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Abstract
Purpose of Review To highlight recent research about frailty and its role as a predictor of adverse, long-term post-kidney
transplant (KT) outcomes.
Recent Findings Frailty is easily measured using the physical frailty phenotype (PFP) developed by gerontologist Dr.
Linda Fried and colleagues. In recent studies, > 50% of KT recipients were frail (20%) or intermediately frail (32%) at
KT admission. Frail recipients were at 1.3-times higher risk of immunosuppression intolerance and 2.2-times higher risk
of mortality, even after accounting for recipient, donor, and transplant factors; these findings were consistent with those
on short-term post-KT outcomes. Pilot data suggests that prehabilitation may be an intervention that increases physio-
logic reserve in frail KT recipients.
Summary PFP is an effective tool to measure frailty in ESRD that improves risk stratification for short-term and long-term post-
KT outcomes. Interventions to improve physiologic reserve and prevent adverse KT outcomes, particularly among frail KT
recipients, are needed.
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Introduction

As the population ages and experiences more chronic condi-
tions like diabetes and hypertension, end-stage renal disease
(ESRD) is becoming more common among older adults aged
65 years and older, and access to kidney transplantation (KT)
has expanded in this population [1]. In 2016, there were nearly
20,000 adult KTs performed in the USA, a substantial rise
from 8719 in 1995. This expansion occurred particularly in
older adults: currently, 18%–20% of KT recipients are over
65 years of age [1, 2], a steep increase from 3% in 1990 [1].
Moreover, the overall distribution of KT recipients is getting

older with demographic shifts witnessed in the USA; patients
older than 70 comprised 22.4% of older KT recipients be-
tween 1990 and 1993 compared to 41.5% between 2009 and
2011 [1].

Compared to community-dwelling older adults, older
KT recipients are at elevated risk of age-related outcomes
including early hospi tal readmission, dementia ,
Alzheimer’s disease, infections, malignancy, and fractures
[2–6]. For example, we recently found that the 10-year
risk of post-KT dementia was 17.0% for KT recipients
aged 75 years and older; this is a much higher proportion
than the estimated 7.5% risk for community-dwelling
older adults of the same ages [7].

As the population of KT recipients continues to get
older and experience age-related outcomes, it is important
to identify novel metrics of aging that can help stratify
risk for long-term post-KT outcomes. Frailty, a syndrome
of decreased physiologic reserve and resistance to
stressors underlain by multisystem dysfunction, has re-
cently immerged as a potentially important geriatric con-
struct among KT recipients because it captures the accel-
erated aging associated with ESRD and enhances long-
term risk prediction in adult KT recipients of all ages.
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Summary of Current Understanding of Frailty

Measuring Frailty Using the Physical Frailty
Phenotype

Frailty is a syndrome of decreased physiologic reserve with a
profound biological basis of vulnerability that becomes more
evident during periods of chronic or acute stress, including
surgery. Initial studies of frailty among patients with ESRD
measured the physical frailty phenotype (PFP) and is some-
times referred to as the Fried frailty phenotype [8–10], which
was originally designed and validated among community-
dwelling older adults by Dr. Linda Fried and colleagues [11,
12]. Importantly, the PFP identifies those with diminished
physiologic reserve even without disability and comorbidity
[11].

In order to identify community-dwelling older adults at
highest risk of adverse health outcomes, and to better un-
derstand the biological basis of frailty, Fried and col-
leagues operationalized a frailty phenotype as an aggregate
measure that consists of 5 components [11]. The first com-
ponent is shrinking or the unintentional weight loss of
more than 10 pounds in the past year. The second compo-
nent is weakness, measured by the grip strength of the
dominant hand using a handheld dynamometer and defined
based on established cutoffs by gender and body mass in-
dex (BMI). The third component is exhaustion and is mea-
sured by self-report based on two questions from the
Centers for Epidemiologic Studies-Depression (CES-D)
[13]. The fourth component is low physical activity in the
past 2 weeks based on the Minnesota Leisure Time
Physical Activity (MLTA) questionnaire but can also be
estimated using other physical activity measurement tools.
The fifth and final component is slowness which is directly
measured by walking time of 15 ft; speeds below an
established cutoff based on recipient sex/gender and height
are considered slowed walking speed (Table 1) [11].
Theoretically, each of these criteria represents varying
physiologic systems, where the confluence of 3 or more
components captures an underlying multisystem dysfunc-
tion and pinpoints patients who are considered frail.

To measure the PFP among KT, similar to what has been
done for community-dwelling older adults, all that is needed is
a handheld dynamometer, a stopwatch, and two question-
naires: the MLTA [14] and the CES-D [13]. The phenotype
takes approximately 10 min to measure in a clinical setting.
One ESRD-specific consideration for measuring the shrinking
criterion of the PFP among those who are undergoing dialysis
is to use of the dry weight (Table 1). We have classified KT
recipients with one or fewer components as non-frail, 2 com-
ponents as intermediately frail, and 3 or more components as
frail [15, 16]; these thresholds are specific to the ESRD
population.

PFP in Geriatric Populations

The PFP was first described in 5317 older participants in the
Cardiovascular Health Study and has been studied in nation-
ally representative studies [17–23]. In the original study, 7%
of community-dwelling older adults aged 65 years and older
were frail, and frailty was associated with a 2.2-fold increased
mortality risk [11]. Subsequent studies using the PFP provided
strong evidence of deep biological change and multisystem
dysregulation in older adults [24–26]. Predictive criterion va-
lidity for frailty was demonstrated based on the high risk of
functional disability, institutionalization, and death [12], and
there was evidence for strong internal construct validity char-
acterizing frailty as a syndrome [12]. However, recent findings
suggest that the operationalization of the PFP does not require
all 5 components to capture physiologic reserve without los-
ing syndromemeasurement validity [27]; the constituent com-
ponents depend on the population and setting.

Biological Basis of Frailty

The PFP measure of frailty in older adults has been character-
ized by multisystem dysregulation [26] that undermines ho-
meostatic mechanisms, and in turn contributes to a host of
adverse health outcomes including worsening chronic condi-
tions, mobility limitations, disability, altered cognition, and pre-
mature mortality [26, 28–30]. Over the past several years, in-
vestigators have increasingly honed in on dysregulated stress
response systems responsible for the distinct vulnerability to
adverse outcomes observed in frailty, including chronic inflam-
mation, altered glucose metabolism, and decreased mitochon-
drial energy production [24, 26, 28, 31–39]. It is also increas-
ingly evident that frailty-related biological changes are multi-
factorially triggered by age-related biological changes (such as
mitochondrial decline and/or cellular senescence), behavioral
factors related to diet and exercise, medications, chronic ill-
nesses/comorbidities, and environmental stressors [30, 40].
These insults lead to a cycle of decline in energy, skeletal mus-
cle, and altered nutritional state, and the biological changes that
ensue do not exist in isolation; rather, they persist together in a
variety of constellations, which aggregately contribute to a
manifestation of distinct biological vulnerability [30] (Fig. 1).

Authors’ Personal Views of Measurement Controversy

The PFP is one of 67 tools that are referred to as frailty [41];
the vast majority are markers of general susceptibility that lack
a strong biological foundation, and fail to identify patients
prior to onset of comorbidity and disability. Given the strong
biological basis of the PFP, and its distinction from comorbid-
ity and disability, we felt that the PFP best captures frailty as a
specific construct of reduced physiologic reserve that may
eventually be intervened upon, and not one that broadly
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represents general vulnerability that makes identification of
interventions virtually impossible. Furthermore, the PFP has
been found to be feasible to measure in the KT setting [42].
Only one study has used a frailty index that summarizes do-
mains of functioning to assess frailty in KT recipients [43];
however, this tool, the Groningen Frailty Indicator, is distinct
from the PFP. Therefore, we have measured and studied the
PFP in over 1300 KT recipients over the past 10 years.

Summary of Current Data on Frailty
and Long-Term Post-KT Outcomes

Frailty at the Time of Admission for KT

Frailty, as measured by the PFP, is common at the time of
admission for KT; over 50% of KT recipients aged 18 years
and older are frail (20%) or intermediately frail (32%) [44]. In
a study of 663 KT recipients, frailty was more common in
older recipients (22.7% of recipients aged 75 years and older)
but still occurred in 13.6% of KT recipients aged 18–35 years.
Independent of other transplant, recipient, and donor factors,
KT recipients aged 65 years and older were at a 2-fold in-
creased risk of being frail compared with their younger coun-
terparts. These findings suggest that there is a high prevalence
of frailty among KT recipients even among those who are not
chronologically “old” [44].

Out of the five PFP components (shrinking, weakness, ex-
haustion, low physical activity, and slowed walking speed), the
two most frequently observed among KT recipients were poor
grip strength (50%) and low self-reported physical activity (49%)
[44]. Additionally, the most common pattern of these PFP com-
ponents was poor grip strength, low physical activity, and slowed
walk speed,which occurred in 19%of all frail KTrecipients [44].

Short-Term Improvements for Frail KT Recipients

Post-KT Frailty is likely dynamic [45]; in KT recipients over
all ages, frailty initially worsens in the first month post-KT but
then improves by 3 months post-KT [45]. Although KT recip-
ients who were frail at KT had higher frailty scores over the
long term, they were most likely to show improvements in
their PFP score and likely their underlying physiological re-
serve than their non-frail counterparts, supporting that idea
that KT may be beneficial even for frail candidates and that
frailty may not be an irreversible state of low physiological
reserve for all KT recipients [20]. This improvement in phys-
iologic reserve may then lead to subsequent improvements in
physical and kidney disease-specific HRQOL, but not mental
HRQOL, among frail KT recipients [46]. However, not all
improvements are sustained long term [46]. For example, frail
KT recipients experienced improvements in cognitive func-
tion within the first 3-months post-KT, reaching levels of their
non-frail counterparts with successful restoration of kidney
function. Yet in long term, KT recipients who were frail at
admission to KT experienced a significant decline in global
cognitive function that was not observed in non-frail recipi-
ents [47]. More research needs to be done in this area to de-
termine whether the underlying process of multisystem dys-
function is truly being interrupted by KTand whether post-KT
issues like wound healing, immunosuppression, and infec-
tions may impact the reversal of frailty after KT.

Long-Term Post-KT Outcomes Associated With Frailty
Status

KT recipients who were identified as frail using the PFP were
more likely to have needed a reduction in mycophenolate
mofetil (MMF) immunosuppression dose by 4 years (67%

Fig. 1 Frailty triggers, manifestation, and adverse outcomes among kidney transplant recipients. (Adapted from Walston, 2015 and tailored to KT
recipients)
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vs. 51%). Those who were frail were at a 1.3-fold risk of
MMF immunosuppression intolerance [15] independent of
recipient, donor, and transplant factors. Furthermore, this dose
reduction placed KT recipients at a 5.2-fold higher risk of
death-censored graft loss [15].

The 5-year risk of post-KT mortality was 91.5% for non-
frail recipients, 86.0% for intermediately frail recipients, and
77.5% for frail recipients. Additionally, KT recipients who
were frail by the PFPwere at a 2.2-fold higher risk ofmortality
and those who were intermediately frail were at a 1.5-fold
higher risk of mortality even after accounting for recipient,
donor, and transplant factors [16]. In a subsequent study, we
found that there were two groups of KT recipients who were at
elevated risk of mortality: those who were frail and those who
were intermediately frail. Recipients who had either exhaus-
tion and slowed walking speed or poor grip strength, exhaus-
tion, and slowed walking speed were at a 2-fold increased risk
of post-KT mortality [44]. These associations with long-term
outcomes may be mediated in part by limited health literacy
[48] and the increased risk of KT complications including
delirium [49••].

These two studies of frailty and long-term post-KT
outcomes were consistent with previous findings that sug-
gest that frail KT recipients were at risk of short-term
outcomes including: depressive symptoms [50], longer
length of stay [51], delirium [52], delayed graft function
[53], and early hospital readmission [54]. These short-
term outcomes may be full or partial mediators of the
associations between frailty and long-term outcomes, al-
though this is still an area of active research.

Alternative Measures of Vulnerability and Long-Term
Post-KT Outcomes

Additionally, alternative measures of vulnerability that may
reflect some of the components of the PFP have been studied
in KT recipients and found to be associated with post-KT
mortality. Self-reported functional status, for example, has
been found to be associated with post-KT mortality [25].
However, other objective measures like the timed-up-and-go
test was not associated with post-KT length of stay, or early
hospital readmission [55]. Additionally, lower extremity im-
pairment, objectively measured by the short physical perfor-
mance battery (SPPB), is present in 48% of KT recipients
[56••]. This measure of vulnerability identifies a different
group of KT recipients; only 11% of the KT population was
both SPPB-impaired and frail based on the PFP. Among KT
recipients with lower extremity impairment, it took 13% lon-
ger to be discharged from KT than their non-impaired coun-
terparts [57]. Additionally, SPPB impairment was associated
with a 2.3-fold increased mortality risk and an absolute in-
crease in 5-year mortality of 16.1% (20.6% vs. 4.5%) [56••].

Unanswered Questions

There is one main unanswered question remaining: how can
we reduce adverse long-term outcomes among KT recipients
who are frail? In other words, is frailty modifiable? Based on
the recently published commentaries [58, 59] and a pilot study
[60•], one particular approach appears to hold the most prom-
ise: prehabilitation, or intensive exercise therapy, prior to an
elective surgical intervention. Exercise has been shown to
improve and reverse frailty status (as measured by the PFP)
in community-dwelling older adults [61]. We have recently
completed a pilot involving intradialytic prehabilitation in
KT [60•], which has been proposed as an appealing strategy
for potentially overcoming the high drop-out observed in post-
KT interventions [59]; it shifts the focus to optimization prior
to surgery, rather than rehabilitation after surgery. The most
common form of prehabilitation includes exercise compo-
nents with strength, aerobics, and stretching [62], although
nutritional components [63–65] and psychological compo-
nents [66] have been included. In a recent survey, both clini-
cians (97%) and patients (94%) agreed that pre-KT
prehabilitation would help patients undergoing KT and that
prehabilitation would make ESRD patients less frail (clini-
cians: 100% and patients: 84%) [67]. Additionally, 97% of
clinicians and 80% of patients agreed that patients would be
interested in pre-KT prehabilitation [67]. However, a multi-
center randomized controlled trial of prehabilitation among frail
KT recipients is needed to confirm the efficacy of this intervention
in preventing long-term outcomes and associated costs.

Conclusions

As the number of olderKTrecipients continues to grow each year,
there is a pressing urge to improve risk stratification for long-term
post-KT adverse outcomes. Frailty as measured by the PFP has
recently emerged as a promising tool to help clinicians and trans-
plant centers identify thosewith decreased physiologic reserve that
may be more vulnerable to stressors. Importantly, this tool has a
well-established biological basis, and is not solely driven by a KT
recipients’ chronologic age. The next crucial step is to identify an
efficacious and effective prehabilitation program to help build
physiologic reserve prior to undergoing the surgical stressors
introduced by transplantation, and hopefully prevent long-term
adverse outcomes and related costs.
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