@ E S C European Journal of Preventive Cardiology (2024) 31, 1493-1515 CONSENSUS DOCUMENT

European Society https:/doi.org/10.1093/eurjpc/zwae130 iditi
of Cardiology P g p Comorbidities

The role of exercise training on cardiovascular
risk factors and heart disease in patients with
chronic kidney disease G3-G5 and G5D:

a Clinical Consensus Statement of the
European Association of Preventive Cardiology
of the ESC and the European Association

of Rehabilitation in Chronic Kidney Disease

Evangelia Kouidi 1**, Henner Hanssen ZT, Kirsten Anding-Rost3,
Adamasco Cupisti*, Asterios Deligiannis', Clemens Grupp®, Pelagia Koufaki ® °,
Paul Leeson ® 7, Eva Segura-Ortis, Amaryllis Van Craenenbroeck",

Emeline Van Craenenbroeckw, Naomi Clyne "*, and Martin Halle ® 1%¥

1Sports Medicine Laboratory, Aristotle University of Thessaloniki, Aristotle University of Thessaloniki, DPESS, Laboratory Building, TEFAA, Thermi, PC 57001, Thessaloniki, Greece;
2Department of Sport, Exercise and Health, Sports and Exercise Medicine, Medical Faculty, University of Basel, Basel, Switzerland; *KfH-Nierenzentrum Bischofswerda, Bischofswerda,
Germany; 4Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy; SMedizinische Klinik Ill mit Zentrum fiir Altersmedizin, Klinikum der Sozialstiftung Bamberg,
Bamberg, Germany; ®School of Health Sciences, Queen Margaret University, Edinburgh, UK; ’Oxford Cardiovascular Clinical Research Facility, Radcliffe Department of Medicine, University
of Oxford, Oxford, UK; ®Department of Physiotherapy, Universidad Cardenal Herrera-CEU, CEU Universities, Valencia, Spain; *Department of Nephrology, University Hospitals Leuven,
Transplantation, KU Leuven, Leuven, Belgium; wDepartment of Cardiology, Antwerp University Hospital, Edegem, Belgium; MDepar‘tment of Nephrology, Clinical Sciences Lund, Skéne
University Hospital and Lund University, Lund, Sweden; and "*Department of Preventive Sports Medicine and Sports Cardiology, University Hospital Klinikum rechts der Isar, Technical
University of Munich, Munich, Germany

Received 23 February 2024; revised 23 March 2024; accepted 5 April 2024; online publish-ahead-of-print 9 April 2024

See the editorial comment for this article ‘Exercise in advanced chronic kidney disease patients: risk or gain?, by A. Abreu, https://doi.org/
10.1093/eurjpc/zwae167.

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.

Chronic kidney disease ® Kidney failure ® Cardiovascular disease ® Physical activity ® Exercise ® Prevention

Keywords

Summary Box

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

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

e Any activity is better than no activity.

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

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

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

e 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).”

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.? 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.? Roughly half
of all patients with CKD G4—GS5 suffer from CVD.? 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%).* 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.* 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.* An estimated 24% of
patients with CKD have atrial fibrillation (AF) compared with 10% of
those without CKD.* 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.* 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).>

There are pharmacological treatments available which are used for
protection of the heart and the kidneys.® 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.” Fatigue and muscle weakness are common
symptoms leading to an increasingly sedentary lifestyle.>® 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.
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.” Some studies
have shown that physical activity slows the progression rate of CKD
and decreases albuminuria.® 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 eGFR (mL/min/ Terms used to describe
category 1.73m?) GFR level
G1° >90 Normal to increased
G2* 60-89 Mildly reduced®
G3a 45-59 Moderately reduced
G3b 3044 Moderately reduced
G4 15-29 Severely reduced
G5 <15 Kidney failure
G5D CKD GS5 treated with dialysis

G, GFR category; eGFR, estimated glomerular filtration rate.

?If there is no evidence of kidney damage, neither GFR category fulfils the criteria for
CKD.

PRelative to young adult level.
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Table 2 Pharmacological treatments used in heart and the kidney disease

Pharmacological Effect on kidney function
class
Diuretics e Decrease hypervolaemia

Beta blockers

ACEi/ARB e Vasodilatory
e Lower resistance in the renal efferent arterioles
e Lower intra-glomerular pressure

MRA o Aldosterone receptor antagonists in the kidney
e Diuretic
e Retain potassium
o Decrease sodium
e Anti-inflammatory

SGLT2i ® Induce natriuresis due to reduced sodium

reabsorption

® Block glucose resorption causing osmotic diuresis

Effect on cardiovascular system

o Decrease hypervolaemia

e Negative chronotropic effect
e Antiarrhythmic

e Vasodilatory

e Aldosterone receptor antagonists in the myocardium and
vasculature

e Anti-inflammatory

e Unknown myocardial effects

ACE;i, angiotensin converting enzyme inhibitors; ARB, angiotensin Il receptor blockers; MRA, mineralocorticoid receptor antagonists; SGLT2i, sodium glucose cotransporter 2 inhibitors.

deficiency of vitamin D, and reduced muscle mass.” 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.® 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.” The guideline
also suggests that physical activity might reduce CV-related mortality
in the HD population.’

Peak oxygen consumption (VO,peak) 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 VO,peak 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.'

Earlier studies often used VO,peak, 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.”’ 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 VO,peak 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.'” Patients
with CKD G3-G5 with higher values for VO,peak, have been re-
ported to have longer event-free survival.'® There is a strong positive
correlation between improvements in aerobic capacity and
health-related quality of life scores.” 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.'® 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)."*"® 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."”

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.'®"”
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.*

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”’ 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, VO,peak increased after 6 months ET, but the increase was
not sustained after 12 months.?

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, ie. also in the elderly and those with multiple
comorbidities.
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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.”> A patient with kidney disease is more likely
to die from CVD than to reach kidney failure.> CKD is bi-directionally as-
sociated with hypertension and diabetes,**? so that treatment of these
risks both reduces deterioration in kidney function and prevents CVD.

Albuminuria is an important risk marker in these patients.”® In add-
ition, kidney dysfunction is associated with an abnormal lipid profile
characterized as hypertriglyceridaemia and reduced HDL cholesterol.?’
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.”®*’ 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.> 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.”® Research is on-
going into optimal interventions for novel risk factors such as
calcification, inflammation, and myocardial fibrosis.>**" 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.>? 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.*? The RENEXC trial showed
that a combined strength and aerobic training programme significantly
reduced albuminuria in patients with CKD G3-G5.2'

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* with some reports showing no
anti-inflammatory effect of exercise in patients on HD.3*Ina 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.* 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.® 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.*®

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).** Worsening of BP control in patients with CKD is linked to
disease progression and increasing disease severity,* as well as in-
creased CV morbidity and mortality.*® 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.* 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).**® 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.** 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.*® 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.®® There are four systematic reviews and
meta-analyses that reported on the effects of ET on BP in patients
with CKD G3-G5.">*">3 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% Cl: — 8.99 to — 2.23 mmHg) in favour of ET.
The corresponding mean difference in DBP was —2.87 mmHg (95% Cl:
— 3.65 to — 2.08 mmHg).>? In another systematic review, a significant
standardized mean difference in SBP (—10.94 mmHg, 95% Cl —15.83,
—6.05) and DBP (—6.21 mmHg, 95% Cl —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.”’

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% Cl —9.31 to 1.18);
DBP: —5.4 mmHg (95% Cl: —10.09 to 0.02)].>> Another meta-analysis
reported no significant standardized mean difference.'* 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 HD>*>¢
and one on peritoneal dialysis.>” Aerobic intra-dialytic exercise (based
on 9 trials and 305 participants) resulted in a significant reduction of systolic
BP of —10.07 mmHg, (95% Cl —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% Cl: —8.83, —2.70) but no changes in SBP.>®
Similar conclusions were reported previously,55 but could not be con-
firmed by others.>* 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.*® It is the most common micro-vascular
complication of DM.*’ 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>?

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.® Blood sugar levels are advised to
be adjusted aiming at HbA. levels between 6.5 and 8.0%, since it has
been shown that both, higher and lower levels, are negatively correlated
with DN.®" 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.® With the progression of DN, drug op-
tions for type 2 (T2) DM decrease: at eGFR < 30 mL/min/1.73 m? 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 SGLT?2 inhibitors, which are recom-
mended to manage CVD risk or hyperglycaemia, has been shown to
slow the decline in eGFR.%?

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.>® 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.®> 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.>” 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.®* Beneficial
effects of resistance exercise on the course of DN in DM have to date
not been convincingly demonstrated.>® 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.>”

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 TIDM not in T2DM.®* The positive association be-
tween physical activity and kidney outcome has been shown in a
meta-analysis in patients with and without DM.®> However, data suggest
that the benefit of physical activity was greater in patients with DM com-
pared with patients without DM.%® The mechanisms underlying the
beneficial effects of ET on DN involve improvement of glycaemic con-
trol, BP, multiple lipoprotein abnormalities, and endothelial function.®®
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.®®

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.%” The condition occurs
at a younger age and progresses faster in patients with CKD than in
people with normal kidney function.®® 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.®*7® Moreover, endothelial dysfunction oc-
curs early in the course of CKD and represents a functional yet revers-
ible impairment of the intimal layer.”" Both conditions are associated
with increased morbidity and mortality.®’

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.

The effects of ET on pulse wave velocity (PWYV), 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.*'
In patients on HD, intra-dialytic aerobic ET was found to reduce arterial
stiffness.**’? 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.*® 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.*?

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 m* and without overt CV
disease.® 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.*? 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%).3? 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.*” Retinal micro-vascular function has been linked with all-
cause and CV mortality in patients on HD;”® 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 Il 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.*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.”

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.”® Therefore, these programmes are re-
commended according to the 2021 ESC Guidelines for the diagnosis
and treatment of acute and chronic HF.”” 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.”® Diastolic
function, measured by E/é ratio, also improved in HFrEF, suggesting
improved myocardial relaxation.”” 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.®® 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?

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 ET improved LV systolic func-
tion at rest.®* Most of the patients had borderline LV hypertrophy and

high output systolic dysfunction, while some had HF of Class Il of
NYHA. Moreover, a stress echo study detected enhanced cardiac per-
formance during acute supine exercise.®* 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®? 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.2® In patients with maintained
cardiac function, implementing intra-dialytic ET increased LV diastolic
diameter and EF without LV mass changes.®® 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.3? 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.%'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.>®**%’

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
Assignificant proportion of CV mortality in patients on maintenance dia-
lysis is a result of SCD.? Sudden cardiac death is mainly caused by ven-
tricular arrhythmias such as ventricular tachycardia or tachyarrhythmia,
torsade de pointes, ventricular fibrillation, and bradyarrhythmia.®®
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.?? 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.® 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.® 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.”
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.® 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.®® In most studies with im-
plantable cardioverter-defibrillators (ICDs) patients with CKD
were excluded.>® A meta-analysis showed that the value of ICD im-
plantation in this group has been questioned.’® Despite the small
number of patients on maintenance dialysis in clinical studies, 2015
ESC Guidelines for the management of patients with ventricular

20z Joquieaydag 60 U 1sanB Aq 2€6259./€6YL/ZL/LE/Bl0IE/OdINS W00 dNo dlWspEDE//:SA)Y WOI) PIPEOjUMOQ



E. Kouidi et al.

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

1506

panuiuoy)
0'SL F 8§ P8y
LIEF0LE
(syuow) a3euin QH
SBW %E°ES
§L=uD
TLLF 0§ P8V
[ UgIm T WA 85¥1 F09C
| ulyum 1 ipAAD AT UOIURAIDIUI (syuow) a8euiA QH
| UIyum Sulures1 INOYUAA 1D SleW %/ 9
T:PSAI A1 aHiouye Sl=u]|
| uyum 1 SN stpuowt ¢ sdrey> ISl syl uiyum €91 F 8 @8y
:3U0J3SOP|Y a3Jog 3dY €1 suljeseg  H ay3 o3 paidepe swweJdoud 3leW %09
D~ | XewlQA  uondniisiul XeuwyH 'S]UDLUSSOSSY 1919W03490)24> EHBICYE 0€ ‘N o (1Z848) 610
dN SYIOW =0 InoLIM Ul O Pam/g §0 9%S.—99 stpuowt ¢ uisn 3uIpAd LV dnAeIp-eau| || as:axo BAIIS ® BAIRAIO
(9 yauopy
104 G'6
D 'SA | ulyIm +88L°lL
T AMd 210y YIuol 104 bl T 685 @8y
D sA | unypm b MTELF (ST¥0)
(11 [eades-uou /'[1) 4amod T’ :(s4eak) adeuA QH
PERIENEENNEPE] pue [e3des) (9 yauoy JeW %48/
SUou | 1D pue /€ | sawn || SAlREN 104 6L F 13 0s=u>D
ISJUSAS ISUSAPY D (9 yauopy /7L 3dY ‘L noyum Adeuayy TS1 F 166 @3y
(9 Yauoyy SALUIYEM | 4IAT Joj UIW 9| YIuol 1o} dH plepuels -5 (§T'90)
40} %'19 ‘L D SA | UIyIM FLLE TFHTL AdY) swwesdoud 77| :(s4eak) a3euA QH
YIUOL 40} %/°9/) T AQIATWAT ‘L Yol "9DUBISISa syuow 9 sJa1pwWodIR 9SIDI9Xd JeW %E9
SUOISSaS aY] JO D 'SA | Ulyum Joj ulw 7’9 Sunsnlpe au|jaseg 924> pajedqied SAeIp-ea3UL 1S=u|
%/ L/ PaIRdwoD ;| 1 WAT PUB WAT Flly) afeds 8uog :SIUSLUSSISSY pue pajdepe aAIssaugoud 101 ‘N 0IN) 170T
ERlICNE 3V SyUoW 9«—( ulw og oam/g 3dY ¥1-TL syauowg  Ajjerads uo 3uipA) || pasiaadng ;| as :ay» ‘UMO.g-WEYeID)
(Y
syurod a3e ‘ojew % ‘dnoJd
(unw) juSISSIsSE Jod u ‘N [e303
uolssas 13 O19am/x) pue (syjuow) ‘(L €L p/unww)
sawo23n0 jouoneang  Aouanbauyg Aysuaju) uone.anp |ejo adA£3 Sunyas 499 ‘@8ers adId (w0 jo
SJIUDAD SJDAPE SSQUDANDRYD Ty sa13s1IjdRIReYd Aa3unod) Jeak
pUB 2dUBJdYpY —s3nsay swwea3oad Sujureay as12.49xa paqlidsaid UOI3UDAJIIIU| a|dwes ‘doy3ane 3suig

sisA[eipowdey uo syuaijed ul uonduny pue ASojoydiow deip.aed pue Sujuied) 3SI49XD JO S[eld) PIJ|04IU0D pAZIWOpuUeY § d|qel



1507

Exercise and Chronic Kidney Disease

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

“JUDIPEIE 2uNssaUd SA[RA [BUHW ‘DYAIN ‘MOJJUI DAJEA [BHI [BASSUI S} AUDORA ‘AN | LA Ddnssaud Aseuownd d1j03sAs ‘qy/ds ‘ANDO[RA dABM Sead ‘AAAd XSPUI SWINJOA O3S ‘|AS X3pUl INAINO dEIpJEd ‘| XUl SWN|OA DI|OISAS-PUR JENDLIFUSA
U3] IASTAT DWINJOA DI|OISBIP-PUS JBNDLIUA Y| ‘ACIAT “UONIE) UOIDS[S JBINDLIFUSA 13| ‘{IAT 49I9WEIP DI|OISBIP-PUS JBINDLIUSA P3| ‘PAIAT XOPU! BlWISdAY SAIES ‘|HY XSPUI SSBW JBINJLIUSA P3| ‘|INAT D[OISEIP Ul [[BM J0LI1sod ‘PAA
£9]03seIp Ul W3S JBNDIIUSA-BIIUL ‘PGA| DP1IIUDA JYSII ‘AY DPLIIUSA Y| ‘AT ‘Uonduwinsuod USSAXO [ewixew 4o yead Xew Jo YeadlOA ‘2[5 S1og—Uuoiiaxa paAIadlad JO 93k ‘Jdy ‘DFeJ WESY [BLIIXBW ‘XeUWYH ‘Y JedY “YH ‘pariodau J0u ‘YN
‘Bulureu) aoue)sIsaU ‘] Y ‘2uofe Sululed) DIqOURE ‘| / ‘BulUle.] 3SIDUX3 ¢ | J faunssaud pooiq ‘dg ‘SisA[eIpowaey ‘qH 9SeasIp ASUPIY| JIUOIYD ‘(3D 92USIBYIP OU ‘~ :2sea.dap Juediusis 1 ‘aseanul uedyiudis ‘| ‘dnoud Jojesedwod ‘) {dnouS uonuaasaiul ‘|

JUSAS 3SJIAPE
JBNJSBAOIP.IED ON|

| pue
L ugumliioD
Y
pue || ulyaim] 1|AS
| pue
LI uyuml 43A7
¢ pue
Huumt S IASIAT
‘Joye
|ewixew-gns
1Y ‘0Yd9 ssauig
¢ pue
Hugum LINAT
Hugum LpaiAT
¢ puet|
uiypIm | FEHEOA
HUIYIMm xRy H
b uyum
1 13594 dg 1594 YH
syjuow 9«Q
| uyuml
U HdAIW
| UYIMTA LA
| UIyHMTRZIS AY
| UyEMT gy ds
D
SA | uiyuml 43AT
syjuouw ¢<—0

uw og

un 06 |

sypuow 9
auljeseg
SIUDLUISSISSY
sypuow 9

sypuow ¢
auljeseg
SIUDLUISSISSY
syauow ¢

S9SIDI9XD
UOISUIX3 JB|N2snw
pue Aiqixa)y
*J919WO03120[2Ad
Suisn 3uiph) 7|
S9SIDU9XD
WSIPoM-MOT 1 Y
Suiyo1a.a1s AujIqixaly
‘sdais ‘soluaysied
1V usniwIRu|
(syauow 9—)
(4opjo) Suluwims
‘(423unoA) sawred
wea) + (syuow

9-€) 1M+ 1V 1

juswdinbs

MIGIUI
Suisn 3ulpAd ;|

pauresun ¢
aJed ensn 1D
swuwre.doud
EHRNERE]
paseq-swoH |
skep
sisAjelp-uou ay3
uo swuwreJdoud
EHRNERE]
pasiadadns
juaizedino ik

UOIUDAIIUI

13 Inoym 5

swwesdoud
ERNEYE

SAjeIp-eaau| |

v'9F 69p P8y
Aueyuapas AyyesH
S[eW %y v
§L=u®
6'LF 705 #8y
98 F 6L
(syuow) a8euin QH
SeW %E°EE
u=u'd
STLF LG P8y
LEF0T9
(syuow) a8euin QH
Sew %08
oL=ut
6'€L F 4’9 P8y
9+F8L
(syuow) a8euin QH
S[eW %889
9L=ul
8¢ ‘N
as ‘aid

0r=ud
0r=u|

SOl F L€y P8y
S[eW %5/

or N

as:aio

4g (999910)

6661 ‘sluurlsieg

mmA:mL_v
#10¢ ‘luswoly

SIUDAD ISJIAPE
pue 2dua4dYpy

(unw)
uolssas |3

sawod3no jo uoneang

XewyH
oM 40 %09-0S ¢l
/G Ise9) 1. | XewyH
P/ it 40 %0409
Pdm/g N
O1eam/x)
Aduanbauy A3suayu

syurod
JUDUWISSISSE
pue (syjuow)
uoine.anp |e3o |

ad£3 Sunjag

SSOUDAIIYD
—s3|nsay

awuwea3oud Sujure.y asIIX3 paqlidsa.d

UOIUIAJII3U|

K
a8e ‘orew % ‘dno.s
12d u ‘N 8303
‘(LW €L p/unww)
Y499 ‘@8ers adId
sonsiajdRIeYd
a|dwreg

(uiBlio0 jo
A13unod) Jeak
‘aoysne 3sJi4

panupuo) s 3|qelL



E. Kouidi et al.

1508

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

panuiuoy)
TOLF6L19 @3y
S[eW %1°S9
Ey=uD
DR sadlpul SUY3ea.4q |eujwopgqe bO'0L F £€G 93
AYH WJs} - Hoys AR EETYN G Aq pamoj|o4 24D [BNnsn 1D SeW %G/
| UIlyum (paJonuow ‘g PIAA b ROAA UOISUDIXD 99Uy dH 4oye op=u|
1 2400s an3iye} dg pue yH) SJUSWISSISSY  ‘UOIJDBIIUOD SIIOWD) Yy 7 Pa9 33 uo paj| €8N Le(uemie])
%G'€ :91BJ UONLINY SHOOM TL <0 uw G| J9aM/E  AIISUSIUI-MOT SpPam 7| sdeoripenb ‘syi 8] ;| |3 89| paseg-3uiyies.q ;| as :ay» 1707 SuenH
DSApuyIM L ST
D SA | uiyum | 4H
D SA | uigamT ]
D SA | UM S8 F €€y P8y
} :06NINd ‘aSSI- LVEF LY
5 (sueak) a3euA gH
SA L UyIm | ININAS S[eW %8'€S
D 'SA [ uyIm LaH gL=udD
| UIyUM AjpAissaagoud $€'9 F9079 98y
17a1'DL DL 'Ddd s|eqquinp pue LSF
JUSAS 3SJSAPE ON| D SA s||eq ‘spueq JaqqnJ aJed [ensn D) £G°9 (sJeak) adeuin QH
'SUOISSDS | UMt D1 vaH syyuow 9  Buippe sdau -8 jo skep SeW %/'99
943 JO % D 'SA duljaseg S19S 7 Ul S9SIDUIXD 9 i ] Y sisA[elp-uou ay3 uo GL=u|
F 66 pddwod ;| | uiyam | deadioA  (Uiw Op<S)| yead?OA SJUDUSSISSY 9242 AJeuoljess © 1¥+1\Pazi[enplaipul 8T N mmAmuwoLUv
@duUaIBYpY syauow 9«0 :1v) Ul 06—09 AI9M/E %0L—05 SYIUOW 9 U0 SUIPAD 40 Bupjiem | Y paseg-swioy | as:aid €207 NoypI
s3urod ) Ab. ase
(unw) JusLSSOsSE arew % ‘dnous Jad
uoissas 3 (Oream/x) pue (syjuow) u ANE.mh.: :_:.:._Ev
sawodIno U499 ‘N [e30)3 ‘@3e3s (uiBlio0 jo
Suoko osioapy  ssouoapooyz 10 UOPEING uonboty | wsusun | uopeampremol - edhidumes @ID $BslLIEIRY>  A13unod) Jeak
pueE 2dulIaYypyY - s3|nsoy swuwrea3o.4d Sulureay 9s1249xd paqlIIsaid UOI3UBAJIIU| a|dwes ‘doy3ane 3suig

asd pue §H—-¢o 9seasip
Aauppj 21u04y> yum syuaired ul selwyzAyLJe Jo 2USPIdUI BYI PUE UOIIIUNY JIWIOUOINE dBIpJed put Sujulel) SSI249XD JO S[BLI) PI||0JIU0D PIZIWOPURY 9 3[qeL



1509

Exercise and Chronic Kidney Disease

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

panunuo)

D 'SA | Ulyym
b dHAT

D 'SA | Uulyum
 :06NNd ‘asS-

2
SA | UM | SNINGS

JUSAS 3SUSAPE ON D 'SA
'SUOISSaS | uiyum?t :savH ‘1ag

a3 Jo (%76-89) DA
%8 PaR9Idwod ;| | uiyim | sfead?op
FERIVENETV sl e |0
DR S22IPUI AYH
13 paseq-awioy | unypm
ay3 3unp 19AISSU YH
(010 *o8ued) | uyum 1 >jeaddg

SYSIA [euORIppeE | UM
G pUE SUOISS3S 1 11594 4g 21|015AS
13 paseq-wiA3 | UIYUM T:1sa0yH

3y Jo %0L DsA
papusije | uyam | sead?oa
| :9dualsypy Syow 7«0

sawodjno
SJUDAD I3SJIAPY SSOUDAIIDRYT]
puUe 2dUdIRYPY - s3|nsay

spueqeJayy Suippe

« sdau g1—8 squi

Je9A | JOMO] U0} SISIDIIXD JO

$19s 7 1 Y Aq pamo]|o}

‘s9|2421q paq Suisn
BuIPAS dnAjelp-eau| 11V

[eq SSIMS © pue

Jo Y 7 3541y Y3 Sunp
‘1 Y+1V pasiauadns
‘1) ulw 0609

spueg-eJay | 3uisn

1Y pazifenplaipul
:paseq-awoH  98UBYD JUNOIABYSQ UO

(sso] y3iom oy

191p 9|qeUlEISNS pUE

pasndo}) awwe.3oud
99.) pUE SaUIYdBW
Yum 1y Apog-ajoym
pue ‘Jo3owodse

13 paseg-awioy
AJeuoijels ‘|jlwpeaJy 1

pasiatadns paseq-wAo)

JUIW 0G| [e30]  Paseq-wAS 7 :UoRUAAIUL BA1S9Y| |

pue (syauow)

jouoneing Aousanbauy uoijeJnp ejo

swweadoud Sulureay 3s1D49Xd paqlidsa.d

601 F 85y @3y
6%
F €9 (s4eak) a3eun QH
S[eW %T'SS
6T=UD
TLLF 9y #3y
9y
F 1’9 (s4eak) a3equin qH
S[eW %8S
ye=u|
SN 5(999219)
as:a 010T ‘pinoy|
98 F 179 P8y
88 F T0=L¥ Y4D?
SeW %9°€S
LS=UuD
£'6F 88§ P8y
'8 F 9'8€ ¥4D2
S[eW %195
95 =u]
€6 F 09 @3y
98 F ¥'6€ WD
S[eW %HHS
cLL=u mmAm__mbS(v
¥O—-€D AMD  070T z-eddny

(K) =28e
‘Qrewt % ‘dnou8 uad
u ‘(i gL /unwyqu)

Y499 ‘N [2303 ‘@3e3s (uiBrio0 jo
@I sansddeIReYd  A13unod) Jeak
a|dwresg ‘Joyjne 3s.ai4

panunuo) 9 3|qelL



E. Kouidi et al.

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

1510

panunuo)
T6F '8l @8y
Areyuspas AyjesH
SeW %S/
0T=u®
byl F 7505 93y
€9F8TUL
T3 'sA sadipul 1| peopjiom (syuow) a8euin qH
1 SA | pasea.dul AjpAissa30.y Adequapas igD JeW %18
ulyuMm | :3unod dwey 'SIYSlom AJeyuapas D Lz=u'n
1D 'sA 3Jeds pue spueqeJay} SUOISSDS TE€LF 5006 98y
| UIYUM | JUn0Od JUaAg 810og 34y €1 8ulppe ‘saspuaxe aH Jo Y 7 34y ayp 0LFTE9L
b sapuiyum | 3g SuipAd Aljigixa)y pue 3urinp aouew.oyad (syauow) a8eun QH
LD 'SA | UlyIM | :SYg (uw SAIIR— sypuow /£ SLIJ9WOS| “IU0OS! asea.dul 0} SeW %789
1 s 0€ 11y ‘Ul (pam auljaseg 1Y Aq pamoj|o} Ajjeaiporiad paijsn(pe w=u]
| ulyum | djeadZoA 09 <ulwQg 1) Buiphd SJUSWUSSISSY ‘saxjiq paq 3uisn ‘1 ¥+1V pasiasadns v N g4(9092.9)
JUDAD 3SIIAPE ON| syjuow £ <0 11V) ulw Qg Soam/ € anissed 1] v syauow 7 3ulPAd d1AfeIp-BaUL 1] Y SNAeIp-Eau| ;| as a3 800T ‘Mel1ed
DsA L9 F TS B8y
| UIYUMT SJ1030B) pEOJYIoM 6€
Sl JO 94005 [e10 | pasea.nul ApAIssaJ3o.y F 79 (s4eak) a8equin gH
D SAuyEM | 4H/H SySem SBW %T'9S
D SA puUe spueqeJay aJed [BNSM) 1D 67=UD
| ulyum | NINAS Suippe ‘sdau G| x 395 SUOISSIS 68 F 94 @3y
D SA (uw ¢« sdad | sasi.axd AdH o Yy 7 1541 32 1€
| ulyum 1 YH Y- 0 UMOp-|00d XewyH Aljigixayy pue 3urinp aouewopad F €9 (s4eak) a3euin H
JUDAD 3SUSAPE ON| D “SA | UIYUM | 4JAT ‘Ul o€ 11y %0/-09 >4H syjuow Q| SLIJDWOS| “2IU0OS! asea.dul 0} 3eW %09
'SUOISSDS Y] JO D SA Uiy 11V a[eds auljeseg 1Y Aq pamoj|o} Ajleoipolsad pajsnipe og=u|
%¢€'88 paIgidwiod | | ulyum | ead?oA ‘uw g} dn 81og 3dy €1 SJUDISSSSY ‘s9|pA21q paq Suisn ‘1¥+1V pasiasadns 65 ‘N 16(9092.0)
PIudBYypY SYIUOW QL@  WL.BM) Ul 06 jPIMm/E Ld+1v syauow | BuIpPAd dAfeip-eaul 1| dnAeIp-eul ;| as ‘ai 600C ‘IPIno3|
syurod . A.C. a8e
(urw) JusLSsassE aew % ‘dnousd uad
uoissas |3 (O1eam/x) pue (syjuow) u A«E.mh.: :_c..:._Ev
sawiodjno U499 ‘N [e303 ‘@8e3s (uiBuio jo
Swoas osiopy  ssouoapoayy IO UOPRING ouenbaia fususiul | uoneapieiol edit Bunses @YD sasueIEIRY  A13uncd) seok
pue aJus.4aypy - sj|nsay swuweJ3o.4d Suluresy asI9X paqliasaid uoniUBAIIU| s|dwies ‘aoyane 3sai4

panupuo) 9 3|qeL



1511

Exercise and Chronic Kidney Disease

Downloaded from https://academic.oup.com/eurjpc/article/31/12/1493/7642937 by guest on 09 September 2024

‘adojs aous|nguny ‘g Aduanbauy Y31y ‘4H ‘Adusnbauy moj ‘4 'sw 0G< Aq JaHIP eyl sjeAlsiul (Y—y) NN

SAIS$920NS JO Suied Jo Jaquunu aY1 ‘0GNN S1B9G1IESY [BULIOU USDMID] SIOUDIDYIP SAISSIIINS JO 4eNbS UBSW 100 ‘SS|AH S[EAISIUI YY JO UOIBIASP PIepuB)s ‘NINS XOPUI SSOUDAIIIRYR X3|J240..q ‘|3 ‘AUAISUSS X3|§2.10.18q [BLIDLIE 'Sy ‘AM|IqELIBA
3Jed 1BaY ‘AYH ‘9[eds uoissaudaq pue A1aIxuy [eNdsoH ‘SQVH ‘A403uaAu| uoissauda] »pag |ag ‘uiqojSowary pajedA|S O \qH ‘SOpLIdAISIIL ‘D) | ‘[oJ43ssjoyd 8303 ‘D) | ‘uijoadodi| Ayisusp-mo| 1T ‘ureododi) Ansusp-ydiy “JgH ‘esoan|8 ewseld
Sunsey ‘D4 ‘UoIIEY UOIDBIB UBINDLIUSIA P3| ‘JTAT @OULISIP SuBjjem dINUIL-9 ‘GAANG Uoduwinsuod uaBAXo [ewixew 4o ead SeadiOA ‘9[edg 81og—uoiaxa paARd.ad JO 31l ‘Y 24nssaud poo|q ‘dg ‘918 1Y [BLUIXBU ‘XBWY H 918 JB3Y “YH
‘parJodau Jou YN ‘Buluret) 9oUBISISA ‘] Y ‘DUOJE SUlUTe.] JIGOJDE ‘] \ ‘BUlUTeU] BSIDUXD ‘] T ‘SISA[BIPOWSRY ‘(H (9SBISIP ASUPR| JIUOJYD ‘(3D ©DUSJIaYIP OU ‘A ‘9SeaUdap JUBdIIUSIS ‘1 osea.dul Juedyiudis ‘| ‘dnous Jojesedwod 3 ‘dnous uonuaaiaiul ‘|

b sA
| ulyam 1 :jj<ssep
UMOT-SBILYIAYIIY
D
'SA | uiyum J:ININAS
b 'sA
| UIYUM | 2XopUl AYH
D (1Y wiw oz

syuow 9
auljeseg
SJUSISSISSY

syuow 9

LLF 6y @8y
Auejuapas AyjeaH
S[eW %E°ES
0gE=uc
LI F 8y @8y
9€¢
F 79 (s4eak) a3euin H
SeW %0S
0E=u'D
Aueuapas :7D 71 F 8 @3y
AJeuapas | D 0€
dduewW.IoIRd F €9 (s4eak) a3run QH
3uIyD1a1s ‘sasidIaXd 95B3.UDUI O} deW %/'9G
W3omM-moT 1Y A|ed1potad pajsn(pe os=u|
sawed ‘skep sisA[eip-uou 7l F 8 P3y
|[eq JO SulWIMS ay3 uo swwe.go.d JeW %E'ES
‘sdays ‘soluaysied ISIDUIXD | Y+1V 09 :N 5(3299.9)

‘Bupjiem BuipPAd 11y | pasiagadns Jusneding : as :ayd 666l ‘sluuel

SALUIGIM IXBWCOA  + 1V UL 0S) XewyH
JUSAD 3SJAPE ON| sypuow 9« uiw 06 SOoM/p—¢ %0/—09
(uw)
sowoIn0 uoissas 3 (Oream/x)
jouoneing Aouanbauy A3isuagu]
SJUDAD ISIIAPY SSOUDAI3IRYT
pue 2dUIRYPY - s3|nsay

syuiod
JudWISSISSE
pue (syauow)

uone.np [ejoL

awuwea3oud Sujure.y asIIX3 paqlidsa.id

(K) 28e
‘Qrewt % ‘dnou8 uad
u ‘(i g0 /unwyqu)
U499 ‘N [e30)3 ‘@3e3s (w0 jo
@I sanskddeIRYd  A13unod) Jeak

UOIJUBAIIIU| a|dwreg ‘doy3zne 3sJi4

panunuo) 9 3|qelL



1512

E. Kouidi et al.

CKD G1-G5

CKD G5D

i

Nf

1_Cardiological and CV risk assessment using SCORE2 model ]

+ )
[ Low cVrisk ]( Medium cV risk ] (

¥
High/very high CV risk or heart disease ]

[ Exercise testing e.g. CPET ]
l

¥

Frailty assessment: ]

Re-assessment [ STS, TUG, 6BMWT f
every 12 months 1

[ Exercise training ]

Re-examination every 3

[ Home- or gym-based exercise ] [

months and adaptation
of exercise training

Intra-dialytic exercise ]

most days/week (>5)
[

on dialysis days
I

¥

| Individual exercise prescription |

[ Balance ][ Resistance ][ Endurance ]|

Monitoring of intensity (i.e. Borg Scale )

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.

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%.8%71

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.”> Among patients with CKD sympathetic over-
activity, vagal withdrawal, and sympathovagal imbalance are common,
increasing the risk of cardiac arrhythmias.” 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 HRYV analysis.” Acute intra-dialytic exercise did not affect CANS
activity in HD, as assessed by pupillometry and HRV |:>arameters.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 HRYV indices.”*'%

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.3¢%37:%8
Long-term regular ET led to a significant increase in cardiac vagal activity
and a decrease in sympathetic activity and sympathovagal balance,”®
even in diabetic patients on HD.”? 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 Il levels.'"'%? Additionally, ET
was found to improve endothelial function leading to increased nitric
oxide bioavailability and sympathovagal balance.'®® These results have

a high clinical significance since patients with increased HRV indices
showed lower incidence of cardiac arrhythmias.2*?

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.*” 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.'®* 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.'”*"3
Apart from the type of exercise, equal benefits on physical function
could be obtained from short-duration ET.'® 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.®® 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-Gb5, even with low exercise doses."®"”2! On the other
hand, there are studies implementing high-intensity interval training
both in patients with CKD G3-G4'% and with CKD G5D,'%” indicating
that it is feasible and safe in clinically stable CKD patients.
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Table 7 Physical activity/exercise training advice for
adults with CKD'%"®

All patients with CKD should generally reduce sedentary time daily and
engage in at least light activity throughout the day and should stay as
active as their abilities and health condition allow

Patients with CKD are advised to strive for at least 150-300 min a
week of moderate- intensity or 75-150 min a week of
vigorous-intensity endurance exercise, or an equivalent
combination

In addition to endurance exercise, patients with CKD should include
resistance exercise and balance training on most days of the week

In patients on haemodialysis, it is advisable that intra-dialytic exercise
training programmes combine endurance and resistance exercises

It is advisable that frailty assessment is performed in all patients with
CKD annually

Cardiological evaluation should be performed annually to assess
cardiovascular risk

Exercise testing, e.g. CPET, may be advisable in patients at high
cardiovascular risk or with cardiovascular disease, e.g. heart failure
for exercise intensity prescription

Rehabilitation exercise groups are advisable to increase adherence to
exercise programmes

All available measures to increase adherence to exercise are advisable,
such as group or individual education, behaviour-change techniques,
wearable activity sensors, telemedicine

Patients with CKD and concomitant cardiovascular disease are advised
to exercise according to heart failure, coronary heart disease, or
peripheral artery disease ESC guidelines

CKD, chronic kidney disease.

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.*” 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."® 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."® 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.'®

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 prevention'®
and exercise in patients with CVD,'® 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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