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Introduction 
 
In medicine it is traditional to prescribe evidence-based treatment known to be the most 
effective with the least amount of side effects or risks (Salles, 2009). Over the past decade, 
there has been a changing paradigm in the role of ‘exercise as medicine’; and as such, 
physical activity and exercise are now seen to have a key role in the prevention and treatment 
of various medical conditions and chronic diseases (Pedersen & Saltin, 2006; Salles, 2009; 
Barcellos et al., 2015; Pedersen & Saltin, 2015).   
 
A chronic condition that is largely overlooked  as a potential target for exercise therapy is 
chronic kidney disease (CKD), where the delivery of rehabilitation programmes and exercise 
advice falls far behind that of pulmonary and cardiac services (Smith & Burton, 2012). In this 
short review, we aim to provide an evidence-based analysis for prescribing ‘exercise as 
medicine’ in CKD, which presents a unique pathophysiology, where the response to, and thus 
prescription of, exercise should be carefully considered. 
 
 
Chronic kidney disease 
 
Chronic kidney disease is a global health problem (Heiwe & Jacobson, 2014) affecting at 
least 1 in 10 Europeans (Brück et al., 2015). Patients with CKD present with a substantially 
increased risk of multi-morbidity including cardiovascular disease (Bansal et al., 2015), 
muscle wasting (Workeneh & Mitch, 2010), and endothelial dysfunction (Mustata et al., 



2011). Further, patients have considerably poor physical functioning and exercise capacity 
(Heiwe et al., 2001; Mustata et al., 2011) which is strongly associated with all-cause 
mortality (Roshanravan et al., 2013), and can dramatically decrease quality of life, the ability 
to perform activities of daily living (ADLs), and independence. 
 
 
Evidence-based physical training 
 
Kidney disease can be divided into three approximate cohorts: pre-dialysis, dialysis, and 
transplant. Exercise has been successfully utilised within each, and whilst it is beyond the 
scope of this commentary to discuss the entire wealth of literature, we direct interested 
readers to several comprehensive reviews (Kosmadakis et al., 2010; Johansen & Painter, 
2012; Smith & Burton, 2012; Gould et al., 2014; Heiwe & Jacobson, 2014; Barcellos et al., 
2015). 
 
Cardiovascular risk 
In CKD, perhaps the most beneficial effect of exercise is improving cardiovascular health and 
vascular function. In pre-dialysis patients, reductions in systolic and diastolic blood pressure 
(BP) have been noted following 1 hour of aerobic exercise such as walking (Headley et al., 
2008), and although Kosmadakis et al. (2012) found no change in BP following 30 minutes 
walking 5 times a week, they did observe a reduction in the number of anti-hypertensive 
medications required. Similar BP reductions have been noted in dialysis patients (Tsuyuki et 
al., 2003; Toussaint et al., 2008). Exercise can increase maximum (Tsuyuki et al., 2003) and 
reduce resting (Headley et al., 2012) heart rates in CKD. Three months supervised and home-
based exercise for 1 hour also reduced arterial stiffness in pre-dialysis patients (Mustata et al., 
2011), whilst Toussaint et al. (2008) reported improvements in arterial compliance during 
intradialytic cycling. Exercise, both an acute single bout (30 minutes) and regular walking (6 
months, 5 days a week), may provide an anti-inflammatory response in pre-dialysis patients 
(Viana et al., 2014). 
 
Exercise capacity, strength, and physical function 
Exercise can improve exercise tolerance, aerobic-based fitness, and VO2MAX (i.e. utilisation 
of oxygen) (Mustata et al., 2011; Kosmadakis et al., 2012; Watson et al., 2014; Headley et al., 
2014). Leehey et al. (2009) found that walking 3 times a week for 24 weeks increased 
exercise tolerance (via a timed treadmill test) in pre-dialysis patients. Similar improvements 
were reported following 12 months twice weekly walking and cycling sessions (Mustata et 
al., 2011). Increases in physical performance tasks, such as the sit-to-stand test, have also 
been noted in pre-dialysis (Heiwe et al., 2001; Rossi et al., 2014; Watson et al., 2014) and 
dialysis (Mallamaci et al., 2014) patients following exercise. Resistance training (RT) can 
help increase muscular strength in pre-dialysis patients (Heiwe et al., 2001; Bohm et al., 
2014; Rossi et al., 2014; Watson et al., 2014), with improvements also noted in dialysis 
(Mallamaci et al., 2014) and post-transplant (Painter et al., 2002) patients. 
 
Cachexia 



Patients with CKD often suffer from muscle wasting or cachexia (Workeneh & Mitch, 2010). 
Resistance training is highly effective in reversing this atrophy. For example, in pre-dialysis 
patients, an 8-week progressive RT programme (3 times a week) increased muscle mass 
(Watson et al., 2014) with similar findings reported in dialysis (Mallamaci et al., 2014; Bohm 
et al., 2014) and transplant patients (Painter et al., 2002). 
 
CKD progression 
A key aim in the treatment of CKD is slowing disease progression, and ultimately preventing 
treatment via dialysis. Whilst higher levels of leisure-time physical activity are associated 
with slower declines in kidney function (Robinson-Cohen et al., 2014), evidence regarding 
exercise-based interventions remains equivocal (Baria et al., 2014; Gould et al., 2014; Viana 
et al., 2014) and further well-conducted study is required (Johansen & Painter, 2012).  
 
 
Possible mechanisms 
 
As discussed above, exercise has many different health-related parameters in CKD. 
Pertinently, these include favourable effects on the multiple risk factors that underlie CKD 
aetiology such as hypertension and diabetes (Headley et al., 2014; Bansal et al., 2015). 
Exercise also has beneficial effects on endothelial health (Mustata et al., 2011) and body 
composition (Kosmadakis et al., 2012; Baria et al., 2014). Chronic inflammation is highly 
predictive of mortality and cardiac disease development in CKD (Meuwese et al., 2011), as 
well as cachexia (Workeneh & Mitch, 2010). Regular exercise may promote an anti-
inflammatory environment. Viana et al. (2014) found that an acute 30 minute exercise bout 
increased plasma IL-10 levels, whilst regular walking resulted in a reduction in plasma IL-
6:IL10 ratio, and the down regulation of T-lymphocyte and monocyte activation. Exercise 
training is effective in combating muscle atrophy associated with CKD through up-regulation 
of protein synthesis, increasing muscle mitochondrial content, and reducing muscle 
catabolism (Watson et al., 2013). 
 
 
Type of training  
 
The optimal recommendations for exercise for patients with CKD have not been determined 
(Johansen, 2005; Johansen & Painter, 2012); however an extensive systematic review (Heiwe 
& Jacobson, 2014) concluded that regular exercise, regardless of type, duration, or intensity, 
is beneficial in CKD patients. Physical activities that utilises large muscle groups that can be 
maintained continuously such as walking are most effective, although RT should be used to 
significantly improve muscular mass and strength, which can consequently improve 
functional capacity (e.g., walking). Our group is currently investigating the combined effect 
of a 12 week aerobic and RT programme in pre-dialysis CKD patients. Intradialytic exercise, 
generally using a specially designed cycle ergometer, is available in some renal units and 
offers opportunity for supervised exercise (Smith & Burton, 2012). Further study into the 



effectiveness of intradialytic exercise on cardiovascular function, particularly left ventricular 
mass, is currently being investigated by our group. 
 
 
Contraindications to exercise 
 
Fluid and electrolyte imbalances are frequent in CKD, and may contribute to reduced 
exercise tolerance. Hypertension is also common in CKD and, as such, a BP measure of 
≥180/105 is a contraindication to undertaking exercise. Although minimal data exists on the 
risk of cardiovascular events during exercise in CKD, given the high prevalence of heart 
disease risk factors, it is likely the risk is greater than the general population. Patients with 
known or suspected cardiac disease should undergo prior testing to participation in exercise 
(American College of Sports Medicine, 2012).  
 
Musculoskeletal risk may be increased in CKD patients due to renal bone disease and 
hyperparathyroidism. Fragility fractures (Alem et al., 2000) and spontaneous quadriceps 
tendon rupture (Shah, 2002) has been reported in the CKD population. Special considerations 
need to be given to dialysis patients who may experience frequent fluid and electrolyte 
balance shifts. Whilst exercise may be safer on non-dialysis days, studies have shown that 
intradialytic exercise is safe and effective (Tsuyuki et al., 2003; Bohm et al., 2014), and does 
not exacerbate systemic inflammation or immune dysfunction (Dungey et al., 2015). Patients 
can exercise their fistula arm, but should not apply weight to that area (Johansen, 2005). 
 
 
Conclusion 
 
Exercise has favourable effects on a range of health related outcomes in CKD, and should be 
used as an adjunct treatment to help improve many of the disease-related morbidities such as 
hypertension, cachexia, and poor functional capacity. Whilst the provision of rehabilitation 
programs is considerably behind that of cardiology and respiratory services, CKD patients 
should be encouraged to exercise and increase their physical activity. As Pedersen and Saltin 
(2015) state, “it is now time that the health systems create the necessary infrastructure to 
ensure that supervised exercise can be prescribed as medicine”. 
 

 

Acknowledgement 

This work was supported by the National Institute for Health Research (NIHR) Diet, 
Lifestyle & Physical Activity Biomedical Research Unit based at University Hospitals of 
Leicester and Loughborough University. The views expressed are those of the authors and 
not necessarily those of the NHS, the NIHR or the Department of Health. 
 

 



References 
Alem A, Sharrard D, Gillen D, Weiss NS, Beresford SA, Heckbert SR, Wong C, Stehman-Breen C. 
Increased risk of hip fracture among patients with end-stage renal disease. Kidney Int 2000: 58: 396-
9. 
 
American College of Sports Medicine. ACSM's resource manual for guidelines for exercise testing 
and prescription. Eds. Swain DP, Brawner CA. Lippincott Williams & Wilkins, 2012.  
 
Bansal N, McCulloch CE, Rahman M, Kusek JW, Anderson AH, Xie D, Townsend RR, Lora CM, 
Wright J, Go AS, Ojo A, Alper A, Lustigova E, Cuevas M, Kallem R, Hsu C, CRIC Study 
Investigators. Blood Pressure and Risk of All-Cause Mortality in Advanced Chronic Kidney Disease 
and Hemodialysis: The Chronic Renal Insufficiency Cohort Study. Hypertension 2015: 65: 93-100. 
 
Barcellos FC, Santos IS, Umpierre D, Bohlke M, Hallal PC. Effects of exercise in the whole spectrum 
of chronic kidney disease: a systematic review. Clin Kidney J 2015: sfv099. 
 
Baria F, Kamimura MA, Aoike DT, Ammirati A, Rocha ML, de Mello MT, Cuppari L. Randomized 
controlled trial to evaluate the impact of aerobic exercise on visceral fat in overweight chronic kidney 
disease patients. Nephrol Dial Transplant 2014: 29: 857-864. 
 
Bohm C, Stewart K, Onyskie-Marcus J, Esliger D, Kriellaars D, Rigatto C. Effects of intradialytic 
cycling compared with pedometry on physical function in chronic outpatient hemodialysis: a 
prospective randomized trial. Nephrol Dial Transplant 2014: 29: 1947–1955. 
 
Brück K, Jager KJ, Dounousi E, Kainz A, Nitsch D, Ärnlöv J, Rothenbacher D, Browne G, Capuano 
V, Ferraro PM, Ferrieres J, Gambaro G, Guessous I, Hallan S, Kastarinen M, Navis G, Gonzalez AO, 
Palmieri L, Romundstad S, Spoto B, Stengel B, Tomson C, Tripepi G, Völzke H, Wiȩcek A, 
Gansevoort R, Schöttker B, Wanner C, Vinhas J, Zoccali C, Van Biesen W, Stel V; European CKD 
Burden Consortium. Methodology used in studies reporting chronic kidney disease prevalence: a 
systematic literature review. Nephrol Dial Transplant 2015: 30: s4. 
 
Deligiannis A, Kouidi E, Tourkantonis A. Effects of physical training on heart rate variability in 
patients on hemodialysis. Am J Cardiol 1999: 84: 197–202. 
 
Dungey M, Bishop NC, Young HM, Burton JO, Smith AC. The Impact of Exercising During 
Haemodialysis on Blood Pressure, Markers of Cardiac Injury and Systemic Inflammation - 
Preliminary Results of a Pilot Study. Kidney Blood Press Res 2015: 40:593-604. 
 
Gould DW, Graham‐Brown MP, Watson EL, Viana JL, Smith AC. Physiological benefits of exercise 
in pre‐dialysis chronic kidney disease. Nephrology 2014: 19: 519-527. 
 
Headley SA, Germain MJ, Milch CM, Pescatello L, Coughlin MA, Nindl BC, Cornelius A, Sullivan 
S, Gregory S, Wood R. Exercise training improves HR responses and V˙O2peak in predialysis kidney 
patients. Med Sci Sports Exerc 2012: 44: 2392-2399. 
 
Headley SA, Germain MJ, Wood R, Joubert J, Milch CM, Evans E, Poindexter A, Cornelius A, 
Brewer B, Pescatello LS, Parker B. Short-term aerobic exercise and vascular function in CKD stage 3: 
a randomized controlled trial. Am J Kidney Dis 2014: 64: 222–229. 
 
Headley SA, Germain MJ, Milch CM, Buchholz MP, Coughlin MA, Pescatello LS. Immediate blood 
pressure‐lowering effects of aerobic exercise among patients with chronic kidney disease. Nephrology 
2008: 13: 601-606. 
 



Heiwe S, Jacobson SH. Exercise training in adults with CKD: a systematic review and meta-analysis. 
American Journal of Kidney Diseases 2014: 64: 383-393. 
 
Heiwe S, Tollbäck A, Clyne N. Twelve weeks of exercise training increases muscle function and 
walking capacity in elderly predialysis patients and healthy subjects. Nephron 2001: 88: 48-56. 
 
Johansen KL. Exercise and chronic kidney disease: current recommendations. Sports Med 2005: 35: 
485-99. 
 
Johansen KL, Painter P. Exercise in individuals with CKD. Am J Kidney Dis 2012: 59:126-134. 
 
Kosmadakis GC, Bevington A, Smith AC, Clapp EL, Viana JL, Bishop NC, Feehally J. Physical 
exercise in patients with severe kidney disease. Nephron Clin Pract 2010: 115: c7-c16. 
 
Kosmadakis GC, John SG, Clapp EL, Viana JL, Smith AC, Bishop NC, Bevington A, Owen PJ, 
McIntyre CW, Feehally J. Benefits of regular walking exercise in advanced pre-dialysis chronic 
kidney disease. Nephrol Dial Transplant 2012: 27: 997-1004. 
 
Leehey DJ, Moinuddin I, Bast JP, Qureshi S, Jelinek CS, Cooper C, Edwards LC, Smith BM, Collins 
EG. Aerobic exercise in obese diabetic patients with chronic kidney disease: a randomized and 
controlled pilot study. Cardiovasc Diabetol 2009: 8: 62. 
 
Mallamaci F, Manfredini M, Bolignano D, Bertoli S, Messa P, Zuccalà A, Fatuzzo P, Rapisarda F, 
Lombardi L, Cupisti A, Fuiano G, Torino C, Baggetta R, Tripepi G, Catizone L, Zoccali C. A 
personalized, low-intensity, easy to implement, home exercise program improves physical 
performance in dialysis patients: the Exercise Introduction to Enhance Performance in Dialysis 
(EXCITE) Trial. Dialysis: Identifying Risk Factors and Improving Noncardiovascular Outcomes. J 
Am Soc Nephrol 2014: 25: 57A. 
 
Meuwese CL, Snaedal S, Halbesma N, Stenvinkel P, Dekker FW, Qureshi AR, Barany P, Heimburger 
O, Lindholm B, Krediet RT, Boeschoten EW, Carrero JJ. Trimestral variations of C-reactive protein, 
interleukin-6 and tumour necrosis factor-𝛼𝛼 are similarly associated with survival in haemodialysis 
patients. Nephrol DialyTransplant 2011: 26: 1313-1318. 
 
Mustata S, Groeneveld S, Davidson W, Ford G, Kiland K, Manns B. Effects of exercise training on 
physical impairment, arterial stiffness and health-related quality of life in patients with chronic kidney 
disease: a pilot study. Int Urol Nephrol 2011: 43: 1133-1141. 
 
Painter PL, Hector L, Ray K, Lynes L, Dibble S, Paul SM, Tomlanovich SL, Ascher NL. A 
randomized trial of exercise training after renal transplantation. Transplantation 2002: 74: 42–48. 
 
Pedersen BK, Saltin B. Evidence for prescribing exercise as therapy in chronic disease. Scand J Med 
Sci Spor 2006: 16.S1: 3-63. 
 
Pedersen BK, Saltin B. Exercise as medicine–evidence for prescribing exercise as therapy in 26 
different chronic diseases. Scand J Med Sci Spor 2015: 25: 1-72. 
 
Robinson-Cohen C, Littman AJ, Duncan GE, Weiss NS, Sachs MC, Ruzinski J, Kundzins J, Rock D, 
de Boer IH, Ikizler TA, Himmelfarb J, Kestenbaum BR. Physical activity and change in estimated 
GFR among persons with CKD. J Am Soc Nephrol 2014: 25: 399–406. 
 
Roshanravan B, Robinson-Cohen C, Patel KV, Ayers E, Littman AJ, de Boer IH, Ikizler TA, 
Himmelfarb J, Katzel LI, Kestenbaum B, Seliger S. Association between physical performance and 
all-cause mortality in CKD. J Am Soc Nephrol. 2013: 5: 822-30. 
 



Rossi AP, Burris DD, Lucas FL, et al. Effects of a renal rehabilitation exercise program in patients 
with CKD: a randomized, controlled trial. Clin J Am Soc Nephrol 2014: 9: 2052–2058. 
 
Salles RE. Exercise is medicine and physicians need to prescribe it. Br J Med 2009: 43: 3-4. 
 
Shah M. Simultaneous bilateral quadriceps tendon rupture in renal patients. Clin Nephrol 2002: 58: 
118-21. 
 
Smith AC, Burton JO. Exercise in kidney disease and diabetes: time for action. J Ren Care 2012: 38: 
52-58. 
 
Toussaint ND, Polkinghorne KR, Kerr PG. Impact of intradialytic exercise on arterial compliance and 
B-type natriuretic peptide levels in hemodialysis patients. Hemodial Int 2008: 12: 254–263. 
 
Tsuyuki K, Kimura Y, Chiashi K, Matsushita C, Ninomiya K, Choh K, Hase H, Dohi, S. Oxygen 
uptake efficiency slope as monitoring tool for physical training in chronic hemodialysis patients. Ther 
Apher Dial 2003: 7: 461-467. 
 
Viana JL, Kosmadakis GC, Watson EL, Bevington A, Feehally J, Bishop NC, Smith AC. Evidence 
for Anti-Inflammatory Effects of Exercise in CKD. J Am Soc Nephrol 2014: 25:1-10 
 
Watson EL, Kosmadakis GC, Smith AC, Viana JL, Brown JR, Molyneux K, Pawluczyk IZ, Mulheran 
M, Bishop NC, Shirreffs S, Maughan RJ, Owen PJ, John SG, McIntyre CW, Feehally J, Bevington A. 
Combined walking exercise and alkali therapy in patients with CKD4-5 regulates intramuscular free 
amino acid pools and ubiquitin E3 ligase expression. Eur J Appl Physiol 2013: 113: 2111–24. 
 
Watson EL, Greening NJ, Viana JL, Aulakh J, Bodicoat DH, Barratt J, Freehally J, Smith AC. 
Progressive resistance exercise training in CKD: a feasibility study. Am J Kid Dis 2014: 66: 249-257. 
 
Workeneh BT, Mitch WE. Review of muscle wasting associated with chronic kidney disease. Am J 
Clin Nutr 2010: 91: 1128S-1132S. 
 

 


