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Abstract: Decreased physical activity resulting in muscle loss is often observed in patients with 

chronic kidney disease and is one of the main predictors of mortality in these patients. Exercise 

training may improve physical activity and prevent muscle loss in patients with chronic kidney 

disease. Efforts to introduce exercise training to these patients may be clinically beneficial by 

reducing their mortality rates.
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Introduction
Protein-energy wasting (PEW) is a condition in which body stores of protein and 

energy fuels are reduced.1 PEW is frequently observed in patients with chronic 

kidney disease (CKD), and its progression has been associated with several factors, 

including accumulation of uremic toxins, hypermetabolism, acidosis, unresolved 

inflammation, and nutritional deficiencies.2–4 In addition, comorbid conditions, 

such as diabetic mellitus, heart failure, hypertension, and arteriosclerosis, have 

been found to contribute to the progression of PEW.4–7 PEW is one of the main 

factors responsible for reductions in muscle mass and strength and in physical 

activity, a condition called sarcopenia, in CKD patients.8,9 Sarcopenia has been 

shown to increase the risk of fractures and decrease the quality of life, as well as 

being a major predictor of mortality, in CKD patients.10–12 Therefore, strategies 

to prevent muscle loss and improve physical activity are important in managing 

patients with CKD.

Recent evidence has shown that physical function can be improved and muscle loss 

reduced in all CKD patients, irrespective of stage and treatment modality.13,14 Several 

guidelines, including those of the American College of Sports Medicine (ACSM) and 

the National Kidney Foundation Kidney Disease Outcome Quality Initiative clinical 

practice guidelines, recommend regular exercise to prevent muscle loss and improve 

physical activity in patients with CKD.15,16 This review focuses on exercise training 

strategies to improve physical activity and prevent muscle loss, and the effects of these 

strategies, in patients with CKD.

Effects of exercise training
The studies that investigated the effects of exercise training in CKD patients are sum-

marized in Table 1.
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Table 1 Studies that investigated the effects of exercise training in patients with CKD

Patients References Number of patients  
(exercise/control)

Study  
duration

Exercise training Outcome

CKD patients  
not on dialysis

Castaneda  
et al23

14/12 12 weeks Resistance training Skeletal muscle hypertrophy. 
Decreased C-reactive protein 
and interleukin-6

Pechter  
et al24

17/9 12 weeks  
(twice a week)

Low-intensity aerobic  
exercise training in the  
pool twice a week for  
30 minutes

Improved cardiopulmonary  
functional parameters.  
Decreased oxidative  
stress, blood pressure,  
and proteinuria. Increased  
glomerular filtration rate 

Castaneda  
et al25

14/12 2–8 weeks Resistance training Increased skeletal muscle mass 
and strength. increased serum 
prealbumin 

Mustata  
et al26

10/10 12 months Exercise training Improved VO2 max, exercise 
tolerance, and arterial stiffness

Hemodialysis  
patients

Kouidi  
et al33

7 6 months Resistance training Improved muscle atrophy;  
48% increase in VO2 max,  
29% increase in exercise time,  
increased muscle strength  
of the lower limbs

Sakkas  
et al34

9 6 months Aerobic exercise training  
three times per week  
for 6 months

Increased muscle fibers. 
Decreased proportion  
of atrophic fibers 

Painter  
et al35

48 5 months Ergometer exercise  
training during  
hemodialysis sessions  
three times per week

Skeletal muscle hypertrophy.  
Decreased levels of serum  
C-reactive protein and  
interleukin-6

Konstantinidou  
et al36

36  
Group A 16  
Group B 10 
Group C 10

6 months A. � Supervised exercise  
training on nondialysis days  
in rehabilitation center

B. �E xercise training during  
dialysis session

C. � Unsupervised exercise  
training at home

A. � Increases of 43% in VO2 max  
and 33% in exercise time

B. � Increases of 24% in VO2 max  
and 22% in exercise time

C. � Increases of 17% in VO2 max  
and 14% in exercise time

Peritoneal  
dialysis patients

Mustata  
et al38

6 3 months Regular exercise training Improved mental health score

Abbreviations: CKD, chronic kidney disease; VO2 max, maximal oxygen consumption. 

CKD patients not on dialysis
Exercise tolerance and maximal exercise capacity were 

found to decrease gradually, in accordance with the progres-

sion of CKD stage, in patients not on dialysis.17–20 Exercise 

tolerance and maximal exercise capacity started to decrease 

during early stages of CKD (stage 2), with patients at 

CKD stages 3–5 showing progressive reductions, averag-

ing 50%–80% when compared with healthy subjects.21,22 

Previously, exercise training was not recommended for CKD 

patients not on dialysis because of concerns that exercise 

training may decrease renal blood flow and glomerular filtra-

tion rate and increase the degree of proteinuria, resulting in 

CKD stage progression. More recently, however, exercise 

training was reported to show beneficial effects on exercise 

tolerance and maximal exercise capacity without decreasing 

renal function in this population.23–26 Other beneficial effects 

of exercise training included improvements in glucose/

lipid metabolism, reductions in inflammation and oxidative 

stress, and inhibition of catabolism.23–25 Exercise training for 

12 months was found to improve peak oxygen consumption 

(VO
2 peak

), exercise tolerance, and arterial stiffness,26 whereas 

exercise training for 12  weeks was effective in prevent-

ing skeletal muscle loss, even in patients on a low-protein 

diet (0.6  g/kg body weight per day) for renoprotection.23 

Exercise training also significantly increased skeletal muscle 

mass and strength while reducing markers of inflamma-

tion, including serum concentrations of C-reactive protein 

and interleukin-6.25 Aerobic exercise training in a pool for 

30 minutes twice weekly for 12 weeks was found to improve 

parameters of cardiorespiratory function, as well as reducing 

oxidative stress markers, without impairing renal disease.24 

Thus, appropriate exercise training may effectively improve 
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physical activity by preventing muscle loss in CKD patients 

not on dialysis.

Hemodialysis patients
The decreased physical activity resulting in muscle loss is a 

crucial factor in the prognosis of patients on hemodialysis.27–29 

Exercise tolerance was reported to decrease to the same level 

in hemodialysis patients as in patients with heart failure and 

chronic obstructive pulmonary disease.30 We previously 

reported that skeletal muscle mass and muscle strength 

decreased in accordance with duration on hemodialysis, 

even after adjustment for age and sex.31 We also reported that 

physical activity is positively associated with muscle mass in 

hemodialysis patients.32 A questionnaire survey of exercise 

habits in 2,264 hemodialysis and peritoneal dialysis patients 

found that 795 (35.1%) of these patients exercised little or not 

at all.27 These sedentary habits were observed more in older 

than in younger patients and more in females than in males 

and tended to be associated with heart and vessel diseases.27 

The 1-year mortality rate was 1.62-fold higher in sedentary 

than in physically active patients.27 The Dialysis Outcomes 

and Practice Pattern Study also reported a negative associa-

tion between exercise habits and mortality in hemodialysis 

patients.28 The mortality risk was lower in patients with, than 

without, regular exercise habits (at least once per week), 

after adjustment for age; sex; race; duration of end-stage 

renal disease; body mass index; comorbid diseases, including 

diabetes mellitus, cardiovascular disease, and pulmonary dis-

ease; and laboratory measures of serum albumin, phosphate, 

calcium, creatinine, and hemoglobin concentrations.28 Muscle 

mass, as determined by mid-arm muscle circumference, 

was positively associated with 5-year mortality rate in 792 

hemodialysis patients.29 Exercise training has been reported 

to improve muscle loss and exercise capacity and tolerance, 

resulting in increased physical activity, in hemodialysis 

patients.33–36 Exercise training at 50%–80% of maximal oxy-

gen consumption (VO
2 max

), consisting of cycle ergometry or 

treadmill, followed by aerobic exercises, such as calisthenics 

or steps, swimming, ball games, low-weight resistance exer-

cises, or stretching exercises, for 6 months in hemodialysis 

patients was found to improve muscle atrophy and increase 

VO
2 max

 by 48% and exercise time by 29%, as well as improv-

ing peak muscle strength of the lower limbs.33 In addition, 

favorable histological changes were observed in the structure 

of capillaries and muscle mitochondria.33 A second study 

also reported that aerobic training on a friction-braked cycle 

ergometer three times per week for 6 months significantly 

increased muscle fiber in hemodialysis patients, as well as 

reducing the proportion of atrophic fibers.34 In those studies, 

muscle biopsy samples taken from each patient’s leg vastus 

lateralis or the medial head of the gastrocnemius muscle were 

cut into transverse sections for histological investigation.33,34 

Similarly, ergonometric exercise training using stationary 

cycles during hemodialysis sessions three times per week 

for 5 months improved VO
2 max

 and self-reported physical 

functioning.35 These results suggested that exercise training 

can prevent muscle loss, resulting in better prognosis, in 

patients on hemodialysis.

Peritoneal dialysis patients
Peritoneal dialysis patients may have more time for exercise 

training than hemodialysis patients because the former are 

not restricted to a bed during dialysis sessions. In addition, 

mid-ultrafiltration and dialysis do not result in rapid changes 

in volume status and electrolytes, thus allowing exercise 

training. Few studies, however, have focused on the effects 

of exercise training in peritoneal dialysis patients.37,38 Regular 

exercise training for 3  months in six peritoneal dialysis 

patients was found to significantly improve mental, but not 

physical, health conditions, including physical functioning.38 

Further large-scale, long-term clinical studies are needed 

to determine the effects of exercise training in peritoneal 

dialysis patients.

Risks and disadvantages of exercise
CKD patients may be at increased risks of bone fractures 

owing to CKD–mineral bone disorder.39,40 In addition, CKD 

patients have many risk factors for cardiovascular disease.41,42 

These complications in the condition of CKD patients must 

be carefully evaluated prior to exercise training. The ACSM 

guidelines recommend that exercise testing of CKD patients 

be supervised by trained medical personnel and that the 

clinical status of patients be evaluated before prescribing 

exercise.16 To our knowledge, no study to date has evaluated 

the risks of exercise in CKD patients. Thus, evaluation of the 

risks and disadvantages of exercise training in CKD patients 

warrants further investigation.

Recommendations for exercise 
testing and programming
Exercise testing
The ACSM guidelines recommend exercise stress tests, such 

as treadmill and ergonometric exercise tests, be performed to 

measure peak oxygen consumption (VO
2 peak

), thus evaluat-

ing the exercise tolerance and maximal exercise capacity of 

each CKD patient.16 Although also recommending repetition 

maximum tests to evaluate isotonic muscle strength, these 

guidelines state that one-repetition maximum (1-RM) tests, 
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which measure the greatest resistance that can be moved 

through the full joint in a controlled manner with good pos-

ture, be avoided, whereas over 3-RM tests are recommended 

so as not to cause bone fractures in CKD patients.16

Exercise programming
Aerobic exercise training can be gradually increased in 

accordance with the increased exercise tolerance of individual 

patients. Resistance exercise training (2–3 days/week) is also 

recommended for patients in stable condition.16 The ACSM 

guidelines recommend that all CKD patients (CKD patients 

not on dialysis, as well as those on hemodialysis and peri-

toneal dialysis) perform aerobic exercise training at mild to 

moderate strength (40%–60% of VO
2 peak

) for 20–60 minutes/

day for 3–5 days/week. These guidelines also recommend 

resistance exercise training for these patients, at 70%–75% 

of one-repetition maximum for a minimum one set of 10–15 

repetitions on 2–3 days/week.16 The National Kidney Founda-

tion Kidney Disease Outcome Quality Initiative guidelines 

recommend that hemodialysis patients perform 30 minutes of 

moderate-intensity exercise on most if not all days per week.15 

Cochrane collaboration guidelines also recommend 30 min-

utes of exercise three times per week to improve physical 

fitness, resulting in improved health-related quality of life in 

hemodialysis patients.43 Because these patients are restricted 

to bed during hemodialysis and their body conditions, such 

as water–fluid balance and electrolytes, change rapidly from 

before to after hemodialysis, the ACSM guidelines recom-

mend that exercise training not be performed immediately 

after dialysis.16 These guidelines also recommend that exercise 

training be performed at an early phase hemodialysis ses-

sion to prevent hypotension.16 A comparison of the effects of 

exercise training at different times found that patients who 

exercised on nondialysis days in the rehabilitation center 

showed a greater increase in exercise training time and VO
2 peak

 

than patients who exercised during hemodialysis sessions and 

those who performed unsupervised moderate exercise training 

at home.36 Although peritoneal dialysis patients may attempt 

to exercise while peritoneal dialysis fluid is present, this may 

produce discomfort; these patients should then try to exercise 

after removal of peritoneal dialysis fluid.16

Counseling of exercise training  
for CKD patients
The National Kidney Foundation Kidney Disease Outcome 

Quality Initiative clinical practice guidelines recommend that 

routine care planning for dialysis patients includes assess-

ment of physical functioning and encouraging of patients to 

participate in physical activity.15 The Dialysis Outcomes and 

Practice Pattern Study reported that a 10% increase in regular 

exercise was associated with a 9% reduction in mortality of 

dialysis patients.44 Thus, exercise counseling is very impor-

tant in enhancing physical activity and reducing mortality in 

patients with CKD. The prevalence of CKD has increased, 

making it a common disease globally.45 Appropriate exercise 

counseling by primary care physicians and nephrologists 

is crucial in improving patient prognosis. However, little is 

known about the appropriateness of counseling. We previ-

ously reported that exercise recommendations have not yet 

been widely adopted and are insufficiently recommended by 

primary care physicians who manage CKD patients, despite 

the high rate of nutrition counseling.46 The main reasons these 

primary physicians did not recommend exercise training were 

lack of adequate knowledge on the effects of exercise training 

and lack of knowledge about guidelines for exercise training.46 

Primary care physicians should prescribe exercise training, 

whereas nephrologists and/or physiologists should design pro-

grams and evaluate their progress in individual CKD patients.47 

The cooperative planning and management of exercise training 

for CKD patients may encourage exercise training by these 

patients, improving their quality of life and prognosis.

Conclusion
Decreased physical activity resulting in muscle loss is often 

observed in CKD patients and is one of the main predictors 

of mortality in these patients. Appropriate exercise training 

is important in improving physical activity by preventing 

muscle loss in CKD patients, improving their quality of 

life and reducing their mortality rate. Total management, 

including testing, programming, and counseling for exercise 

training by medical staff, may encourage exercise training 

by CKD patients.
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