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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 physiologic reserve in frail KT recipients.

Summary: The PFP is a 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.

Keywords
frailty; kidney transplantation; epidemiology

INTRODUCTION

As the population ages and experiences more chronic conditions 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 United
States, a substantial rise from 8,719 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
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with demographic shifts witnessed in the U.S.; patients older than 70 comprised 22.4% of
older KT recipients between 1990-1993 compared to 41.5% between 2009-2011 (1).

Compared to community-dwelling older adults, older KT recipients are at elevated risk of
age-related outcomes including early hospital 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 recently immerged as a
potentially important geriatric construct among KT recipients because it captures the
accelerated aging associated with ESRD and enhances long-term risk prediction in adult KT
recipients of all ages.

SUMMARY OF CURRENT UNDERSTANDING OF FRAILTY
Measuring frailty using the physical frailty phenotype (PFP)

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 sometimes 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 understand the biological basis of frailty, Fried and colleagues
operationalized a frailty phenotype as an aggregate measure that consists of 5 components
(11). The first component is shrinking or the unintentional weight loss of more than 10
pounds in the past year. The second component 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 index (BMI). The third component is exhaustion and is
measured by self-report based on two questions from the Centers for Epidemiologic Studies-
Depression (CESD) (13). The fourth component is low physical activity in the past two
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 feet; 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 represent varying
physiologic systems, where the confluence of 3 or more components captures an underlying
multisystem dysfunction and pinpoints patients who are considered frail.
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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 questionnaires:
the MLTA (14) and the CESD (13). The phenotype takes approximately 10 minutes 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 nonfrail, 2
components 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 5,317 older participants in the Cardiovascular Health Study
and has been studied in nationally 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 validity 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 characterizing 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 losing syndrome measurement validity (27); the
constituent components depend on the population and setting.

Biological basis of frailty

The PFP measure of frailty in older adults has been characterized by multisystem
dysregulation (26) that undermines homeostatic mechanisms, and in turn contributes to a
host of adverse health outcomes including worsening chronic conditions, mobility
limitations, disability, altered cognition, and premature mortality (26, 28-30). Over the past
several years, investigators have increasingly honed in on dysregulated stress response
systems responsible for the distinct vulnerability to adverse outcomes observed in frailty,
including chronic inflammation, altered glucose metabolism, and decreased mitochondrial
energy production (24, 26, 28, 31-39). It is also increasingly 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 illnesses/comorbidities, and environmental stressors (30, 40).
These insults lead to a cycle of decline in energy, skeletal muscle, 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).

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 comorbidity and disability, we felt that the PFP best captures frailty as a
specific construct of reduced physiologic reserve that may eventually be intervened upon,
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and not one that broadly 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
domains 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 1,300 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). Ina
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 increased risk of being frail compare to their younger
counterparts. 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, exhaustion, 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 components was poor grip strength, low physical
activity, and slowed walk speed, which occurred in 19% of all frail KT recipients (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 recipients 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 reserve 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 physiologic 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 function within the first 3-months post-KT, reaching levels of their non-frail
counterparts with successful restoration of kidney function. Yet 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 recipients (47). More research needs to be done
in this area to determine whether the underlying process of multisystem dysfunction is truly
being interrupted by KT and whether post-KT issues like wound healing,
immunosuppression, and infections may impact the reversal of frailty after KT.
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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% 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 nonfrail recipients, 86.0% for
intermediately frail recipients, and 77.5% for frail recipients. Additionally, KT recipients
who were frail by the PFP were at a 2.2-fold higher risk of mortality 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 exhaustion and slowed
walking speed or poor grip strength, exhaustion, 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 suggest 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, although 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 impairment, objectively measured by the short physical
performance 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% longer to be discharged from KT than their non-impaired
counterparts (57). Additionally, SPPB impairment was associated with a 2.3-fold increased
mortality risk and an absolute increase 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
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approach appears to hold the most promise: 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
components with strength, aerobics, and stretching (62), although nutritional components
(63-65) and psychological components (66) have been included. In a recent survey, both
clinicians (97%) and patients (94%) agreed that pre-KT prehabilitation would help patients
undergoing KT and that prehabilitation would make ESRD patients less frail (clinicians:
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

FUNDING:

As the number of older KT recipients 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 transplant centers
identify those with 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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FIGURE 1:
Frailty triggers, manifestation, and adverse outcomes among kidney transplant recipients.

(Adapted from Walston, 2015 and tailored to KT recipients)
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Table 1:

Measurement of the Physical Frailty Phenotype among KT recipients.

Frailty
Component

M easurement

Categorization

Unintentional

Recipient’s self-reported:

Recipients reporting unintentional loss of 210lb (=4.5 kg) in the past year are

Weight Loss Current weight considered to have this component present
Weight 1 year ago Note: Must be adapted for KT recipients who are undergoing dialysis by
Whether or not the weight loss was ascertaining dry weight
intentional
Exhaustion 2 questions from the CES-D scale: Recipients reporting feeling exhausted for =3 days in the past week based on

“everything | did was an effort”
“I could not get going”

either question are considered to have this component present

Physical Activity

Short version of the Minnesota Leisure
Time Physical Activity questionnaire
Kilocalories expended/week:
calculated using a standardized
algorithm based on the days of
physical activity, duration of activity,
and number of kilocalories expended/
minute

Recipients are considered to have this component present if they expended:
<383 kcal/week for male recipients
<270 kcal/week for female recipients

Walking Speed

Grip Strength

Three timed regular paced walk for 15
ft (4.5 m)

Jamar handheld dynamometer in kg

Recipients are considered to have this component present if their walking
speed is:

27 seconds for men who are <173 cm

26 seconds for men who are >173 cm

>7 seconds for women who are <159 cm

26 seconds for women who are >159 cm

Recipients are considered to have this component present if their grip strength
is:

Male recipients kg
BMI <24.0 <29
BMI =24.1-28.0 <30
BMI >28.0 <32

Female recipients

BMI <23.0 <17
BMI = 23.1-26.0 <17.3
BMI = 26.1-29.0 <18
BMI >29.0 <21
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