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Abstract

OBJECTIVES—To understand the natural history of frailty after an aggressive surgical
intervention, kidney transplantation (KT).

DESIGN—Prospective cohort study (December 2008—March 2014).
SETTING—Baltimore, Maryland.
PARTICIPANTS—KIidney transplantation recipients (N = 349).

MEASUREMENTS—The Fried frailty score was measured at the time of KT and during routine
clinical follow-up. Using a Cox proportional hazards model, factors associated with improvements
in frailty score after KT were identified. Using a longitudinal analysis, predictors of frailty score
changes after KT were identified using a multilevel mixed-effects Poisson model.

RESULTS—ALt KT, 19.8% of recipients were frail; 1 month after KT, 33.3% were frail; at 2
months, 27.7% were frail; and at 3 months, 17.2% were frail. On average, frailty scores had
worsened by 1 month (mean change 0.4, P <.001), returned to baseline by 2 months (mean
change 0.2, P =.07), and improved by 3 months (mean change —0.3, P = .04) after KT. The only
recipient or transplant factor associated with improvement in frailty score after KT was pre-KT
frailty (hazard ratio = 2.55, 95% confidence interval (Cl) = 1.71-3.82, P <.001). Pre-KT frailty
status (relative risk (RR) = 1.49, 95% CI = 1.29-1.72, P < .001), recipient diabetes mellitus (RR =
1.26, 95% CI = 1.08-1.46, P = .003), and delayed graft function (RR = 1.22, 95% CI = 1.04-1.43,
P =.02) were independently associated with long-term changes in frailty score.
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CONCLUSION—ATfter KT, in adult recipients of all ages, frailty initially worsens but then
improves by 3 months. 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 physiological reserve after
KT, supporting the transplantation in these individuals and suggesting that pretransplant frailty is
not an irreversible state of low physiological reserve.
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frailty; kidney transplantation; physiological reserve

With advances in transplant surgery, including better surgical technique and
immunosuppression, kidney transplantation (KT) has become the preferred treatment option
for appropriate individuals with end-stage renal disease (ESRD).1 KT reverses the
physiology of ESRD, restoring the kidneys’ function of removing excess fluid and waste
from the blood without the burden of hemodialysis, but involves an initial invasive
procedure.

The surgical insult that occurs during KT is profound, and recovery is potentially
challenging for vulnerable recipients. During this time, recipients are at high risk of
postsurgical complications and acute rejection episodes.? Thus, there is an interesting
duality after KT; recipients recover physically and psychosocially because of restored
kidney function and gained independence, but they must undergo major surgery, after which
they are at risk of early postoperative complications. It is hypothesized that people initially
get worse after the physical insult of transplantation and then will continue down one of two
paths: continued improvement or progressive decline.

Frailty, a measure of physiological reserve initially described and validated in geriatric
populations,3 is emerging as an important risk factor for adverse KT outcomes, including
delayed graft function (DGF),* early hospital readmission,® and mortality® in adult
recipients of all ages. Although previous studies suggest that older adults become more frail
as they age,’? little is known about changes in frailty after surgery and in particular after
KT. Although it is likely that increased frailty would certainly be the natural history of
ESRD, it is unclear whether frailty status worsens initially after the physical insult of
surgery and whether recipients continue to worsen or improve in the months after KT.
Furthermore, it is unclear whether being frail at the time of KT represents an irreversible
state of low physiological reserve in which recipients are unable to return to their baseline
frailty status or whether they are able to increase their physiological reserve after kidney
function is restored. The goal of this study was to characterize the change in frailty over time
after transplantation and identify predictors of long-term changes in frailty score.

METHODS
Study Design

This was a prospective, longitudinal study of 349 KT recipients seen at Johns Hopkins
Hospital, Baltimore, Maryland, between December 2008 and March 2014. (Of 349
participants with more than one visit after KT, 228 had visits within 3 months of KT, and
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116 had a visit at exactly 3 months.) Mean follow-up was 14 months, and the last follow-up
visit occurred 5.9 years after KT. Participants were KT recipients who were seen at
transplantation, agreed to participate in this longitudinal study, and were followed at the
transplant center (as opposed to those who followed up with their nephrologist or at an
outside centers and those from out of the Baltimore, Maryland, area) through May 2014.
Research assistants approached all eligible KT recipients at the time of admission for KT
and performed a frailty assessment. The same research assistants then performed follow-up
assessments during routine clinical follow-up at Johns Hopkins. Frailty (as described below)
was measured at the time of KT and during clinical follow-up. Recipient and KT factors
(age, sex, race, donor type, pre-KT frailty status) did not differ according to number of post-
KT frailty measures, duration of follow-up, or whether the recipient had a visit at exactly 3
months. Recipient and transplant factors (sex, age, race, body mass index (BMI), diabetes
mellitus, time on dialysis, donor type, previous transplant, human leukocyte antigen
mismatch, peak panel reactive antibody, DGF, acute rejection) were ascertained from
medical records. The Johns Hopkins institutional review board approved the study.

Frailty Measurement

Frailty was measured as Fried and colleagues defined and validated it>10-19 and as has
previously been validated in ESRD and KT populations.#5:20-22 The phenotype was based
on five components: shrinking (self-report of unintentional weight loss of >10 pounds in the
past year based on dry weight), weakness (grip strength below an established cutoff based
on sex and BMI), exhaustion (self-report), low activity (kcal/wk below an established
cutoff), and slow walking speed (time to walk 15 feet below an established cutoff according
to sex and height).3 Each of the five components was scored as 0 or 1, representing the
absence or presence of that component. The aggregate frailty score was calculated as the
sum of the component scores (range 0-5); nonfrail was defined as a score of 0 or 1,
intermediately frail as a score of 2, and frail as a score of 3-5, as previously

determined. 4520

Change in Frailty Score After KT

Mean change in frailty score was assessed 1, 2, and 3 months after KT, and whether there
was a change in frailty score after KT was determined using a single-sample t-test with a
two-sided P-value. Then, participants were classified each month as being equally frail (no
change in frailty score), less frail (=1-point decrease in frailty score between KT and follow-
up visit), or more frail (=1-point increase in frailty score between KT and follow-up visit)
than at the time of KT. The transition between nonfrail, intermediately frail, and frail at KT
and 3 months after KT was estimated. Next, predictors of frailty score changes after KT
were identified using a multilevel mixed-effects Poisson model for unbalanced design.
Recipient age, recipient sex, recipient race, donor type, BMI, previous transplant, recipient
diabetes mellitus, peak panel reactive antibody, number of human leukocyte antigen
mismatches, and time on dialysis were considered as potential pre-KT predictors. Factors
identified during or after KT were also considered, including DGF and acute rejection as
predictors of frailty score changes. Using an adjusted Cox proportional hazards model,
predictors of becoming less frail (decrease in frailty score) were also identified.
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Change in Frailty Components

For participants who became less frail after KT, which of the five components contributed to
the improvement in frailty score 3 months after KT were identified. Similarly, for
participants who became more frail after KT, which of the five components contributed to
an increase in frailty score 3 months after KT were identified. More than one component
could contribute to a participant being more or less frail than at the time of KT.

Statistical Analyses

For all analyses, P < .05 was considered significant. All analyses were performed using
Stata version 13.0 (Stata Corp., College Station, TX).

RESULTS

Study Population

The mean age of participants was 53.3 £ 14.2 (range 19-83, median 55.8, interquartile range
(IQR) 44.2-63.6, 20.9% aged =65); 38.1% were female, 39.8% were African American, the
mean BMI was 27.5 - 5.9 kg/m?), and 19.2% had diabetes mellitus. The median number of
years on dialysis was 2.1 (IQR 0.4-3.9), 20% were preemptive KT, and 37.3% were live-
donor recipients. After KT, 17.8% experienced DGF and 3.2% an acute rejection. Consistent
with previous findings,*° the prevalence of frailty at the time of KT was 19.8% (Table 1).

Change in Frailty Status and Score After KT

One month after KT, 33.3% of recipients were frail; 2 months after, 27.7% were frail; and 3
months after, 17.2% were frail (Table 1). Each month after KT, there was a higher
percentage of KT recipients who were less frail and a lower percentage of those who were
more frail than at the time of KT (Figure 1A); at 1 month, 25.6% were less frail than at the
time of KT, and 45.1% were more frail; at 2 months, 28.4% were less frail, and 38.3% were
more frail; and at 3 months, 44.8% were less frail, and 25.0% were more frail (Table 1). On
average, frailty scores were worse than at the time of KT at 1 month (mean change 0.4, P <.
001), no different from at the time of KT at 2 months (mean change 0.2, P = .07), and better
than at the time of KT at 3 months (mean change —0.3, P =.04) (Figure 1B); results were
similar for older adults (mean change at 3 months —0.3).

Transitions in Frailty Status 3 Months After KT

Three months after KT, of those who were nonfrail at KT, 21.6% were intermediately frail,
and 11.7% were frail (Table 2); of those who were intermediately frail at KT, 52.0% were
nonfrail, and 20.0% were frail; and of those who were frail at KT, 33.4% were nonfrail, and
40.7% were intermediately frail.

Change in Frailty Components

Of those who were less frail after KT, 47% improved (from frail to nonfrail for the
component) in grip strength, 14% in weight loss, 55% in physical activity, 25% in
exhaustion, and 19% in walk speed (Table 3). Of those who were more frail after KT, 20%
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worsened (from nonfrail to frail for the component) in grip strength, 36% in weight loss,
43% in physical activity, 50% in exhaustion, and 27% in walk speed.

Characteristics of Recipients with a Change in Frailty Score over Long-Term Follow-Up

Of the recipient and donor characteristics that were known before KT, the only factor that
was associated with change in frailty score after KT was recipient diabetes mellitus (relative
risk (RR) = 1.23, 95% confidence interval (Cl) = 1.05-1.45, P = .01) in the longitudinal data
analysis (Table 4). When frailty at the time of KT was included in the longitudinal model,
there was a significant association between the pre-KT measure of frailty and change in
frailty score after KT (RR = 1.53, 95% CI = 1.33-1.77, P < .001). Acute rejection was not
associated with change in frailty score. The only post-KT factor associated with change in
frailty score was DGF (RR =1.30, 95% CI = 1.10-1.53, P = .003). Recipient diabetes
mellitus (RR = 1.26, 95% CI = 1.08-1.46, P = .003), and pre-KT frailty (RR = 1.49, 95% ClI
=1.29-1.72, P <.001) remained significantly associated with frailty score change after
adjusting for DGF (RR = 1.22, 95% CI = 1.04-1.43, P = .02).

Kidney transplantation recipients who were frail at the time of KT were more than twice as
likely (hazard ratio (HR) = 2.55, 95% CI = 1.71-3.82, P < .001) to have improvement in
frailty score after KT even after adjusting for all pre- and post-KT factors.

DISCUSSION

In this prospective, single-center cohort with long-term follow-up, frailty was found to be a
dynamic state, worsening in the first month after KT, reverting to what it was at the time of
KT by the second month after KT, and improving by the third month after KT. By 3 months,
74% of KT recipients who were frail at the time of KT were intermediately frail or nonfrail.
KT recipients who were frail at the time of KT were 2.6 times as likely to have better frailty
scores even after accounting for recipient, donor, and transplant factors. Frailty status at the
time of KT, recipient diabetes mellitus, and DGF were the only factors associated with
steeper long-term trajectories of frailty score. These findings suggest that, although KT
recipients who are frail at KT had higher scores long-term, they were most likely to show
improvements in their physiological reserve after KT, supporting transplantation in these
individuals and suggesting that pretransplantation frailty is not an irreversible state of low
physiological reserve.

Community-dwelling older adults often transition between nonfrail, intermediately frail, and
frail states,8.23.24 hut these transitions are most often to states of greater frailty, with more
than 40% becoming more frail and fewer than 1% transitioning from frail to nonfrail.8 In
older adults, hospitalizations greatly reduces the likelihood of recovering from being
intermediately frail or frail.823 From these findings, it has been suggested that there is a
range of progression in frailty status, with some older adults progressing suddenly because
of illness and decline and others progressing more slowly.2* Although these findings in
older adults characterize changes in frailty as part of aging, this research characterizes the
changes in frailty associated with a major surgical intervention. This study showed that
frailty initially worsens, presumably because of the surgical insult, but then improves,
presumably because of the restoration of kidney function. In contrast to aging in older
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adults, KT in adults with ESRD leads to transitions to states of less frailty by 3 months; of
those who were frail at KT, 28.0% became nonfrail, and 48.0% became intermediately frail,
although similar to the findings in older adults, the likelihood of transitioning between
frailty states was highly associated with a recipient’s frailty state at the time of KT.
Although the natural history of frailty in individuals with ESRD who do not undergo KT is
unclear, it is likely that they have a downward frailty trajectory that may or may not
stabilize.

It is most likely that the improvements in frailty after KT are due to restoration of renal
function, although there are other possible benefits of KT, including improved appetite,
increased physical activity because of the termination of dialysis, and improved quality of
life, that would lead to improvements in frailty status. It is likely that a combination of
physiological and psychosocial factors contribute to improvements in frailty after KT.
Furthermore, although the majority of people improve their frailty status after KT, there are
some who do not, and it is likely that this is because of post-KT complications such as DGF.

Strengths of this study were the prospective, longitudinal measurement of a validated,
objective frailty instrument immediately before KT and during routine clinical care after KT.
Additionally, ascertainment of recipient, donor, and transplantation factors allowed for
identification of factors associated with long-term changes in frailty score after KT. The
major limitation of this study is that it was a single-center study with limited follow-up that
was ascertained as part of routine clinical care. Additionally, the frailty score ranges from 0
to 5, so participants with a score of 0 could not improve further, and those with a score of 5
could not decline after KT, leading to a possible floor or ceiling effect, but only 14% of the
population had a score of 0 and 1% a score of 5, making these floor and ceiling effects less
likely.

Frailty is a dynamic process in KT recipients of all ages, initially worsening after the major
surgical insult but then improving significantly (even beyond baseline) by the third month
after KT. Those who are frail at the time of KT are most likely to improve after KT, possibly
because of the restoration of kidney function, even though their frailty scores were higher
after KT. Although this work clearly demonstrates that frailty can improve after KT, it
remains to be seen whether pretransplantation interventions such as prehabilitation can
successfully increase the number of KT recipients whose frailty status improves after KT.
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Frailty after kidney transplantation (KT). (A) Prevalence of frailty status according to month
(M) since KT. (B) Mean change in frailty score according to month since KT (n = 349 at
KT; n =102 1 month after KT; n = 141 2 months after KT; n = 116 3 months after KT;
differing sample sizes reflecting the dynamic nature of the post-KT clinical follow-up).
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Change in Frailty Score and State Transition of Frailty Status after Kidney Transplantation (KT)

Table 1

Time Frail, %

Change in Frailty After KT %

Less Frail More Frail
Than at KT Than at KT

At KT 19.8

1 month 33.3

2 month 21.7

3 month 17.2

25.6 45.1
28.4 38.3
44.8 25.0

Page 10

The frailty score3 ranges from 0 to 5. Less frail is defined as a 1-point or more decrease in frailty score between KT and follow-up. More frail is
defined as 1-point or more increase in frailty score between KT and follow-up.
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Table 2
Change in Frailty State Between Kidney Transplantation (KT) and 3 Months After KT

3 Months After KT, %

At Time of KT Nonfrail  Intermediately Frail  Frail
Nonfrail 66.7 216 11.7
Intermediately frail 52.0 28.0 20.0
Frail 334 40.7 259

Nonfrail was defined as a score of 0 or 1, intermediate frailty was defined as a score of 2, and frailty was defined as a score of 3-5. The table
displays the percentage of KT recipients who were nonfrail, intermediately frail, and frail 3 months after KT according to frailty status at the time
of KT.
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Table 3

Page 12

Frailty Components That Led to Kidney Transplantation (KT) Recipients Becoming Less or More Frail Than

at Time of KT
Less Frail Than  More Frail Than
Frailty Component at KT, %2 at KT, %P
Weak grip strength 47 20
Unexplained weight loss 14 36
Low physical activity 55 43
Exhaustion 25 50
Slow walk speed 19 27

Columns do not sum to 100% because participants could be more or less frail based on one or more components of frailty.

aOf those who were less frail after KT.

bOf those who were more frail after KT.
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Table 4

Pre- and Post-Kidney Transplantation (KT) Factors Associated with Trajectories of Frailty

Page 13

Factor

Pre-KT Model

Pre-KT Model

Without Pre-KT Frailty ~ With Pre-KT Frailty Without Pre-KT Frailty ~ With Pre-KT Frailty

Relative Risk (95% Confidence Interval)

Frail at KT

1.53 (1.33-1.77)

1.49 (1.29-1.72)

Male recipient

0.97 (0.85-1.12)

1.01 (0.88-1.15)

0.95 (0.83-1.10)

0.99 (0.87-1.13)

Aged =265

1.14 (0.97-1.33)

1.12 (0.96-1.29)

1.14 (0.98-1.33)

1.12 (0.97-1.29)

Black

0.99 (0.86-1.14)

0.98 (0.86-1.12)

0.97 (0.84-1.12)

0.96 (0.84-1.10)

Live donor recipient

0.68 (0.58-0.80)

0.70 (0.60-0.81)

0.72 (0.61-0.84)

0.73 (0.62-0.84)

Body mass index (per 5 kg/m?)

1.01 (0.96-1.08)

1.01 (0.95-1.07)

1.01 (0.95-1.07)

1.00 (0.95-1.06)

Previous transplantation

1.14 (0.95-1.38)

1.13 (0.95-1.35)

1.17 (0.97-1.41)

1.14 (0.96-1.36)

Diabetes mellitus

1.23 (1.05-1.45)

1.26 (1.09-1.47)

1.23 (1.05-1.44)

1.26 (1.08-1.46)

Panel Reactive Antibody score 0

0.92 (0.80-1.06)

0.91 (0.80-1.04)

0.94 (0.81-1.08)

0.92 (0.81-1.05)

No human leukocyte antibody

mismatches

0.85 (0.62-1.17)

0.90 (0.66-1.22)

0.87 (0.64-1.19)

0.91 (0.67-1.23)

Time on dialysis (per year)

1.00 (0.98-1.02)

1.00 (0.98-1.02)

1.00 (0.98-1.02)

1.00 (0.98-1.02)

Delayed graft function

1.30 (1.10-1.53)

1.22 (1.04-1.43)

Acute rejection

1.10 (0.74-1.64)

1.14 (0.78-1.67)
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