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Abstract

Background.—Frail kidney transplant (KT) recipients have higher risk of adverse post-KT
outcomes. Yet, there is interest in measuring frailty at KT evaluation and then using this
information for post-KT risk stratification. Given long wait times for KT, frailty may improve or
worsen between evaluation and KT. Patterns, predictors, and post-KT adverse outcomes associated
with these changes are unclear.

Methods.—Five hundred sixty-nine adult KT candidates were enrolled in a cohort study of
frailty (November 2009-September 2017) at evaluation and followed up at KT. Patterns of frailty
transitions were categorized as follows: (1) binary state change (frail/nonfrail), (2) 3-category state
change (frail/intermediate/nonfrail), and (3) raw score change (-5 to 5). Adjusted Cox
proportional hazard and logistic regression models were used to test whether patterns of frailty
transitions were associated with adverse post-KT outcomes.

Results.—Between evaluation and KT, 22.0% became more frail, while 24.4% became less frail.
Black race (relative risk ratio, 1.98; 95% confidence interval [Cl], 1.07-3.67) was associated with
frail-to-nonfrail transition, and diabetes (relative risk ratio, 2.56; 95% CI, 1.22-5.39) was
associated with remaining stably frail. Candidates who became more frail between 3-category
states (hazard ratio, 2.27; 95% CI, 1.11-4.65) and frailty scores (hazard ratio, 2.36; 95% ClI, 1.12—
4.99) had increased risk of post-KT mortality and had higher odds of length of stay =2 weeks (3-
category states: odds ratio, 2.02; 95% CI, 1.20-3.40; frailty scores: odds ratio, 1.92; 95% CI, 1.13-
3.25).

Conclusions.—Almost half of KT candidates experienced change in frailty between evaluation
and KT, and those transitions were associated with mortality and longer length of stay. Monitoring
changes in frailty from evaluation to admission may improve post-KT risk stratification.
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The physical frailty phenotype (PFP), a syndrome of diminished physiological reserve—or
the body’s ability to recover from stressors’—was initially among community-dwelling
older adults (=65 y old)! and is common among adult patients (=18 y old) with end-stage
renal disease (ESRD).2-> Approximately, 18.4% of kidney transplant (KT) candidates on the
waitlist are frail at evaluation,® and 19.9% of KT recipients are frail at KT.3 Among adult
patients with ESRD, the PFP was strongly associated with cognitive decline, as well as with
higher risk of mortality, hospitalizations, and falls.2=> PFP has also proved itself a key
predictor of adverse post-KT outcomes among patients undergoing KT, including delirium,
longer length of stay, delayed graft function (DGF), early hospital readmission, and
mortality.5-11

Despite subsequent recommendations to measure frailty as part of regular clinical practice at
time of KT, a recent survey of US KT centers demonstrated that most transplant centers
assess frailty at the time of evaluation rather than at KT.12 It remains unclear as to whether a
measure of frailty at the time of evaluation adequately represents frailty status at KT. Given
long waitlist times between evaluation and KT, it is likely that frailty status changes while on
the waitlist due to its dynamic process as shown in community-dwelling older adults,13
hemodialysis patients,1 and patients after KT.15 Additionally, while recommendations were
designed with the goal of identifying patients at higher risk of adverse outcomes and to
improve the decision-making process for KT candidacy and post-KT care,”%16 it remains
unclear whether updating frailty measurement at KT improves risk stratification for post-KT
outcomes.

To better understand whether frailty status should be remeasured among KT candidates who
are admitted for KT, we sought to: (1) understand the dynamic nature of frailty between
evaluation and KT by identifying frailty transition patterns, (2) identify the risk factors of
change in frailty status during this time, and (3) quantify the associations of these frailty
transition patterns with post-KT outcomes.

MATERIALS AND METHODS

Study Design

We leveraged a cohort study of 569 English-speaking KT recipients (=18 y old) at Johns
Hopkins Hospital, Baltimore, MD (November 2009-September 2017), for whom frailty was
measured both at time of evaluation and admission for KT as described below. Recipient,
donor, and transplant factors—such as age, sex, race, body mass index (BMI), history of
diabetes mellitus, history of cardiovascular disease, time on dialysis, dialysis modality, cause
of ESRD, DGF, and number of hospitalizations—were also assessed at these times or
abstracted from the medical record.

All clinical and research activities being reported are consistent with the Declaration of
Helsinki and the Declaration of Istanbul. The Institutional Review Board of Johns Hopkins
Hospital approved this study (approval: CR00011133 and protocol: NA_00015758), and all
enrolled participants provided written informed consent.
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Frailty Measurement

Frailty, measured using the PFP as defined and validated in older adults1,17-19 and by our
group in ESRD and KT populations,26-8:20.21 js hased on 5 criteria: shrinking (self-reported
unintentional weight loss >10 Ibs in the past y), weakness (grip strength below an
established cutoff based on gender and BMI), exhaustion (self-report of moderate or higher
frequency of effort and low motivation), low activity (kilocalories/week below an established
cutoff), and slowed walking speed (walking time for 15 ft below an established cutoff by
gender and height).! Participants were scored as 0 or 1 indicating the absence or presence of
each criterion, respectively, which were then summed to create an aggregate frailty score (0—
5). Consistent with prior studies, nonfrail was defined as a score of 0 or 1, intermediately
frail was defined as a score of 2, and frail was defined as a score of >3.24.8.9

Change in Frailty Between Evaluation and KT

Change in frailty between time of evaluation and KT was identified using 3 approaches,
including change between: (1) binary states (frail vs nonfrail), (2) 3-category states (frail vs
intermediately frail vs nonfrail), and (3) raw frailty score. For binary state transitions
between time of evaluation and KT, participants were classified as being stably nonfrail
(score of 0-2 at both visits), frail to nonfrail (drop in score =3 to 0-2), nonfrail to frail
(increase in score of 0-2 to =3), or stably frail (score =3 at both visits). For 3-category state
transitions between time of evaluation and KT, participants were classified as being stable
category (same category at both visits), more frail (non-frail to intermediately frail/frail or
intermediately frail to frail), or less frail (frail to intermediately frail/nonfrail or
intermediately frail to nonfrail). For change in frailty score between time of evaluation and
KT, participants were classified as being stable score (same score at both visits), more frail
(increased score), or less frail (decreased score).

Statistical Analysis

Differences in participant characteristics by classifications of binary state frailty transitions
were tested using:(1) ANOVA to compare means for normally distributed continuous
variables; (2) a nonparametric Kruskal-Wallis H rank-based test for non-normally distributed
continuous variables; (3) and a chi-squared test to compare proportions for categorical
variables.

Predictors of binary state transitions of frailty between time of evaluation and KT were
identified using a multinomial logistic regression to estimate relative risk ratios (RRRs),
comparing each correlate with 4 classifications of frailty transitions in a single model,
controlling for recipient and donor factors including age, sex, race, BMI, history of diabetes,
history of cardiovascular disease, time on dialysis, and dialysis modality.22

Associations between frailty transitions and mortality were explored using Cox proportional
hazards models, adjusting for recipient and donor factors; proportional hazards assumptions
were tested and confirmed using Schoenfeld’s residuals. Additionally, logistic regression
was used to evaluate the association between frailty transitions and longer length of stay (=2
w k),1011 adjusting for recipient and donor factors, in addition to a transplant factor—DGF.
For models involving 3-category frailty state transitions and changes in frailty score,
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baseline frailty category and score were additionally accounted for in each model,
respectively. Additionally, we conducted a sensitivity analysis assessing whether
associations between frailty transitions and longer length of stay remained robust without
adjusting for transplant factors (DGF).

All statistical analyses were performed using Stata 15.1 (College Station, TX), and a Pvalue
of <0.05 was considered significant.

Study Population

Of the 569 KT recipients participating in the study, the mean age was 51.7 years (SD = 14,
range 18-85), 60.8% were men, and 39.0% self-identified as black. The median time
between evaluation and KT was 1.1 years (interquartile range, 0.6-1.9); 46.0% of recipients
were transplanted within 1 year of being evaluated.

Change in Frailty

In terms of transition between binary frailty states, 7.0% of recipients remained stably frail,
9.5% transitioned from frail to nonfrail, 9.0% transitioned from nonfrail to frail, and 74.5%
remained stably nonfrail between time of evaluation to KT (Table 1).

For the 3-category state transitions between time of evaluation to KT, 22.0% of individuals
became more frail, while 24.4% became less frail. Frailty status was static for 53.6% of KT
candidates between time of evaluation to KT; specifically, 36.4% remained nonfrail, 10.2%
remained intermediately frail, and 7.0% remained frail (Table 2).

For changes in frailty score, 29.0% of participants became more frail, 34.6% of participants
became less frail, and 36.4% of participants were stably frail between time of evaluation and
KT.

Factors Associated With a Change in Frailty

Recipient factors that were associated with changes in frailty status were age (mean = 50.8
in stable nonfrail vs 54.9 in nonfrail to frail, 54.5 in frail to nonfrail, and 54.5 in stable frail;
P=0.04), diabetes (25.5% in stable nonfrail vs 41.2% in nonfrail to frail, 42.6% in frail to
nonfrail, and 52.5% in stable frail; £< 0.001), and cause of ESRD (in the order of
glomerular, diabetes, hypertension, cystic, and other, respectively: 25.0%, 13.7%, 30.4%,
11.8%, and 19.1% in stable nonfrail vs 31.4%, 11.8%, 33.3%, 5.9%, and 17.6% in nonfrail
to frail; 24.1%, 29.6%, 37.0%, 3.7%, 5.6% in frail to nonfrail; and 22.5%, 30.0%, 27.5%,
5.0%, 15.0% in stable frail; #=0.01) (Table 1).

There were no factors associated solely with change from nonfrail to frail status. Compared
to candidates who remained stably nonfrail, candidates of black race (RRR, 1.98, 95% ClI,
1.07-3.67) were more likely to transition from frail to nonfrail between time of evaluation
and KT. Conversely, with each year on dialysis, candidates were less likely to transition
from frail to nonfrail (RRR, 0.88, 95% CI,0.78-1.00) between time of evaluation and KT.
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Additionally, individuals with diabetes (RRR, 2.56, 95% Cl, 1.22-5.39) had a higher risk of
remaining stably frail (Table 3).

Change in Frailty Status and Mortality

For 3-category frailty transitions, those candidates who became more frail at KT had a 2.27-
fold (95% ClI, 1.11-4.65) higher risk of post-KT mortality than individuals who remained
stable after adjusting for recipient and donor factors. Additionally, among individuals who
became more frail based on their frailty score, the risk of mortality was 2.36-fold (95% Cl,
1.12-4.99) higher than those who remained stable, adjusting for recipient and donor factors.
All other frailty transitions were not associated with post-KT mortality (Table 4).

Change in Frailty Status and Length of Stay

The odds of =2 weeks length of stay was 2.02-fold (95% CI, 1.20-3.40) higher among
candidates who became more frail by KT based on the 3-category frailty transition than
those who remained stable after adjusting recipient, donor, and transplant factors. The odds
of >2 weeks length of stay was also 1.92-fold (95% CI 1.13-3.25) higher for candidates who
became more frail based on their frailty score than those who maintained a stable score, after
adjusting for recipient, donor, and transplant factors (Table 4).

Sensitivity Analyses

After conducting sensitivity analyses to determine if results remained robust with and
without adjusting for DGF, inferences remained consistent. Specifically, candidates who
became more frail (3-category states or frailty scores) still had significantly greater risk of
having =2 weeks length of stay compared with candidates who were stable.

DISCUSSION

In this prospective cohort study of 569 candidates who are undergoing KT, frailty was
dynamic between time of evaluation and KT; based on 3-category states, 22.0% of became
more frail and 24.4% became less frail. Age, history of diabetes, and cause of ESRD were
associated with changes in frailty status. Worsening frailty category and score were
independently associated with about a two-fold increased risk of mortality and length of stay
>2 weeks.

These findings are consistent with prior research among older adults, patients undergoing
hemodialysis, and KT recipients that document the dynamic nature of frailty as a process of
multisystem dysregulation,13:14 including a study by our group that has demonstrated
improvements in frailty status post-KT with successful restoration of kidney function.1® This
study expands these findings, demonstrating that frailty is also subject to change while KT
candidates are on the waitlist for a kidney. Our findings were very similar to those reported
in adult ESRD patients undergoing hemodialysis, where 35% of patients maintained the
same frailty score for 12 months, while equal proportions of individuals improved and
worsened in frailty scoresl4; in this study, 36.4% of KT candidates maintained the same
frailty score between time of evaluation and KT, 29.0% demonstrated worsened frailty
scores, and 34.6% demonstrated improvements. Our findings further corroborated that
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similar proportions of KT candidates became more and less frail between evaluation and KT
regardless of the frailty metric used, including transitions between 3-category states (9.0%
vs 9.5%, respectively) and scores (22.0% vs 24.4%).

Additionally, our study builds on previous findings in community-dwelling older adults and
adult hemodialysis patients of all ages, where diabetes was a common predictor of transition
to frailty.13.14 In this study of ESRD patients, diabetes was associated with being stably frail,
which suggests diabetes may be a robust indicator of unfavorable frailty transitions across
different definitions of frailty change.1# Of note, frailty transitions were defined differently
across studies, which may explain the inconsistencies found in prior research related to
predictors associated with frailty change. Furthermore, some predictors that were used in our
model were KT-candidate specific and may not apply to community-dwelling older adults
and patients undergoing hemodialysis.

Our results further demonstrate that the use of frailty measurements at time of evaluation
does not adequately represent frailty status at KT, as (1) equal proportions of individuals
improve in frailty compared to worsening and (2) our results show that the change in frailty
between evaluation and KT is associated with post-KT outcomes. In prior studies, frailty
prevalence was shown to increase with older ageZ® and progressive decline in kidney
function,26 which suggests that frailty severity should worsen as candidates remain on the
waitlist for KT; this is likely why current practice mostly uses single time-point frailty
measures at the time of evaluation to predict post-KT outcome risk and inform the decision-
making process on KT candidacy.}? However, our findings indicate that measuring frailty at
2 time points may improve risk stratification, and emphasizes the need to update measures of
frailty at the time of KT in clinical practice.

The main limitations of the study are those inherent to a single-centered design, where
generalizability of findings are not certain; demographics of our study design should be
taken into account. Furthermore, these findings are only generalizable to KT candidates who
survive until transplantation, given that frail candidates are more likely to die while on the
waitlist.% Finally, we cannot discount that changes in dialysis modality and/or dialysis
initiation after evaluation may have had an effect on frailty transitions prior to KT as well
given the period of adjustment; however, these data were lacking in this study.
Notwithstanding these limitations, this study provided the unique opportunity to assess the
prospective measurement of a validated frailty instrument in a large sample of KT
candidates who subsequently received KT.

In summary, we found that nearly half of KT candidates experienced a transition in frailty
status between time of evaluation and KT, and that similar proportions of candidates
improved and worsened in frailty severity by the time of KT. Importantly, this study
identified patterns of frailty change that are independently associated with different risk
factors and adverse post-KT outcomes, indicating that dynamic frailty may be considered as
a tool for risk stratification. Current practice using frailty as a measure of assessment at time
of evaluation is appropriate; however, it should not be used as a tool to exclude patients from
KT. Instead, our findings suggest that using frailty measures at both time points would help
to inform clinical decision-making.
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TABLE 2.

Change in 3-category frailty between time of evaluation and admission for KT (N = 569)a

At admission for KT

At evaluation Nonfrail® Intermediately frail® Frail®
Nonfrail 207 (36.4) 74 (13.0) 21(3.7)
Intermediately frail ~ 85 (14.9) 58 (10.2) 30 (5.3)
Frail 26 (4.6) 28 (4.9) 40 (7.0)

a . . - . . I o .
The table displays numbers (percentages) of patients who were nonfrail, intermediately frail, and frail at time of admission for KT according to
frailty status at time of evaluation for KT.

bNonfraiI was defined as a score of 0 or 1.
Clntermediately frail was defined as a score of 2.

dFraiI was defined as a score of 3-5.

KT, kidney transplantation.
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Mortality and length of stay by change in frailty between evaluation and admission for KT (N = 569)

TABLE 4.

Mortality, hazard ratio (95% CI)

Length of stay (=2wk), OR (95% CI)

Stable nonfrail (ref)

Nonfrail to frail
Frail to nonfrail
Stable frail

Less frail

Stable category (ref)

More frail
Less frail
Stable fcore (ref)

More frail

1.00

1.60 (0.72-3.56)

1.24 (0.54-2.88)

1.58 (0.65-3.81)

1.12 (0.54-2.31)
1.00

2.27 (1.11-4.65)

1.16 (0.55-2.44)
1.00

2.36 (1.12-4.99)

1.00

1.43 (0.71-2.89)

0.71 (0.32-1.57)

1.68 (0.79-3.55)

0.81 (0.44-1.48)
1.00

2.02 (1.20-3.40)

0.70 (0.40-1.21)
1.00

1.92 (1.13-3.25)

Page 13

All hazard ratios and ORs are adjusted for demographic factors (age, sex, black race, BMI), diabetes, y on dialysis, cause of ESRD, donor type
(live/deceased). Length of stay additionally was adjusted for delayed graft failure for all exposures. Change within the 3 frailty categories was
additionally adjusted for baseline frailty category, and change in frailty score was additionally adjusted for baseline frailty score. Bold indicates

values that are statistically significant at a cutoff of £< 0.05.

BMI, body mass index; CI, confidence interval; ESRD, end-stage renal disease; KT, kidney transplantation; OR, odds ratio; ref, reference.
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