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Cardiovascular (CV) morbidity and mortality is high in patients with chronic kidney disease (CKD). Most patients reveal a high prevalence of CV risk 
factors such as diabetes or arterial hypertension and many have manifest cardiovascular disease (CVD), such as coronary artery disease and chronic 
heart failure with an increased risk of clinical events including sudden cardiac death. Diabetes mellitus and hypertension contribute to the 
development of CKD and the prevalence of CKD is in the range of 20–65% in diabetic and 30–50% in hypertensive patients. Therefore, prevention 
and optimal treatment of CV risk factors and comorbidities are key strategies to reduce CV risk and improve survival in CKD. Beyond common CV 
risk factors, patients with CKD are often physically inactive and have low physical function leading to subsequent frailty with muscle fatigue and 
weakness, sarcopenia and increased risk of falling. Consequently, the economic health burden of CKD is high, requiring feasible strategies to 
counteract this vicious cycle. Regular physical activity and exercise training (ET) have been shown to be effective in improving risk factors, reducing 
CVD and reducing frailty and falls. Nonetheless, combining ET and a healthy lifestyle with pharmacological treatment is not frequently applied in 
clinical practice. For that reason, this Clinical Consensus Statement reviews the current literature and provides evidence-based data regarding the  
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role of ET in reducing CV and overall burden in patients with CKD. The aim is to increase awareness among cardiologists, nephrologists, and 
healthcare professionals of the potential of exercise therapy in order to encourage implementation of ET in clinical practice, eventually reducing CV 
risk and disease, as well as reducing frailty in patients with CKD G3–G5D.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Chronic kidney disease • Kidney failure • Cardiovascular disease • Physical activity • Exercise • Prevention

Summary Box

• Physical activity levels in patients with CKD are lower than in 
healthy counterparts.

• Any type of exercise increases aerobic capacity in patients with 
CKD G3–G5 and CKD G5D.

• Any activity is better than no activity.

• Exercise programmes should be tailored so that they become 
integrated in the patient’s everyday life and last a lifetime.

• Patients with CKD G3–G5 with less physiological and/or func-
tional impairment have longer event-free survival.

• High levels of physical activity may reduce the risk of CV-related 
mortality.

• There is a need for closer collaboration and shared decision- 
making between patients, general practitioners, (sports) 
cardiologists, nephrologists, and physiotherapists/exercise 
physiologists, as exercise prescription is team work particu-
larly in CKD.

Introduction
Chronic kidney disease (CKD) affects about 10% of the global popula-
tion. It is more common among the elderly and among women, al-
though more men reach kidney failure and need kidney failure 
replacement therapy (KFRT).1

Chronic kidney disease is profoundly intertwined with cardiovascular 
disease (CVD). Both entities share common aetiologies, such as dia-
betes mellitus (DM), arterial hypertension, and dyslipidaemia. In add-
ition, CKD pre-disposes to CVD due to chronic volume overload, 
low-grade inflammation, and disturbances in calcium–phosphate para-
thyroid hormone regulation. It further leads to CKD mineral and 
bone disorders that in turn pre-disposes to increased arterial stiffness, 
arterial plaques, and arteriosclerosis of the arterial wall with alterations 
in vascular structure and function.

Chronic kidney disease is defined as evidence of kidney damage or 
reduced function, present for > 3 months, with implications for 
health.2 CKD is graded from 1 to 5 according to estimated glomerular 
filtration rate (eGFR) and G5D in the presence of dialysis treatment 
(Table 1). With declining GFR cardiovascular (CV) morbidity is exacer-
bated and there is an increasing risk of premature death.2 Roughly half 
of all patients with CKD G4–G5 suffer from CVD.3 The prevalence of 
CVD was found to be twice as high in patients with CKD compared 
with those who did not have CKD (65% vs. 32%).4 Moreover, the 
prevalence of heart failure (HF) is high among elderly patients (≥66 
years) with CKD (26% vs. 6% without CKD) and increases with age 
and decreasing eGFR reaching levels of around 44% in patients on dia-
lysis.4 Similarly, the prevalence of stable coronary artery disease and 
acute myocardial infarction increases with age and was 29 and 8%, re-
spectively in patients with CKD aged 66–69 years, increasing to 43 and 
10%, respectively in patients aged over 85 years.4 An estimated 24% of 
patients with CKD have atrial fibrillation (AF) compared with 10% of 
those without CKD.4 Nearly 50% of patients with CKD and HF, 
25% of those with CKD and hypertension and 24% with CKD and 
DM have been shown to have AF.4 Patients on haemodialysis (HD) 
have an increased risk of sudden cardiac death (SCD) (59 deaths in 

1000 patient-years) compared with the general population (1 death 
in 1000 patient-years).3

There are pharmacological treatments available which are used for 
protection of the heart and the kidneys.3 The various pharmacological 
classes and their effects are summarized in Table 2. The focus of this 
Clinical Consensus Statement is to explore the effects of non- 
pharmacological therapies as a compliment to medication.

Prevention of CV comorbidities is a key action point to improve 
survival in CKD. Moreover, physical activity and physical function in pa-
tients with CKD is low.5 Fatigue and muscle weakness are common 
symptoms leading to an increasingly sedentary lifestyle.5,6 Non-pharma-
cological therapies such as physical activity and exercise training (ET) are 
effective in improving physical function and performance, they are safe 
and have positive effects on pre-disposing factors for CVD. Higher levels 
of physical activity and cardiorespiratory fitness (CRF) have been asso-
ciated with a lower risk of mortality and CVD in people with CKD.5

There is a dose–response association between physical activity and all- 
cause mortality, similarly to the one observed in patients with DM, 
with other chronic disease and in general population.5 Some studies 
have shown that physical activity slows the progression rate of CKD 
and decreases albuminuria.6 There is an increasing focus on reducing 
CV morbidity and mortality during the development of CKD in the 
Cardiology and Nephrology communities. It is of high significance to 
combine preventive cardiology and preventive nephrology with a special 
focus on non-pharmacological treatment approaches, comprising ET and 
healthy lifestyle. The aim of this Clinical Consensus Statement is to raise 
awareness and summarize current evidence on the role of ET in reducing 
the burden of CVD in patients with CKD with G3–G5D.

Exercise and cardiovascular risk 
reduction in patients with chronic 
kidney disease
Physical activity levels are lower in patients with CKD compared with 
healthy counterparts, mainly due to anaemia, uraemia, acidosis, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 GFR categories in chronic kidney disease

GFR 
category

eGFR (mL/min/ 
1.73 m2)

Terms used to describe 
GFR level

G1a
≥90 Normal to increased

G2a 60–89 Mildly reducedb

G3a 45–59 Moderately reduced
G3b 30–44 Moderately reduced

G4 15–29 Severely reduced

G5 <15 Kidney failure
G5D CKD G5 treated with dialysis

G, GFR category; eGFR, estimated glomerular filtration rate. 
aIf there is no evidence of kidney damage, neither GFR category fulfils the criteria for 
CKD. 
bRelative to young adult level.
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deficiency of vitamin D, and reduced muscle mass.7 A dose–response 
relationship between physical activity and the risk of CKD was found, 
estimating that there may be a of 2% reduction in CKD risk for every 
10 MET h/wk increase of PA.8 Recently, a clinical practice guideline of 
the UK Kidney Research Consortium Clinical Study Group for 
Exercise and Lifestyle focusing on exercise and lifestyle in CKD high-
lighted that increasing physical activity or exercise levels in patients 
with CKD without KFRT would contribute to improvement in risk fac-
tors, particularly elevated blood pressure (BP) levels.9 The guideline 
also suggests that physical activity might reduce CV-related mortality 
in the HD population.9

Peak oxygen consumption (VO2peak) during cardiopulmonary exer-
cise testing (CPET) is the gold standard for the definition of CRF and is a 
robust parameter to assess effects of endurance exercise and relates 
directly to clinical outcomes. However, most patients with CKD with 
or without maintenance dialysis treatment are elderly and often suffer 
from numerous comorbidities making it difficult for them to complete a 
maximal exercise test. The 6-minute walk test (6MWT) has a good cor-
relation with VO2peak in patients with CKD G2–G4 and on HD is easy 
to perform and has been used in most of the recent large randomized 
controlled trials (RCTs) with ET.10

Earlier studies often used VO2peak, as reflected in two 
meta-analyses described below, while recent larger RCTs in a real- 
world clinical population have used the 6MWT and/or a sit-to-stand 
test (STS). One of the first meta-analyses on the impact of ET in CKD 
compiled data on aerobic capacity from 25 trials (928 patients). The 
data showed that any type of exercise significantly increased aerobic 
capacity in patients with CKD G2–G5 on HD and in patients with a 
kidney transplant.11 A more recent meta-analysis focused on exer-
cise capacity in CKD G3–G4 over an intervention period of on aver-
age 32 weeks reported a within-group increase of VO2peak of 
1.70 mL/kg/min in patients after aerobic ET and an increase of 
2.39 mL/kg/min when compared with standard care.12 Patients 
with CKD G3–G5 with higher values for VO2peak, have been re-
ported to have longer event-free survival.13 There is a strong positive 
correlation between improvements in aerobic capacity and 
health-related quality of life scores.13 ET interventions can improve 
vitality, quality of sleep, well-being, and the physical domains 
of health-related quality of life, which is a recognized independent 
risk factor for CKD progression.13 Several studies have found 

associations between the amount of physical activity and survival in 
patients on HD, showing that patients with more time spent on phys-
ical activity have a lower mortality rate (Table 3).14–16 One study, 
comprising patients with CKD, on dialysis and after transplantation, 
reported lower incidence of death and major CV events, as a com-
bined outcome, in the group with improved physical function.17

The EXCITE trial (EXerCise Introduction to Enhance Performance 
in Dialysis) showed that simple, personalized 6-month walking ET 
in patients on dialysis performed at home improved exercise capacity, 
as assessed by the 6MWT, and furthermore reduced the risk of hos-
pitalization, a finding which was maintained for up to 36 months.18,19

Moreover, exercise applied during HD, intra-dialytic exercise, 
has been shown to be safe and has clear clinical benefits for a wide 
range of patients with different comorbidities and age as reported 
in the hitherto largest randomized controlled intervention trial on ex-
ercise vs. usual care, the DiaTT (dialysis training therapy) trial, enrol-
ling a real-world patient population. Data after 12 months of 
combined endurance and resistance intra-dialytic ET was safe and sig-
nificantly improved physical function, as assessed by the 60-STS. 
Furthermore, hospital admissions and annual days spent in hospital 
were reduced.20

The RENEXC (RENal EXerCise) trial, the hitherto largest RCT in pa-
tients with CKD G3–G5 comprising a real-world patient population in-
cluding the elderly and patients with multiple comorbidities who 
conducted self-administered training at home or at a gym, showed in 
a head-to-head comparison of resistance training compared with bal-
ance training both in combination with endurance training, that both 
groups improved the 6MWT after 12 months of ET as well as other as-
pects of physical function.21 The AWARD trial showed that a 
12-month programme of in-centre aerobic and resistance ET in pa-
tients with CKD G3b–G4 and a high level of medical comorbidity re-
sulted in a significant improvement in the 6MWT after 6 and 12 
months, VO2peak increased after 6 months ET, but the increase was 
not sustained after 12 months.22

ET has been shown to be safe and effective in increasing CRF at CKD 
G2–G5 and all modalities of KFRT. Initial studies focused on fitter and 
younger patients, but recent large RCTs have shown effects on CRF, phys-
ical function and morbidity, measured as hospitalizations, in real-world pa-
tients with CKD, i.e. also in the elderly and those with multiple 
comorbidities.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Pharmacological treatments used in heart and the kidney disease

Pharmacological 
class

Effect on kidney function Effect on cardiovascular system

Diuretics • Decrease hypervolaemia • Decrease hypervolaemia

Beta blockers • Negative chronotropic effect

• Antiarrhythmic
ACEi/ARB • Vasodilatory

• Lower resistance in the renal efferent arterioles

• Lower intra-glomerular pressure

• Vasodilatory

MRA • Aldosterone receptor antagonists in the kidney

• Diuretic

• Retain potassium

• Decrease sodium

• Anti-inflammatory

• Aldosterone receptor antagonists in the myocardium and 

vasculature

• Anti-inflammatory

SGLT2i • Induce natriuresis due to reduced sodium 
reabsorption

• Block glucose resorption causing osmotic diuresis

• Unknown myocardial effects

ACEi, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; MRA, mineralocorticoid receptor antagonists; SGLT2i, sodium glucose cotransporter 2 inhibitors.
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Exercise and coronary artery 
disease in patients with chronic 
kidney disease
Chronic kidney disease is associated with a dramatically reduced life ex-
pectancy of up to 25 years3 with an exponential increase in absolute mor-
tality risk when kidney function declines. CVD is a major contributor to 
this reduced life expectancy.23 A patient with kidney disease is more likely 
to die from CVD than to reach kidney failure.3 CKD is bi-directionally as-
sociated with hypertension and diabetes,24,25 so that treatment of these 
risks both reduces deterioration in kidney function and prevents CVD.

Albuminuria is an important risk marker in these patients.26 In add-
ition, kidney dysfunction is associated with an abnormal lipid profile 
characterized as hypertriglyceridaemia and reduced HDL cholesterol.27

Typically, CVD in patients with kidney disease is further complicated by 
excessive vascular calcification and increased inflammation. Coronary 
and large artery calcification is accompanied by peripheral valvular cal-
cification and dysfunction.28,29 The combination of vascular stiffening, 
traditional CV risks and kidney-associated changes in fluid status 
pre-dispose to HF both with reduced (HFrEF) and preserved ejection 
fraction (HFpEF). This myocardial disease is further exacerbated by 
metabolic disturbance and fibrosis.3 Management of CV risk in patients 
with CKD requires traditional risk factor management such as BP and 
blood glucose control, particularly targeted at intervention of the re-
nin–angiotensin–aldosterone system (RAAS) axis.23 Research is on-
going into optimal interventions for novel risk factors such as 
calcification, inflammation, and myocardial fibrosis.30,31 Understanding 
the extent to which lifestyle behaviours such as exercise changes are 
of benefit for CV risk reduction is of key importance for patient man-
agement. ET does not worsen proteinuria in patients with CKD stages 
3–5, while high-intensity exercise may reduce proteinuria.32 Decreasing 
BP and improving inflammation and endothelial function are the most 
important factors affecting albuminuria and these benefits can be 
achieved by ET in patients with CKD.32 The RENEXC trial showed 
that a combined strength and aerobic training programme significantly 
reduced albuminuria in patients with CKD G3–G5.21

Effects of exercise training and 
cardiovascular disease reduction in 
chronic kidney disease patients 
with coronary artery disease
There are few reports which have studied the effect of ET on 
some non-traditional CVD risk factors in patients with CKD, such 
as inflammatory and pro-oxidative status, endothelial dysfunction, ar-
terial stiffness, and left ventricular hypertrophy (LVH). Markers of in-
flammation and of oxidative stress have been shown to be decreased 
after 6 months of intra-dialytic ET,33 with some reports showing no 
anti-inflammatory effect of exercise in patients on HD.34 In a sub-study 
of the RENEXC trial 12 months of ET in patients with CKD G3–G5 had 
no effect on some anti-inflammatory markers, nor on pro-calcific or 
anti-calcific markers; however, lipoprotein (a) decreased significantly 
after ET.35 The DiaTT study evaluated the impact of combined endur-
ance and resistance intra-dialytic ET on events related to ischaemic 
heart disease and reported no effect after 12 months.20 Table 4
presents the RCT of ET and CV risk factors in patients with CKD 
G3–G5 and G5D. Despite evidence that ET has favourable effects on 
chronic inflammation and metabolic markers, the small number of 
patients included in the studies and the non-unequivocal findings 
make it difficult to draw any definite conclusions about the effects of 
exercise on non-traditional CVD risk factors in patients with CKD.36

Exercise and traditional 
cardiovascular risk factors in 
patients with chronic kidney 
disease
Hypertension in chronic kidney disease
Development of hypertension and CKD represent a bidirectional inter-
dependency and vicious cycle. Hypertension is a leading cause of CKD 
through its deleterious effects on the renal microvasculature, and CKD 
drives the development of hypertension, by increasing sympathetic 
tone, activating the RAAS and contributing to systemic endothelial dys-
function. The prevalence of hypertension in patients with CKD is high 
and considered to be in the range of 60% for systolic and 30% for dia-
stolic BP (defined as daytime ambulatory SBP ≥130 and DBP ≥80 
mmHg).44 Worsening of BP control in patients with CKD is linked to 
disease progression and increasing disease severity,45 as well as in-
creased CV morbidity and mortality.26 Thus, tight control of BP in pa-
tients with CKD is of utmost importance to lower the health hazard 
and socioeconomic burden of CKD.

Blood pressure control and 
antihypertensive therapy
The 2023 ESH Guidelines for the management of arterial hypertension 
recommend a target BP for patients with hypertension and CKD at 
130–139 mmHg systolic and 70–79 mmHg diastolic for all age 
groups.46 However, for both non-diabetic and diabetic patients with al-
buminuria >30 mg/g a BP target of <130 systolic and <80 mmHg dia-
stolic is suggested if well-tolerated.46 The 2021 Kidney Disease 
Improving Global Outcomes (KDIGO) clinical practice guidelines for 
the management of BP in CKD, however, suggested reduction to sys-
tolic BP levels below 120 mmHg based on the results of a subgroup 
analysis of the Systolic BP Intervention Trial (Sprint).47,48 Yet the opti-
mal BP target in patients with CKD and albuminuria is still subject to 
controversy.49

Lifestyle advice is part of first-line antihypertensive treatment inde-
pendent of the grade of hypertension and associated CV risk.46,47 It 
is important to take into account that some anti-hypertensive medica-
tions provide additional BP-independent reno-protection, which may 
justify earlier initiation of drug treatment.46 Managing hypertension in 
patients on HD, who often have a volume-sensitive BP elevation, and 
after kidney transplantation with some immunosuppressive medication 
inducing higher BP, remains a challenging task.

Effects of exercise training on blood 
pressure in patients with chronic kidney 
disease
A recent Consensus Document has discussed individualized exercise 
treatment depending on the initial BP level, although people with 
CKD were excluded.50 There are four systematic reviews and 
meta-analyses that reported on the effects of ET on BP in patients 
with CKD G3–G5.12,51–53 Data from 9 RCTs that included 463 partici-
pants reported that primarily aerobic exercise of light-to-moderate in-
tensity, delivered mostly 3 times/week over a period of 6–52 weeks, 
resulted in a significant standardized mean difference in non-ambulatory 
SBP of −5.61 mmHg (95% CI: − 8.99 to − 2.23 mmHg) in favour of ET. 
The corresponding mean difference in DBP was −2.87 mmHg (95% CI: 
− 3.65 to − 2.08 mmHg).52 In another systematic review, a significant 
standardized mean difference in SBP (−10.94 mmHg, 95% CI −15.83, 
−6.05) and DBP (−6.21 mmHg, 95% CI −10.93, −1.49) was reported 
between 16 and 26 weeks of aerobic training (based on 4 trials and 
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79 participants), but not during the first 16 weeks or between 26 and 52 
weeks of ET.51

Combined aerobic and resistance training regimes resulted in no 
significant differences in either SBP or DBP, based on 3 studies 
and 204 participants [SBP: −4.06 mmHg (95% CI −9.31 to 1.18); 
DBP: −5.4 mmHg (95% CI: −10.09 to 0.02)].53 Another meta-analysis 
reported no significant standardized mean difference.12 However, none 
of the studies included in the aforementioned meta-analyses were de-
signed or powered with BP as primary outcome and all of them had a 
moderate to serious risk of bias. Forest plot analysis suggested that sig-
nificant standardized mean differences were mainly driven by large 
changes in single studies included in the meta-analysis.

There are also three3 systematic reviews and meta-analyses that 
combined data on the impact of exercise on BP in patients on HD54–56

and one on peritoneal dialysis.57 Aerobic intra-dialytic exercise (based 
on 9 trials and 305 participants) resulted in a significant reduction of systolic 
BP of −10.07 mmHg, (95% CI −16.35 to −3.78). No significant changes 
in DBP were noted. Combined aerobic and resistance training, based 
on 2 trials and 76 people, resulted in significant reduction in diastolic 
BP of −5.76 mmHg (95% CI: −8.83, −2.70) but no changes in SBP.56

Similar conclusions were reported previously,55 but could not be con-
firmed by others.54 The lack of significance for the combination of aerobic 
and resistance training may be due to the low number of patients.

Diabetic nephropathy in patients with 
chronic kidney disease
Diabetic nephropathy (DN) is responsible for approximately one-third 
to half of all cases on KFRT.58 It is the most common micro-vascular 
complication of DM.59 The main pathophysiological mechanisms 
underlying DN are oxidative stress, the accumulation of advanced gly-
cosylated end products and extracellular matrix, and activation of the 
RAAS.59

Treatment comprises dietary restrictions, optimizing BP and lipid sta-
tus as well as anti-diabetic drug therapy. Already after a short-term in-
tensive weight reduction intervention in patients with advanced DN, 
improvements in markers of glomerular filtration and risk factors for 
CKD progression were observed.60 Blood sugar levels are advised to 
be adjusted aiming at HbA1c levels between 6.5 and 8.0%, since it has 
been shown that both, higher and lower levels, are negatively correlated 
with DN.61 Personalized HbA1c targets 6.5–8.0% (48–64 mmol/mol) 
are recommended, with a target <7.0% (<53 mmol/mol) to reduce 
micro-vascular complications.62 With the progression of DN, drug op-
tions for type 2 (T2) DM decrease: at eGFR < 30 mL/min/1.73 m2, only 
a few agents are approved, such as inhibitors of dipeptidyl peptidase 4, 
glinides, and glucagon-like peptide-1 receptor agonists. Moreover, treat-
ment with RAS inhibitors and/or SGLT2 inhibitors, which are recom-
mended to manage CVD risk or hyperglycaemia, has been shown to 
slow the decline in eGFR.62

Effects of exercise training on glycaemic 
control and diabetic nephropathy
Low-to-moderate intensity aerobic exercise seems to exert reno- 
protective effects in patients with T1DM and T2DM improving insulin 
sensitivity, microalbuminuria, and lipid levels.59 A recent study in pa-
tients with DM has shown that moderate activity (at least 2 times/ 
week to every day) is associated with significantly lower risk of kidney 
outcomes (doubling of serum creatinine or KFRT) and significantly 
lower incidence of new micro- and macro-albuminuria compared 
with lower exercise levels.63 Results are less clear regarding the impact 
of high-intensity exercise on progression of kidney disease in DM. 
Patients with T1DM who practiced high-intensity exercise showed 
lower risk of progression to microalbuminuria and incidence of DN 
in comparison with patients who performed low and moderate 

intensity exercise.59 Combined ET of moderate-to-high intensity (50– 
80% of heart rate reserve) for 12 weeks in patients with T2DM with 
CKD G2 and G3 increased post-exercise eGFR. More than 40% of pa-
tients with CKD G3 improved to G2 after the intervention.64 Beneficial 
effects of resistance exercise on the course of DN in DM have to date 
not been convincingly demonstrated.59 This is mainly due to the lack of 
clinical studies examining the effects of resistance ET on the metabolic 
(i.e. reactive oxygen species production and signalling, activation of the 
P2X7 receptor and nuclear factor erythroid 2-related factor 2) and 
haemodynamic (i.e. ECM protein deposition and fibrosis reductions) 
pathways that lead to DN progression.59

Another meta-analysis showed that physical activity in DM was asso-
ciated with increased eGFR, decreased albuminuria and a lower risk of 
kidney failure, indicating that physical activity is effective in improving 
DN and slowing its progression. However, the incidence of DN was 
only reduced in T1DM not in T2DM.63 The positive association be-
tween physical activity and kidney outcome has been shown in a 
meta-analysis in patients with and without DM.65 However, data suggest 
that the benefit of physical activity was greater in patients with DM com-
pared with patients without DM.63 The mechanisms underlying the 
beneficial effects of ET on DN involve improvement of glycaemic con-
trol, BP, multiple lipoprotein abnormalities, and endothelial function.66

However, more high-quality RCT are required on this topic. Clinical 
practice exercise guidelines for patients with CKD with DM including in-
formation about type and intensity of recommended PA are needed.66

Vascular dysfunction and atherosclerosis 
in patients with chronic kidney disease
Vascular calcification is common in patients with CKD. Reported preva-
lence is as high as 65% in patients on HD and approximately 60% in pa-
tients on peritoneal dialysis and in CKD G3–G4.67 The condition occurs 
at a younger age and progresses faster in patients with CKD than in 
people with normal kidney function.68 The high prevalence of tradition-
al CV risk factors, as well as risk factors related to kidney failure such as 
chronic inflammation, dysregulated mineral homeostasis, uremic toxins, 
oxidative stress, and low levels of calcification inhibitors are some of the 
pro-calcific stimuli in CKD.69,70 Moreover, endothelial dysfunction oc-
curs early in the course of CKD and represents a functional yet revers-
ible impairment of the intimal layer.71 Both conditions are associated 
with increased morbidity and mortality.67

Effects of exercise training on vascular 
dysfunction and atherosclerosis in patients 
with chronic kidney disease
A sub-study of the RENEXC trial studied the effects of 12 months of 
aerobic combined with either resistance or balance ET on abdominal 
aortic calcification in patients with CKD G3–G5 not on KFRT and re-
ported a progression of abdominal aortic calcification in both 
groups.35

The effects of ET on pulse wave velocity (PWV), as an estimate of 
central large artery stiffness, are contradictory. A decrease in PWV 
by a mean of 2.3 m/s was reported in patients with CKD not on 
KFRT after a 1-year combined aerobic and resistance anaerobic ET.41

In patients on HD, intra-dialytic aerobic ET was found to reduce arterial 
stiffness.40,72 However, no change in the aortic PWV was observed in 
patients on HD who participated in intra-dialytic cycle ergometre ET or 
home-based walking ET or usual care.43 These results were confirmed 
by an RCT including patients with CKD G3–G4 who participated in 3 
months of home-based aerobic ET, which showed no changes of 
carotid–femoral PWV.42

Endothelial dysfunction is an attractive target and vascular biomarker 
for the prevention and treatment of CKD-related disease and is revers-
ible by exercise. Indeed, the pleiotropic effects of ET have been found 
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to improve endothelial function in several patient groups with chronic 
conditions. Twelve weeks of aerobic ET improved microvascular func-
tion by 4.6%, as assessed by the skin blood flow response to local heat-
ing measured by laser-Doppler flowmetry coupled with micro-dialysis, 
without affecting central arterial haemodynamics and arterial stiffness in 
patients with an eGFR <60 mL/min/1.73 m2 and without overt CV 
disease.38 On the contrary, flow-mediated dilation of the brachial artery 
did not change significantly following 3 months of home-based aerobic 
ET in patients with CKD G3–G4.42 In patients on HD, 4 months of 
intra-dialytic aerobic ET (3 times per week) significantly improved the 
flow-mediated dilatation by 32.4% and reduced left ventricular (LV) 
mass index by 5.8%, without the increase in C-reactive protein serum 
levels that occurred in the control group (by 25%).39 Recently, an im-
provement in reactive hyperaemia index has been reported, a measure 
of micro-vascular function, after 12 weeks of aerobic ET in patients with 
CKD G3–G4.37 Retinal micro-vascular function has been linked with all- 
cause and CV mortality in patients on HD;73 however, there are to date 
no ET trials studying retinal vessel health as an outcome in patients with 
CKD.

Cardiac morphology and heart failure in 
patients with chronic kidney disease
Three scenarios connect CKD and HF: First, CKD causes cardiac 
dysfunction and remodelling (type IV cardiorenal syndrome); second, 
cardiac dysfunction and remodelling cause kidney failure (type II cardi-
orenal syndrome); third, common mechanisms underlie heart and kid-
ney failure, such as systemic inflammation, endothelial dysfunction, and 
oxidative stress. Irrespective of the mechanism, the co-existence of HF 
and kidney dysfunction is detrimental on clinical outcomes. The associ-
ation between CKD and mortality is even more critical in patients with 
HF with HFpEF than in patients with HFrEF.74 In HFpEF, kidney dysfunc-
tion is not only a prevalent comorbidity but also leads to a more detri-
mental cardiac phenotype. Patients with HFpEF and CKD present with 
more pronounced LVH, impaired left atrial function, and right ventricu-
lar dysfunction. Furthermore, venous congestion may contribute to the 
progression of CKD in HFpEF, inducing a vicious circle.75

Effects of exercise training on cardiac 
morphology and heart failure
Exercise-based cardiac rehabilitation in HFrEF is associated with im-
proved cardiac function, attenuation of ventricular remodelling and a 
reduction in hospitalizations.76 Therefore, these programmes are re-
commended according to the 2021 ESC Guidelines for the diagnosis 
and treatment of acute and chronic HF.77 In patients with HFrEF 
(LVEF <40%), ET has been shown to reverse LV remodelling, with 
favourable effects on ejection fraction, stroke volume, and end- 
diastolic and end-systolic diameters, with the most convincing 
benefits occurring with long-term (≥6 months) training.78 Diastolic 
function, measured by E/é ratio, also improved in HFrEF, suggesting 
improved myocardial relaxation.79 In patients with HFpEF (LVEF ≥  

50%), an early study has shown that a 3-month aerobic and resistance 
ET can improve CRF and LV diastolic functional capacity.80 However, 
the same research group recently reported that in older patients with 
severe diastolic dysfunction even a year of ET did not result in signifi-
cant changes in LV anatomy and function despite improvement of 
CRF.81

Many symptomatic patients with HF in exercise intervention trials 
also suffered from CKD; however, a description of kidney function in 
these RCTs or a dedicated subgroup analysis based on GFR category 
is missing. There are not many references on the impact of exercise 
on cardiac function in patients on maintenance dialysis with HF 
(Table 5). In patients on HD 6 months of ΕΤ improved LV systolic func-
tion at rest.84 Most of the patients had borderline LV hypertrophy and 

high output systolic dysfunction, while some had HF of Class II of 
NYHA. Moreover, a stress echo study detected enhanced cardiac per-
formance during acute supine exercise.84 In the CYCLE-HD trial, 6 
months of structured, progressive intra-dialytic cycling led to a clinically 
relevant reduction in LV mass and was associated with beneficial LV re-
modelling.82 Another study, with intra-dialytic ET in patients with 
marginally affected EF, reported an improvement in LVEF and diastolic 
function, decreased systolic pulmonary artery pressure and right ven-
tricular size with no alterations in LVH.83 In patients with maintained 
cardiac function, implementing intra-dialytic ET increased LV diastolic 
diameter and EF without LV mass changes.85 These adaptations may 
support a strengthening of the Frank and Starling mechanism. In 
contrast, another study demonstrated a reduction of LVH following 
intra-dialytic ET, concurrently with a decrease in aldosterone levels, 
concluding that aldosterone blockade might decrease LV mass in 
patients on HD.39 Other mechanisms responsible for exercise-related 
improvement of cardiac function in patients on maintenance dialysis are 
restoration of the cardiac autonomic nervous system (CANS) balance, 
improvement in arterial compliance and reduction in cardiac 
stunning.36,86 Moreover, non-cardiac benefits of ET, such as reduced 
oxidative stress and inflammation, improved neurohormonal control, 
release of micro-RNAs from contracting muscle and enhanced cardio-
respiratory and skeletal muscle function, contribute to a lower progres-
sion of the HF syndrome in patients on maintenance dialysis.36,42,87

The ET prescriptions and the contraindications for patients on main-
tenance dialysis with cardiac dysfunction are comparable to those of pa-
tients with HF. Intra-dialytic exercise has negligible side effects, in 
particular when the training is performed during the first 2 h of a stand-
ard dialysis procedure. However, if ultra-filtration volumes are high in-
ducing a risk of intra-dialytic hypotension with an acute reduction of 
cardiac output, exercise should be postponed until the ultra-filtration 
volumes have stabilized to acceptable levels.

Arrhythmias and sudden cardiac death in 
patients with chronic kidney disease
A significant proportion of CV mortality in patients on maintenance dia-
lysis is a result of SCD.3 Sudden cardiac death is mainly caused by ven-
tricular arrhythmias such as ventricular tachycardia or tachyarrhythmia, 
torsade de pointes, ventricular fibrillation, and bradyarrhythmia.88

The rate of SCD is 59 deaths per 1000 patient-years in patients on 
maintenance dialysis vs. 1 death per 1000 patient-years in the general 
population.89 In patients on maintenance dialysis, the rate of SCD is dis-
proportionately high compared with the incidence of coronary heart 
disease. Dialysis itself is a risk factor for SCD with the highest risk within 
the first 12 h after dialysis and after a long dialysis interval.3 Potential 
mechanisms include insufficient dialysis dose, arrhythmias due to vol-
ume overload/depletion, sudden electrolyte shifts during and after dia-
lysis, in particular of potassium and calcium.3 Compared with peritoneal 
dialysis, the rate of SCD is 50% higher in patients on HD 3 months after 
dialysis initiation, although these rates reach parity after 2 years on 
maintenance dialysis. It seems that over time dialysis factors become 
more important than specific ones associated with dialysis modality.90

To date, non-invasive strategies such as assessment of heart rate vari-
ability (HRV), late potentials, QT dispersion, or T wave alternans failed 
to adequately predict SCD in patients on dialysis.3 Studies with different 
drug therapies such as antiarrhythmic agents including beta blockers, 
calcium channel blockers, and inhibitors of the RAAS suggested that 
patients on maintenance dialysis might not derive the same benefits 
as patients with normal kidney function.88 In most studies with im-
plantable cardioverter-defibrillators (ICDs) patients with CKD 
were excluded.3,88 A meta-analysis showed that the value of ICD im-
plantation in this group has been questioned.90 Despite the small 
number of patients on maintenance dialysis in clinical studies, 2015 
ESC Guidelines for the management of patients with ventricular 
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arrhythmias and the prevention of SCD and a current review article 
from the European Dialysis Working Group of ERA recommend pri-
mary prophylactic ICD implantation if the EF is ≤35%.88,91

Effects of exercise training on cardiac 
autonomic function and arrhythmias
With the progression of CKD, an increase in cardiac autonomic dys-
function has been observed, which contributes to an increased CVD 
risk and CV mortality.92 Among patients with CKD sympathetic over- 
activity, vagal withdrawal, and sympathovagal imbalance are common, 
increasing the risk of cardiac arrhythmias.92 Endurance training has 
been proposed as a non-pharmacological approach to improve cardiac 
autonomic function (Table 6).

In patients with CKD G3–G4, 12 months of lifestyle intervention in-
cluding regular moderate intensity ET and behaviour modification 
classes did not affect cardiac autonomic function as assessed by short- 
term HRV analysis.95 Acute intra-dialytic exercise did not affect CANS 
activity in HD, as assessed by pupillometry and HRV parameters.99

Similarly, studies implementing 12 weeks of intra-dialytic aerobic ET 
of low-to-moderate intensity did not detect any significant influence 
of exercise on short-term HRV indices.94,100

On the other hand, longer exercise interventions, either intra-dialytic 
or out-of-clinic and at home on non-dialysis days, lasting on average 6– 
10 months, were found to improve cardiac autonomic function, as as-
sessed by long-term HRV or arterial baroreflex sensitivity.86,93,97,98

Long-term regular ET led to a significant increase in cardiac vagal activity 
and a decrease in sympathetic activity and sympathovagal balance,96

even in diabetic patients on HD.93 Moreover, the results of these stud-
ies indicated that the exercise interventions that cause a marked im-
provement in patients’ CRF can also provide significant improvement 
in CANS activity, mainly due to favourable neurohormonal adaptations, 
such as decreased catecholamine levels at rest and during sub-maximal 
exercise and suppression of angiotensin II levels.101,102 Additionally, ET 
was found to improve endothelial function leading to increased nitric 
oxide bioavailability and sympathovagal balance.103 These results have 

a high clinical significance since patients with increased HRV indices 
showed lower incidence of cardiac arrhythmias.86,97

Research gaps and conclusions
There is limited evidence on how to best prescribe exercise 
treatment and ensure safety precautions for patients with CKD and 
concomitant risk factors and comorbidities. Clinicians usually follow 
the recommendations given for cardiac patients and tailor exercise pre-
scription according to each patient’s functional capacity and degree of 
frailty.

KDIGO 2021 on the management of BP recommends moderate- 
intensity physical activity for a cumulative duration of at least 150 min 
per week or to a level compatible with their CV and physical 
tolerance.47 However, it is advisable that patients with chronic diseases 
walk about 7000–10 000 steps per day, the daily step count in patients 
with CKD is found to be <5000 steps.104 In clinical practice, many pa-
tients are elderly and frail, have multiple comorbidities, are severely de-
conditioned and are not able to achieve the exercise targets proposed. 
Recently, studies have focused on the effectiveness of simple, self- 
administered home-based ET programmes on CV health.19,21,93

Apart from the type of exercise, equal benefits on physical function 
could be obtained from short-duration ET.105 The DiaTT trial including 
a large real-world HD population reveals the benefits of intra-dialytic 
exercise. Aside from profound improvements on physical function as-
sessed by STS test, timed up and go test, and 6MWT, annual hospital-
ization rate was halved and quality of life in certain categories 
improved.20 These findings together with the results from exercise 
on non-dialysis days in the EXCITE trial and self-administered home- 
or gym-based exercise in the RENEXC trial show the overall clinical 
beneficial opportunities of exercise in patients with CKD G5D and 
with CKD G3–G5, even with low exercise doses.18,19,21 On the other 
hand, there are studies implementing high-intensity interval training 
both in patients with CKD G3–G4106 and with CKD G5D,107 indicating 
that it is feasible and safe in clinically stable CKD patients.

CKD G1-G5 CKD G5D

Cardiological and CV risk assessment using SCORE2 model

Exercise testing e.g. CPET

Frailty assessment:

STS, TUG, 6MWT

Home- or gym-based exercise

most days/week (≥5)

Balance Resistance Endurance

Intra-dialytic exercise

on dialysis days

Individual exercise prescription 

Exercise training

Monitoring of intensity (i.e. Borg Scale )

Low CV risk Medium CV risk High/very high CV risk or heart disease

Re-examination every 3 

months and adaptation

of exercise training

Re-assessment

every 12 months

Figure 1 Algorithm for exercise prescription in patients with chronic kidney disease and kidney failure treated by dialysis. CKD, chronic kidney dis-
ease; CV, cardiovascular risk; CPET, cardiopulmonary exercise testing; STS, sit-to-stand test; TUG, timed up and go test; 6MWT, 6-minute walk test.
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KDIGO 2021 recommends considering CRF status, physical limita-
tions, cognitive function, and risk of falls when deciding on the type 
and intensity of ET in the individual patient with CKD.47 According 
to the 2020 ESC Guidelines on sports cardiology and exercise in 
patients with CVD, the form and intensity of physical activity and ET 
should be considered and modified as necessary on the individual 
level.108 Thus, assessment of physical function is important to detect 
patients functional limitations and needs as well as to ensure patients’ 
safety during exercise (Figure 1). Considering that patients with CKD 
have a high prevalence of CAD and often a plethora of CV risk factors, 
it is important that the patient’s nephrologist performs a clinical evalu-
ation and a physiotherapist or exercise physiologist tests the patient be-
fore prescribing personalized ET. An exercise test provides important 
information for risk stratification (Figure 1). Simple field tests as the 
6MWT and STS tests are useful in clinical practice for prescribing and 
monitoring ET.13 Self-monitoring exercise intensity by using the Borg 
Scale of rating of perceived exertion enables both the patient and the 
physiotherapist to adjust the intensity of the prescription and maintain 
a level of adequate exertion which is both safe and effective.105

Some evidence suggests that regular ET may have added value for re-
duction of overall CV risk and mortality in patients with CKD. Clinicians 
and healthcare professionals should encourage patients with CKD to 
be active and participate in individualized ET programmes. Selection 
of ET modalities and prescription of optimal individualized training pro-
grammes is essential but also challenging. Key elements of why and how 
to principally apply exercise treatment in CKD, based on the evidence 
presented in this document, are summarized in the Summary Box. Until 

more data on individualized exercise prescription and associated im-
provement of CV outcome in patients with CKD are available, the prin-
ciples of exercise prescription in CKD should be orientated towards 
recommendations of current ESC guidelines on CVD prevention109

and exercise in patients with CVD,108 even though not CKD-specific 
but taking into account the specific multi-morbidity and potential frailty 
of these patients (Table 7). Exercise should be prescribed based on 
shared decision-making and on the perception that even a small 
increase in physical activity levels and physical function can have a clin-
ically relevant impact on the improvement of CV outcome in patients 
with CKD.
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