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Abstract
Purpose of Review Research over the past few decades points to the importance of frailty, or the lack of physiologic reserve, in
the natural history of chronic diseases and in modifying the impact of potential interventions. End-stage kidney disease (ESKD)
and the intervention of kidney transplantation are no exception. We review the recent epidemiologic and cohort-based evidence
on the association between frailty and kidney transplant outcomes and provide a framework of questions with which to approach
future research endeavors and clinical practice.
Recent Findings Frailty in kidney transplant candidates can be measured in numerous ways, including descriptive phenotype,
description scores, functional testing, and surrogate measures. Regardless of the metric, the presence of frailty is strongly
associated with inferior pre- and posttransplant outcomes compared with the absence of frailty. However, some frail patients
with ESKD can benefit from transplant over chronic dialysis. Evidence-based approaches for identifying frail ESKD patients
who can benefit from transplant over dialysis, with acceptable posttransplant outcomes, are lacking. Interventional trials to
improve frailty and physical function before transplant (prehabilitation) and after transplant (rehabilitation) are also lacking.
Summary Frailty is increasingly recognized as highly relevant to peritransplant outcomes, but more work is needed to (1) tailor
management to the unique needs of frail patients, both pre- and posttransplant; (2) define phenotypes of frail patients who are
expected to benefit from transplant over dialysis; and (3) develop interventions to reverse frailty, both pre- and posttransplant.
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Introduction

Frailty is a state of decreased physiologic reserve and dimin-
ished ability to recover from physiologic stressors [1].
Functional status may decline and fail to recover after a med-
ical illness or intervention, placing the individual at higher risk

for complications. Literature on frailty and kidney transplant
outcomes uses a wide range of definitions and myriad of met-
rics including the following:

& descriptive phenotype (Fried criteria [2]);
& descriptive scores (Frailty Index [3], health-related quality

of life [HRQOL] scores [4]);
& physical function testing (SPPB [5], measures of lower

extremity strength and grip strength [6]);
& cardiopulmonary exercise testing (peak VO2) [7], other

functional tests (6-minute walk test, sit-to-stand, or timed
walking tests [8]);

& other surrogate measures (days of hospitalization [9•],
falls [10]).

Frailty exists on a spectrum, ranging frommild decrements
in reserve (sometimes termed “prefrailty”) to severe functional
impairment [1]. Frailty has been associated with poor health
outcomes in almost all conditions, from community-dwelling
older adults [1] to solid organ transplant recipients [11].
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Frailty is common in kidney transplant candidates. Studies
in dialysis-dependent patients suggest a frailty prevalence of
up to 70% [12–14]. Even among kidney transplant candidates,
generally the healthiest of dialysis-dependent patients, ap-
proximately 20% meet criteria for frailty [11]. Advanced
chronic kidney disease (CKD)/uremia and commonly associ-
ated comorbid conditions, including anemia, diabetes
mellitus, and heart disease, all contribute to the frailty pheno-
type [15]. Understanding frailty and its effect on transplant
outcomes therefore has significant implications for patient ed-
ucation and clinical management, including the pursuit of and
acceptance for kidney transplantation as a treatment option.

To better assess and utilize frailty in the peritransplant clin-
ical setting, the following questions need answers:

1. Is there a frailty threshold at which the risk of transplan-
tation exceeds that of continuing maintenance dialysis?

2. Should the type of transplant considered be tailored based
on frailty status? For example, should some frail candi-
dates only consider living donor kidney transplantation to
minimize the risks associated with delayed graft function
and further deterioration in the posttransplant course?

3. To what extent is frailty reversible after transplant, and
how long does this process take?

4. What interventions may be effective to mitigate frailty,
both pre- and posttransplant?

This review seeks to illuminate some of the above issues.
Herein, we will review the associations between frailty and
transplant outcomes, an active research area over the last 5–
10 years. We then seek to apply that knowledge to the ques-
tions of pre- and posttransplant management of frail patients
and highlight knowledge deficits to be addressed by future
research efforts.

Frailty and Outcomes Before Transplant

Emerging literature on the association between frailty and
outcomes in kidney transplant candidates and recipients is
predominantly observational. These studies demonstrate a
higher risk of mortality and morbidity among patients who
are frail compared with non-frail patients, both before and
after transplantation. It is important to note, however, that
under the current candidate selection practices, survival ben-
efit with transplantation may be seen even among some can-
didates who are frail.

Multiple studies have established an association between
patient-reported or surrogate measures of frailty and adverse
outcomes in transplant candidates on the waiting list. In a large
multi-center cohort study of 1975 patients, the Fried frailty
phenotype is associated with higher waitlist mortality (HR

1.262.193.79) [16]. In a large retrospective study using registry

data, Reese et al. [17] noted that kidney transplant candidates
in the lowest baseline physical function score quartile (based
on the Medical Outcomes Study 36-Item Short Form Health
Survey—SF-36) were less likely to undergo transplantation,
more likely to be inactivated and have a lower survival at
3 years compared with the highest quartile (84% vs 92%).
Survival benefit conferred by transplantation persisted in ev-
ery physical function quartile. Limitations of the study include
selection bias of patients both for waitlisting and for transplan-
tation, and the use of indirect measures of physical function-
ing, albeit ones that have been validated in the dialysis-
dependent population. In another registry data-based study,
Lynch et al. [9•] studied whether hospital days in the first year
of waitlist can be used as a measure of fitness for transplant.
Based on registry data for 51,111 patients, those with higher
hospitalization burden were noted to have higher waitlist mor-
tality (1–7 hospital days, HR 1.201.241.28; 8–14 days, HR

1.421.491.56; ≥ 15 days, HR 1.992.072.15; versus 0 days).
Those with a high hospitalization burden had lower
posttransplant survival, but survival was significantly better
than remaining on the waitlist. Furthermore, in a single-
center study of 96 transplant candidates, Locke et al. [18]
observed that lean muscle mass (measured via morphometric
assessments of psoas muscle attenuation and paraspinous lean
volume) was associated with a small but significant decreased
risk of death (HR 0.910.930.96 for higher psoas muscle attenu-
ation and HR 0.960.980.99 for increase in lean paraspinous vol-
ume) over a 5–6-year follow-up period. Together, these stud-
ies demonstrate that the association between frailty and
pretransplant mortality is robust across different frailty mea-
sures. Frailty assessments may be particularly important
where the patient comorbidity burden is lower, in identifying
high-risk patients who may not be noticed otherwise [19].
These data also show that some frail ESKD patients can ben-
efit from transplant over chronic dialysis, although how to
identify those who will benefit and have acceptance
posttransplant outcomes is not yet known.

One study applied an objective measure of cardiovascular
reserve and arrived at a similar conclusion. Ting et al. [20]
studied 240 waitlisted patients followed for 5 years. They
quantified cardiovascular reserve using cardiopulmonary ex-
ercise testing and found that patients with an impaired peak
VO2 (based on percentage of age-predicted peak VO2) had a
significantly lower survival compared with those with a better
reserve. However, among patients with low cardiovascular
reserve, transplanted patients had significantly greater survival
compared with non-transplanted patients (HR = 0.090.220.56).

Frailty and Outcomes After Transplant

Studies of posttransplant outcomes in transplant recipients
have utilized both the Fried frailty phenotype and other

Curr Transpl Rep (2019) 6:16–25 17



measures of frailty. Outcomes examined include short-term
(delayed graft function and hospitalization) and long-term
(death) measures (Table 1). Frailty, as assessed by varying
metrics in these studies, is associated with worse short-term
outcomes after transplant. Frailty defined by the Fried index, a
combination of self-reported and objective measures, was as-
sociated with an almost twofold increase in risk of delayed
graft function, 1.2-fold increase in risk of protracted initial
hospital stay, and 1.6-fold increase in risk of hospital readmis-
sion within 1 month [28]. The effect of frailty on length of stay
is especially pronounced in patients with depressive symp-
toms (1.9-fold increase in risk) [29]. Pretransplant hospitali-
zation, a surrogate measure of frailty, is also associated with
increased posttransplant hospitalization (0 hospital days, 73%;
1–7 days, 70%; 8–14 days, 75%; ≥ 15 days, 80% hospitaliza-
tion by 12 months of transplant) [30].

Frailty is also associated with long-term transplant out-
comes, including mortality and graft survival. The association
is strong, whether frailty is measured by the Fried index [11]
or other metrics. Among the five components of the Fried
index, the combination of poor grip strength, low physical
activity, and slow walking speed was especially strongly as-
sociated with increased mortality (HR 1.142.615.97) [24]. Other
studies employed alternative measures of frailty, including the
6-minute walk test [27], Short Physical Performance Battery
[26], morphometric age [31], and hospitalization in the first
year of waitlist [30]. All these studies confirmed the strong
association with frailty measures and posttransplant mortality
(compared with the absence of frailty). Importantly, the stud-
ies available to date are observational, and how frailty should
inform transplant candidacy is currently controversial.

Frailty and Transplant Candidacy

The kidney implantation procedure and peritransplant im-
munosuppression represent significant physiologic stressors,
from which the frail recipient may, by definition, have a
protracted recovery (Fig. 1). During the recovery period,
complications may arise which further reduce physical per-
formance. McAdams-DeMarco et al. [32] outlined mecha-
nisms by which frail transplant recipients may be prone to
transplant complications, including increased hospitalization,
immunosuppression intolerance [33], and delirium [34]. A
threshold, or thresholds, for frailty may exist for which cer-
tain frail candidates are better off remaining on dialysis and
others should only accept living donor kidneys to minimize
the extent of peritransplant physiologic stress. Indeed, ap-
proximately 5% of transplant candidates were removed from
the waitlist in 2016 because they were too sick for transplant
[35]; many of them may have an unacceptably high level of
irreversible frailty. The only existing surrogate measure for
frailty/physical function that is mandated reporting

nationally is the Karnofsky Scale, which is a rough surro-
gate [36]. Lack of a systematic approach and standardized
instruments to assess frailty in transplant candidates makes it
difficult to determine and evaluate frailty thresholds for
informing transplant candidacy.

Preliminary data suggest that, under current practices at cer-
tain centers, measures of frailty may improve posttransplant. In
a cohort of 349 transplant recipients at Johns Hopkins Hospital
[23•], 20% had the frailty phenotype (meeting at least 3 of the
Fried criteria), and a higher percentage became frail within 1–
2 months of transplant. At 3-month posttransplant, 74% of the
initially frail recipients became less frail. The choice of the
Fried phenotype, a non-quantitative instrument, to quantify
frailty improvement is a limitation of this study, as is the high
likelihood of selection bias in the study protocol. Longitudinal
fluctuations in measuring the frailty phenotype may also ac-
count for part of the observed improvement. In a follow-up
study of 443 transplant recipients from Johns Hopkins and
University of Michigan Hospital [25], the physical and kidney
disease-specific health-related quality of life (HRQOL) scores
posttransplant improved in both initially frail and non-frail re-
cipients. The improvement was more marked in frail recipients,
especially in the domains of general health, effects of kidney
disease, cognitive function, and social interaction. At these
study centers, most frail transplant candidates appear to recover
posttransplant and experience improvements in functional sta-
tus and quality of life. Relatedly, in a large registry study, even
patients with low physical function scores experience a survival
advantage conferred by transplant over dialysis [17], but this
finding may be affected by unmeasured selection factors.
Replication of these studies using quantitative frailty instru-
ments, pre-specified assessment intervals, and longer follow-
up at different transplant centers (with different thresholds for
recipient and organ acceptance and different transplant proto-
cols) will confirm (or disprove) these initial observations and
lend empirical credence to our proposed paradigm in Fig. 1.

If most frail transplant recipients improve posttransplant,
then the higher mortality and adverse outcome rates in frail
recipients may be attributed to either stochastic posttransplant
events or the presence of patient subsets whose posttransplant
trajectories diverge from non-frail patients. Predicting these
“high-risk” frail candidates may enable us to refine transplant
candidacy criteria and avoid the unfortunate outcome of mak-
ing a patient worse with a failed transplant. All existing studies
on this topic confront the inescapable limitations that (1) sto-
chastic posttransplant events cannot be predicted; (2) a strong
selection bias exists, as perceived frailty is already contribut-
ing to decisions of transplantation; and (3) a model to be used
in shared decision making regarding whether to proceed with
a transplant or remain on maintenance dialysis will need an
extremely high degree of accuracy (i.e., ability to provide the
correct estimates for the probability of an adverse outcome).
Existing models include the Estimated Post-Transplant
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Survival (EPTS) score [37] which accounts for only age and
limited comorbidities (diabetes, length of time on dialysis, and
prior transplant), and various models including measures of
frailty [9•, 11, 36]. In the most discriminating of these models
[9•] (based on days of hospitalizations in the first year of
waitlist), recipients in the highest category of risk have 3-
year death or graft loss rates of 30%: whether such a failure
rate warrants proceeding with kidney transplant is a decision
to be made at the individual level by shared decision making.

Timing of Frailty Assessments

The timing of pretransplant frailty assessment warrants brief
discussion. Literature to date has reported frailty measures
at one pretransplant time point, mostly immediately prior to
transplant [11] or at study enrollment [20]. Such timing is
practical and useful for research studies but requires modi-
fication for useful clinical practice. Measuring frailty at the
time of transplant evaluation can help inform transplant
candidacy and type of transplant offered but may miss de-
ceased donor transplant candidates who become frail while
awaiting transplant [38]. Measuring frailty immediately pri-
or to transplant can help guide posttransplant management
but will have little bearing on decisions and counseling
regarding transplant candidacy. Ideally, frailty will be
assessed longitudinally while awaiting a transplant and
more frequently as candidates move toward the top of the
waitlist (Fig. 2). Such reassessment should be framed in the
context of other patient factors, such as chronologic age,

social support, and other comorbidities. However, for the
vast majority of transplant candidates whose primary or
nephrology care is not delivered by transplant center affili-
ates, repeat frailty testing will necessitate either repeat visits
to transplant centers or close coordination between trans-
plant centers and local nephrology practices and dialysis
units. Implementation of full, longitudinal pretransplant
frailty monitoring will require a more integrated care coor-
dination model than what is currently available.

Frailty and Pretransplant Management

In addition to better assessment of frail patients with ESKD
who are expected to benefit from transplant, effective interven-
tions to modify frailty may allow more frail patients to become
suitable transplant candidates. However, the optimal strategy to
address frailty before transplantation is not known. Physical
activity interventions, with or without nutritional interventions,
have demonstrated reduction of frailty measures in community-
dwelling elderly adults [39]. Whether this can be consistently
achieved in the advanced CKD population is debatable.
Physical or exercise therapy delivery in the advanced CKD
population is challenging. Implementation of intradialytic or
supervised interdialytic exercise is limited by staffing chal-
lenges, competing priorities, and reimbursement [40, 41].
Home-based exercise therapy may result in modest improve-
ments in 6-minute walk test performance and in lower extrem-
ity strength [42•] How the positive effects persist beyond the
study period is unknown. The myriad of barriers to exercise
reported by patients, including fatigue, comorbidities, and lim-
itations related to dialysis access [43], may explain the high
attrition rate (20–50%) reported in most exercise intervention
studies in the CKD population (cf Table 1 in review by Cheng
et al. [21•]. Prehabilitation, or physical rehabilitation completed

Fig. 2 A schematic of the functional trajectory of a patient on the kidney
transplant waitlist. Re-assessments, especially after major illnesses, are
crucial in properly phenotyping patients on the frailty spectrum and
making the appropriate transplant-related decisions. TX, transplant;
Benefit, projected benefit of transplant or dialysis

Fig. 1 A schematic of frailty as the loss of functional reserve. A non-frail
patient (solid line) receives a kidney transplant (arrow): physiologic
capacity decreases postoperatively and recovers to a better baseline than
pretransplant. A prefrail patient (hashed line) experiences a greater
decline and slower recovery of physiologic capacity, but ultimately
achieves better physiologic capacity than pretransplant. A frail patient
(dotted and hashed line) experiences a great decline in physiologic
capacity to the point of losing dependence (horizontal dotted line), at
which point recovery is prolonged and also plagued by further setbacks,
which eventually results in a permanent loss of functional independence
and poor outcome. TX, transplant
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prior a major procedural intervention, has shown some success
in intra-abdominal surgeries (cf Table 2 in review by Cheng
et al. [21•]). In the kidney transplant setting, prehabilitation
may theoretically leverage the higher motivation of patients at
the top of the waitlist, but this conjecture has yet to be empir-
ically evaluated. Response to prehabilitation, or lack thereof,
may also provide an additional data point for assessing a frail
patient’s ongoing kidney candidacy (Fig. 3). For all these rea-
sons, prehabilitation in kidney transplantation warrants more
study.

Frailty and Posttransplant Management

There are limited data to informmodification of posttransplant
care based on frailty status. Potential modifications include the
following:

& Aggressive and planned physical rehabilitation after trans-
plantation in high-risk candidates

& Immunosuppression modification
& Accommodation of patients with cognitive deficits

Compared with prehabilitation, posttransplant rehabilita-
tion is potentially easier to arrange logistically. Two random-
ized controlled exercise trials exist. In a US trial [44] (N = 54
in exercise arm), an individualized home exercise regimen,
tele-monitored via phone, improved objective and self-
reported physical functioning over usual care. The average
age of transplant patients was quite low (40 ± 13 in the exer-
cise arm), and no frailty screening was done at recruitment. A
small UK pilot trial [45] (N = 13 in exercise arm) recruited
older patients within 1 year of transplant and tested the effects
of 12 weeks of supervised structured exercise classes twice
per week. They reported a statistically non-significant trend
toward an improvement in peak VO2 attributable to aerobic
training that persisted for 6 months beyond the intervention
end date. Replication of these studies with higher numbers

Fig. 4 Frailty considerations for
key stakeholders

Fig. 3 A schematic of the functional trajectories of non-frail, reversibly
frail, and irreversibly frail patients on the kidney transplant waitlist. A trial
of prehabilitation may be useful in distinguishing the reversibly frail from
irreversibly frail patient before transplant occurs
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stratified by pretransplant frailty will help to delineate the
benefits of rehabilitation and is necessary for obtaining insurer
approval for covering the service.

The optimal approach to immunosuppression may differ
between elderly frail and non-frail, non-elderly kidney trans-
plant recipients [46•]. The altered pharmacokinetics of medi-
cations in elderly individuals may alter their exposure to im-
munosuppressants. Rejection and death-censored graft failure
rates decrease with increasing recipient age [47, 48], implying
age-related immune senescence or heightened immunosup-
pression exposure in elderly patients under current protocols.
Side effects and immunosuppressant intolerance are also more
common in frail individuals [33]. Overall, the balance be-
tween suppressing alloimmunity and minimizing side effects
may call for lower immunosuppression in frail transplant re-
cipients, but this hypothesis warrants focused studies.

Transplant centers under-recognize cognitive deficits, such
as delirium, to which frail transplant recipients are particularly
prone [34]. Targeted efforts to address cognitive deficits in
frail transplant recipients include better delirium prevention
and treatment along with targeted measures for medication
safety and adherence. These are therefore reasonable steps to
mitigate the downstream effects of frailty, although the opti-
mal approach remains unknown.

Conclusions

As has been recognized in other populations, frailty is an
important determinant of outcomes in kidney transplant can-
didates and recipients and exerts a significant impact on a
patient’s course, both pre- and posttransplant. In the past 5–
10 years, a proliferation of studies has demonstrated a robust
link between frailty, measured by varying metrics, and trans-
plant outcomes. These studies also provide insight into the
mechanistic basis for the link and suggest possible interven-
tion venues, including prehabilitation, rehabilitation, immuno-
suppression modification, and closer attention to cognitive
impairment. The observation that frailty may not preclude
benefit from transplant over dialysis argues for liberal referral
to transplant centers, allowing programs to make candidacy
determinations, rather than denying referral based on percep-
tion that a patient may be too unfit. At this time, minimization
of pretransplant dialysis exposure through early referral, effec-
tive education on the potential benefits of living donor trans-
plantation, and consideration of non-standard deceased donor
organs to increase transplant options are particularly important
to elderly and frail patients. Defining characteristics of frail
patients who can benefit from transplant over dialysis with
acceptable posttransplant outcomes is a vital research priority.
Prospective studies of interventions and management strate-
gies to improve frailty and mitigate adverse outcomes are also
needed. All stakeholders—including patients, referring

physicians, transplant programs, policy makers, insurers, and
researchers—should recognize the importance of frailty as a
determinant of kidney transplant success and convene on in-
terventions to improve transplant outcomes (Fig. 4).
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