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Abstract

Background: Frailty and decreased functional status are risk factors for adverse kidney 

transplant (KT) outcomes. Our objective was to examine the efficacy of an exercise intervention 

on frailty and decreased functional status in a cohort of patients with advanced chronic kidney 

disease (CKD).

Methods: We conducted a prospective study involving 21 adults with ≥ stage 4 CKD who were 

1) frail or pre-frail by Fried phenotype and/or 2) had lower extremity impairment [Short Physical 

Performance Battery score ≤ 10]. The intervention consisted of two supervised outpatient exercise 

sessions per week for 8 weeks.

Results: Among our cohort, median participant age was 62 years (interquartile range, 53–67) and 

85.7% had been evaluated for KT. Following the study, participants reported satisfaction with the 

intervention and multiple frailty parameters improved significantly, including fatigue, physical 

activity, walking time, and grip strength. Lower extremity impairment also improved (90.5% to 

61.9%, p=0.03). No study-related adverse events occurred.
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Conclusions: Preliminary data from this study suggest that a supervised, outpatient exercise 

intervention is safe, acceptable, feasible, and associated with improved frailty parameters, and 

lower extremity function, in patients with advanced CKD. Further studies are needed to confirm 

these findings and determine whether this prehabilitation strategy improves KT outcomes.
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INTRODUCTION

The transplant community is facing a challenging combination of problems – kidney 

transplant (KT) candidates are becoming older and more medically complex while transplant 

waiting times continue to increase.1–3 These synergistic factors contribute to high rates of 

functional decline in KT candidates.1 Specifically, the combination of comorbidities, 

sarcopenia, and uremia-associated inflammation contribute to the development of frailty and 

decreased functional status in many patients.4–6 Frailty is commonly defined as a syndrome 

of multi-system physiologic dysfunction which leads to decreased ability to recover from 

adverse medical events.7 Decreased functional status refers to challenges performing 

activities of daily living. Although there is a lack of consensus regarding the optimal 

measure of frailty and functional status in KT patients, the two most commonly studied 

measures include: 1) the Fried frailty phenotype, a composite measure of wasting, 

exhaustion, physical activity, walking speed, and grip strength, and 2) the Short Physical 

Performance Battery (SPPB), a composite measure of lower extremity function.8,9 By the 

time KT candidates are transplanted, nearly one-quarter of KT candidates are frail by the 

Fried frailty phenotype, and approximately half have lower extremity (LE) impairment 

defined as SPPB scores ≤ 10.10,11 Pre-transplant frailty and LE impairment are strongly 

associated with a myriad of adverse outcomes before and after KT, including decreased rates 

of transplantation, waitlist mortality, delayed graft function, longer hospital length of stay, 

rehospitalizations, delirium, cognitive dysfunction, decreased quality of life, 

immunosuppression intolerance, and death.10,12–24

Although interventions have been shown to modify frailty in older, community-dwelling 

adults, anti-frailty interventions in KT candidates are lacking. In the current healthcare 

environment where transplant centers face numerous resource constraints, optimizing 

potentially modifiable risk factors-- such as frailty--to reduce adverse outcomes and 

maximize patient and graft survival is imperative.1 In fact, a recent Frailty Consensus 

Statement published by the American Society of Transplantation (AST) highlighted the 

urgent need for effective frailty interventions in transplant candidates.25 While interventions 

incorporating exercise improve frailty in the general population, anti-frailty interventions in 

KT candidates are understudied. Moreover, the preferred mode and duration of anti-frailty 

exercise interventions in KT candidates is unknown.26–28

We believe an ideal intervention for frail transplant candidates should be individualized, 

standardized, and widely available given that transplant candidates are often geographically 

dispersed from their transplant centers. The ideal intervention should also be supervised 
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given that numerous studies involving non-transplant populations have shown that 

supervised interventions are more effective than unsupervised interventions.29–32 One 

intervention meeting these criteria is pulmonary rehabilitation (PR), a regimen of graduated 

aerobic, strength and flexibility training conducted in monitored clinical rehabilitation 

settings across the country.33,34 PR has been shown to improve frailty and LE function in 

patients with lung disease.35–39 Given that the exercise program utilized in PR is not specific 

to patients with lung disease, we hypothesized that PR would also improve frailty and LE 

function in patients with advanced chronic kidney disease (CKD), including KT candidates. 

The objective of this study was to examine the safety, acceptability, feasibility, and 

preliminary efficacy of PR on frailty, frailty parameters, LE function, body composition, and 

health-related quality of life (HRQOL) in patients with advanced CKD.

MATERIALS AND METHODS

Patient population.

The study was approved by the Mayo Clinic Institutional Review Board in accordance with 

the Helsinki Declaration of 1975 and was registered on ClinicalTrials.gov (NCT03535584). 

All patients provided written informed consent. We conducted a prospective study at Mayo 

Clinic, Rochester, Minnesota, USA between 7/2018 and 10/2019. Potentially eligible 

individuals with stage 4 or 5 CKD (age ≥ 18 years) who lived within 70 miles of our center 

were identified from our KT waiting list, dialysis units, CKD clinic, and/or during KT 

evaluations and approached to assess interest in study participation. Interested patients were 

screened for inclusion criteria: 1) frail or pre-frail by Fried frailty phenotype and/or 2) LE 

impairment (see Frailty testing below).8,9 Patients with moderate to severe active 

cardiopulmonary disease were excluded from the study. Moderate to severe cardiovascular 

disease was defined as a history of untreated myocardial ischemia, recent myocardial 

infarction with or without revascularization, heart transplant candidate, left ventricular assist 

device recipient, or known arrhythmia. Moderate to severe pulmonary disease was defined as 

known significant restrictive or obstructive lung disease by pulmonary function testing, lung 

transplant candidate, and/or need for oxygen supplementation. Participants received parking 

passes and remuneration.

Patient data.

Demographic information was obtained from participant self-report and abstracted from the 

electronic medical record. Self-reported functional status was obtained using the Karnofsky 

Performance Status scale.40 Estimated glomerular filtration rate (eGFR) in participants not 

on dialysis was estimated using the Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation.41

Exercise intervention.

The exercise intervention consisted of 8 weeks of PR according to American Thoracic 

Society guidelines.34 Specifically, participants were asked to complete two exercise sessions 

per week for 8 weeks (16 total sessions) in the outpatient PR unit at our center under the 

supervision of a licensed respiratory therapist. Participants receiving in-center hemodialysis 

were preferentially scheduled on non-dialysis days. Each exercise session lasted ≤ 60 
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minutes; sessions lasting less than 60 minutes were terminated by participants. Exercise 

training was individualized and progressive and included three components: 1) endurance 

training, 2) strength training, and 3) flexibility training (see Table 1).

Safety.

Study personnel collected vital signs before each exercise session and monitored the 

participants’ degree of dyspnea, oxygen saturation, and heart rate during exercise. Study 

protocol included blood pressure checks as needed during exercise (based on symptoms). 

Any adverse events experienced during the study were recorded.

Acceptability.

Upon study completion, participants were asked to answer the following questions (1 = 

strongly disagree to 5 = strongly agree): 1) I felt the exercise program was beneficial to my 

overall health, 2) I felt the exercise program was beneficial to my mental health, 3) I felt the 

exercise program was beneficial to my physical health, 4) I will continue to exercise 

regularly on my own after completing this program, 5) I feel more confident about 

exercising on my own after completing this program. Patients were also asked open-ended 

questions about their experience with the exercise intervention.

Feasibility.

Feasibility was assessed by the ability to accrue subjects and maintain participant 

involvement for the duration of the exercise intervention (8 weeks). Reasons for 

withdrawing from the study were recorded. We also examined the number of exercise 

sessions completed and information regarding each session (e.g., vitals, duration, treadmill 

speed, etc.).

Frailty testing.

Frailty testing was performed by trained study coordinators (K.T., R.W.) or physical 

therapists at baseline (prior to initiation of the exercise intervention), halfway through the 

study (after 4-weeks), and upon study completion (after 8-weeks). Frailty was defined in 

accordance with the Fried frailty phenotype: wasting, exhaustion , low physical activity, 

slow walking speed , and weakness .42 “Frail” was defined as ≥ 3 criteria, “pre-frail” as 1–2 

criteria, and “non-frail” as none of the criteria. In addition, in order to detect potential 

response to the intervention, alternate measures of muscle mass were determined by 

electrical impedance using the InBody 770 body composition analyzer (InBody USA, 

Cerritos, CA), including the fat mass index, skeletal muscle index (SMI), and appendicular 

skeletal muscle mass index (ASMI) defined as fat mass, skeletal muscle mass, and 

appendicular skeletal muscle mass (sum of muscle mass in both arms and legs) divided by 

the square of height, respectively.

Short physical performance battery (SPPB).

LE function was measured using the SPPB which is a composite measure of balance, gait 

speed, and chair stands.43 Measurements were performed by trained study coordinators 

(K.T., R.W.) or physical therapists at baseline, after 4-weeks, and upon study completion as 
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outlined above. During the SPPB, participants receive scores ranging from 0 (unable to 

perform) to 4 (no difficulty performing) for each of the three components. Component 

scores are then summed to provide a total SPPB score ranging from 0 to 12.43 For this study, 

LE impairment was defined as a total SPPB score ≤ 10 based on published literature 

showing scores ≤ 10 are associated with adverse outcomes and mortality in KT candidates.
10,23,24

Other study measures.

HRQOL was measured using the Kidney Disease Quality of Life Short Form (KDQOL-SF), 

Version 1.3, which has been validated in KT recipients and includes both the Medical 

Outcomes Study Questionnaire Short Form 36 Health Survey (SF-36) and kidney disease-

specific scales.44–46 In addition to the standard scales of the SF-36 which include the 

energy/fatigue scale, we also calculated the physical and mental component scores and a 

kidney disease-specific component summary score as previously described.21

Statistical analysis.

Categorical variables were summarized as counts and percentages with continuous variables 

summarized via medians and interquartile ranges (IQR). Pre- and post-intervention 

comparisons were made using Wilcoxon signed-rank test for continuous variables and 

McNemar’s test for categorical variables. Differences between groups were tested using 

Wilcoxon rank-sum and Fisher’s exact tests. The primary endpoint was frailty at study 

completion (8-weeks). Secondary outcomes included change in frailty parameters, body 

composition, SPPB scores, and HRQOL. In participants unable to complete the 8-week 

intervention, 4-week measures were used as censored data. For purposes of analysis, chair 

stand time was set as 60 seconds in participants unable to complete the test. P-values ≤0.05 

were considered statistically significant. Analyses were conducted with JMP, version 14, 

SAS Institute, Inc.

RESULTS

Patient characteristics.

Of the 29 individuals screened, 27 met frailty or SPPB criteria for eligibility. Two patients 

were ineligible, because they were both non-frail and had a SPPB score > 10. Twenty-one 

participants completed at least eight sessions of PR and the 4-week follow-up testing and 

were therefore included in the final analysis per study design (Figure 1). The eight 

participants who withdrew prior to study completion did not differ from non-withdrawing 

participants in terms of age, BMI, race, sex, diabetes, dialysis dependence, frailty phenotype 

score, or SPPB score. Baseline characteristics of the study cohort are shown in Table 2. 

Overall, the median participant age was 62 years (range, 42–87; IQR, 53–67), 57.1% were 

male, 85.7% were white non-Hispanic, 66.7% were on dialysis, and 85.7% had been 

evaluated for KT. Three participants had not been evaluated for KT. Baseline testing 

revealed that 38.1% of participants were frail (meeting ≥ 3 Fried criteria), 42.9% were pre-

frail, and 19.1% were non-frail. Median SPPB score was 9 (IQR, 7–10) and 90.5% of 

participants had a SPPB score ≤ 10. Overall, 28.6% of participants (n=6/21) were both frail 

and had a SPPB score ≤ 10 (Figure 2).
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Safety, acceptability, and feasibility.

Reassuringly, none of the participants experienced any adverse events during the exercise 

sessions, and no study-related adverse events occurred. Assessment of the acceptability of 

the intervention was obtained in 95.2% of participants (n=20). Overall, 100% of respondents 

reported that the exercise intervention was beneficial to their overall health [median score 5 

(IQR, 4–5)] and their physical health [median score 4 (IQR, 4–5)]. Furthermore, 90.0% of 

participants reported that the exercise intervention was beneficial to their mental health 

[median score 4 (IQR, 4–5)], 90.0% reported that they were planning to continue to exercise 

following the intervention [median score 4 (IQR, 4–5)], and 90.0% felt more confident about 

exercise following the intervention [median score 4 (IQR, 4–5)]. Participant comments 

following completion of the exercise intervention included “…I can breathe better…[I] have 

more stamina”; “when I started, I couldn’t walk very long…last day, I walked for over 70 

minutes”; “I worked at my own pace…I liked the one on one support and positive 

encouragement”; “my leg muscles improved.”

Of the 27 accrued participants, 6 (22.2%) withdrew prior to completing at least 8 exercise 

sessions and 2 additional participants withdrew (7.4%) prior to completing all 16 exercise 

sessions. Reasons for withdrawal included participant health problems (n=5), lack of time 

(n=1), lack of transportation (n=1), and other (n=1). Of the 21 participants included in the 

final study cohort, 90.5% (n=19) completed all 16 PR sessions and 8-week follow-up 

testing. Median time between enrollment and completion of the exercise intervention was 

8.7 weeks (IQR, 8.0–11.9).

Frailty.

Overall, the prevalence of frailty according to Fried frailty phenotype testing decreased 

following the exercise intervention, but this improvement was not significant (38.1% versus 

23.8%, p=0.18) (Figure 3 and Table 3). Among the entire study cohort, median frailty score 

did not significantly improve [median change 0 (IQR, −1 to 0), p=0.13] by the end of the 8-

week period (Table 3). However, the subgroup of participants who were both frail and had a 

SPPB score ≤ 10 at baseline experienced a significant improvement in median frailty score 

[median change −1 (IQR, −2.25 to −1) versus 0 (IQR, 0 to 0), p=0.001]. Analysis of 

individual frailty parameters among the entire cohort, revealed significantly improved 

physical activity, walking speed, and grip strength following the exercise intervention (Table 

3). The prevalence of low physical activity decreased from 28.6% to 9.5% of participants 

(p=0.046) following the intervention. Furthermore, participant walking time improved by a 

median of 0.6 seconds (p=0.0002) and grip strength improved by a median of 2.0 kg 

(p=0.03) after PR. Although the proportion of participants endorsing exhaustion by CES-D 

(a dichotomous variable) did not change following the intervention, it significantly 

decreased in the subgroup of participants who were both frail and had a SPPB score ≤ 10 at 

baseline (33.3% versus 0.0%, p=0.0495). Fatigue as measured by the KDQOL did 

significantly improve among the entire cohort [median improvement 8.3 points (IQR, −5.0 

to 33.8, p=0.0492].

As anticipated, wasting, as defined by the Fried frailty phenotype (self-reported 

unintentional weight loss of > 10 lbs in the prior year), did not improve (33.3% before 
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versus 23.8% after PR, p=0.16). Among the entire study cohort, participants did not 

experience a change in body composition parameters and weight following the exercise 

intervention (Table 3). Furthermore, participants who were overweight or obese at baseline 

did not experience different changes in body composition parameters compared to 

participants who were not overweight or obese at baseline (data not shown). However, 

participants with baseline wasting experienced a decrease in BMI following the intervention 

[median change of −0.3 kg/m2 (IQR, −1.5 to −0.2)], while participants without baseline 

wasting did not [median change of 0.05 kg/m2 (IQR, −0.13 to 0.18), p=0.02]. This decrease 

in BMI appeared to reflect a loss of muscle mass rather than a loss of body fat. For example, 

participants with baseline wasting experienced a decrease in SMI of −0.1 kg/m2 (IQR −0.3 

to 0) compared to a change of 0.1 kg/m2 (IQR, −0.02 to 0.3) in participants without baseline 

wasting (p=0.008). Similarly, participants with baseline wasting experienced a decrease in 

ASMI of −0.2 kg/m2 (IQR, −0.6 to −0.05) compared to a change of −0.04 kg/m2 (IQR, −0.2 

to 0.2) in participants without baseline wasting (p=0.04). Participants with baseline wasting 

also experienced less improvement in chair stand time following the intervention [median 

improvement of 1.8 seconds (IQR, −4.2 to 0.8) versus median improvement of 6.3 seconds 

(IQR, −13.8 to −2.1), p=0.03].

SPPB.

Overall, the proportion of participants with a SPPB score ≤ 10 following the exercise 

intervention decreased significantly compared to baseline (90.5% to 61.9%, p=0.03) (Figure 

2). Furthermore, the SPPB score significantly improved (Table 3). Of the SPPB component 

scores, both the balance test score and the chair stand test score significantly improved. Gait 

speed test time also significantly improved but not enough to improve the gait speed test 

score. Among our cohort, 57.1% (n=12) of participants experienced an improvement in gait 

speed ≥ 0.1 m/s, an increase consistent with clinically meaningful improvement and reduced 

mortality in older adults.47,48 Time to completion of the exercise intervention was no 

different in participants who experienced an improvement in SPPB score compared to those 

who did not [8.6 weeks (IQR, 8.0–10.3) versus 12.3 weeks (IQR, 7.9–13.6), p=0.16]. Other 

than the improvement in the energy/fatigue scale of the SF-36 mentioned above, the exercise 

intervention did not appear to be associated with improvement in HRQOL (data not shown). 

The time participants spent exercising per session increased by 9 minutes from a median of 

30 minutes to median of 40 minutes (IQR, −2 to 21 minutes) following the exercise 

intervention (p=0.02) (Figure 4 and Table 3). This increase in time represented a 29.0% 

improvement compared to baseline.

DISCUSSION

Our study is the first to examine the effect of an 8-week, PR-based exercise intervention on 

frailty in KT candidates and individuals with stage 4–5 CKD. Overall, we found that PR was 

safe, well-received by participants, and feasible. The intervention was associated with 

promising improvements in measured frailty parameters, including fatigue, physical activity, 

walking speed, and grip strength. LE function also significantly improved, and participants 

improved their exercise time per session by nearly 30%.
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Our study shows that PR-based exercise programs are safe, acceptable, and feasible in KT 

candidates and patients with advanced CKD. No study-related adverse events were 

observed. In terms of acceptability, we found that all respondents reported that the exercise 

intervention was beneficial to their overall health. The majority of respondents planned on 

continuing to exercise and reported feeling more confident about exercise following the 

intervention. In terms of feasibility, our withdrawal rate of 29.6% is comparable, if not better 

than, rates in other studies involving center-based exercise programs in patients with 

advanced CKD. For example, in a study by Chen at al. examining a 6-month intradialytic 

exercise intervention, 24.0% of participants were lost to follow-up or discontinued the 

intervention, while in a study by McAdams-Demarco et al. examining a 2-month exercise 

intervention involving weekly supervised exercise sessions, 58.3% of participants completed 

fewer than 4 exercise sessions.49,50

As outlined in the AST’s recent consensus statement, developing effective frailty 

interventions in solid organ transplant candidates is a priority for the transplant community.
25 Although no studies have examined the effect of exercise on frailty in CKD patients, prior 

studies involving geriatric adults have demonstrated that frailty is indeed modifiable.27 For 

example, Cameron et al. found that a 12-month, multidisciplinary intervention incorporating 

nutrition, mental health, social engagement, and exercise components improved frailty 

prevalence, physical activity, walking speed, and grip strength in a cohort of older, 

community-dwelling adults (n=216).51 Likewise, Cesari et al. found that a 12-month 

intervention incorporating home- and center-based exercise improved frailty prevalence and 

physical activity among older, community dwelling adults (n=424).52 Although we did not 

demonstrate an overall improvement in frailty prevalence by Fried’s frailty phenotype 

among our entire study cohort, we believe this was likely because our study was 

underpowered. Furthermore, utilizing the Fried frailty phenotype as a benchmark in 

interventional studies is challenging given that it includes self-report measures subject to 

bias and numerous dichotomous outcomes. However, we did find that frailty scores 

significantly improved in participants who were both frail and had a SPPB score ≤ 10 at 

baseline suggesting that frailty is modifiable even in these especially vulnerable patients.

Our study demonstrates that PR improves fatigue and LE function in KT candidates and 

patients with advanced CKD. The ability of our intervention to improve fatigue is important 

given that fatigue is a highly prevalent and disabling symptom in CKD patients and 

associated with increased mortality.53–55 In terms of LE function, we found that the 

proportion of participants with a SPPB score ≤ 10 decreased following the intervention 

(90.5% to 61.9%, p=0.03). This finding is significant, because SPPB scores ≤ 10 have been 

associated with decreased listing for KT, death on the waiting list, decreased likelihood of 

transplantation, and increased post-KT mortality.10,16,24 We also found that PR was 

associated with improved balance and walking speed, with 57.0% of participants 

experiencing a clinically meaningful improvement. Patients with low balance scores have 

been shown to experience longer hospital lengths of stay and rehospitalizations following 

KT, whereas slow walking speed is associated with hospitalization and death in CKD 

patients.15,56,57 In contrast to our effect on SPPB scores, a recent study by Sheshadri al. 

found that a 3-month home-based exercise intervention involving pedometers and weekly 

telephone reminders was not associated with improvement in either fatigue or SPPB scores 
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in a cohort of dialysis patients (n=60).58 This may be due to differences in the patient 

population, however.

Not surprisingly, no study to date, including ours, has demonstrated an effect of exercise on 

the Fried frailty parameter of wasting (unintentional weight loss of > 10 pounds over the 

past 12 months). While this parameter was originally included in the Fried criteria to reflect 

loss of lean body mass in older adults, it may not apply to individuals with CKD in whom 

weight loss often reflects changes in volume status or dietary restrictions.8 Furthermore, 

short-term exercise interventions cannot improve on what is by definition a 12-month 

parameter. Thus, in our study we examined the impact of PR on body composition as an 

alternative measure of muscle mass but found no impact of the intervention on this 

parameter. Prior studies examining the impact of exercise on body composition in CKD 

patients demonstrate conflicting results with some showing improvement in lean leg mass 

and SMI and others showing no effect.59–61 In our study, we found that patients with 

baseline wasting experienced greater loss of muscle mass following the intervention. This 

finding may reflect increased catabolism and malnutrition in this subgroup of patients who 

may benefit from multidisciplinary interventions which incorporate both exercise and 

nutritional supplementation.62

Researchers, patients, and providers agree that KT candidates would benefit from 

prehabilitation prior to transplant surgery given the strong association between frailty and 

adverse KT outcomes.1,25,50,63,64 In contrast to lengthier exercise interventions which could 

delay transplantation, 8-weeks of PR appears to be a viable option associated with much 

quicker improvement. These findings are consistent with other published studies of PR in 

patients with lung disease. For example, a large meta-analysis of randomized controlled 

trials performed in patients with chronic obstructive pulmonary disease showed that 8–12 

weeks of PR improves fatigue and exercise capacity.65 Furthermore, 8-weeks of PR has been 

shown to improve frailty in patients with lung disease.39 In addition to its efficacy, PR is an 

attractive research intervention to trial in KT candidates because it is standardized33,34 and 

widely geographically available in part due to coverage established for patients with 

qualifying conditions under the Medicare Improvements for Patients and Providers Act.65,66 

Thus if future studies confirm the impact of PR in frail KT candidates, a PR-based 

prehabilitation strategy may be easily disseminated and potentially reimbursable.

Limitations of our study include the small sample size, single-center design, and lack of a 

control group. Furthermore, our study cohort was predominantly Caucasian and English-

speaking. Thus, findings from our study should be interpreted with caution and may not 

generalize to other transplant centers. Validation of our findings in a larger, multi-site study 

utilizing both randomization and blinding would be important prior to widespread 

implementation. Although, we did not demonstrate an improved KDQOL measure in this 

study, it will be important to follow-up in a larger cohort as such increased exercise capacity 

could improve pre-transplant quality of life. Also, future studies should assess whether 

improvement in physical activity is sustained after completion of a PR-based intervention 

and whether stage of CKD is related to improvement.
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In conclusion, 8-weeks of PR appears to be safe, acceptable, feasible, and associated with 

significant improvement in fatigue, physical activity, walking speed, grip strength, SPPB 

scores, balance test scores, chair stand test scores, and exercise time in KT candidates and 

individuals with advanced CKD. Further studies involving large, multicenter cohorts are 

need to confirm these findings, assess sustainability of improvements, and examine ease of 

dissemination and implementation of the intervention. Future studies would benefit from 

examining the effect of multidisciplinary interventions combining nutritional 

supplementation with exercise on body composition. Finally, further studies are needed to 

determine whether improving frailty and LE function in KT candidates improves healthcare 

utilization and mortality.
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LE Lower Extremity

AST American Society of Transplantation

PR Pulmonary Rehabilitation

CKD Chronic Kidney Disease

HRQOL Health-Related Quality of Life

eGFR Estimated Glomerular Filtration Rate

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration

CES-D Center for Epidemiologic Studies of Depression Scale

BMI Body Mass Index

SMI Skeletal Muscle Index

ASMI Appendicular Skeletal Muscle Index

KDQOL-SF Kidney Disease Quality of Life Short Form
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SF-36 Medical Outcomes Study Questionnaire Short Form 36 Health 

Survey

IQR Interquartile Range
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Figure 1. 
Enrollment and follow-up of study participants.
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Figure 2. 
Prevalence of frailty and SPPB scores ≤ 10 at baseline (n=21). SPPB = Short Physical 

Performance Battery.
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Figure 3. 
Proportion of frailty and SPPB scores ≤ 10 at baseline compared to post-intervention (n=21, 

McNemar’s test). SPPB = Short Physical Performance Battery.
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Figure 4. 
Box plot of interquartile range, range, and median change in time spent exercising following 

the intervention (n=21, Wilcoxon signed-rank).
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Table 1.

Description of exercise intervention

Exercise 
component

Description

Endurance 
training

• Consisted of treadmill walking or hand pedal ergometry

• Training initially performed at moderate to high intensity (>60% of maximal work rate) with a goal of 10 
minutes of continuous training per session

• Training intensity adjusted weekly based on target Borg dyspnea or fatigue scores of 4–6 (moderate to 
[very] severe)67

Strength training • Performed using resistance bands

• Training initially performed with loads equivalent to the 60% one-repetition maximum

• Participants were asked to perform 1–3 sets of 8–12 repetitions targeting upper and lower limb muscle 
groups and increase when able to perform the workload for 1–2 repetitions over the desired number on 2 
consecutive exercise sessions.

Flexibility 
training

• Consisted of upper and lower body flexibility exercises involving stretching of the major muscle groups and 
range of motion exercises
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Table 2.

Baseline demographics

Variable Total (n=21)
1

Age (years) 62 [53–67]

Male 12 (57.1%)

Race/ethnicity

 White non-Hispanic 18 (85.7%)

 Black non-Hispanic 1 (4.5%)

 White Hispanic 1 (4.5%)

 Other 1 (4.5%)

CKD Stage 4 6 (28.6%)

CKD Stage 5

 Non-dialysis 1 (4.8%)

 Dialysis dependent 14 (66.7%)

Dialysis modality (n=14)

 Hemodialysis 11 (78.6%)

 Peritoneal dialysis 3 (21.4%)

Time on dialysis (years) (n=14) 3.0 [0.7–7.0]

Cause of ESRD

 Glomerulonephritis 1 (4.8%)

 Polycystic disease 3 (14.3%)

 Diabetes 8 (38.1%)

 Hypertension 3 (14.3%)

 Other 6 (28.6%)

History of prior kidney transplant, n (%) 3 (14.3%)

Comorbidities

 Diabetes 14 (66.7%)

 Cardiovascular disease 5 (23.8%)

 Peripheral vascular disease 8 (38.1%)

 Rheumatoid or other arthritis 4 (19.0%)

 Lower extremity amputation 0 (0.0%)

 Hypertension 19 (90.5%)

 History of cancer 6 (28.6%)

 Chronic obstructive pulmonary disease 5 (23.8%)

Smoking status

 Former smoker 5 (23.8%)

 Active smoker 0 (0%)

 Never smoked 16 (76.2%)

BMI (kg/m2) 30.5 [27.1–55.1]

Karnofsky score (baseline) 80 [70–80]

Evaluated for kidney transplant 18 (85.7%)

Clin Transplant. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lorenz et al. Page 21

1
Median [IQR]
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Table 3.

Outcomes before and after exercise intervention

Outcome Baseline
1

Post-intervention
1 Median difference p-value

2

Frail 38.1% (n=8/21) 23.8% (n=5/21) 0.18

Frailty score 1 [1 to 3] 1 [0.5 to 2] 0 [−1 to 0] 0.13

Frailty parameters

 Frail by wasting 33.3% (n=7/21) 23.8% (n=5/21) 0.16

 Frail by exhaustion 38.1% (n=8/21) 38.1% (n=8/21) 1.00

 Frail by fatigue (per KDQOL)
3 35.0 [20.0–50.0] 52.5 [31.3–63.8] 8.3 [−5.0 to 33.8] 0.049

 Frail by physical activity 28.6% (n=6/21) 9.5% (n=2/21) 0.046

 Frail by walking speed 19.1% (n=4/21) 19.1% (n=4/21) 1.00

 Walking time (s) 5.1 [4.5–5.7] 4.3 [3.8–53] −0.6 [−1.0 to −0.3] 0.0002

 Frail by grip strength 61.9% (n=13/21) 57.1% (n=12/21) 0.71

 Grip strength (kg) 22.0 [15.5–31.2] 23.6 [17.2–43.0] 2.0 [−1.3 to 10.6] 0.03

SPPB score 9 [7–10] 10 [9–11.5] 1 [0–2] 0.0007

SPPB score ≤ 10 90.5% (n=19/21) 61.9% (n=13/21) 0.03

SPPB

 Balance test score 3 [2–4] 4 [3–4] 0 [0–1] 0.03

 Gait speed test score 4 [3.5–4] 4 [4–4] 0 [0–0] 0.33

 Gait speed test time (s) 4.2 [3.9–4.9] 3.7 [3.1–4.4] −0.6 [−1.1 to 0.1] 0.005

 Chair stand test score 2 [1–2.5] 2 [1.5–4] 1 [0–2] 0.002

 Chair stand time (s) 16.4 [14.4–22.0] 14.0 [10.6–16.7] −4.2 [−7.2 to −0.7] <0.0001

Body composition

 Weight 87.7 [80.7–102.4] 86.9 [79.9–103.4] −0.1 [−4.8 to 2.9] 0.44

 Fat mass index (kg/m2) 11.6 [7.7–16.1] 11.9 [7.4–15.8] −0.1 [−1.6 to 1.1] 0.25

 Skeletal muscle index (kg/m2) 10.4 [9.7–11.6] 10.5 [9.4–11.7] 0.03 [−1.2 to 0.5] 0.71

 Body fat (%) 35.9 [29.8–46.7] 35.2 [28.0–46.2] −0.2 [−3.2 to 3.1] 0.50

 BMI (kg/m2) 30.5 [27.1–34.9] 30.5 [27.0–35.3] 0 [−1.9 to 0.9] 0.36

 Appendicular skeletal muscle index (kg/m2) 8.1 [7.4–9.1] 7.9 [7.1–9.1] −0.1 [−1.1 to 0.5] 0.20

Total minutes exercising on all equipment 30 [20–41.3] 40 [30–45] 9 [−1.5 to 20.5] 0.02

1
Median [IQR];

2
Wilcoxon signed rank test for continuous variables and McNemar’s test for categorical variables;

3
n=21 at baseline, n=20 post-intervention
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