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Objectives
1. Review recent literature on the therapeutic role of exercise in CKD     
and ESKD

2. Understand common barriers to implementing CKD exercise 
programs and potential approaches to address them

3. Discuss the role of the health care team in supporting a successful 
exercise program
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Exercise in clinical care: healthy hobby or medical therapy?



Cardiac Rehab
63 RCTs; N=14,486  
↓ CV death: RR: 0.74 (95% CI: 0.64 to 0.86)
↓ admissions: RR 0.82 (95% CI 0.70 to 0.96)
↑ HRQoL
Low-moderate quality evidence

Anderson et. al. J. Am. Coll. Cardiol. 2016

REHAB in other chronic diseases as routine care – WHY THEM? 

Pulmonary Rehab
↓ Readmission: OR: 0.44 (95% CI: 0.21 to 0.91)
No effect on mortality
65 RCTs; N=3,822
↓ Dyspnea: MD 0.79 (95% CI  0.56 to 1.03) 
↑ HRQoL (fatigue, emotional function, mastery)
Mod-high quality evidence

Puhan et. al. Cochrane reviews. 2016
McCarthy et al. Cochrane reviews 2015



Camp et al. Can Respir J. 2015

Exercise programs for CKD are uncommon

Pulmonary rehab
• N=155 facilities with PR in 2015
• 60% are in a hospital setting

Renal Rehab
• Supervised outpatient exercise
• N=7



Rationale for prescribing exercise in CKD
• Low exercise tolerance is common
▫ inversely related to eGFR
▫ apparent ~stage 3 CKD

• Low exercise tolerance is both a cause and a consequence of CKD

• The role of exercise in CKD and ESKD management has been identified as a 
top research priority by patients

• Evidence in general population (CV outcomes, physical fitness, symptoms)

Manns B et al. Clin J Am Soc Nephrol. 2014.
Hemmelgarn et al. Nephrol. Dial Transplant. 2017



Objective 1: 
Evidence of efficacy of exercise training in ESKD 



• Adults, maintenance dialysis (HD/PD)

• Structured program of ANY exercise
• 8 weeks or longer
• targeting more than a single muscle group

• Comparison = no exercise,"sham,” or a co-
intervention given to the control

• Patient important outcomes per SONG-HD
• Death, CV events, fatigue

• 89 RCTS; N=4,291

• N=3,846 included in metanalyses

• 7 studies included PD patients (N=151)

• Exercise intervention primarily aerobic
• 3 x/wk during HD for 20-40 min
• moderate perceived exertion

• Intervention duration = 8wks-2 yrs

Cochrane Review 2022



Outcome Absolute effect (95% CI) Number of 
participants

(studies)

Certainty of 
the evidence

Comment

HRQoL: Physical component
Score (PCS) of SF-36; Scale: 0 to 100
Follow up: range 2 to 12 months

Mean PCS was 4.1 points 
higher with exercise
(1.9 to 6.4 higher) 

656 (17) LOW Any exercise may improve the
physical component score of HRQoL

*Fatigue
Follow up: range 2 to 12 months

Unable to pool 326 (6) LOW Based on the direction of the effect, any 
exercise may reduce fatigue

Depression
Follow up: range 2 to 12 months

SMD for depression was 
0.62 SD lower with
exercise 
(1.00 to 0.24 lower)

490 (11) MODERATE Any exercise probably improves 
depression. Greater effect + 4 months of 
exercise training 
(SMD -1.26, 95% CI -1.80 to -0.72)

Functional capacity
Assessed: 6MWT
Follow up: range 2 to 6 months

Mean 6MWT was
49.9 metres further with
Exercise (37.2 to 62.6)

827 (19) MODERATE Any exercise probably improves
functional capacity

Pain
Assessed: SF-36
Scale: 0 to 100
Follow up: range 3 to 12 months

The mean pain score
was 5.3 points higher
with exercise
(0.1 lower to 10.7 higher)

872 (15) LOW Any exercise may reduce pain but the 
effect estimate is imprecise

*Death Follow up: 3 years RR 0.95
(0.56 to 1.62)

296 (1) VERY LOW From a 6 month walking intervention
High lost to follow up

*Cardiovascular events No studies

Any exercise versus no exercise or placebo for adults undergoing maintenance dialysis



Study quality was down graded due to short duration of 
interventions and follow up 

Adverse events 

• Poorly reported, only 15% of studies included AEs as outcomes
• No deaths 
• Shortness of breath, MSK injury, soreness

Bernier-Jean A et al Cochrane Library, 2022



Symptoms in Individuals on Dialysis

• Symptoms are common
▫ 30-80% of individuals on dialysis have at least one symptom
• Symptom burden is high
▫ Number of symptoms endorsed per individual = 6-20
• Most frequent symptoms
▫ Fatigue (~80%)
▫ Poor sleep, pain, muscle cramping, itch, decreased appetite, drowsiness and dry 

skin (>50%)
▫ Restless legs syndrome, difficulty concentrating, anxiety and depression (>30%)

Almutary H et al. J Renal Care. 2013;39:140-50 
Weisbord SD et al. JASN, 2005; 16:2487-94)



Worsened
23%

Stayed the same
56%

Improved
19%

Change in Symptom Burden with 
Hemodialysis

Worsened

Stayed the same

Improved

No answer

N = 698

Wu et al. J Am Soc Nephrol, 2004



Symptoms: Under Recognized and Poorly Treated
• Providers 
▫ Underreported 97% of symptoms 
▫ Underestimated symptom severity in 63%

• Symptoms are poorly treated
▫ Few effective treatments exist
▫ Hesitation to take more pills
� High pill burden
� Side effects of medication
� Attribution of symptoms to acute events

Weisbord SD et al. Clin J Am Soc Nephrol 2007;2:960-7
Davison S et al. Kidney Int 2015;88:447-59
Chiu YW et al. Clin J Am Soc Nephrol 2009;4:1089-96
Pena-Polanco JE et al. Clin J Am Soc Nephrol 2017



Symptom Rx: Priority for Individuals Receiving Dialysis

• Improvement of symptom burden identified as key research priority in 
Canada
• Key outcomes for future studies in international prioritizing exercises:
▫ Fatigue/energy
▫ Sleep
▫ Anxiety/stress, depression, frustration
▫ Cramping
▫ Decreased appetite

Manns B et al. Clin J Am Soc Nephrol 2014;9:1813-21
Urquhart-Secord R et al. Am J Kidney Dis 2016;68:444-54
Evangelides N et al. Am J Kidney Dis 2017
Flythe J et al. Clin J Am Soc Nephrol 2018;13: 735–745 



Why Exercise for Symptoms?
• Evidence in general population 
▫ Anxiety, depressive symptoms, sleep

• Non-pharmacologic
▫ better acceptance

• Opportunity for exercise during HD
▫ “Lap time”; supervision

• Physiologic Plausibility/Potential Treatment
▫ Restless legs, cramping, sleep, anxiety



Systematic Review & Meta-Analysis:
Effect of Aerobic Exercise on Symptoms in Hemodialysis

P: Adults on maintenance hemodialysis

I:  Aerobic exercise for > 8 weeks at least twice weekly for at least 20 min/session

C: Usual care; no or sham exercise

O: Change in any dialysis-related symptom 
▫ Restless legs syndrome, muscle cramps, pruritis, pain 
▫ Depressive symptoms, anxiety, sleep disturbance, fatigue
▫ Nausea, vomiting, decreased appetite

S: Randomized controlled trials

Hargrove N et al. Clin J Am Soc Nephrol 2021; 16(4) 560-574





Unclear to High Risk of Bias

Hargrove N et al. Clin J Am Soc Nephrol 2021; 16(4) 560-574



“Renal Rehab” Study 
• Single Centre RCT 
• Effect of exercise rehabilitation on symptom burden in hemodialysis
• Population: Adults on maintenance HD
• Intervention: 6-month supervised exercise rehabilitation program
• Primary Outcome: Dialysis Symptom Index (DSI) symptom burden score
▫ Modified DSI (11 symptoms most likely to improve)
▫ Endurance (Shuttle walk), Frailty (Fried), HRQOL (EQ5D-5L)
• N = 150
• Delays in recruiting due to COVID
• Last patient enrolled 1 month ago – completed 2023



Myocardial Stunning and Symptoms

• Reduced myocardial blood flow → cardiac regional wall motion abnormalities
= Myocardial Stunning

• Recurrent stunning occurs in 2/3 of in-centre HD patients

• Associated with chronic cardiac injury and adverse events

• Reduced perfusion of vital organs leads to worsening HD-related symptoms
▫ Nausea and vomiting, cramping, fatigue, “fogginess”
▫ ↑ RWMA at the end HD associated with ~2-fold risk of severe post-HD fatigue

McGuire S et al. Clin Kidney J. 2019; Burton JO et al Clin J Am Soc Nephrol. 2009; McIntyre CW et al. Clin J Am Soc Nephrol. 2008; 
Dubin R et al. Nephrol Dial Transplant. 2013; Eldehni et al. Semin Dial. 2012; Jakob SM et al. Crit Care Med. 2001



Modified from: Hart A, Johansen KL. Nephrol Dial Transplant. 2019;34(11):1816-1818



Less Stunning with Intradialytic Exercise then with HD alone
• Cross-sectional study
• People enrolled in clinical intradialytic cycling program
• 1 control; 1 exposure (exercise) visit in same week
• Stunning measured using echocardiograms
• N = 19

Penny et al. Nephrol Dial Transplant 2019



Evolution of exercise trials in CKD: intradialytic exercise and 
myocardial stunning

Trial of Intradialytic Cycling Kidney Exercise Rehabilitation for Cardiac Stunning in Hemodialysis (TICKERS_HD)

Does intradialytic aerobic exercise improve HD-induced  myocardial stunning compared to 
usual care?

Design: RCT (7 sites) with 1-to-1 parallel design Winnipeg, Halifax, London, Calgary, 
Edmonton, Champaign IL, Adelaide Australia

Study Population:  Adults, chronic in-centre HD for > 3 months; no intradialytic exercise in 
last 6 months; N=160

Intervention:  Standard care plus 12 weeks cycling during HD
Secondary outcomes: high sensitivity TnT, fatigue, symptoms, feasibility





Role of exercise in the management of non-dialysis CKD?

• Improvements  in physical function, walking capacity, fitness, several 
domains of QoL with exercise training 

• Similar issues re: study quality



Systematic review Exercise versus control  (SBP mmHg) 95%CI

Thompson 2019 -4.33 (-9.04, 0.38)

Zhang 2019 -5.61 (-8.99, -2.23)

Van den Wyngaert 2018 1.22 (-4.45, 6.90)

Yamamoto 2021 -0.75 (-1.24, -0.26)

Villanego 2020 -1.68 (-6.80, 3.44)

Role of exercise in outcomes relevant to CKD - Blood pressure?



Role of exercise in outcomes relevant to CKD – CKD Progression

• ~ 6 systematic reviews with conflicting 
findings

• Short duration, inappropriate 
statistical analyses, non-measurement 
of true renal function

• However, no harm to GFR

Could it work?

• Anti-inflammatory effect of 
myokines (IL-6)

• Decreased sympathetic 
nervous activity

• Reduced oxidative stress

Viana et al. J Am Soc Nephrol. 2014
Gleeson et al. Nat Rev Immunol. 2011



Graphical Abstract This is a visual representation of the abstract.
Article Copyright © 2021 Authors, Source DOI: 10.1177/08968608211055290. See content reuse guidelines at: sagepub.com/journals-permissions 

What about Peritoneal Dialysis?

https://doi.org/10.1177/08968608211055290
https://sagepub.com/journals-permissions


Summary slide key points
• Exercise training improves physical function and fitness
• Good rationale and supporting evidence for symptoms in HD
• Restless legs and depressive symptoms ”good” evidence 

Aerobic exercise more evidence than resistance
Longer programs may be better

• Cardiovascular benefits to exercise
� Clinically important benefits still uncertain but to come

• Shift in CKD exercise literature to address relevant outcomes
• Important gaps remain for PD, CKD



So then let’s get moving then…..



Objective 2: 
Common barriers to exercise in CKD and potential 
approaches to address them



Barriers to exercise for people with CKD: the need to change policy

Barriers and examples of enablers 

• Funding→ mandate physical activity metrics in renal care
• Service provision → include clinical algorithms for non-exercise professionals
• Regulations and legislation →process of accreditation 
• Guidelines and research →multicenter collaborations
• Environmental & social → promote exercise in the clinics
• Communication & marketing →collaboration with nephrology associations, industry

Bennett et al. Journal of Renal Nutrition. 2021



Patients Physicians and unit staff

We know many of the barriers to IDE at the person level… 

Thompson et al. CJASN. 2016
Jhamb et al. BMC Nephrol. 2016

Castillo et al. Nephrol Dial Tranplant. 2022 
Heiwe et al. Implement Sci.  2012

Delgado et al. Nephrol Dial Transplant. 2012 



Implementation Science - Using a systematic approach to 
address barriers to intradialytic exercise program delivery
• Qualitative study
▫ Interviews with HD healthcare providers and patients (N=43)
▫ 12 unique HD sites

• Theory driven approach
▫ Identified barriers and enablers according to  factors known to influence 

behaviour change (Theoretical Domains Framework - TDF)
▫ Mapped factors to behaviour change techniques to develop strategies to 

support intradialytic exercise program delivery

Castillo G et al. Nephrol Dial Transplant 2022 37:558-574

This Photo by Unknown Author is 
licensed under CC BY-SA-NC
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Castillo G et al. Nephrol Dial Transplant 2022 37:558-574



Patients Physicians and unit staff

Implementation Science - Using a systematic approach to 
address barriers to intradialytic exercise program delivery

Overarching Themes:

1.Knowledge, skills and expectations

2.Human, material and logistical 

resources

3.Social dynamics of the unit

Castillo G et al. Nephrol Dial Transplant 2022 37:558-574



Systematic approach to addressing barriers 

• Feasibility assessment tool
▫ Checklist of feasibility factors units advised to consider before launching IDE 

program 

• Concrete solutions to barriers to program delivery unit specific strategies to 
support program delivery
▫ Barriers/Enablers – Uncertainty about risks and benefits of exercise
▫ TDF Domain – Knowledge/Beliefs about consequences
▫ Suggested behaviour change technique – Provide information about health consequences
▫ Suggested operationalization– Provide patients and staff with access to information re: risks & benefits

Castillo G et al. Nephrol Dial Transplant 2022 37:558-574



Objective 3: 
Role of health care team in supporting a successful 
CKD exercise program



What is the role of the healthcare team in a CKD exercise program?
• Most kidney care providers are not exercise specialists

• Role is primarily supportive or
“not to get in the way” 

WHAT DOES THAT MEAN?
1. Reframe advice to emphasize what can be done
2. Recognize where exercise has a therapeutic role
3. Advocate for exercise resources



Let’s talk about implementation outside of the unit..

Moorman et al. CJASN. 2019



Building capacity in exercise science through collaboration 

MISSON: To foster collaborative research 
and innovation across multiple disciplines 
to develop effective and feasible strategies 
to increase physical activity and 
exercise participation in order to 
optimize health outcomes in people 
with kidney disease
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