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ABSTRACT
Clustering of traditional and kidney-specific risk factors leads to elevated cardiovascular disease (CVD) risk across the trajectory of 
chronic kidney disease (CKD) and transplantation. As kidney function declines, the prevalence of CVD, cardiovascular events, and mor- 
tality increases. This review considers recent evidence for the association between physical activity (PA) and exercise and cardiorenal 
health, and the effectiveness of interventions for the prevention and management of cardiorenal decline across the CKD spectrum. 
Evidence supports a beneficial dose–response effect of PA in the prevention of incident CKD, and growing evidence in prevalent CKD 

patients for the attenuation of kidney function decline, and a reduction in CVD risk, morbidity, and mortality. Broadly speaking, across 
the trajectory of CKD, the literature supports the efficacy of exercise interventions for improving cardiorespiratory fitness and aspects 
of cardiorenal health. The mechanisms underlying improvements indicate differential effects on traditional and non-traditional risk 
factors for CKD progression and CVD. To date, there is limited transfer of these findings into clinical care, although the evaluation of 
available evidence has led to the development of the first detailed clinical practice guideline for exercise and lifestyle in CKD. There is 
a lack of large-scale multicentre randomized controlled trials, and trials exploring hard clinical outcomes and long-term effects of ex- 
ercise on cardiorenal outcomes. However, research should also address the challenges of implementing programmes of exercise and 
PA as part of routine care in combination with addressing the shortfall in literature to improve cardiorenal outcomes in all patients 
with CKD. 
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in patients receiving haemodialysis [8 ]. After transplantation, 
although kidney function is in most cases improved and fatal 
cardiovascular events reduced, immunosuppressive medication 
regimes can have hypertensive, diabetogenic, and atherogenic ef- 
fects, which tip the balance back towards ‘traditional’ risk factors 
(Fig. 1 ) [8 ]. The consequences of poor ‘cardiovascular-kidney- 
metabolic’ health are clear, with the most significant clinical im- 
plications being excess cardiovascular events and cardiovascular 
mortality [9 ]. 

Physical activity (PA) is any voluntary bodily movement pro- 
duced by the skeletal muscle that requires expending energy. 
This can include occupational (e.g. activities at work), domestic 
(e.g. cleaning), transportation, or leisure-time activities (e.g. golf, 
cycling, walking). Exercise (or exercise training) is a sub-set of PA 

that is structured with the aims of sustaining or improving health 
and/or physical fitness (e.g. resistance training or running). We 
have long known the positive effects of being physically active on 
the prevention of CVD, even before a landmark study that showed 
the protective benefits of PA against coronary heart disease in 
active London bus conductors compared with their more seden- 
tary driver colleagues [10 ]. Physical inactivity, or having a PA level 
that is insufficient to meet specific recommendations, is highly 
prevalent across the trajectory of CKD [11 –13 , 14 ]. Fatigue and 
muscle weakness are commonly experienced symptoms of CKD 

that can lead to a spiral of inactivity [15 ]. A large observation 
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INTRODUCTION
As early as 1836, Robert Bright highlighted the intricate and
interdependent relationship between the kidneys and the heart,
specifically the notable cardiac structural deviations evident in
patients with advanced kidney disease [1 ]. Fast forward to the
present and significant progress has been made in elucidating the
cardiorenal interrelationship; the heart and kidneys are essential
for cardiovascular homeostasis and disease or dysfunction of one
organ, may initiate, accentuate, or precipitate the same in the
other [2 ]. There are also independent processes and diseases that
may simultaneously affect both organs, including advanced age,
hypertension, diabetes, atherosclerosis, and arteriosclerosis [2 ].
Whilst traditional risk factors for cardiovascular disease (CVD)
are over-represented in patients with chronic kidney disease
(CKD), they do not explain the high prevalence of CVD across the
spectrum of CKD [3 ], including transplantation [4 ], or why CVD
is a leading cause of mortality [5, 6 ]. It is clustering of traditional
and kidney-specific risk factors that drives changes in cardio-
vascular structure and function that associate most closely with
patient outcomes (Fig. 1 ) [3, 7 ]. Traditional risk factors such as
hypertension, diabetes, and dyslipidaemia drive CVD in the early
stages and later, as disease progresses, kidney-specific risk factors
dominate [8 ]. This is reflected in the pathophysiology of CVD in
CKD; as kidney function declines non-atherosclerotic cardiac

events become more common and are the leading mode of death 
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Figure 1: Cardiovascular disease risk factors in CKD. *Additional risk factors in named patient group. Created with BioRender.com. 
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ohort study reported up to 49% of 3 926 people with preva-
ent mild-to-moderate CKD were inactive [14 ]. The most recent
mbrella review and meta-analysis compiling 31 systematic
eviews assessing the therapeutic effects of exercise training
cross the CKD trajectory reported moderate positive effects
n cardiorespiratory fitness (CRF), muscle strength, and body
omposition [16 ]. They also reported minor positive effects on
uscle endurance, cardiovascular risk factors, dialysis-related
ymptoms, and health-related quality of life (QoL). 
This review considers the available recent evidence for the

ssociation between physical activity and exercise and cardiore-
al health, and the evidence surrounding the effectiveness of
nterventions for the prevention and management of its decline
cross the spectrum of CKD. 

VIDENCE OF ASSOCIATIONS BETWEEN
HYSICAL ACTIVITY AND CARDIORENAL
EALTH FROM OBSERVATIONAL STUDIES
hysical activity and the risk of CKD in the
eneral population
 recent meta-analysis of 12 published observation cohort stud-
es including over 1.2 million people identified that in the general
opulation, individuals who are the most physically active have
 lowered risk of CKD compared with those who are not active or
re the least physically active (pooled multivariable-adj. RR, 0.91
95% CI, 0.85–0.97]) [17 ]. The authors noted, however, that the
uality of the evidence was low. In a combined cross-sectional
nd prospective observational study of ∼half a million adults in
pain, compared to physical inactivity, cross-sectional analyses at
aseline showed that regular PA (OR, 0.80 [95% CI, 0.79–0.81]), but
ot insufficient PA (1.02 [95% CI, 0.99–1.04]) was associated with
ower CKD prevalence [18 ]. Prospective analyses in individuals
ithout CKD at baseline did not confirm an inverse association
etween PA and the odds of developing CKD during the short
-year follow-up. In the same study in those with CKD, regular PA
as associated with a lower prevalence ( −45% to −7%) and inci-
ence ( −38% to −4%) of all CVD risk factors [18 ]. Parvathaneni et
l . (2020) reported that in middle-aged adults, exceeding the WHO
ecommendation for aerobic PA ( > 300 min/week) resulted in a
KD risk reduction of −11% compared with −7% in those meeting
he recommendations ( ≥150 min/week) during a 24-year follow-
p [19 ]. In 2 668 participants with PA measured by the ActivPAL3
ccelerometer, PA duration is inversely associated with endothe-
ial dysfunction in those with and without CKD diagnosis [20 ]. 

hysical activity and cardiorenal health in
on-dialysis-dependent CKD

rrespective of PA levels, as kidney function declines, incidence
f CVD, cardiovascular mortality, and cardiovascular events
ncreases [3 ]. As CKD progresses, levels of PA decrease, and
he number of patients categorized as inactive increases [11 ],
eading to further increases in CVD risk. In a prospective cohort
tudy of 3 926 people living with mild-to-moderate CKD, those in
he highest compared with the lowest quartile of self-reported
oderate-to-vigorous PA (MVPA) had lower risk of atherosclerotic
vents (HR, 0.64 [95% CI, 0.51–0.79]), incident heart failure (HR,
.71 [95% CI, 0.58–0.87]), and all-cause and cardiovascular death
HR, 0.54 [95% CI, 0.46–0.63] and HR, 0.47 [95% CI, 0.35–0.64],
espectively) [14 ]. Those classified as ‘inactive’ (performing 0

https://BioRender.com
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minutes of MVPA per week) showed the lowest levels of kidney
function compared with those who were ‘active’ and either not
meeting or meeting recommended PA levels. A cross-sectional
analysis of the same study showed peripheral artery disease (PAD)
severity was not associated with PA defined by total metabolic
equivalent (MET) hours per week (MET-h/week). However, PAD
severity was significantly associated with walking activity and
walking pace [21 ]. Kuo et al . (2022) concluded after a longitudinal
cohort analysis of 4 508 patients with CKD that PA of 7.5 to < 15
MET-h/week is associated with lower risks of adverse cardiorenal
outcomes and should be part of CKD care [22 ]. 

Physical activity and cardiorenal health in
patients receiving dialysis
Studies of the association between PA and health are limited and
of relatively small sample sizes within dialysis populations. An
analysis of 5763 patients receiving haemodialysis assessed via
the Rapid Assessment of Physical Activity questionnaire, showed
an inverse association between PA levels and mortality (adj. HR
of death for very active vs never/rarely active, 0.60 [95% CI, 0.47–
0.77]) [23 ]. In a cross-sectional analysis of 20 920 patients receiving
haemodialysis, PA was assessed using a single-item questionnaire
and mortality risk was lower for regular (equal to or more than
once/week) versus non-regular (less than once/week) exercisers
(adj. HR, 0.73 [95% CI, 0.69–0.78]) [24 ]. However, no significant
association was found between regular exercise and hospitaliza-
tions except for those due to fractures [24 ]. Data in 2 507 patients
receiving peritoneal or haemodialysis found that regular exercise
(between 2 and 3 and 4 and 5 ×/week) was associated with lower
all-cause and cardiovascular mortality, although this benefit
did not extend to those who reported daily exercise potentially
indicating a shortfall in self-reported PA data [25 ]. However, in
this study, patients who reported severe limitations in either
moderate or vigorous PA experienced significantly increased
cardiovascular mortality in multivariable analysis (RR, 1.59 [95%
CI, 1.27–1.99; RR, 1.47 [95% CI, 1.10–1.97], respectively) [25 ]. 

Physical activity and cardiorenal health in
patients with a kidney transplant
Research examining the association between PA and outcomes in
kidney transplant recipients (KTRs) is limited but consistent. In a
study of 4034 participants, KTRs in the lowest tertiles of PA, using
modified summary scores from the Yale Physical Activity Survey,
were more likely to be obese/overweight, have diabetes mellitus,
and/or have prevalent CVD [26 ]. Independent of age, self-reported
PA was inversely associated with metabolic syndrome, history of
CVD, fasting insulin, and triglyceride concentration when exam-
ined in 540 KTRs [27 ]. The mortality of the least active group in this
study was 24%, while the most active had a mortality rate of only
1.7% over 5.3 (4.7–5.7) years of follow-up. Longitudinal analysis of
cardiovascular risk factors in active and sedentary KTRs showed
stable allograft function in those who were active and worsening
serum creatinine levels and proteinuria over time ( ∼3 years) in
those who were sedentary [28 ]. In this study, there was also an
amelioration of all blood pressure indices, reduction in fasting
blood glucose and triglyceride levels in those who were active. 

Sedentary behaviour and cardiorenal health
Research has begun to focus on sedentary behaviour as a separate
concept to PA: ‘any waking behaviour with an energy expenditure
of ≤1.5 METs, while in a sitting or reclining posture’ [29 ]. The WHO
recommends that adults limit sedentary time and in the case of
high sedentary time, undertake more than the recommended vol- 
ume of PA [30 ]. Extended periods of sedentary behaviour are be-
coming recognized as an independent determinant of poor out- 
comes [31 ]. In a cohort analysis of 132 122 middle-aged and older
adults in China, increased sitting time was significantly associ- 
ated with the risk of kidney function decline (aHR, 1.136 [95% CI,
1.036–1.247]) [32 ]. Greater television watching time was related to 
a higher CKD occurrence and lower kidney function in an analysis
of 329 758 UK Biobank participants [33 ]. In almost half a million
adults in Taiwan, prolonged occupational sitting was significantly 
associated with a higher risk of CKD (OR, 1.26 [95% CI, 1.21–1.31]),
end stage kidney disease (HR, 1.19 [95% CI, 1.03–1.38]), and kidney-
specific mortality (HR, 1.43 [95% CI, 1.07–1.91]) compared with 
mostly standing participants after controlling for PA and other 
risk factors [34 ]. Crucially, even a minimal level of PA of 15 min/day
(90 min/week) of moderate intensity, was associated with a reduc- 
tion in these risks [34 ]. These findings are supported by a study by
Oh et al . (2023) who showed that the harmful effects of high seden-
tary time on the occurrence of CKD are mitigated by high levels of
PA [35 ]. Sedentary time was associated with a small longitudinal
decline in kidney function in 7134 adults without CKD; however,
in stratified analyses, each 1-hour increase in sedentary time was 
associated with a significant decline in kidney function in women 
but not men [36 ]. In a small prospective cohort study, extended
sedentary time increased the risk of new cardiovascular or kid- 
ney events and/or all-cause mortality in patients with diabetic 
kidney disease [37 ]. In CKD, longer sedentary bouts measured by 
accelerometery associated with endothelial dysfunction [20 ]. 

Summary
Table 1 presents an overview of the included studies. There is 
evidence to support a beneficial dose-response effect of PA in the 
prevention of incident CKD and growing evidence in those with 
prevalent CKD for the attenuation of kidney function decline,
and the reduction in CVD risk, morbidity, and mortality. Larger 
volumes of sedentary behaviours associate with an increased risk 
of CKD, a faster decline in kidney function, and in those with CKD,
an increased risk of CVD and mortality. Emerging observational 
data suggest that even in patients with high levels of sedentary 
behaviours, some of the detrimental effects are mitigated by 
even small increases in PA levels. The key disparities in these 
studies that make coherent interpretation and evidence synthesis 
difficult are the large and differing methods that have been used 
to determine PA and sedentary behaviours. Generally, subjective 
methods that infer more bias (e.g. self-reported questionnaires) 
are more commonly used, and ideally more studies with objec- 
tive methods (e.g. device-measured) are required. Observational 
studies alone cannot infer causality, and commonly, people with 
less poor health are more active overall. Therefore, it is important 
to follow up these studies with rigorous interventional studies. 

PHYSICAL ACTIVITY AND EXERCISE
INTERVENTIONS TARGETING
CARDIORENAL OUTCOMES
There is an abundance of interventional studies across the trajec- 
tory of CKD that examine a broad array of exercise interventions
(aerobic, resistance, balance, etc.), targeting different behaviours 
(increasing PA, reducing sedentary time, and increasing specific 
exercise), in a variety of locations and methods of delivery (e.g.
supervised vs unsupervised, and in-centre, community-based, or 
home-based), assessing a wide range of outcome measures. Peak 
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oxygen consumption (V̇O2peak ) derived from cardiopulmonary 
exercise testing (CPET) is the gold standard measure of CRF and 
both its prognostic links with clinical outcomes and CVD risk 
in CKD have been rigorously explained [38 ]. However, a maxi- 
mal exercise test is often unattainable in elderly, frail, and/or 
symptomatic patients and is a resource-intensive investigation 
in larger trials. The 6-minute walk test (6MWT) is well correlated 
with V̇O2peak in clinical populations and is well used in random- 
ized controlled trials (RCTs) [39, 40 ]. Herein we present the most
recent and largest studies of exercise interventions across CKD 

groups and a summary is provided in Table 2 .

Interventions in non-dialysis-dependent CKD
In early CKD development, traditional CVD risk factors are of 
predominant importance in therapeutic intervention due to their 
contribution to atherosclerotic vascular disease development 
and their detrimental impact on the vessels of the kidney leading 
to progression of functional decline [3 ]. The RENEXC trial was one
of the largest self-monitored exercise trials in 151 non-dialysis- 
dependent (NDD) CKD patients (G3-5) combining aerobic exercise 
with either resistance training or balance training over 12 months 
[41 ]. Both groups experienced improvements (increased effect 
sizes) in physical performance: 6MWT distance (31 m and 24 m,
P < 0.001), 30-second sit-to-stand test (both: 1 rep, P < 0.001);
quadriceps strength (right/left: strength 1.2/0.8 kg*m, P < 0.003; 
balance 0.6/0.9, P < 0.01); and functional reach (both: 2 cm,
P < 0.01) [41 ]. In a sub-study analysis of 112 patients, blood
pressure, triglycerides, total cholesterol, high-density lipoprotein 
(HDL-C), low-density lipoprotein (LDL-C), IL6, CRP, and albumin 
were all unchanged [42 ]. The AWARD study was a multicentre
RCT assessing the effects of 12 months of predominantly centre- 
based (thrice weekly in-centre for 6 months and 1 home-based 
and 2 centre-based for the remaining 6 months) supervised com- 
bined aerobic and resistance exercise versus education showed 
positive changes in CPET measured CRF at 6 months (17.9 ± 5.5 vs
15.9 ± 7.0 mL/kg/min, P = 0.03) although this difference was not 
maintained at 12 months [43 ]. No significant changes were found
in HbA1c, blood pressure, or body mass index (BMI). A systematic 
review and meta-analysis of 13 RCTs of predominantly aerobic 
exercise therapy showed increases in kidney function, decreases 
in BMI, and decreases in systolic and diastolic blood pressure 
compared with controls [44 ]. Caution has been advised for the
adoption of exercise purely on the basis of delaying the decline
in kidney function, as the mechanisms remain unclear [45 ].
It is likely that the positive effects observed have been due to
improvements in disease progression risk factors such as blood 
pressure, glucose regulation, and BMI [45 ], all of which double as
CVD risk factors, highlighting the importance of being active in 
this patient group even in early stage CKD. 

Interventions in patients receiving dialysis
The CYCLE-HD RCT assessed the effects of a 6-month pro- 
gramme of structured intra-dialytic cycling in 130 patients 
showing improvements in prognostically important measures of 
cardiovascular structure and function assessed with cardiac MRI,
including reduced left ventricular mass, myocardial fibrosis, and 
aortic stiffness compared with standard care [46 ]. However, the 
trial reported no change in PA levels. Whilst the PEDAL multi-
centre trial showed no effect of 6 months of intra-dialytic cycling
combined with resistance training [47 ], the DiaTT trial of 12
months of similar exercise in 1 211 patients did show improve- 
ments in the 6MWT and sit-to-stand 60 [48 ]. The increased
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t  
uration and sample size of the DiaTT study could likely account
or the observed differences between trials, especially as both
tudies recruited similarly older and frailer patients. Additionally,
onger programmes of exercise may be needed to elicit changes
n this population. There is increasing high-quality evidence for
he effectiveness of intra-dialytic exercise programmes on car-
iovascular health, and no indications of harm. However, these
rogrammes are neither accessible nor acceptable to all patients
nd examples of effective translation into clinical care are limited,
argely due to cost and complexity [49 ]. The EXCITE trial reported
 personalized 6-month home-based walking programme im-
roved 6MWT result [50 ], and reduced the risk of hospitalization,
he latter of which was maintained for up to 36 months [51 ]. Fur-
hermore, there are non-cardiac benefits of exercise in patients
eceiving dialysis that attenuate the common development of
eart failure, such as reduced oxidative stress and inflammation,
elease of micro-RNAs from contracting muscle, improved car-
iorespiratory and muscle function, and neurohormonal control
52 ]. Recently preliminary evidence suggests that intra-dialytic
xercise may even reduce (1-year) mortality risk [53 ]. 

nterventions in patients with a kidney
ransplant
here has been an increase in trials assessing the effects of
xercise training in KTRs. A recent systematic review and meta-
nalysis of 16 studies demonstrated the positive effect of exercise
n physical fitness (CRF, strength, and physical function), and
ome markers of dyslipidaemia with no detrimental effects or
afety concerns [54 ]. However, BMI, body weight, and glycaemic
ontrol remained unaffected and studies were highly heteroge-
ous in sample size, duration, intervention content, outcome
easure choice, and methods. An early home-based exercise

rial of personalized cardiovascular exercise (walking or cycling)
n 167 new KTRs showed that V̇O2peak was significantly higher
n exercise versus control at 12 months [55 ]. Zhang et al . (2023)
eported significant improvements compared with control in
atigue, motivation, 30-second chair stands, and 6MWT results
fter an immediate post-transplant programme of exercise that
as continued remotely after discharge (follow-up at 6 months,
 = 106) [56 ]. Greenwood et al . (2015) reported improvements
n V̇O2peak in both aerobic and resistance training groups com-
ared with control after 12-weeks of exercise training shared
etween centre and home-based locations [57 ], with mirrored
mprovements in pulse wave velocity. 

ummary
roadly speaking, across the whole trajectory of CKD, the lit-
rature supports that exercise interventions are effective for
mproving CRF and aspects of cardiorenal health. The mecha-
isms by which improvements are achieved appear to be different
ith differential effects on traditional and non-traditional risk
actors for CKD progression and CVD. In dialysis, exercise inter-
entions have shown improvements in CRF and cardiac structure
nd function, whilst in KTRs, interventions improve measures
f physical fitness and markers of dyslipidaemia. To date, there
s limited transfer of these findings into clinical care, although
he evaluation of available evidence has led to the development
f the first detailed clinical practice guideline for exercise and
ifestyle in CKD [58 ]. There is a lack of large-scale multicentre
CTs, and trials exploring hard clinical outcomes, or long-term
ffects of exercise on cardiorenal outcomes. 
URRENT SITUATION, IMPORTANT
ARRIERS, AND FUTURE PERSPECTIVES
ardiovascular disease, CVD-related morbidity and mortality, and
idney function have well-established associations with PA and
edentary behaviour and the importance of maintaining an active
ife in CKD management is clear. Increasingly evidence supports
he use of exercise interventions to improve CRF and cardiorenal
ealth across the spectrum of patients with CKD. Patients with
KD are recommended to aim for 150 min of moderate intensity
A per week (or 75 min of vigorous activity or a combination of
he two) with the addition of 2 days per week of activities aimed
t improving muscular strength, balance, and flexibility in NDD-
KD patients, and that exercise is structured and individualized
n KTRs with the aim of increasing CRF, muscle strength, and
hysical function [58 ]. These broad-reaching aims do not address
he differences in CVD risk exhibited during the different stages
f CKD and transplantation. We have limited understanding of
he mechanisms through which exercise elicits beneficial car-
iorenal effects across different populations; although potential
echanisms underlying the overall physiological benefits have
een recently summarized [59 ]. A deeper understanding could
llow for optimization of therapies to appropriately stratify pa-
ients and make best use of the limited resources available. A 2024
linical Consensus Statement of the European Association of Pre-
entative Cardiology (of the European Society of Cardiology [ESC])
nd the European Association of Rehabilitation in CKD with the
im of raising awareness of the importance of exercise training in
KD amongst cardiologists, nephrologists, and other healthcare
rofessionals is timely, particularly as we begin to understand
he interconnection between diseases as the number of patients
resenting with multiple long-term conditions rises [52 ]. Whilst
e have guidelines in place around the volume and broadly the

ntensity of exercise that patients should be achieving, we have
imited evidence of how best to prescribe this whilst taking into
ccount a plethora of concomitant risk factors and other health
onditions. It is advised that whilst evidence is growing, prescrip-
ion of exercise should be tailored utilizing the existing ECS 2020
uidelines on sports cardiology and exercise in patients with CVD.
hilst it is not CKD-specific, it takes into account the presence of
VD, other conditions, and frailty, which are all likely to be present
n patients living with CKD [52 ]. These guidelines place impor-
ance on risk stratification prior to exercise prescription with
ffective clinical evaluation of functional limitations to minimize
he risk of harm in patients exhibiting cardiovascular risk factors.
Even with specific guidelines in mind, exercise prescrip-

ion should be based on the evidence of association between
mall increases in PA being beneficial for the improvement of
ardiorenal outcomes, and the process should involve shared
ecision-making between healthcare professionals and patients
o aid long-term engendered changes [52 ]. The proposed targets
ay be unattainable for many patients, as in reality in a clinical
etting, many patients are frail, elderly, have multiple long-term
onditions, and are physically deconditioned. A knowledge of
ptimal therapies will inform staff and lead to correctly individ-
alized exercise prescription. Enhanced patient motivation and
ehaviour change could then be supported with specific goal
etting and management of expectations. 
There are several further areas of missing information that

imit our ability to move forward in this field. There is no single
ccepted way to monitor PA levels in a clinical setting, which is
 fundamental starting point to exercise prescription. How adap-
ions to exercise training interact with baseline PA status is largely
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unknown. This may be helpful to identify differential responses
between patient groups and to help guide personalized prescrip-
tion. Additionally, we must establish the optimal modalities and
doses to target specific cardiovascular and renal outcomes for
different patient groups to support this aim. There is a lack of
large-scale multicentre RCTs, particularly in transplantation
and NDD-CKD, and trials exploring hard clinical outcomes and
long-term effects of exercise on cardiorenal outcomes across all
stages. However, we must also start to address the challenges of
implementing programmes of exercise and PA into routine care
to begin bridging the gap between research and clinical services.
Without this, optimizing cardiovascular outcomes for patients
with CKD will not be possible. 
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