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Abstract 19 

 20 

Purpose of review 21 

Chronic kidney disease (CKD) is characterized by poor levels of physical activity which contribute to 22 

increased morbidity across the disease trajectory. The short nature, small samples, and poor 23 

methodology across most studies have failed to translate the role of exercise in CKD into its adoption 24 

as a frontline adjunct therapeutic option. This review focuses on recent advances surrounding the 25 

benefits of exercise interventions across the CKD spectrum.  26 

 27 

Recent findings 28 

Key recent advances in exercise studies have focused on the efficacy of novel intervention strategies 29 

across the CKD spectrum. These include high-intensity interval training, virtual reality gaming, 30 

intradialytic yoga, electrical stimulation of muscles, blood flow restriction training, and protocols 31 

combining exercise with nutritional supplementation. Research is also beginning to explore the role 32 

of prehabilitation for patients prior to dialysis and kidney transplantation. 33 

 34 

Summary 35 

Studies continue to demonstrate wide-ranging benefits of exercise across CKD; however, 36 

implementation of exercise remains scarce.  Future research needs include evaluating the efficacy of 37 

larger and/or more comprehensive interventions on clinically important outcomes.  It is hoped with 38 

increasing global evidence, high-quality clinical studies, and sustained clinician and patient 39 

engagement, exercise programs will become better prioritized in the nephrology field. 40 

 41 
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Introduction 45 

Individuals with chronic kidney disease (CKD) are characterised by poor levels of physical activity and 46 

exercise behaviours [1]. Low levels of physical activity adversely impact quality of life (QoL), functional 47 

status, and are strongly related with mortality and morbidity across the disease trajectory [2, 3]. For 48 

decades, exercise interventions in CKD have been shown to have favorable effects on patient health 49 

and QoL. However, owing to the consistent short nature, relatively small samples, and poor 50 

methodological quality, these studies have failed to translate to the adoption of exercise in routine 51 

practice [4]. The lack of clinical exercise programmes is often attributed to a lack of robust research 52 

evidence [5] resulting in the low priority of physical activity and exercise in the nephrology field [6, 7], 53 

especially in comparison to established cardiac or respiratory programmes. Furthermore, despite 54 

many nephrologists considering exercise and physical activity counselling as within their scope of 55 

practice and beneficial, due to competing priorities, they do not regularly counsel patients [8]. As a 56 

result, the use of exercise as a frontline adjunct therapeutic option in CKD remains unlikely for now, 57 

and physical inactivity and poor functional status stands to remain a detrimental feature of the 58 

disease.  59 

 60 

This review will focus on the recent advances in evidence surrounding the benefits of exercise 61 

interventions to patients across the CKD spectrum: non-dialysis dependent CKD, hemodialysis (HD), 62 

peritoneal dialysis (PD), and kidney transplant recipients (KTRs). 63 

 64 

Non-dialysis dependent CKD  65 

Exercise-based rehabilitation programmes in individuals with CKD not requiring dialysis are not yet 66 

standard treatment. However, given these patients often have reduced disease burden and increased 67 

functional capacity compared to those with later disease stages, there is a great opportunity for 68 

appropriate and timely exercise-based interventions. Given the popularity over the last decade in 69 



high-intensity interval training (HIIT), it is perhaps unsurprising that studies employing this form of 70 

novel training are now appearing in clinical trials. Beetham et al. [9**] found that whilst 12-weeks of 71 

HIIT (4x4 minutes at 80-95% peak heart rate) provided a feasible and safe option for n=14 patients 72 

with CKD stage 3-4, no additional benefits of HIIT were observed when compared to typical moderate-73 

intensity continuous training for cardiorespiratory fitness and markers of skeletal muscle metabolism. 74 

As such, in some patients, HIIT may be a suitable alternative to conventional exercise prescription. 75 

Findings from the RENEXC study conducted in Sweden, which involved n=151 patients exercising 5 76 

days per week for 12-months, found that both the strength and balance groups increased their aerobic 77 

capacity, strength, and physical function [10]. Interestingly, in addition to aerobic exercise, strength 78 

training was not superior to balance training, and changes occurred without notable changes in muscle 79 

mass [11]. This suggests sufficient stimulus from any form of exercise may elicit beneficial 80 

improvements in physical performance and reductions in fat mass.  81 

 82 

A key characteristic of CKD, and thus a modifiable target of exercise, is reduced cardiorespiratory 83 

fitness. However, mechanisms that contribute to this are not clearly defined but may involve 84 

reductions in mitochondrial function, mass and biogenesis. In a study of n=16 individuals, Watson et 85 

al. [12*] found that CKD patients exhibit reduced skeletal muscle mitochondrial mass and gene 86 

expression of transcription factors involved in mitochondrial biogenesis compared to a non-CKD 87 

control group. Interestingly, these reductions were not restored following 12‐weeks of combined 88 

aerobic and resistance exercise training, implying that some patients may exhibit a form of ‘exercise 89 

resistance’ that blunts improvements in cardiorespiratory fitness, and may explain the variable 90 

changes in VO2peak sometimes observed in CKD exercise trials. 91 

 92 

Endothelial dysfunction and arterial stiffness are non-traditional risk factors of CKD-related 93 

cardiovascular disease (CVD) that could be targeted with exercise. A study from the USA in 36 patients 94 



showed that 12-weeks moderate to vigorous aerobic exercise 3x/week improved microvascular 95 

function and maintained conduit artery function, although no changes were observed in central 96 

arterial hemodynamics and arterial stiffness [13**]. With trial outcomes often focusing on 97 

physiological parameters, there remains limited evidence on the effect on self-reported symptom 98 

burden. A trial conducted in n=36 UK CKD patients found that 12-weeks combined aerobic and 99 

resistance exercise resulted in a 14% reduction in symptom number, substantial improvements in 100 

fatigue, and reductions in primarily muscle-focused symptoms such as stiffness and weakness [14]. 101 

 102 

An important absence in many exercise interventions is the association and study of long term follow 103 

up on clinical outcomes. An increasing number of recent studies have shown positive effects of 104 

exercise on different hard and surrogate outcomes. Greenwood et al. [15**] showed that in a cohort 105 

of n=757 patients (including non-dialysis patients), completion of a 12-week renal rehabilitation 106 

programme was associated with increased survival, with a ‘dose-response’ effect seen; ‘improvers' 107 

(defined as an increase of 50m in the incremental shuttle walk) had a 40% independent lower risk of 108 

a combined event (e.g., death, hospitalization). Whilst this data comes from a non-randomized study, 109 

it does provide support of a rehabilitation model in CKD. In a meta-analysis of 11 RCTs and n=362 110 

patients CKD stage 3-4, Vanden Wyngaert et al. [16] showed favorable effects on estimated glomerular 111 

filtration rate (+2.16 ml/min per 1.73m2) and exercise tolerance (+2.39 ml/kg/min) following an 8-112 

month aerobic training program when compared to standard care. 113 

 114 

Exercise is increasingly being advocated for patients preparing for dialysis transition. In particular, to 115 

increase cephalic vein diameter that may optimise arteriovenous fistula maturity. An RCT showed that 116 

8-weeks of handgrip exercises (e.g., squeeze ball) may increase cephalic vein diameter in n=34 patients 117 

with stage 3 and 4 [17]. This effect was also exhibited by Barbosa et al. [18**] in n=26 patients 118 



undergoing training whilst utilising blood flow restriction (BFR) (artery occlusion at 50% maximum 119 

systolic blood pressure). Although, BFR did not offer any superiority than exercise plus non-occlusion.   120 

 121 

Hemodialysis (HD) 122 

Numerous studies have been published describing the benefits of exercise in HD patients [19-21], yet 123 

implementation of exercise programs in HD clinics is low and patient adherence is poor. To address 124 

these issues, some recent studies have implemented novel interventions that aim to improve exercise 125 

adherence and/or provide more robust evidence of clinical benefits of exercise in HD. Examples of 126 

some of these novel intervention strategies include virtual reality gaming (VR), intradialytic yoga, 127 

electrical stimulation of muscles, BFR training, HIIT, and protocols combining exercise with nutritional 128 

supplementation. VR gaming as an adjunct to an intradialytic exercise (IDE) program proved to be 129 

feasible in two separate studies [22**, 23] and Birdee et al. [24] recently demonstrated the feasibility 130 

of a novel intradialytic yoga program. In addition, Suzuki et al. demonstrated improvements in muscle 131 

strength and physical function using intradialytic electrical stimulation of leg muscles, suggesting this 132 

may be an adjunct to physical exercise, especially for highly deconditioned patients [25]. Though more 133 

work is needed to determine the efficacy of these interventions, they are good examples of novel 134 

strategies that can be used during to get patients more physically active, or at least contracting their 135 

muscles, during dialysis. 136 

  137 

Another significant concern in the exercise literature in HD is that most interventions have included 138 

an extremely low volume and/or intensity of exercise, and this may be contributing to the modest 139 

benefits that are often seen [26]. As stated previously, whilst seen in non-dialysis groups (e.g., [9, 18]), 140 

BFR and HIIT are examples of training protocols that can be used to increase exercise intensity but had 141 

not previously been evaluated in HD patients. Nilsson et al. recently demonstrated the feasibility of a 142 



HIIT intradialytic cycling protocol as an alternative to traditional moderate-intensity intradialytic cycle 143 

training [27]. Similarly, both Clarkson et al. and Cardoso et al. have demonstrated that BFR during 144 

intradialytic cycling appears safe and tolerable [28, 29]. Data in healthy populations indicates that BFR 145 

training may improve muscle mass and strength at lower exercise intensities than is normally required 146 

for these adaptations, so is an intriguing exercise modality in deconditioned individuals. While more 147 

research is needed, these studies provide examples of novel approaches that could be considered to 148 

improve physical functioning in HD patients willing to consider them.  149 

 150 

Another approach that can be used to improve the effectiveness of exercise is to include it as a 151 

component of a multifactorial intervention strategy. Several recent studies provided examples of this 152 

by combining exercise interventions with concomitant nutritional support [30**, 31].  Unfortunately, 153 

both studies failed to demonstrate that exercise (either intradialytic cycling or resistance training) 154 

enhanced the benefits or oral nutritional supplementation on physical function and related outcomes. 155 

These findings highlight the fact that improving HD patients’ physical function is a significant challenge, 156 

and that novel and more comprehensive intervention strategies need to be evaluated.  157 

 158 

Several recent studies have improved our understanding of the cardiovascular benefits of IDE. While 159 

there are few reports of adverse events from exercise in HD patients, there are theoretical concerns 160 

that IDE may exacerbate hemodynamic instability (e.g., intradialytic hypotension), especially if 161 

performed in the later stages (3rd or 4th hour) of dialysis [32, 33]. However, a recent study by Jeong 162 

et al. found no difference in the hemodynamic effects of exercise performed during the 1st or 3rd 163 

hour of dialysis [34**], suggesting that exercise at any time during treatment is safe. Moreover, two 164 

separate studies by Penny et al. [35**] and McGuire et al. [36] both found that IDE reduced myocardial 165 

stunning. This important new finding improves our understanding of the potential clinical benefits of 166 

IDE and should help encourage clinicians to promote exercise programs in their clinics.   167 



 168 

Peritoneal dialysis (PD) 169 

Not unlike the HD population, the majority of people receiving PD are physically inactive, contributing 170 

to decreased physical function and poor QoL [1]. Although guidelines recommend physical activity in 171 

PD, dialysis professionals lack the knowledge, skill and scope of practice to expertly prescribe and 172 

coordinate optimal and personalized exercise regimens [37]. Furthermore, PD patients have been 173 

discouraged from participating in exercise programs because of concerns relating to the PD catheter, 174 

abdominal pressure and infection [38]. This clinical approach is in contrast to PD patient’s attitudes 175 

who believe exercise improves mood, self-care abilities, QoL and decreases muscle wasting [39, 40]. 176 

Considering a PD patient’s sedentary behaviour and added glucose load [41], physical activity is vital 177 

in this population. 178 

 179 

Recent exercise studies are scarce in PD compared with HD [42]. The largest RCT to date (n=47), 180 

conducted in Japan, reported a significant improvement in incremental shuttle walking test following 181 

12-weeks of combined resistance and aerobic exercise program [43**]. Similarly, a USA 12-week 182 

combined aerobic and resistance intervention improved the timed-up-and-go performance and 183 

appetite of the exercise group compared with usual care [44**]. A non-controlled study in Thailand, 184 

measuring the effect of a resistance exercise program using traditional resistance bands, 185 

demonstrated improvement in blood pressure, muscle strength and QoL [45*]. The results of this 186 

study should be interpreted with caution due to the lack of a control group, however, larger studies 187 

are expected from Thailand given their high prevalence of PD. 188 

 189 

Recently, exercise programs have been proposed for PD patients to improve physical function [38] 190 

and to counteract the increased glucose load [41]. A USA exercise physiologist coordinated program 191 



has been described consisting of upper body, lower body, core and aerobic exercises, with exercises 192 

categorized for low, medium and high physically functioning PD patients [38]. A novel approach using 193 

aerobic cycling and walking has been proposed to counteract the caloric load associated with glucose 194 

absorption [41]. Similar to HD exercise programs, it is likely that a combined resistance and aerobic 195 

design that fits into PD patient’s lifestyle [46] would have the greatest success in preventing the PD 196 

patients decreased physical function and QoL [47]. 197 

 198 

Transplantation 199 

Kidney transplant (KT) candidates  200 

Prehabilitation seeks to enhance a patient’s functional capacity before surgery and improve their 201 

tolerance for an upcoming physiologic stressor through intensive exercise therapy [48]. This 202 

intervention has arisen as an appealing strategy for KT (kidney transplant) candidates because it 203 

optimizes a patient while they wait for transplantation, rather than rehabilitate them after surgery 204 

[49]. In a recent survey, both clinicians (97%) and patients (94%) agreed that pre-KT prehabilitation 205 

would benefit patients undergoing KT and make them less frail [50]. A recently completed pilot 206 

involving prehabilitation among n=24 adult (aged 18 and older) KT candidates [51**], suggests that 207 

physical activity improves by 64% after 2 months. Furthermore, KT candidates who participated in 208 

prehabilitation had a shorter KT length of stay (5 vs. 10 days) compared to age-, sex-, and race-209 

matched controls. However, a multi-transplant center RCT of prehabilitation is needed to confirm the 210 

efficacy of this intervention in preventing long-term outcomes and associated costs. 211 

 212 

Kidney transplant recipients  213 

In contrast, there are several studies of physical activity and exercise training among KTRs [52]. 214 

Previous studies have suggested that physical activity declines in the first month post-KT due to 215 



surgical recovery but then increases throughout the first year and plateaus by 5 years [53, 54]. Recent 216 

data using actigraphy to measure physical activity and sedentary time among KTRs (n=133) who were 217 

on average 9.5 years post-KT found that on average recipients spend 9.4 hours sedentary time and 218 

20.7 minutes in moderate/vigorous physical activity per day [55]. Given these findings, it is not 219 

surprising that sarcopenia, measured by handgrip strength and bioelectrical impedance, is common 220 

among KTRs and associated with mortality and hospitalization as well as poor QoL [56]. 221 

 222 

The previously published RCT of exercise interventions among KTRs had different prescribed exercise 223 

interventions, duration of the interventions, and sample sizes [52]. A recent meta-analysis of 11 RCTs 224 

found that structured exercise improves small arterial stiffness, VO2 peak, and QoL among KTRs; 225 

however, exercise did not improve blood pressure, lipid profile, blood glucose, kidney function, or 226 

bodyweight/BMI [57]. A recent RCT of n=99 KTRs (n=85 completing the study), found that recipients 227 

who were randomized to 12-months of supervised exercise training three times/week were associated 228 

with an increased maximum workload, VO2 peak, strength, and decreased BMI as well as health-229 

related QoL as compared to recipients randomized to 12-months of general recommendations about 230 

physical activity [58]. However, a 12-month intervention is a longer intervention period than in many 231 

other studies. Furthermore, the LIFT study of n=61 KTRs and liver transplant recipients (median 9-232 

months post-transplantation) randomized recipients to standard of care or one of two intervention 233 

arms: increasing the number of steps by 15% using either accelerometer with and without financial 234 

incentives and health engagement questions [59]. This study found no differences in weight change 235 

at 3-months across all three arms but did find that those randomized to either intervention arm were 236 

more likely to achieve 7,000 steps or more compared to standard of care.  237 

 238 

One promising study of n=37 KTRs combined exercise with intensive nutrition but found that this 239 

intervention did not prevent weight gain in the first year after KT compared to standard nutritional 240 



care [60*]. Finally, a study of n=24 KTRs and n=15 patients with CKD found that an individualized, 241 

structured physical activity intervention was associated with an improved metabolic profile, body 242 

composition, QoL, and eGFR (only among recipients) as well as reduced inflammation [61-63]. The 243 

review of the previous and current literature suggests that structured resistance exercise training for 244 

3-6 months may be beneficial in adult KTRs who are healthy enough to exercise; however, changes of 245 

BMI may only be observed after 12-months of intervention. One challenge is identifying the right time 246 

post-KT for exercise interventions. 247 

 248 

Conclusion 249 

There is an ever-increasing number of clinical studies showing the beneficial role of exercise across 250 

the CKD spectrum. However, whilst examples of successful programmes do exist, implementation and 251 

recognition of exercise as a safe and adjunct therapeutic option in nephrology remain limited across 252 

the globe. Beyond clinical studies, one key and notable advancement in the field of renal exercise was 253 

the recent establishment of the Global Renal Exercise Working Group (GREX), an international 254 

collaborative group of researchers, patients, and clinicians. This group, facilitated by the ISRNM, has 255 

an overarching objective to increase the uptake of exercise and lifestyle interventions into routine 256 

clinical care and provides a multidisciplinary network to help address the key global research priorities 257 

in the area [64**]. It is hoped with increasing evidence, high-quality clinical studies, and better 258 

clinician and patient engagement, exercise programs will become prioritized in nephrology resulting 259 

in substantial benefits in patient healthcare across the globe. 260 

 261 

Key points 262 

1) Published studies demonstrate benefits of exercise across the spectrum of CKD; however, 263 

implementation of exercise programs remains scarce.   264 



2) Recent studies have focused on examining the efficacy of novel intervention strategies across the 265 

spectrum of CKD, including higher intensity training in CKD and renal failure, and prehabilitation for 266 

patients before kidney transplantation. 267 

3) Future research needs include evaluating the efficacy of larger, more global and/or more 268 

comprehensive interventions on clinically important outcomes.   269 
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Table 1 – Summary of key recent studies of interest and their main findings 275 

 276 

Reference  Population  Study design   Key outcomes Main findings 

Non-dialysis dependent CKD  

Beetham et al. 

2019 [9] 

Australia  

n=14 CKD (stage 

3-4) 

RCT. 12-weeks of high-

intensity interval training 

(HIIT) or moderate exercise 

Feasibility and safety; exercise capacity 

(VO2peak); body composition; muscle 

protein synthesis 

No adverse outcomes; ↑exercise 

capacity; ↑protein synthesis; ↔body 

composition. No difference between 

HIIT and moderate groups 

Kirkman et al. 

2019 [13] 

USA  

n=36 CKD (stage 

3-5) 

RCT. 12-weeks of supervised 

aerobic exercise training or 

control 

Exercise capacity (VO2peak); 

microvascular function; conduit artery 

endothelial function; hemodynamics 

and arterial stiffness; oxidative stress 

↑exercise capacity; ↑microvascular 

function; ↔conduit artery endothelial 

function; ↔hemodynamics and 

arterial stiffness; ↔oxidative stress 

Greenwood et al. 

2019 [15] 

UK 

n=757 CKD (all 

stages) 

Retrospective 12-year 

longitudinal analysis of s in-

centre 12-week renal 

rehabilitation programme 

Time to combined event including 

death, cerebrovascular accident, 

myocardial infarction and 

hospitalisation for heart failure 

Patients who did not complete the 

programme had a 1.6-fold greater risk 

of a combined event. Dose-response 



was seen with those ’improving’ more 

showing lower risk  

Barbosa et al. 

2018 [18] 

Brazil  

n=26 CKD (stage 

4-5) 

RCT. 8-weeks of exercise with 

restriction blood flow 

restriction (BFR) or control (no 

BRF)  

Cephalic vein diameter; cephalic vein 

distensibility; radial artery diameter; 

systolic flow peak and mean velocity in 

the upper limbs; forearm 

circumference; handgrip strength 

↑diameter of cephalic vein (control 

group only); ↑diameter of radial artery 

(BFR group only); ↑handgrip strength 

(control group only) 

Hemodialysis (HD) 

Segura-Orti et al. 

2019 [22] Spain 

n=36 HD RCT. 20-weeks strength + 

aerobic training (Ex) OR  16 

weeks of aerobic and strength 

training + 4 weeks virtual 

reality (VR) gaming. 

Physical function tests, including normal 

gait speed, sit-to-stand (STS) 60, one-

legged heel raise (OLHR), and 6-minute 

walk test (6MWT); and exercise 

adherence 

↑physical function and exercise 

adherence were similar between 

groups.  This suggests intradialytic VR is 

feasible and reasonable alternative to 

traditional intradialytic exercise 

programs 



Jeong et al. 2019 

[30] USA 

n=138 HD RCT. 3 groups, 12-month 

intervention:  1) control; 2) 

oral protein      

supplementation (OPS, 30g 

whey); 3) OPS + intradialytic 

cycling  

ISWT; muscle strength; gait speed; 

cardiovascular function (PWV, systolic 

and diastolic function) 

↔ISWT or most secondary outcomes.  

Trends for ↑gait speed and diastolic 

function in OPS + exercise group only   

Jeong et al. 2018 

[34] USA 

 

 

 

 

 

n=12 HD 

 

 

 

 

 

Cross-over design.  3 

treatments:  control day; 

intradialytic exercise (IDE) 

cycling in 1st hour (30 min); 3) 

IDE in 3rd hour (30 min) 

 

Intradialytic hemodynamic variables, 

including blood pressure, autonomic 

function, cardiac output, stroke volume, 

and TPR 

 

 

During 1st and 3rd hour exercise, there 

were transient ↑blood pressure and 

cardiac output, but ↔ in variables at 

end of dialysis with or without ICE.   

 

Penny et al. 2019 

[35] Canada 

n=19 HD Cross-over design; 2 days: 1) 

control; 2) IDE cycling (30 

minutes) 

Myocardial stunning (regional wall 

motion abnormalities; RWMA) at 3 time 

points during dialysis (pre-exercise, 

At peak HD stress, the number of 

stunned cardiac segments was ↓ 



post-exercise, and peak stress (15 

minutes before the end of dialysis) 

Peritoneal dialysis (PD) 

Uchiyama et al. 

2019 [43] 

Japan 

n=47 PD (n=13 

APD, n=34 

CAPD) 

 

RCT. 12-weeks of a combined 

resistance and aerobic 

exercise program 

Exercise capacity (ISWT); HRQOL; 

anthropometry; biochemistry; baPWV 

 

↑exercise capacity; ↔handgrip 

strength; ↔quadriceps; ↑HRQOL; 

↔anthropometry; ↑albumin; 

↔baPWV 

Bennett et al. 

2020 [44] 

USA 

n=26 APD RCT. 12-weeks of a combined 

resistance and aerobic 

exercise program 

Feasibility and safety; physical Function; 

PROMs 

 

63% Recruitment; 72% Retention; 77% 

Sustained exercise following study; 

↑TUG; ↑Appetite 

Aramrussameekul 

et al. 2019 [45] 

Thailand 

n=20 CAPD Pre-Post. 12-weeks home-

based rubber rope exercise 

BP; hand, leg, back strength; HRQOL ↓SBP & DBP; ↑hand, leg, back 

strength; ↑HRQOL 

Transplantation 

McAdams-

DeMarco et al. 

n=24 KT 

candidates 

Non-RCT. Average of 28 

weekly prehabilitation 

Feasibility; physical activity; length of 

stay; patient feedback 

↑physical activity; ↓length of stay. 

High level of satisfaction with the 



2020 [51] USA active on the 

waitlist within 

3-6 months of 

transplantation 

sessions (1 hour supervised 

physical therapy) (matched KT 

control group) 

prehabilitation intervention. No 

adverse events. 

Roi et al. 2018 

[58] Italy 

n=99 KT 

recipients at 

least 6-months 

after KT 

RCT. 12-month 3 times/week 

supervised aerobic and 

resistance training 

Renal function; lipid values; blood 

chemistry; exercise capacity (VO2peak); 

muscle strength (plantar flexor) and 

power (countermovement jump 

height); BMI; HRQOL 

↑exercise capacity; ↑muscular 

strength; ↑power; ↓BMI; ↑HRQoL 

(physical function, physical-role 

limitations, and social functioning 

scales) 

Serper et al.  

2020 [59] USA 

n=61 KT 

recipients and 

n=66 liver 

transplant 

recipients (9-

months post-

transplantation) 

RCT. 12-weeks. 3 arms: arm 1: 

Standard of care plus wearable 

physical activity trackers, 

access to an online portal; arm 

2: arm 1 plus step goals and 

health engagement questions 

with financial incentives. 

Change in patient weight (after 4-

months); proportion of days at the 

target of 7,000 steps per day 

↔weight change; those in either 

intervention arm was more likely to 

achieve >7,000 steps compared to 

controls 



Enrolled in a physical activity 

program with individualized 

goals; control group  

 

Henggeler et al. 

2018 [60] New 

Zealand  

n=37 KT 

recipients 

RCT. 12-months. Intensive 

nutrition intervention 

(individualized nutrition and 

exercise counselling; 12 

dietitian visits; 3 exercise 

physiologist visits over 12 

months) or to standard 

nutrition care (guideline 

based; 4 dietitian visits) 

Body weight at 6-months post-KT; 

change in body weight; anthropometric 

measures; body composition; resting 

energy expenditure; physical function; 

physical activity; serum biochemistry; 

HRQOL 

↔body weight; ↔secondary 

outcomes between groups 

 277 

RCT randomized controlled trial, PD peritoneal dialysis, APD automated peritoneal dialysis, CAPD continuous ambulatory peritoneal dialysis, HRQOL health-278 

related quality of life, baPWV brachial-ankle pulse wave velocity, ISWT incremental shuttle walk test, TUG timed up and go test, BP blood pressure, SBP 279 



systolic blood pressure, DBP diastolic blood pressure, PROMs patient-reported outcome measures, BFR blood flow restriction, IDE intradialytic exercise, 280 

6MWT 6-minute walk test, STS sit-to-stand test, RWMA regional wall motion abnormality, OPS oral protein supplementation 281 

  282 



Table 2 – Summary of key points/findings with areas for future research 283 

Key findings and areas for future research 

 Urgent research is required to determine how we decrease physical deterioration prior to renal 

replacement therapy to improve RRT outcomes. 

 In particular, the role of prehabilitation needs additional investigation in those being prepared 

for a KT or dialysis to elucidate is long term effects.  

 Further research is needed to clarify upon the optimal dose, timing, and frequency of exercise, 

particularly in those requiring a KT, HD and PD.  

 There is increasing use of novel interventions, such as BFR or HIIT, that aim to improve exercise 

adherence, however, further research is needed to clarify whether these provide greater 

clinical benefits.  

 Despite an increase in high-quality evidence, there also remains an important role of the 

healthcare provider in the promotion of exercise. There is a need for the evaluation of effective 

and efficient counselling strategies and a role for the routine involvement of exercise specialists 

in kidney care.   

 284 

  285 



References 286 

Papers of particular interest, published within the annual period of review, have been highlighted as: 287 

* of special interest 288 

** of outstanding interest 289 

 290 

1. Wilkinson TJ. Clarke AL, Nixon DGD, et al., Prevalence and correlates of physical activity across 291 

kidney disease stages: an observational multicentre study. Nephrol Dial Transplant 2019; Early view. 292 

2. Painter P, Roshanravan B. The association of physical activity and physical function with 293 

clinical outcomes in adults with chronic kidney disease. Curr Opin Nephrol Hypertens 2013; 22: 615-294 

23. 295 

3. Pike M, Taylor J, Kabagambe E, et al. The association of exercise and sedentary behaviours 296 

with incident end-stage renal disease: the Southern Community Cohort Study. BMJ Open 2019; 297 

9:e0306. 298 

4. Johansen KL, Chertow GM, Kutner NG, et al., Low level of self-reported physical activity in 299 

ambulatory patients new to dialysis. Kidney Int 2010; 78: 1164-1170. 300 

5. Jagannathan R, Ziolkowski SL, Weber M, et al. Physical activity promotion for patients 301 

transitioning to dialysis using the “Exercise is Medicine” framework: a multi-center randomized 302 

pragmatic trial (EIM-CKD trial) protocol. BMC Nephrol 2018; 19:230. 303 

6. Mallamaci F, Torino C, Tripepi G, Physical exercise in haemodialysis patients: time to start. 304 

Nephrol Dial Transplant 2016; 31: 1196-1198. 305 

7. Mallamaci F, Pisano A, Tripepi G, Physical activity in chronic kidney disease and the EXerCise 306 

Introduction To Enhance trial. Nephrol Dial Transplant 2020; 35:18-22. 307 



8. Taryana AA, Krishnasamy R, Bohm C, et al. Physical activity for people with chronic kidney 308 

disease: an international survey of nephrologist practice patterns and research priorities. BMJ Open 309 

2019; 9(12): e032322. 310 

9. Beetham KS, Howden EJ, Fassett RG, et al. High‐intensity interval training in chronic kidney 311 

disease: A randomized pilot study. Scand J Med Sci Sports 2019; 29:1197-1204. 312 

** This is the first study to investigate the effects of high‐intensity interval training in people with 313 

chronic kidney disease. 314 

10. Hellberg M, Höglund P, Svensson P, Clyne N. Randomized controlled trial of exercise in CKD—315 

the RENEXC study. Kidney Int Rep 2019; 4:963-976. 316 

11. Zhou Y, Hellberg M, Höglund P, et al. Muscle mass and plasma myostatin after exercise 317 

training: a substudy of Renal Exercise (RENEXC)—a randomized controlled trial. Nephrol Dial 318 

Transplant 2019; pii:gfz210. 319 

12. Watson EL, Baker LA, Wilkinson TJ, et al. Reductions in skeletal muscle mitochondrial mass are 320 

not restored following exercise training in patients with chronic kidney disease. FASEB J 2020; 321 

34:1755-1767. 322 

* Study investigating the effect of exercise on mitochondrial dysfunction; reductions versus a 323 

control group were not restored following exercise implying exercise resistance in this cohort. 324 

13. Kirkman DL, Ramick MG, Muth B, et al. Effects of aerobic exercise on vascular function in 325 

nondialysis chronic kidney disease: a randomized controlled trial. Am J Physiol Renal Physiol 2019; 326 

316(5):898-905. 327 

** First known study to investigate the effects of exercise on microvascular function in patients with 328 

chronic kidney disease. 329 



14. Wilkinson TJ, Watson EL, Gould DW, et al. Twelve weeks of supervised exercise improves self-330 

reported symptom burden and fatigue in chronic kidney disease: a secondary analysis of the ‘ExTra 331 

CKD’trial. Clin Kidney J 2019; 12:113-121. 332 

15. Greenwood SA, Castle E, Lindup H, et al. Mortality and morbidity following exercise-based 333 

renal rehabilitation in patients with chronic kidney disease: the effect of programme completion and 334 

change in exercise capacity. Nephrol Dial Transplant 2019; 34(4):618-625. 335 

** First study to report on the association between participation in a disease-specific renal 336 

rehabilitation programme and the combined outcome of mortality and CV morbidity in patients 337 

with kidney disease.  338 

16. Vanden Wyngaert K, Van Craenenbroeck AH, Van Biesen W, et al. The effects of aerobic 339 

exercise on eGFR, blood pressure and VO2peak in patients with chronic kidney disease stages 3-4: A 340 

systematic review and meta-analysis. PloS One 2018; 13:e0203662. 341 

17. Kumar A/LS Katheraveloo K, Suryani Safri L, Guo Hou L, et al. Effect of isometric handgrip 342 

exercise on the size of cephalic veins in patients with stage 3 and 4 chronic kidney disease: A 343 

randomized controlled trial. J Vasc Access 2019 Oct 4:1129729819879314. 344 

18. Barbosa JB, Maia TO, Alves PS, et al. Does blood flow restriction training increase the diameter 345 

of forearm vessels in chronic kidney disease patients? A randomized clinical trial. J Vasc Access 2018; 346 

19: 626-633. 347 

** First study to use BFR combined with physical exercise in kidney disease patients with 348 

arteriovenous fistula creation indication in the forearm. 349 

19. Clarkson MJ, Bennett PN, Fraser SF, Warmington SA. Exercise Interventions for Improving 350 

Objective Physical Function in End-Stage Kidney Disease Patients on Dialysis: A Systematic Review and 351 

Meta-Analysis. Am J Physiol Renal Physiol 2019; 316:856-872. 352 



20. Chan D, Cheema BS. Progressive Resistance Training in End-Stage Renal Disease: Systematic 353 

Review. Am J Nephrol 2016; 44:32-45. 354 

21. Sheng K, Zhang P, Chen L, et al. Intradialytic exercise in hemodialysis patients: a systematic 355 

review and meta-analysis. Am J Nephrol 2014; 40:478-490. 356 

22. Segura-Orti E, Perez-Dominguez B, Ortega-Perez de Villar L, et al. Virtual reality exercise 357 

intradialysis to improve physical function: A feasibility randomized trial. Scand J Med Sci Sports 2019; 358 

29:89-94. 359 

* First study to evaluate the feasibility of incorporating non-immersive intradialytic virtual reality 360 

as an adjunct to physical training during dialysis.  Future studies are needed to evaluate the efficacy 361 

of immersive virtual reality. 362 

23. Maynard LG, de Menezes DL, Liao NS, et al. Effects of Exercise Training Combined with Virtual 363 

Reality in Functionality and Health-Related Quality of Life of Patients on Hemodialysis. Games Health 364 

J 2019; 8:339-348. 365 

24. Birdee GS, Rothman RL, Sohl SJ, et al. Feasibility and Safety of Intradialysis Yoga and Education 366 

in Maintenance Hemodialysis Patients. J Ren Nutr 2015; 25:445-453. 367 

25. Suzuki T, Ikeda M, Minami M, et al. Beneficial Effect of Intradialytic Electrical Muscle 368 

Stimulation in Hemodialysis Patients: A Randomized Controlled Trial. Artif Organs 2018; 42:899-910. 369 

26. Wilund KR, Viana JL, Perez LM. A Critical Review of Exercise Training in Hemodialysis Patients: 370 

Personalized Activity Prescriptions Are Needed. Exerc Sport Sci Rev 2020; 48:28-39. 371 

27. Nilsson BB, Bunaes-Naess H, Edvardsen E, Stenehjem AE. High-intensity interval training in 372 

haemodialysis patients: a pilot randomised controlled trial. BMJ Open Sport Exerc Med 2019; 373 

5:000617. 374 



28. Clarkson MJ, Brumby C, Fraser SF, et al. Haemodynamic and Perceptual Responses to Blood 375 

Flow Restricted Exercise among Dialysis Patients. Am J Physiol Renal Physiol 2020. 318(3):843-850. 376 

29. Cardoso, RK, Araujo AM, Vechio FBD, et al. Intradialytic exercise with blood flow restriction is 377 

more effective than conventional exercise in improving walking endurance in hemodialysis patients: 378 

a randomized controlled trial. Clin Rehab 2020. 34(1):91-98. 379 

30. Jeong JH, Biruete A, Tomayko EJ, et al. Results from the randomized controlled IHOPE trial 380 

suggest no effects of oral protein supplementation and exercise training on physical function in 381 

hemodialysis patients. Kidney Int 2019; 96(3):777-786. 382 

** Largest (n=101) and longest (12-months) trial to date examining combined effects of exercise and 383 

nutrition supplementation on hemodialysis patient health and quality of life. 384 

31. Martin-Alemany G, Espinosa-Cuevas MLA, Perez-Navarro M, et al. Effect of Oral Nutritional 385 

Supplementation With and Without Exercise on Nutritional Status and Physical Function of Adult 386 

Hemodialysis Patients: A Parallel Controlled Clinical Trial (AVANTE-HEMO Study). J Ren Nutr 2020; 387 

30(2):126-136. 388 

32. Smart NA, Williams AD, Levinger I, et al. Exercise & Sports Science Australia (ESSA) position 389 

statement on exercise and chronic kidney disease. J Sci Med Sport 2013; 16(5):406-411. 390 

33. Moore GE, Painter PL, Brinker KR, Stray-Gundersen J, Mitchell JH. Cardiovascular response to 391 

submaximal stationary cycling during hemodialysis. Am J Kidney Dis 1998; 31(4):631-637. 392 

34. Jeong JH, Biruete A, Fernhall B, Wilund KR. Effects of acute intradialytic exercise on 393 

cardiovascular responses in hemodialysis patients. Hemodial Int 2018; 22(4):524-533. 394 

** Study demonstrates that exercise during 3rd hour of dialysis is not associated with adverse 395 

changes in hemodynamic variables. 396 



35. Penny JD, Salerno FR, Brar R, et al. Intradialytic exercise preconditioning: an exploratory study 397 

on the effect on myocardial stunning. Nephrol Dial Transplant 2019; 34(11):1917-1923. 398 

** First study to demonstrate that intradialytic cycling may reduce myocardial stunning during 399 

dialysis. 400 

36. McGuire S, Horton EJ, Renshaw D, et al. Cardiac Stunning during haemodialysis: the 401 

therapeutic effect of intra-dialytic exercise. Clin Kid J 2019; 1-10. 402 

37. Uchiyama K, Washida N, Muraoka K, et al. Exercise Capacity and Association with Quality of 403 

Life in Peritoneal Dialysis Patients. Perit Dial Int 2019; 39(1):66-73. 404 

38. Clarke AL, Jhamb M, Bennett PN. Barriers and facilitators for engagement and implementation 405 

of exercise in end-stage kidney disease: Future theory-based interventions using the Behavior Change 406 

Wheel. Semin Dial 2019; 32(4):308-319. 407 

39. Isnard-Rouchon M, West M, Bennett PN. Exercise and physical activity for people receiving 408 

peritoneal dialysis: Why not? Semin Dial 2019; 32(4):303-307. 409 

40. Zeng J, Xu A, Hill K, Bennett P. Perceived barriers and benefits of exercise in people being 410 

treated with peritoneal dialysis. J Ren Care 2020; In Press. 411 

41. Khan SF, Ronco C, Rosner MH. Counteracting the Metabolic Effects of Glucose Load in 412 

Peritoneal Dialysis Patients; an Exercise-Based Approach. Blood Purif 2019; 1-7. 413 

42. Thangarasa T, Imtiaz R, Hiremath S, Zimmerman D. Physical Activity in Patients Treated With 414 

Peritoneal Dialysis: A Systematic Review and Meta-analysis. Can J Kidney Health Dis 2018; 415 

5:2054358118779821. 416 

43. Uchiyama K, Washida N, Morimoto K, et al. Home-based Aerobic Exercise and Resistance 417 

Training in Peritoneal Dialysis Patients: A Randomized Controlled Trial. Sci Rep 2019; 9:2632. 418 



** The largest peritoneal dialysis exercise randomized control trial to date reporting improvements 419 

in physical function, strength, serum albumin and quality of life. 420 

44. Bennett P, Hussein W, Matthews K, West M, Smith E, Reiterman M, et al. An Exercise Program 421 

for Peritoneal Dialysis Patients in the United States: A Feasibility Study. Kid Med 2020; In press. 422 

** Peritoneal dialysis exercise randomized control trial reporting high feasibility and safety, and 423 

improvements in physical function and appetite 424 

45. Aramrussameekul W, Changsirikunchai S. Effects of Home-based Exercise Program Using 425 

Thai–style Braided Rubber Rope on Blood Pressure, Muscle Strength and Quality of Life in Patients on 426 

Continuous Ambulatory Peritoneal Dialysis. ASEAN J Rehabil Med 2019; 29:81-84. 427 

* Pre-post test design reporting improvements in blood pressure, strength and health-related 428 

quality of life. 429 

46. Fang HY, Burrows BT, King AC, Wilund KR. A Comparison of Intradialytic versus Out-of-Clinic 430 

Exercise Training Programs for Hemodialysis Patients. Blood Purif 2020; 49:151-157. 431 

47. Bennett PN, Thompson S, Wilund KR. An introduction to Exercise and Physical Activity in 432 

Dialysis Patients: Preventing the unacceptable journey to physical dysfunction. Semin dial 2019; 433 

32:281-282. 434 

48. Cabilan CJ, Hines S, Munday J. The effectiveness of prehabilitation or preoperative exercise 435 

for surgical patients: a systematic review. JBI Database System Rev Implement Rep 2015; 13:146-187. 436 

49. Cheng XS, Myers JN, Chertow GM, et al. Prehabilitation for kidney transplant candidates: Is it 437 

time? Clin Transplant 2017; 31(8). 438 

50. Van Pilsum Rasmussen S, Konel J, Warsame F, et al. Engaging clinicians and patients to assess 439 

and improve frailty measurement in adults with end stage renal disease. BMC Neph 2018; 19:8. 440 



51. McAdams-DeMarco MA, Ying H, Van Pilsum Rasmussen S, et al. Prehabilitation prior to kidney 441 

transplantation: results from a pilot study. Clin Transplant, 2019. 33:13450. 442 

** First study of the feasibility of prehabilitation prior to kidney transplant prehabilitation improve 443 

physical activity levels and potentially decreased length of stay. 444 

52. Takahashi A, Hu SL, Bostom A. Physical Activity in Kidney Transplant Recipients: A Review. Am 445 

J Kidney Dis 2018; 72:433-443. 446 

53. Carvalho EV, Reboredo MM, Gomes EP, et al. Physical activity in daily life assessed by an 447 

accelerometer in kidney transplant recipients and hemodialysis patients. Transplant Proc 2014; 448 

46:1713-1717. 449 

54. Nielens H, Lejeune TM, Lalaoui A, et al. Increase of physical activity level after successful renal 450 

transplantation: a 5 year follow‐up study. Nephrol Dial Transplant 2001; 16:134-140. 451 

55. Vallance JK, Johnson ST, Thompson S, et al., Prevalence and Correlates of Accelerometer-452 

Based Physical Activity and Sedentary Time Among Kidney Transplant Recipients. Can. J. Kidney Health 453 

Dis 2019; 6:2054358119882658. 454 

56. Chan W, Chin SH, Whittaker AC, et al., The associations of muscle strength, muscle mass, and 455 

adiposity with clinical outcomes and quality of life in prevalent kidney transplant recipients. J Ren Nutr 456 

2019; 29:536-547. 457 

57. Chen G, Gao L, Li X. Effects of exercise training on cardiovascular risk factors in kidney 458 

transplant recipients: a systematic review and meta-analysis. Ren Fail 2019; 41: 408-418. 459 

58. Roi GS, Mosconi G, Totti V, et al. Renal function and physical fitness after 12-mo supervised 460 

training in kidney transplant recipients. World J Transplant 2018, 8:13-22. 461 



59. Serper M, Barankay I, Chadhaet S et al. A Randomized, Controlled, Behavioral Intervention to 462 

Promote Walking after Abdominal Organ Transplantation: Results from the LIFT Study. Transpl Int 463 

2020; Early view. 464 

60. Henggeler CK, Plank LD, Ryan KJ. A randomized controlled trial of an intensive nutrition 465 

intervention versus standard nutrition care to avoid excess weight gain after kidney transplantation: 466 

the INTENT trial. J Ren Nutr 2018; 28: 340-351. 467 

* Combination of exercise and nutrition intervention; however, there were no observed differences 468 

in post-KT weight or secondary outcomes for those in the intensive care. 469 

61. Muras-Szwedziak K, Masajtis-Zagajewska A, Pawlowicz E, Nowicki M. Effects of a Structured 470 

Physical Activity Program on Serum Adipokines and Markers of Inflammation and Volume Overload in 471 

Kidney Transplant Recipients. Ann Transplant 2019; 24:569-575. 472 

62. Masajtis-Zagajewska A, Muras-Szwedziak K, Nowicki M. Simultaneous Improvement of 473 

Habitual Physical Activity and Life Quality in Kidney Transplant Recipients Involved in Structured 474 

Physical Activity Program. Transplant Proc 2019; 51:1822-1830. 475 

63. Muras-Szwedziak K, Masajtis-Zagajewska A, Pawlowicz E, Nowicki M. Effects of a Structured 476 

Physical Activity Program on Serum Adipokines and Markers of Inflammation and Volume Overload in 477 

Kidney Transplant Recipients. Ann Transplant 2019; 24:569-575. 478 

64. Wilund K, Thompson S, Bennett PN. A global approach to increasing physical activity and 479 

exercise in kidney care: the International Society of Renal Nutrition and Metabolism Global Renal 480 

Exercise Group. J Ren Nutr 2019; 29: 467-470 481 

** Detailed overview of the Global Renal Exercise (GREX) network, its aims, and goals for advancing 482 

future research in the field of physical activity and exercise in kidney patients. 483 

 484 


