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ABSTRACT 

Background. The optimal duration of antifrailty interventions and how best to deliver them to patients with chronic 
kidney disease ( CKD ) is unknown. The aim of this study was to examine the safety, feasibility and preliminary efficacy of 
a 4-week supervised exercise intervention on frailty in patients with CKD. 
Methods. We conducted a prospective feasibility study involving patients with ≥stage 3 CKD ( 1 patient with stage 3 CKD, 
7 patients with stage 4 CKD and 17 patients with stage 5 CKD ) who were either frail or prefrail according to the physical 
frailty phenotype and/or had a Short Physical Performance Battery ( SPPB ) score ≤10. The exercise intervention consisted 
of two supervised outpatient sessions per week for 4 weeks ( eight total sessions ) . Frailty and other study measures were 
assessed at baseline and after 4 weeks of exercise. 
Results. Of the 34 participants who completed the baseline assessment and were included in the analyses, 25 ( 73.5% ) 
completed the 4-week assessment. Overall, 64.0% of patients were on dialysis and 64.0% had diabetes mellitus. After 
4 weeks of exercise, frailty prevalence, total SPPB scores and energy/fatigue scores improved. No adverse study-related 
outcomes were reported. 
Conclusions. The 4 weeks of supervised exercise was safe, was associated with an excellent completion rate and 
improved frailty parameters in CKD patients with CKD. This study provides important preliminary data for a future 
larger prospective randomized study. 
Clinical Trial.gov. registration : NCT03535584 
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LAY SUMMARY 

We conducted a prospective, single-center, non-randomized pilot study examining the safety, feasibility and 
preliminary efficacy of a 4-week supervised exercise intervention on frailty in patients with chronic kidney disease 
( CKD ) . We enrolled 25 participants. We found that the intervention was safe, was associated with an excellent 
completion rate and improved frailty parameters in patients with CKD. This study provides important preliminary 
data for a future larger prospective randomized study. 
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NTRODUCTION 

railty is common in patients with chronic kidney disease ( CKD ) 
nd is associated with numerous adverse health outcomes. The 
revalence of frailty increases as kidney function declines. Up 
o 78% of patients with dialysis-dependent CKD are frail [ 1 ]. The 
revalence of frailty is also affected by diabetes. Patients with 
KD who also have diabetes have nearly twice the rate of frailty 
s patients without diabetes [ 2 ]. Frailty has been associated with 
ignificant morbidity in patients with CKD [ 3 ]. Patients with CKD 

ho are frail are more likely to experience falls [ 4 ], decreased 
uality of life ( QOL ) [ 5 ], hospitalizations [ 6 –8 ], decreased access 
o kidney transplantation ( KT ) [ 9 ] and death [ 8 , 10 ]. Frailty has
lso been associated with progression to end-stage kidney dis- 
ase in patients with diabetes [ 11 ]. 

Fortunately, frailty has been shown to be treatable in 
on-CKD patients through interventions incorporating exercise 
 12 –14 ]. The optimal duration of exercise interventions and how 

est to deliver them to patients with CKD is unknown. Many ex- 
rcise interventions that have been studied in CKD are not stan- 
ardized, not supervised, suffer from low completion rates and 
re intradialytic, meaning they are performed during in-center 
emodialysis ( HD ) , and are thus not applicable to patients with 
on-dialysis-dependent CKD or who receive home dialysis [ 15 ]. 
We previously developed a standardized, supervised 8-week 

egimen of graduated aerobic and strength conditioning that 
ay be beneficial to patients regardless of CKD stage or dialy- 
is modality [ 15 ]. The intervention was first shown to be safe 
nd effective in patients with lung disease [ 16 , 17 ]. We sub- 
equently adapted the intervention for patients with CKD and 
emonstrated that it was associated with improved fatigue,
alking time and grip strength [ 15 ]. We now hypothesize that 
nly 4 weeks of the same intervention might also be beneficial.
 shorter version of our intervention might ultimately be as- 
ociated with better completion rates and serve as an effective 
rehabilitation strategy in patients undergoing KT. In the cur- 
ent study we conducted a clinical trial to evaluate the feasibil- 
ty, safety and effectiveness of 4 weeks of supervised exercise in 
atients with CKD. 

ATERIALS AND METHODS 

atient population 

e conducted a prospective study between July 2018 and May 
020 at our center. The study was registered on ClinicalTrials.gov 
 NCT03535584 ) and approved by the Mayo Clinic Institutional Re- 
iew Board ( 17-009722 ) . Potentially eligible patients ≥18 years 
f age with CKD stage ≥3 who lived within 70 miles of our 
enter were identified from our medical records and transplant 
atabase. Inclusion criteria included frail or prefrail by the phys- 
cal frailty phenotype and/or a Short Physical Performance Bat- 
ery ( SPPB ) score ≤10 ( see ‘Study outcomes’ below ) [ 18 , 19 ]. An
PPB score ≤10 was chosen based on published data demon- 
trating a relationship between scores ≤10 and adverse out- 
omes in patients with CKD, including decreased access to KT,
ncreased healthcare utilization and increased mortality [ 20 –22 ].
xclusion criteria included moderate–severe active cardiopul- 
onary disease, defined as a history of untreated myocardial is- 
hemia, recent myocardial infarction, heart or lung transplant 
andidate, left ventricular assist device recipient, known ven- 
ricular arrhythmia, significant restrictive or obstructive lung 
isease or the need for continuous oxygen supplementation. 
At enrollment, participants underwent a submaximal exer- 

ise test to rule out significant undiagnosed cardiopulmonary 
isease. We provided parking passes and remuneration to study 
articipants. Demographics were abstracted from the medical 
ecords or self-reported by participants. Estimated glomerular 
ltration rate ( eGFR ) was determined using the Chronic Kidney 
isease Epidemiology Collaboration creatinine equation [ 23 ]. 

xercise intervention 

he exercise intervention was conducted according to previ- 
usly published methodology [ 15 ]. Briefly, participants were 
sked to complete two ≤60-minute exercise sessions per week 
or 4 weeks ( eight total sessions ) according to pulmonary reha- 
ilitation guidelines established by the American Thoracic So- 
iety [ 24 ]. Exercise sessions were conducted in our outpatient 
ulmonary rehabilitation unit and supervised by licensed res- 
iratory therapists. Exercise training consisted of endurance,
trength and flexibility training and was individualized for each 
articipant. Respiratory therapists adjusted the intensity of en- 
urance training weekly based on target participant Borg scores 
f 4–6 [moderate to ( very ) severe] [ 25 ]. Study personnel collected 
ital signs before and after each exercise session; monitored par- 
icipant oxygen saturation, symptoms and heart rate during ex- 
rcise; obtained blood pressure during exercise as indicated by 
articipant symptoms and recorded adverse study events. 

tudy outcomes 

he primary study outcome was frailty according to the physi- 
al frailty phenotype. We chose the physical frailty phenotype as 
he primary study outcome because it has been associated with 
umerous adverse health outcomes in CKD patients, including 
ecreased access to KT and death [ 3 , 8 ]. The physical frailty phe-
otype consists of three criteria: wasting ( self-reported uninten- 
ional weight loss of ≥10 kg over the past year ) , exhaustion ( self-
eported using the Center for Epidemiologic Studies Depression 
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Figure 1: Study flow. 
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cale ) [ 26 ], low physical activity ( self-reported using the Min-
esota Leisure Time Activity Questionnaire ) [ 27 , 28 ], slow walk-
ng speed ( assessed via a 15-foot walk ) and weakness ( assessed
ia grip strength ) [ 18 ]. Participants received a score of 0 or 1 for
ach criterion. Participants with three or more criteria were de-
ned as frail, one to two criteria as prefrail and none of the cri-
eria as not frail. The physical frailty phenotype was assessed
t baseline and at 4 weeks. The impact of the intervention on
he physical frailty phenotype was analyzed in the subgroup of
atients with diabetes, the subgroup of patients on dialysis and
mong the entire cohort. 

Secondary outcomes included SPPB scores, health-related 
uality of life ( HRQOL ) , body weight and body composition. The
PPB is a composite measure of lower extremity function involv-
ng tests of balance, gait speed and chair stands. Participants re-
eived a score ranging from 0 to 4 for each of the three tests, with
igher scores indicating better physical function [ 19 ]. Scores for
ach of the three tests were then summed to provide a total SPPB
core ranging from 0 to 12 [ 19 ]. HRQOL was assessed using the
idney Disease Quality of Life Short Form ( KDQOL-SF ) , version
.3, with scores ranging from 0 to 100 and higher scores indi-
ating better QOL [ 29 –31 ]. Body composition was determined by
lectrical impedance using the InBody 770 body composition an- 
lyzer ( InBody USA, Cerritos, CA, USA ) . Analyzed body composi-
ion measures included intracellular water, extracellular water 
nd percent body fat. In addition, we calculated indices for fat
ass, skeletal muscle mass and appendicular skeletal muscle 
ass ( sum of muscle mass in both arms and legs ) by dividing

at mass, skeletal muscle mass and appendicular muscle mass,
espectively, by the square of height. The SPPB, KDQOL-SF, body
eight and body composition were assessed at baseline and at
 weeks. 

tatistical analysis 

e summarized continuous data as medians with ranges and 
nterquartile ranges ( IQRs ) . We summarized categorical data as 
ounts and percentages. We performed pre- and postinterven- 
ion comparisons using the paired samples Wilcoxon signed- 
ank test for continuous variables and McNemar’s test for cat-
gorical variables. The primary endpoint was frailty at 4 weeks.
econdary outcomes included the change in the physical frailty 
henotype, SPPB, HRQOL and body weight at 4 weeks. For ex-
loratory purposes, the impact of the intervention was also ex-
mined in the subgroup of patients with diabetes and the sub-
roup of patients on dialysis. P -values ≤.05 were considered sta-
istically significant. Analyses were conducted with JMP version
6.0 ( SAS Institute, Cary, NC, USA ) . 

ESULTS 

atient characteristics 

tudy flow is described in Fig. 1 . Overall, 38 patients were
creened, 2 of whom ( 5% ) did not meet the inclusion criteria, so
6 participants were enrolled in the study. Two participants were
xcluded from the analysis because they experienced significant
nterruptions in their exercise intervention due to coronavirus
isease 2019 ( COVID-19 ) -related closures at our center and re-
uired > 12 weeks to complete the 4-week assessment. Of the
emaining 34 participants who enrolled, 9 ( 26.5% ) withdrew prior
o the 4-week assessment due to illness, lack of time and con-
erns regarding COVID-19. No serious adverse events occurred.
ne participant experienced a mild adverse event possibly re-
ated to the intervention consisting of an episode of desatura-
ion during exercise requiring temporary administration of sup-
lemental oxygen. The participant was subsequently withdrawn 
rom the study prior to completion of the 4-week assessment.
he 25 remaining participants ( 73.5% ) completed the 4-week
ssessment. 

Baseline characteristics of the 25 participants who com-
leted the 4-week assessment are outlined in Table 1 . The me-
ian age was 62 years ( IQR 52.5–67 ) , 56.0% were male, 88.0% were
on-Hispanic White, 64.0% were on dialysis [4 patients on peri-
oneal dialysis ( PD ) and 12 patients on HD], 64.0% had diabetes
ellitus and 24.0% had a history of smoking. At baseline, 36.0%

 n = 9 ) were frail and the median SPPB score was 9 ( IQR 7–10 ) . 

hange in study outcomes from baseline to 4 weeks 

fter 4 weeks of exercise, we observed a decrease in frailty preva-
ence ( Fig. 2 ) . The proportion of patients with diabetes who were
rail decreased significantly ( 43.8% to 12.5%, P = .03 ) , as did
he proportion of patients on dialysis who were frail ( 42.9% to
8.8%, P = .03 ) . A numerical decrease in frailty prevalence among
he entire cohort was also observed ( 36.0% to 20.0%, P = .10 ) .
he improvement in frailty appeared to reflect improvements in
ultiple frailty parameters, including wasting, exhaustion, low 
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Table 1: Baseline demographics of participants completing the 
4-week assessment ( N = 25 ) . 

Variable Values 

Age ( years ) , median ( IQR ) 62 ( 52.5–67 ) 
Male, n ( % ) 14 ( 56.0 ) 
Race/ethnicity, n ( % ) 

White non-Hispanic 
Black non-Hispanic 
White Hispanic 
Other 

22 ( 88.0 ) 
1 ( 4.0 ) 
1 ( 4.0 ) 
1 ( 4.0 ) 

CKD stage, n ( % ) 
3B 1 ( 4.0 ) 
4 7 ( 28.0 ) 
5 ( non-dialysis ) 
5 ( dialysis dependent ) 

1 ( 4.0 ) 
16 ( 64.0 ) 

Dialysis modality, n ( % ) 
HD 

PD 

12 ( 48.0 ) 
4 ( 16.0 ) 

Time on dialysis ( years ) , median ( IQR ) 3.0 ( 0.6–6.0 ) 
Diabetes, n ( % ) 
History of smoking, n ( % ) 

16 ( 64.0 ) 
6 ( 24.0 ) 

BMI ( kg/m 

2 ) , median ( IQR ) 30.5 ( 27.1–34.5 ) 
Evaluated for kidney transplant, n ( % ) 21 ( 84.0 ) 
Physical frailty phenotype score, n ( % ) 9 ( 36.0 ) 
SPPB score, median ( IQR ) 9 ( 7–10 ) 
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hysical activity and slow gait speed, which decreased numer- 
cally in patients with diabetes ( Table 2 ) , patients on dialysis 
 Table 3 ) and among the entire cohort ( Table 4 ) . The only frailty 
arameter that did not numerically decrease across groups was 
rip strength. 

After 4 weeks of exercise we also observed improvements 
n total SPPB scores ( Fig. 3 ) . The largest improvement was ob- 
erved in patients with diabetes, who experienced a significant 
ncrease in their total SPPB score from 7.5 ( IQR 7.0–9.8 ) to 9 ( IQR 
.0–10.0, P = .03 ) . Likewise, patients on dialysis and the entire co- 
ort experienced a significant increase in their total SPPB score 
9.0 ( IQR 7.0–10.0 ) to 9 ( IQR 9.0–10.0 ) , P = .03 and 9.0 ( IQR 7.0–10.0 )
o 9.0 ( IQR 9.0–10.5 ) , P = .002, respectively]. The improvement in 
igure 2: Change in the physical frailty phenotype from baseline to 4 weeks different 
otal SPPB scores appeared to reflect improvements mainly in 
alance and chair stand scores. The most significant improve- 
ents in balance and chair stand scores occurred among the 
ntire cohort, where each score improved by 1 point ( P = .05 and
 = .04, respectively ) . Median gait speed scores in patients with
iabetes ( Table 2 ) , patients on dialysis ( Table 3 ) and the entire 
ohort ( Table 4 ) were already 4.0 at baseline, which represents 
he highest possible score, with no room for improvement. 

When examining HRQOL, no improvements in the physical 
r mental composite scores of the KDQOL were observed in the 
ubset of patients with diabetes, those who were on dialysis 
r among the entire cohort ( data not shown ) . However, scores 
n the energy/fatigue scale of the KDQOL improved across all 
roups. In patients with diabetes, energy/fatigue scores numer- 
cally improved from 35.0 ( IQR 20.0–50.0 ) to 50.0 ( IQR 38.8–62.5,
 = .07 ) , while in patients on dialysis, energy/fatigue scores im- 
roved significantly from 42.5 ( IQR 21.3–50.0 ) to 50.0 ( IQR 40.0–
0.0, P = .008 ) . Energy/fatigue scores among the entire cohort 
lso improved significantly from 42.5 ( IQR 26.3–50.0 ) to 50.0 
 IQR 40.0–61.3, P = .02 ) . The intervention was not associated 
ith body weight or body composition in patients with dia- 
etes, patients on dialysis or among the entire cohort ( data not 
hown ) . 

ISCUSSION 

n this study we conducted a clinical trial examining the safety,
easibility and efficacy of a 4-week supervised exercise interven- 
ion on frailty in patients with CKD. We found that the inter- 
ention was feasible and safe, with no serious adverse events.
early 75.0% of the cohort completed the 4-week intervention.
fter 4 weeks of exercise we observed a 31.0% decrease in frailty 
revalence in the subset of patients with diabetes ( P = .03 ) and a
4.1% decrease in frailty prevalence in the subset of patients on 
ialysis ( P = .03 ) . We also observed statistically significant im- 
rovements in total SPPB scores, with the largest increase oc- 
urring in patients with diabetes [7.5 ( IQR 7.0–9.8 ) to 9 ( IQR 8.0–
0.0 ) , P = .03]. Improvements in energy/fatigue as measured by 
he KDQOL were also noted. No study-related adverse events 
ccurred. 
patient groups. Baseline results displayed in black and 4-week results in gray. 
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Table 2: Change in frailty among subgroup of patients with diabetes. 

Outcome 
Baseline 
( n = 16 ) 

4 weeks 
( n = 16 ) P -value a 

Physical frailty phenotype 
Frail, n ( % ) 7 ( 43.8 ) 2 ( 12.5 ) .03 
Wasting, n ( % ) 4 ( 25.0 ) 3 ( 18.8 ) .56 
Exhaustion, n ( % ) 7 ( 43.8 ) 5 ( 31.3 ) .41 
Low physical activity, n ( % ) 6 ( 37.5 ) 2 ( 12.5 ) .10 
Slow walking speed 
Walking time ( sec ) , median ( IQR ) 

3 ( 18.8 ) 
5.2 ( 4.6–5.6 ) 

1 ( 6.3 ) 
4.0 ( 3.4–4.6 ) 

.16 
< .0001 

Weakness, n ( % ) 
Grip strength ( kg ) , median ( IQR ) 

12 ( 75.0 ) 
22.3 ( 14.8–29.6 ) 

10 ( 62.5 ) 
21.2 ( 19.9–32.8 ) 

.32 

.35 
SPPB 

Total score, median ( IQR ) 7.5 ( 7.0–9.8 ) 9.0 ( 8.0–10.0 ) .03 
Total score ≤10, n ( % ) 15 ( 93.8 ) 13 ( 81.3 ) .32 
Balance score, median ( IQR ) 3.0 ( 2.0–4.0 ) 3.5 ( 3.0–4.0 ) .23 
Gait speed score, median ( IQR ) 
Gait speed test time ( sec ) , median ( IQR ) 

4.0 ( 4.0–4.0 ) 
4.5 ( 3.9–4.8 ) 

4.0 ( 4.0–4.0 ) 
3.7 ( 3.2–4.4 ) 

.10 

.01 
Chair stand score, median ( IQR ) 
Chair stand test time ( sec ) , median ( IQR ) 

1.0 ( 1.0–2.0 ) 
14.7 ( 13.1–20.3 ) 

2.0 ( 1.0–3.0 ) 
19.5 ( 15.1–25.4 ) 

.16 

.07 

a Wilcoxon signed-rank test for continuous variables and McNemar’s test for categorical variables. 

Table 3: Change in frailty among subgroup of patients on dialysis. 

Outcome 
Baseline 
( n = 16 ) 

4 weeks 
( n = 16 ) P -value a 

Physical frailty phenotype 
Frail, n ( % ) 7 ( 42.9 ) 3 ( 18.8 ) .045 
Wasting, n ( % ) 5 ( 31.3 ) 4 ( 25.0 ) .32 
Exhaustion, n ( % ) 9 ( 56.3 ) 5 ( 31.3 ) .32 
Low physical activity, n ( % ) 6 ( 37.5 ) 3 ( 18.8 ) .18 
Slow walking speed, n ( % ) 
Walking time ( sec ) , median ( IQR ) 

3 ( 18.8 ) 
5.2 ( 4.7–5.7 ) 

2 ( 12.5 ) 
4.0 ( 3.4–4.5 ) 

.32 
< .0001 

Weakness, n ( % ) 
Grip strength ( kg ) , median ( IQR ) 

11 ( 68.8 ) 
21.4 ( 16.9–27.3 ) 

11 ( 68.8 ) 
20.4 ( 17.8–27.6 ) 

1.00 
.67 

SPPB 
Total score, median ( IQR ) 9.0 ( 7.0–10.0 ) 9.0 ( 9.0–10.0 ) .03 
Total score ≤10, n ( % ) 14 ( 87.5 ) 13 ( 81.3 ) .56 
Balance score, median ( IQR ) 3.0 ( 2.3–4.0 ) 4.0 ( 3.0–4.0 ) .11 
Gait speed score, median ( IQR ) 
Gait speed test time ( sec ) , median ( IQR ) 

4.0 ( 3.0–4.0 ) 
4.2 ( 3.8–4.7 ) 

4.0 ( 4.0–4.0 ) 
3.8 ( 3.1–4.2 ) 

.50 

.03 
Chair stand score, median ( IQR ) 
Chair stand test time ( sec ) , median ( IQR ) 

1.5 ( 1.0–2.8 ) 
16.6 ( 14.7–25.6 ) 

2.0 ( 1.0–3.0 ) 
15.4 ( 13.1–20.2 ) 

.62 

.15 

a Wilcoxon signed-rank test for continuous variables and McNemar’s test for categorical variables. 
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Our exercise intervention is a promising method of deliver- 
ng exercise to KT candidates and patients with CKD. First, the
ntervention is standardized, potentially reimbursable and able 
o be disseminated across pulmonary rehabilitation centers 
hroughout the country. Second, we found preliminary efficacy 
fter only 4 weeks of exercise. Exercise interventions that are
rief yet efficacious might be associated with better completion 
ates and easier to implement as part of a prehabilitation strat-
gy prior to surgical procedures such as KT. Third, the interven-
ion was supervised. Supervised exercise may be safer and more
fficacious than home-based programs and allow for real-time 
eedback, encouragement, teaching and personalization of the 
rogram [ 32 ]. Fourth, our intervention appeared to be effective
t reducing frailty prevalence in patients with diabetes. Patients
ith CKD who have diabetes and frailty are at especially high
isk of mortality, highlighting the importance of developing ef-
ective interventions in this vulnerable subgroup [ 33 ]. Lastly, our
ntervention applies to all patients with CKD regardless of dialy-
is status or modality. Our cohort consisted of patients who were
ot on dialysis, patients who were on HD and patients who were
n PD. Most previously published studies have involved intradi-
lytic exercise or exercise administered during an in-center HD
ession, which does not generalize well to patients not on dial-
sis or to patients receiving home dialysis [ 34 ]. 
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Table 4: Change in frailty among the entire cohort. 

Outcome 
Baseline 
( n = 25 ) 

4 weeks 
( n = 25 ) P -value a 

Physical frailty phenotype 
Frail, n ( % ) 9 ( 36.0 ) 5 ( 20.0 ) .10 
Wasting, n ( % ) 8 ( 32.0 ) 6 ( 24.0 ) .32 
Exhaustion, n ( % ) 10 ( 40.0 ) 9 ( 36.0 ) .74 
Low physical activity, n ( % ) 9 ( 36.0 ) 4 ( 16.0 ) .06 
Slow walking speed, n ( % ) 
Walking time ( sec ) , median ( IQR ) 

4 ( 16.0 ) 
5.1 ( 4.5–5.6 ) 

2 ( 8.0 ) 
4.1 ( 3.4–4.5 ) 

.16 
< .0001 

Weakness, n ( % ) 
Grip strength ( kg ) , median ( IQR ) 

14 ( 56.0 ) 
24.5 ( 17.0–38.7 ) 

15 ( 60.0 ) 
23.1 ( 19.2–37.9 ) 

.71 

.59 

SPPB 
Total score, median ( IQR ) 9 ( 7–10 ) 9 ( 9–10.5 ) .002 
Total score ≤10, n ( % ) 23 ( 92.0 ) 76.0% ( n = 19 ) .10 
Balance score, median ( IQR ) 3 [2–4] 4 ( 3–4 ) .05 
Gait speed score, median ( IQR ) 
Gait speed test time ( sec ) , median ( IQR ) 

4 [4–4] 
4.2 [3.8–4.7] 

4 ( 4–4 ) 
3.9 ( 3.2–4.5 ) 

.19 
.006 

Chair stand score, median ( IQR ) 1 [1–2] 2 ( 1–3 ) .04 
Chair stand test time ( sec ) , median ( IQR ) 16.8 [14.8–23.4] 15.2 ( 12.3–20.1 ) .03 

a Wilcoxon signed-rank test for continuous variables and McNemar’s test for categorical variables. 

Figure 3: Change in SPPB scores from baseline to 4 weeks different patient groups. Baseline results displayed in black and 4-week results in gray. 
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An unexpected and noteworthy finding of our study is that 
ur intervention was associated with improvements in en- 
rgy/fatigue as measured by the KDQOL. Fatigue is a common 
roblem in patients with CKD. Approximately 67% of patients 
ith nondialysis CKD [ 35 ] and 89% of patients on dialysis [ 36 ] en-
orse fatigue. Fatigue is associated with subsequent cardiovas- 
ular events and death in patients with CKD [ 37 –39 ]. Our finding
hat only 4 weeks of supervised exercise improves fatigue, per- 
aps through improved muscle strength and physical activity, is 
romising and should be replicated in larger controlled trials. 
Our study has important limitations. The study was not 
andomized and the sample size was small. Participants were 
ostly White and from a single center. We did not elicit pa- 

ient perspectives about facilitators and barriers to exercise,
ncluding whether a home-based exercise intervention would 
ave been more feasible for them. We do not have data regard- 
ng the sustainability of increased physical activity or physical 
unction after completion of the intervention. Our use of the 
hysical frailty phenotype as a study endpoint is limited by 
he fact that one of the phenotype’s criteria is low physical 
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ctivity—any improvement observed in physical activity might 
imply reflect study participation rather than true improvement 
n physiological frailty. 

All of the above limitations offer important insights into 
uture study designs. Our findings need to be replicated in a
arger, more diverse cohort of patients. Future studies should 
licit patient perspectives about exercise using mixed methods 
pproaches. They should involve randomization, potentially not 
nly comparing supervised exercise with usual care but also 
ome-based exercise with supervised exercise. Home-based ex- 
rcise may also be an effective antifrailty intervention in pa-
ients with CKD and be less resource intensive than supervised
nterventions [ 40 , 41 ]. Future studies should ideally include other
erformance-based measures of frailty in addition to the physi- 
al frailty phenotype. They should not only examine the sustain-
bility of improvement in frailty over time ( especially in patients
aitlisted for KT who may need to maintain improved physical
unction for months to years while they await transplantation ) ,
ut also the impact of the intervention on outcomes such as hos-
italization and access to KT. 
In conclusion, 4 weeks of supervised exercise was as- 

ociated with improved frailty prevalence, SPPB scores and 
nergy/fatigue as measured by the KDQOL in patients with CKD,
ncluding subsets of patients with diabetes and patients on dif-
erent dialysis modalities. Our 4-week intervention was associ- 
ted with a > 70% completion rate and with no study-related
dverse events. This study is a step forward in understanding
ow best to successfully implement exercise interventions in 
atients with CKD and offers important feasibility data for a fu-
ure larger randomized study. 
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