5 (7-8) 7 (6-8)

30 (45.5%) 20 (37.7%)
5 (4.2%)
18 (15.1%)
5 (4.2%)
91 (76.4%)
844.5 (399.5-1567.5)

40 (37-42)
269 (121-534.5)
3.2 (1.2-7.1)

CKD

26 (17.8%)
60.5 (49-72)
19 (73.1%)

4 (3-6)

26 (100%)

6 (6-6)
8 (7-8)

14 (563.8%)

0 (0%)
9 (20.5%)
1(2.3%)
34 (77.2%)
1108 (476-1680)

40.5 (38-43.5)
176 (94.5-3190)
1.8 (0.5-5.8)

HD

18 (16.5%)
51 (41-58)
13 (72.2%)
3.5 (3-5)

18 (100%)

6 (6-6)
8 (7-8)

10 (65.6%)

Subtotal CKD Subtotal HD
147 109
74 (62-82) 64 (51-75)
88 (59.9%) 70 (64.2%)
6 (6-8) 5 (4-7)

94 (64.0%)
23 (15.7%)

77 (70.7%)
14 (12.9%)

24 (16.3%) 9 (8.3%)
6 (4.1%) 9 (8.3%)
6 (5-6) 6 (6-6)
6 (5-8) 7 (4-8)
5 (3.4%) 1 (0.9%)

70 (47.6%) 43 (39.5%)

3 (2.0%) 10 (9.2%)
19 (12.9%) 21 (19.3%)
1 (0.7%) 6 (6.5%)

124 (84.3%) 72 (66.1%)

873 (342-1845)

Total

256
70.5 (57-80)
168 (61.7%)
6 (4-8)

172 (67.2%)
36 (14.1%)
33 (12.9%)
15 (5.9%)

6 (6-6)

6 (5-8)

6 (2.3%)
113 (44.1%)

13 (6.1%)
40 (15.6%)
7 (2.7%)
196 (76.6%)

N=119
86 (72.3%)
8 (6.7%)
25 (21.0%)
39 (36.5-42)
235 (112-527)
3.6 (1.15-10.1)

P-value

NS

a

NS

a

NS

ns

NS

NS

NS
NS
NS

ADL, activity of daily living; AV, arteriovenous; ATSI, Aboriginal or Torres Strait Islander; CKD, chronic kidney disease, HD, hemodialysis; IQR, interquartile range; ns, not statistically significant differences for CKD/Frail versus HD/Frail, CKD/Prefrail
versus HD/Prefrail, and CKD/Robust versus HD/Robust using Mann-Whittney U test; NS, not statistically significant differences for CKD/Frail versus HD/Frail, CKD/Prefrail versus HD/Prefrail, and CKD/Robust versus HD/Robust using Chi-square test;

SPS, single point stick; WC, wheelchair; 4WW, 4-wheeled walker.
2Statistically significant P<0.05 for pairwise comparisons for CKD/Frail vs HD/Frail, CKD/Prefrail vs HD/Prefrail and CKD/Robust vs HD/Robust using Mann-Whittney U test.
bStatistically significant difference for CKD vs HD using Chi-squared test.

For the purposes of analysis, prosthetic leg (N = 3) was categorized as SPS.
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Screening

N = 3 declined participation
N = 4 met exclusion criteria

Recruitment

Baseline Frailty Assessment
N =256

6-month Frailty Assessment Discontinued from study

N=217 | Deceased N =22

Transplant N =7

Cognitive impairment N = 2

LTFUN=6

Withdrew N =1

Did not attend assessment but remained in study N =1

v
12-month Frailty Assessment Discontinued from study

N =186 » Deceased N =32

TransplantN =11

Cognitive impairment N =3

LTFUN=8

Withdrew N =1

Did not attend assessment but remained in study N=15

Data not available for outcome analysis
LTFUN =8

Censored for cognitive impairment N =3
Censored for withdrawal N =1

Censored for transplant event = 12

Outcome Assessment
N=191

A 4

Figure 1. Participant flow through study design and longitudinal follow-up. Counts indicate cumulative total for each category at that time point.
*Participants marked as “did not attend” maintained their consent for study participation but did not complete further frailty assessments. Their
vital status and hospitalization events were collected as per study protocol. LTFU, loss to follow-up where hospitalization events and vital status

is unknown.

history did not differ by Fried phenotype or stage of
CKD. Median follow-up of the study cohort was 510
days (IQR: 429-541). Over the period of follow-up, 41
participants died and 12 received kidney transplant
(Figure 1). A detailed analysis of mortality and kid-
ney transplant outcomes for this study cohort is
presented elsewhere.”” Three participants developed
cognitive impairment and were excluded from
further participation based on protocol. Eight par-
ticipants were lost to follow-up, and 1 withdrew
consent. Over the course of follow-up, 16 partici-
pants progressed from CKD to commence mainte-
nance dialysis. For the purposes of analysis, these
individuals were included within the CKD subgroup.
Hospitalization data is incomplete for 3 of 256 study
participants who transferred to private hospital or
regional hospital for rehabilitation, although they
remained included in the analysis.

Health Care Utilization

ED Presentations

There were 517 (241 for CKD, 276 for HD) total ED
presentations over the study duration. Frail and

Kidney International Reports (2025) 10, 1694-1710

prefrail phenotype were associated with statistically
significant excess median ED presentations (median:
1.64 [IQR: 0.69-3.98] for frail and 0.75 [IQR: 0.00-2.31]
for prefrail) compared with robust phenotype (median:
0.00 [IQR: 0.00-0.85], P < 0.01) (Table 2, Figure 2a). ED
presentations also occurred more frequently for those
participants undergoing HD than those with CKD
(Table 3, Figure 3a).

Multivariable modelling examined whether frailty
was independently associated with ED presentations,
adjusting for the confounders of age, sex, CKD stage,
disability, and comorbidity. Model 2 additionally
included the confounders of inflammation of ferritin,
CRP, and albumin; 41 participants were missing 1 of
ferritin, CRP, and albumin, and were not included in
this analysis. Frailty score was associated with
increased risk of ED presentation with IRR of 1.25
(95% CI: 1.09-1.43, P = 0.001) suggesting that for
each additional frailty domain, the rate of ED pre-
sentation increased by 25%, independent of patient
demographics and the confounders of comorbidity,
stage of CKD, and disability. This relationship was
not modified by age (IRR: 0.99, 95% CI: 0.97-1.00,
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Table 2. Emergency department and hospitalization patterns by Fried ph

AL Kennard et al.: Health Care Utilization Patterns and Frailty

enotype

Full cohort P-value for difference
Health care ufilization Frail n = 93 36.3% Prefrail n = 119 46.5% Robust n = 44 17.2% N = 256 between groups
ED presentations
Total 256 225 36 517 < 0.01
Median (IQR) 2 (1-3) 1 (0-3) 0 (0-1) 1 (0-3)
95% centile range (0-8) (0-6) (0-3) -7)
Rate of ED presentations Median (IQR) 1.64 (0.69-3.98) 0.75 (0.00-2.31) 0 (0.00-0.85) 0.82 (0-2.34) < 0.01
Hospital admissions
Total 336 321 61 718 < 0.01
Median (IQR) 2 (1-5) 2 (0-4) 1(0-2) 2 (1-4)
95% centile range (0-13) ©-11) 0-4) (0-10)
Rate of admission per 365 days Median (IQR) 2.32 (0.80-4.23) 1.564 (0.00-2.74) 0.69 (0.00-1.80) 1.53 (0.64-3.33) < 0.01
Days of hospital admission
Total 3076 2114 108 5298 < 0.01
Median (IQR) 14 (2-40) 4 (0-14) 1(0-3) 4 (1-20)
95% centile range (0-181) (0-63) (0-8) 0-72)

ED, emergency departments; IQR, interquartile range.

P = 0.052). The influence of frailty on excess ED
presentations persisted when the inflammatory
markers of ferritin, CRP, and albumin were included
in the model (Table 4).

Hospital Admission Events

We observed a total of 718 (336 for CKD, 382 for HD)
discreet hospital admission events with 195 (76.2%)
study participants experiencing at least 1 hospital

a Emergency Department presentations by Fried phenotype b Discrete hospital admissions by Fried phenotype
° Q
8 4 L]
8 -
o : 5 :
- £ . .
£ : . o . °
324 . o
Zh E= I - &
° ° ° D
° —— =
— (=
0 = :
wd
i ==
|| == —— | =
Frail Prefrail Robust Frail Prefrail Robust
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Figure 2. (a) Number of emergency department presentations, (b) discre
phenotype, where frail n = 93, prefrail n = 119, and robust n = 44. Box an

te hospital admissions, and (c) total days of hospitalization by Fried
d whisker diagram representing median and interquartile range (IQR)

(i.e., the “box” 25th percentile—75th percentile) with “whiskers” extending to smallest and largest values within 1.5 times the IQR. Outliers are

plotted individually. These differences are statistically significant at P <
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Table 3. Emergency department and hospitalization patterns by CKD stage

Full cohort P-value for difference
Health care ufilization CKD n = 147 HD n = 109 N = 256 between groups
ED presentations
Total 241 276 517 0.04
Median (IQR) 1 (0-3) 1(0-4) 1 (0-3)
95% centile range (0-6) (0-8) ©-7)
Rate of ED presentations Median (IQR) 0.77 (0-2.29) 0.87 (0-3.37) 0.82 (0-2.34) 0.05
Hospital admissions
Total 336 382 718 < 0.01
Median (IQR) 1(0-3) 3 (1-4) 2 (1-4)
95% centile range ©-7) ©-11) (0-10)
Rate of admission per 365 days Median (IQR) 0.87 (0-2.82) 2.00 (0.69-3.61) 1.563 (0.64-3.33) 0.01
Days of hospital admission
Total 2365 2933 5298 0.01
Median (IQR) 3(0-17) 8 (1-23) 4 (1-20)
95% centile range 0-61) 0-147) 0-72)

CKD, chronic kidney disease; ED, emergency departments; IQR, interquartile range.

admission at a median of 194 days (IQR: 82.5-400.5) (median: 152 days (IQR: 44-251), P = 0.0005)

after enrolment and baseline frailty assessment. Frailty (Figure 4). Frailty was found to be associated with
phenotype predicted earlier time to first admission excess hospitalization events, corresponding to a
a Emergency Department presentations by CKD stage b Discrete hospital admissions by CKD stage
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Figure 3. (a) Number of emergency department presentations, (b) discrete hospital admissions, and (c) total days of hospitalization by CKD
stage, where CKD is n = 147 and HD is n = 109. Box and whisker diagram representing median and interquartile range (IQR) (i.e., the “box” 25th
percentile—75th percentile) with “whiskers” extending to smallest and largest values within 1.5 times the IQR. Qutliers are plotted individually.
These differences are not statistically significant. CKD, chronic kidney disease.
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Table 4. Multivariable modelling: emergency department
presentations

Model 1 Model 2
Variable IRR 95% ClI P-value IRR 95% ClI P-value
Frailty score 1256 1.09-1.43 0.001 124 1.07-1.43 0.004
Age 099 097-1.00 0052 098 0.97-1.00 0.045
Sex 137 1.00-189 0052 135 0.96-1.89 0.081
CKD sfage 143 1.06-1.93 0.020 140 0.95-2.04 0.086
Comorbidity 112 1.02-1.22 0.017 1.14 1.04-1.26  0.006
Usual walking aid  1.00 0.81-1.24 0968 1.01 0.81-1.27 0.904
ADLs 093 0.78-1.09 0362 091 0.77-1.09 0.320
iADLs 098 090-1.07 0619 098 0.90-1.07 0.686
Ferritin 1.00 0.99-1.00 0.132
CRP 1.00 0.99-1.01 0.899
Albumin 1.03 0.99-1.07 0534

ADLs, activities of daily living; CKD, chronic kidney disease; Cl, confidence interval; CRP,
c-reactive protein; iADLs, instrumental ALDs; IRR, incidence rate ratio.

median rate of admission per 365 study days of 2.32
(IQR: 0.80—4.23) and 1.54 (IQR: 0-2.74), for partici-
pants with frailty and prefrailty, respectively,
compared with robust phenotype (0.69 [IQR: 0.00—
1.84]). These differences were statistically significant,
corresponding to P < 0.01 (Table 2, Figure 2b). ESKD
and the need for HD were associated with additional
hospital admission events compared with advanced
CKD not requiring dialysis (Table 3, Figure 3b).
Multivariable modelling demonstrated that frailty
was associated with increased risk of hospital admis-
sion events independent of age, sex, comorbidity, and
disability (IRR: 1.22, 95% CI: 1.08-1.37, P = 0.001).

AL Kennard et al.: Health Care Utilization Patterns and Frailty

This relationship persisted after adjusting for inflam-
mation (Table 5).

Total Days of Hospitalization
Total days of hospital admission across the study
cohort totaled 5298 days, with the longest length of
stay being 392 days. Median number of days of hos-
pital admission was 4 days (IQR: 1-20) for the total
study cohort. Fried phenotype was found to align with
extended days of hospital admission; frailty was asso-
ciated with a median of 14 days (IQR: 2—40) and pre-
frailty associated with a median of 4 days (IQR: 0-14),
compared with robust phenotype, which demonstrated
a median of 1 day (IQR: 0-3) (Table 2, Figure 2c). These
differences were all statistically significant (P < 0.01).
Reliance on HD was similarly accompanied by signifi-
cantly more days of hospital admission with a median
of 3 (IQR: 0-17) days for CKD and 8 (IQR: 1-23) days
for HD (P = 0.01) (Table 3 and Figure 3c).
Multivariable modelling revealed that frailty was
accompanied by increased total days of hospitalization,
corresponding to 29% increased duration of hospitali-
zation for every frailty domain present (IRR: 1.29, 95%
CL: 1.06-1.57, P = 0.011) (Table 6). Although modified
by comorbidity, dependence on walking aid, and
impairment in personal ADLs, frailty was associated
with excess days of hospitalization independent of age,
sex, and stage of CKD. The relationship between total
days of hospitalization and frailty persisted after
adjusting for inflammation.

Kaplan—Meier survival estimates: Time to first admission
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Figure 4. Time to first hospital admission in days compared between Fried frailty phenotypes. The impact of frailty on time to first hospital
admission was evaluated through Kaplan-Meier analysis with log rank test of P = 0.0005. Across the total study cohort, hospital admission
occurred at a median of 194 days (IQR: 82.5-400.5). The median time to admission was 152 days (IQR: 44-251) for participants with frailty,
compared to 219 days (IQR: 88-412) for participants with prefrailty, and 302 days (IQR: 119-463) for participants with robust phenotype.
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Table 5. Multivariable modelling: Hospital admissions

Model 1 Model 2
Variable IRR 95% ClI P-value  IRR 95% ClI P-value
Frailty score 122 1.08-1.37 0.001 1.16  1.02-1.31 0.021
Age 099 098-1.00 0.132 099 097-1.00 0.131
Sex 142 1.06-1.91 0.017 1.39 1.02-1.90 0.037
CKD sfage 149 131-196 0.004 140 1.00-1.98 0.052
Comorbidity 1.10 1.01-1.19  0.031 112 1.02-1.22 0.015
Usual walking aid  1.06 0.88-1.28  0.512 1.16 094-142 0.162
ADLs 087 0.74-103 0.116 085 0.71-1.02 0.083
iADLs 1.03 0.95-1.11 0524 106 0.97-1.16 0.170
Ferritin 1.00 099-1.00 0.218
CRP 1.00 0.99-1.01 0.450
Albumin 1.00 0.96-1.04 0.904

ADLs, activities of daily living; CKD, chronic kidney disease; Cl, confidence interval; CRP,
c-reactive protein; iADLs, instrumental ALDs; IRR, incidence rate ratio.

Additional Metrics of Health Care Utilization

On longitudinal follow-up of the study cohort, there
were 13 new admissions to RACF, 20 new fracture
events, 27 referrals to specialist palliative care services,
16 episodes of inpatient rehabilitation, and 7 admis-
sions for specialist geriatric care among participants
with frail and prefrail phenotypes. No patients of
robust phenotype were referred for use of these
services.

Patterns of Care Escalation: Use of ICU and CCU.  Within
the study cohort, there were 35 admissions to ICU; 34
of these were among participants with frailty or pre-
frailty. There was 1 participant with robust phenotype
who was admitted to the ICU with COVID-pneumonitis
and pericarditis. A total of 12 participants with frailty
and prefrailty were admitted to CCU. An additional
CCU admission occurred for 1 participant with robust
phenotype.

Frailty Progression Over Longitudinal Follow-Up
We examined whether hospital admission events and
days of hospitalization were associated with progres-
sion of frailty. A total of 216 participants attended >1

Table 6. Multivariable modelling: total days of hospitalization

Model 1 Model 2
Variable IRR 95% CI P-value IRR 95% CI P-value
Frailty score 129 1.06-1.567 0.011 1.28 1.03-1.69 0.025
Age 099 0.98-1.01 0546 099 0.97-1.01 0.289
Sex 131 085204 0225 122 0.76-197 0412
CKD sfage 144 094-220 0098 153 091-256 0.106
Comorbidity 118 1.03-135 0.018 1.19 1.04-1.37 0.011
Usual walking aid  1.41  1.06-1.88 0.020 147 1.10-1.99 0.010
ADLs 0.74 0.56-099 0.041 0.72 054-095 0.020
iADLs 098 0.87-1.11 0.732 1.02 090-1.16 0.746
Ferrifin 1.00 0.99-1.00 0.119
CRP 1.00 0.99-1.01 0.831
Albumin 099 0.94-1.06 0.867

ADLs, activities of daily living; CKD, chronic kidney disease; Cl, confidence interval; CRP,
c-reactive protein; iADLs, instrumental ALDs; IRR, incidence rate ratio.
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frailty assessment. Of these, 68 (31.4%) demonstrated
progression of frailty either from robust to prefrailty,
prefrailty to frailty, or robust to frailty. In contrast,
just 16 participants progressed from CKD to ESKD.
Included in the modelling to explore frailty progres-
sion were factors hypothesized to improve frailty out-
comes such as inpatient rehabilitation and geriatrician
referral, as well as care models that might be intro-
duced upon clinician recognition of frailty such as
admission to RACF and palliative care involvement.
Univariable analysis revealed that age, CKD stage, co-
morbidity, disability in ADLs or instrumental ADLS,
admission to RACF, referral to specialist geriatric care
or rehabilitation, and fracture were not associated with
frailty progression; these variables were dropped from
multivariable analysis. In contrast, univariable analysis
indicated that sex, usual walking aid, and referral to
specialist palliative care were associated with frailty
progression. These variables were included in the Cox
proportional hazards multivariable model along with a
priori variables, including total number of hospital
admissions and total days of hospitalization. We were
unable to identify any variables associated with frailty
progression (Table S1).

Cause of Hospital Admissions and Cause of
Death
Among 718 discrete admissions, there were a total 745
admission and complication diagnoses, reflecting dual
pathology in some admissions. The leading causes of
admission are described in Table S2. In addition, there
were 28 elective admissions for vascular access crea-
tion, approximately equally distributed among partic-
ipants with CKD (n = 17) and undergoing HD (n = 11).
Participants with frailty and prefrailty were at
increased risk of admission for all conditions but were
particularly disproportionately so for admissions for
infectious illness, vascular access complication, and
surrogate frailty conditions (Figure 5). When
comparing stage of CKD, participants with CKD were
more likely to be admitted for iron deficiency anemia,
elective dialysis access placement, musculoskeletal
complaint, type 2 diabetes complications, or urological
issues than their HD counterparts; whereas participants
dependent on HD were more likely to be admitted for
hypotension, peripheral arterial disease, or vascular
access complication (P < 0.01). Participants with
advanced CKD or HD reliance were equally likely to
experience admission for infection, frailty surrogate,
major adverse cardiac events, or renal complication.
There were a total of 41 deaths during the study
follow-up period, including 7 deaths among partici-
pants who chose to withdraw from dialysis (17%,
representing 35% of dialysis-related deaths) and 14
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Cause of Hospital Admissions by Frailty Phenoype

100 150 200 250
1 1 1 1

Number of Admissions

50
1

Frail

Prefrail Robust

I |nfection
I Renal
I Frailty Surrogate

I \ascular Access Complication
I Cardiac

Figure 5. Leading cause of admission by Fried phenotype.

deaths following ICU or CCU admission (34%). Causes
of death are described in Table S3.

DISCUSSION

Frailty is a state of accelerated aging characterized by
reduced reserve and increased vulnerability to acute
physiological stressors, along with the risk of adverse
patient outcomes, including disability, hospitalization,
and death.”"® Despite the burden of frailty on in-
dividuals and health systems, frailty is inconsistently
measured and managed in nephrology care models.
Clinical recognition of frailty within CKD populations
is likewise inconsistent, with no clear consensus on
the most appropriate frailty metric. Operationalized
definitions must distinguish frailty from the related
phenomena of sarcopenia, disability and comorbidity,
which act as risk factors for, but distinct entities from
the frailty construct. Two recent scoping reviews
report up to 40 heterogenous frailty assessment tools
among patients with kidney disease but favor the use
of the Fried frailty phenotype for its clinical utility,
construct validity, and criterion wvalidity in
nephrology populations.'”*”*” Differences in frailty
metrics as well as study population characteristics
such as age, comorbidity, and stage of CKD account for
substantial variation in reported frailty prevalence
and outcomes. Although initially described among
older patients, frailty in the context of CKD and
particularly among HD populations occurs at young
age and demands the use of frailty assessment tools
that are validated in younger people. Within the
current literature, the Fried frailty phenotype is
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emerging as the common metric for frailty assessment
within nephrology populations.’”*”*® In the present
study, our choice of Fried frailty phenotype was
informed by the need to assess frailty across the range
of patient demographics, in particular participants
aged < 65 years; and to distinguish frailty from the
confounding impacts of disability and comorbidity.
Specific to our research question, the Fried frailty
phenotype allowed the description of a prefrail state to
permit the examination of frailty dynamics over lon-
gitudinal follow-up. Alternative frailty assessment
tools include Rockwood’s Clinical Frailty Scale, which
relies heavily on descriptions of disability and func-
tional impairment, and in our research context was felt
to be insufficiently sensitive to allow examination of
frailty dynamics.”””" Similarly, the Fried phenotype
was preferred to the Frailty Index, which conceptu-
alizes frailty as an accumulation of deficits and
disability states, which has not been extensively used
or validated among advanced CKD and HD pop-
ulations.’” Importantly, neither Rockwood’s Clinical
Frailty Scale nor Frailty Index are validated for use
among younger people.

In this longitudinal examination of patients with
advanced CKD and ESKD, we report high prevalence of
Fried phenotype frailty and prefrailty and provide a
detailed description of the implications for hospitali-
zation and health care utilization. We found that frailty
and prefrailty are independent risk factors for ED
presentation, earlier hospital admission, excess hospital
admission events, and extended days of hospitalization,
with each additional frailty domain increasing the odds
of excess health care utilization. Frailty outperformed
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age, stage of CKD, comorbidity, disability, and
inflammation in its association with key health care
outcomes, suggesting that it might be the unmeasured
confounder in the earlier published literature high-
lighting high health care utilization patterns among
this patient population. Other studies have similarly
described a high rate of health care utilization among
people living with advanced CKD and undergoing HD.
Our observed rate of ED presentations, length of stay,
and requirement for RACF placement aligns closely
with that described by Tonelli and colleagues who
recently reported that patients cared for by nephrol-
ogists were characterized by greater comorbidity,
polypharmacy, hospitalization events, and probability
of long-term care placement compared with any other
patient group.”’ This study of >2 million patients
registered with the Canadian Alberta Health database
reports a mean of 1.7 ED visits (95% CI: 1.7-1.7) and
of 11.1 days/yr of patient follow-up spent in hospital
(95% CIL: 11.0-11.1), but did not account for the
impact of frailty in its analyses. Other studies set in
West Bengal, India report similarly extended hospital
length of stay in HD patients, describing a mean
number of days of hospitalization of 10.31 (SD: 6.07
days) over 365 days of study follow-up, again without
exploring frailty as an etiological factor.”* These fig-
ures compared closely with the present study wherein
we found a median rate of ED presentation of 1.64
(IQR: 0.69-3.98) days and median days of hospitali-
zation of 14 days (IQR: 2-40) per 365 days among
patients with frailty. This speaks to the need for
frailty assessment within clinical, administrative, and
research activity to best understand the impact of
frailty. Previous studies have described frailty
alongside ED and hospitalization use patterns,
focusing on prevalent HD populations, but have failed
to account for the confounding interactions of co-
morbidity and disability.”*****” Nevertheless, a pic-
ture of high health care utilization emerges. The
McAdams-DeMarco group from Baltimore, MD, USA
quantified the number of hospitalization events and
explored the relationship with Fried frailty status in-
dependent of comorbidity and disability with a mean
follow-up period of 3 years. They reported that frailty
was associated with a 1.43-fold greater (95% CI: 1.00—
2.03, P = 0.049) number of hospitalization events in-
dependent of age, sex, comorbidity, and disability.”’
This effect size corresponds to our findings, wherein
each Fried frailty domain contributes increased risk of
hospitalization of 22% (IRR: 1.22, 95% CI: 1.08-1.39,
P = 0.001). Similarly, Garcia-Canton’s examination of
prevalent HD patients in Spain using the Edmonton
Frail Scale reports a similar impact on hospital length
of stay for patients with frailty at 11.8; and
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substantially increased rate of hospitalization (IRR:
1.78, 95% CI: 1.15-2.77, P = 0.0094), independent of
disability and cornorbidity.21 Taken together, these
data reveal that frailty’s impact on health care utili-
zation patterns among patients undergoing HD is a
universal phenomenon, contributing to health care
system demand worldwide.

Our analysis is unique for its inclusion of patients
with predialysis CKD. We demonstrate that health care
demand was indeed greater among patients with ESKD
dependent on HD, but that presence of frailty in
advanced CKD was also associated with excess ED
presentations, hospitalization events, and total days of
hospital admission.

This finding corresponds with recent report from
Taiwan wherein every l-point Fried frailty point was
found to increase risk of unexpected ED visit (hazard
ratio: 1.20, 95% CI: 1.03-1.39, P < 0.05) and hospi-
talization (hazard ratio: 1.24, 95% CI: 1.06-1.46, P <
0.05) among patients with CKD stages 3 to 5.”° To our
knowledge, ours it the first study to link frailty with
high acuity contact with health care systems among
patients with both advanced CKD and ESKD undergo-
ing HD. Although excluded from our study, it is likely
that this relationship exists among patients undergoing
PD too; however, the only studies to examine this date
have relied on an in-house frailty questionnaire that
has not been externally validated.”””*

Although a detailed health economic analysis is
beyond the scope of this work, the previously invisible
cost of frailty emerges as a public health priority for
health care executives and policymakers. In our
Australian study setting, health care expenditure
related to CKD is substantial, with 1.2% of the allo-
cated expenditure in Australian health care attributed
to CKD management, predominantly public hospital
admissions.”” We speculate that frailty likely contrib-
utes to this phenomenon but poorly captured by cur-
rent clinical, research, and database reporting. In US
settings, the ACTIVE/ADIPOSE study leveraged data
linkage available through the US Renal Data System
and Medicare claims and found that frail individuals
incurred 22% (95% CI: 9.6%—35.8%) higher costs than
nonfrail individuals, primarily driven by higher inpa-
tient expenditures.”®

Our study critically demonstrates the utility for
incorporating validated frailty assessment into routine
nephrology care. In this opt-out model of consent,
Fried-based frailty assessment was found to be
acceptable to participants when combined with routine
outpatient attendance, where weight parameters are
regularly assessed, and fatigue or low energy may be
triangulated from patient-reported symptom assess-
ment tools in routine use in many settings.
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Furthermore, we found that hospital admission fol-
lowed at a median of 152 days (IQR: 44-251) after
enrolment and initial assessment confirming frailty,
suggesting a window of opportunity in which frailty
recognition might be followed by targeted intervention
to prevent hospitalization and other frailty-related
sequelae. Our observational data reveal low rates of
inpatient rehabilitation, specialist geriatric care, and
palliative care referral. Underutilization of rehabilita-
tion care models have previously been described for
nephrology populations, with studies reporting bar-
riers to cardiac rehabilitation referral and access despite
equivalent efficacy and cost-effectiveness.””*’ Inpa-
tient physical rehabilitation is similarly underutilized
and appears to be less impactful in patients undergoing
HD.’""*” Furthermore, patients with ESKD are less
likely to be referred to specialist palliative care services
or receive late referral for end of life care.”” We hy-
pothesize that poor recognition of frailty and its clinical
implications contribute to inequitable access to existing
health care models that might arguably improve frailty
outcomes. We also observed a greater proportion of
ethnic diversity among patients with ESKD undergoing
HD, revealing health care inequities among marginal-
ized and minority patients from culturally and
linguistically diverse communities. The interactions
between ethnicity, culture and frailty deserve further
examination to ensure that the impact of frailty does
not further compound existing systemic inequities.

Infection, renal causes, and cardiac events were pri-
marily contributary to the cause of death for most
participants with mortality event. Moreover, unsuc-
cessful care escalation and elective dialysis withdrawal
were commonplace. We report a 35% rate of dialysis
withdrawal, in line with international data registries,
where frailty is poorly captured as a potential explan-
atory variable.”®” Our data strengthen a limited num-
ber of studies to date, which suggest that frailty
increases odds of dialysis withdrawal.””®” We provide
evidence to support existing qualitative descriptions of
the contributory impact of long and frequent hospital
admissions, unresolved symptoms, and intolerable
treatment burden.’”® These data emphasize the urgent
need for frailty assessment in both nephrology clinical
practice and capture within database registries. Recog-
nition of the prognostic implications of frailty might
allow timely introduction of care scaffolding, advanced
communication practices, and integration of palliative
care services and as well as offering granular under-
standing of patient outcomes and health services plan-
ning following database reports.

This study is novel for its description of frailty
transitions and the dynamic nature of frailty. We
identified a high rate of frailty progression; indeed,
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participants were more likely to demonstrate deterio-
ration in frailty state than to commence dialysis for
ESKD. Unlike earlier studies, however, our analysis
was unable to identify any health care utilization pat-
terns associated with frailty progression, with neither
hospitalization event nor total days of hospital admis-
sion demonstrating a significant impact.'” The greater
clinical need, however, is to understand the factors
associated with frailty remission in this patient popu-
lation. Recent study using the Fried frailty assessment
described improved mortality and hospitalization out-
comes following observed improvements in frailty
phenotype in participants undergoing HD in Canada.”’
These data support the need to further explore frailty
interventions at the advanced CKD stage, before the
onset of ESKD and the additional demands of dialysis.
The dynamic nature of frailty suggests potential for
successful frailty intervention when designed with this
patient population in mind.””""

Among our study’s strengths are the high degree of
data completeness in a high complexity tertiary hos-
pital setting. This is afforded by the opt-out consent
strategy and unique setting of the only publicly fun-
ded provider of nephrology and dialysis care to a large
metropolitan and regional area, galvanized by a single
electronic medical record.

Study limitations include the single-center setting
and focus on frailty assessments based in an ambulatory
care outpatient setting, where the most frail participants
might be too immobile to attend clinic and thus missed
by this recruitment strategy. This study is hospital-
centric in its lens and cannot account for or quantify
interactions with community-based health care pro-
viders, including primary care, community care or
volunteer organizations. Our findings may be impacted
by survivor bias in advanced CKD and HD; further
studies are needed to evaluate frailty’s impact on health
care utilization patterns at earlier stages of CKD. Our
study protocol excluded patients undertaking PD from
participation. Certain myths about the safety of exercise
and physical activity persist within the nephrology
community and appear particularly difficult to expel
from PD care, where patients may be discouraged from
participation because of perceived barriers (catheter
healing, dressing and water, intraabdominal pressure,
and hernias).”' The International Society for Peritoneal
Dialysis has published recommendations for physical
activity and exercise which specifically promote the use
of appropriate frailty screening tools including Fried
phenotype physical assessment, among other tools, to
assist in targeting frailty interventions to patients
receiving PD.’* Future evaluations of frailty within
nephrology populations must include patients receiving
PD. Finally, our data analysis and, in particular,
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diagnostic and acuity codes rely heavily on the accuracy
of administrative data. This has been done in other
settings, including use of administrative claims and
electronic health records among US Veterans, as well as
within the National Health Service using the Hospital
Episode Statistics, and within the Taiwanese National
Health Insurance based on International Classification of
Diseases, Tenth Revision codes, all in the examination of
frailty and adverse clinical outcomes.”””* To the best of
our knowledge, this is the first Australian study to
leverage administrative coding to provide this compre-
hensive study of frailty sequelae among patients with
advanced CKD and ESKD.

CONCLUSION

Frailty in the context of advanced CKD and ESKD adds
significantly to health care utilization patterns. We
confirm the utility of frailty assessment in the
nephrology outpatient setting and distinguish the
impact of frailty from the related but separate burdens
of disability, comorbidity, and inflammation. We
highlight the window of opportunity for frailty inter-
vention following outpatient assessment using vali-
dated frailty assessment tool. Assessment for frailty
permits the prediction of adverse clinical outcomes and
high-acuity contact with health care systems, including
excess ED presentations, hospital admission and
frequent readmission, days of hospitalization, and
clinical deterioration with ICU or CCU involvement as
well as dialysis withdrawal. There is an urgent need to
increase frailty assessment and recognition to promote
shared decision-making, uphold high-value care prac-
tices, and allow better allocation of health care re-
sources toward evidence-based interventions aimed at
mitigating frailty and its sequelae.
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