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Abstract

Chronic kidney disease (CKD) is associated with an increased risk for cardiovascular disease (CVD), major adverse CVD events, and
cardiovascular mortality. Low levels of physical activity and reduced cardiorespiratory fitness further compound the health consequences
in this patient population. Aerobic exercise alone and the combination of aerobic and resistance exercise have beneficial effects for im-
proving aerobic capacity while resistance exercise alone improves strength and skeletal muscle health. Given the prevalence of CVD in
CKD patients and limited treatment options targeting traditional and non-traditional CVD risk factors in this population, the incoropora-
tion of physical activity and exercise into the care of CKD seems critical for improving patient outcomes. Therefore, the purpose of this
narrative review is to discuss the evidence of physical activity and exercise in CKD patients and the effects on cardiovascular outcomes
and fitness.
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1. Introduction
An estimated 10–15% of the global population is liv-

ing with chronic kidney disease (CKD) [1]. The majority
of adults with CKD are unaware of their condition includ-
ing two in five adults with severe CKD [2]. The classi-
fication of CKD is based on overall kidney function and
determined by measures of estimated glomerular filtration
rate (eGFR) and or markers of kidney damage [1,3]. Stage
G1 reflects grossly intact kidney filtration, or normal eGFR,
but with a marker(s) of kidney damage (e.g., proteinuria),
whereas stage G5 reflects almost complete loss of kidney
filtration (i.e., kidney failure) with an eGFR of less than 15
mL/min/1.73 m2 (Table 1, Ref. [3]). Type II diabetes mel-
litus and hypertension are two of the most common causes
of CKD, with the incidence of CKD being greatest in adults
65 years of age and older [2]. Metabolic derangements in-
cluding anemia, hyperparathyroidism, metabolic acidosis,
sodium retention, and hyperkalemia increase in prevalence
and severity with CKD progression below an eGFR of 60
mL/min per 1.73 m2. Many of these derangements are clin-
ically apparent by an eGFR 45 mL/min per 1.73 m2 or less;
and most, if not all, are present and require treatment by
eGFR <30 mL/min per 1.73 m2.

The risk for cardiovascular events are significantly
higher in patients with CKD [4]. Patients with CKD G3
not on dialysis are at greater risk of mortality caused by car-
diovascular disease (CVD) than mortality caused by kidney
disease [4]. Approximately 50% of all patients with CKD

G4 and G5 have CVD, which is also the number one cause
of death in this group of patients [1,5,6]. CKD patients
experience a higher risk of myocardial infarction, stroke,
congestive heart failure and arrhythmias [7]. The rates of
traditional CVD risk factors are elevated in the CKD pa-
tient population including diabetes mellitus, hypertension,
and hyperlipidemia [8]. However, this accounts for only
part of the greater risk for CVD in the CKD patient popula-
tion. Moreover, randomized controlled trials examining the
effects of interventions on traditional and non-traditional
CVD risk factors in CKD patients have demonstrated lit-
tle benefit to date [9–12].

Reductions in kidney function result in decreased ex-
cretion and degradation of advanced glycation end prod-
ucts and small inflammatory molecules creating a pro-
inflammatory state [13–16]. Additional factors including
uremia, diet, lifestyle, metabolic acidosis, vitamin D defi-
ciency as well as the production of cytokines from other
organs, also contribute to elevations in systemic inflam-
mation observed in CKD [17]. Circulating concentra-
tions of biomarkers of inflammation are found to be in-
versely associated with measures of kidney function and
directly associated with albuminuria [18,19]. Chronic in-
flammation in CKD contributes to vascular and myocardial
remodeling processes resulting in atherosclerotic lesions,
vascular calcification, and vascular senescence in addition
to myocardial fibrosis and calcification of cardiac valves
[20,21]. Moreover, the uremic milieu can lead to pheno-
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Table 1. Prognosis of chronic kidney disease (CKD) and albuminuria according to Kidney Disease: Improving Global
Outcomes (KDIGO).

Persistent albuminuria categories
Description and range

A1 A2 A3
Normal to mildly increased Moderately increased Severely increased

<30 mg/g 30–300 mg/g >300 mg/g
<3 mg/mmol 3–30 mg/mmol >30 mg/mmol

eGFR categories (mL/
min/1.73 m2)

G1 Normal ≥90
G2 Mildly decreased 60–89
G3a Mildly to moderately decreased 45–59

Description and range
G3b Moderately to severely decreased 30–44
G4 Severely decreased 15–29
G5 Kidney failure <15

Abbreviations. eGFR, estimated glomerular filtration rate.
Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high risk; Red: very high risk (used
with permission from Kidney Disease: Improving Global Outcomes (KDIGO) CKDWork Group. KDIGO 2012 Clinical Practice Guideline for
the Evaluation and Management of Chronic Kidney Disease. Kidney inter., Suppl. 2013; 3: 1-150 [3]).

typic changes in vascular smooth muscle cells causing them
to switch to osteoblast-like cells [22]. The resulting medial
vascular calcification affects central arterial blood vessels
leading to increases in cardiac afterload and pulse wave ve-
locity (PWV), and worsening congestive heart failure. The
calcification can also affect cardiac valves, particularly the
aortic valve. CKD is also associated with unique changes in
the myocardial wall including increased myocardial fibro-
sis and cardiac hypertrophy [23]. Left ventricular hypertro-
phy is present in approximately one-third of CKD patients
and three-quarters of patients with end-stage kidney disease
(ESKD) [23].

Physical activity and exercise are regarded as two of
the most effective ways to improve health and function
[24–26]. In a metaepidemiological study comparing meta-
analyses of randomized controlled trials, exercise interven-
tions were found to have similar, if not superior, benefits
on mortality, secondary prevention of coronary heart dis-
ease, treatment of heart failure, and prevention of diabetes
when compared to medications [27]. Reductions in medi-
cation use has also been shown over the course of twelve-
months of supervised exercise [28]. In a landmark study,
Myers et al. [29] reported that peak exercise capacity was
the strongest predictor of risk of death among adults with
and without CVD. Given the prevalence of CVD in CKD
patients and limited treatment options targeting traditional
and non-traditional CVD risk factors in this population, the
incoroporation of physical activity and exercise into the
care of CKD seems critical for improving patient outcomes
[30,31]. Therefore, the purpose of this narrative review is
to discuss the evidence of physical activity and exercise in
CKD patients and the effects on cardiovascular outcomes
and fitness.

2. Physical Activity
Physical activity describes any bodily movement pro-

duced by skeletal muscles that results in an increase in
caloric requirements over resting energy expenditure [25].
Conversely, exercise refers to a type of physical activ-
ity consisting of planned, structured, and repetitive bodily
movement to improve and or maintain one or more com-
ponents of physical fitness [25]. General physical activity
guidelines for adults with chronic health conditions include
engaging in at least 150 minutes (2 hours and 30 minutes)
to 300 minutes (5 hours) a week of moderate-intensity, or
75 minutes (1 hour and 15 minutes) to 150 minutes (2 hours
and 30 minutes) a week of vigorous-intensity aerobic phys-
ical activity, or an equivalent combination of moderate-
and vigorous-intensity aerobic physical activity [25,32]. In
addition, adults are encouraged to also perform muscle-
strengthening activities of moderate or greater intensity in-
volving all major muscle groups on 2 ormore days per week
[25,32]. If an individual is unable tomeet the recommended
guidelines of physical activity described above, they are en-
couraged to increase time spent performing physical activ-
ity in accordancewith their abilities while avoiding physical
inactivity [25,32].

Lack of physical activity is a primary contributor to
chronic disease [33–35]. Evidence strongly supports that
high amounts of sedentary behavior increase the risk for
all-cause and CVD mortality and type II diabetes [36–39].
For example, an inverse, non-linear dose-response relation-
ship has been oberserved between long-term leisure-time
physical activity and all-cause and CVDmortality when as-
sessed up to 23-years of follow-up [39]. Exercise capacity
and energy expenditure were found to be stronger predic-
tors of mortality than smoking, hypertension, obesity, and
diabetes [40]. According to the Centers for Disease Con-
trol and Prevention (CDC), only one in four adults meet the
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recommended levels of physical activity [32]. The annual
health care costs of physical inactivity in the United States
alone is estimated to be $117 billion [2]. Physical inactiv-
ity related deaths contributed to $13.7 billion in productiv-
ity losses, and physical inactivity was responsible for $13.4
billion disability-adjusted life-years [41].

High levels of physical inactivity are reported in the
CKD population, with physical inactivity levels increas-
ing with disease progression [42–46]. Using the National
Health and Nutrition Examination Survey III (NHANES
III), 28%of individuals with CKDwere reported to be phys-
ically inactive as compared to 13.5% of non-CKD indi-
viduals [47]. Consistent with findings in non-CKD adults,
low levels of physical activity are associated with all-cause
mortality and CVD events in individuals with CKD [47–
51]. In maintenance hemodialysis patients, engaging in ha-
bitual physical activity was associated with decreased risk
for mortality over a median follow-up of 45-months [52].
Physical activity level is also shown to be associated with
cardiovascular mortality and all-cause mortality in kidney
transplant recipients [49–51]. Using a modified Yale Phys-
ical Activity Survey, Kang et al. [49] reported that kidney
transplant recipients in the highest tertile of physical ac-
tivity experienced significantly lower risk of CVD events,
CVD mortality, and all-cause mortality. Similarly, greater
pretransplant physical activity is found to be strongly asso-
ciatedwith better survival during amedian follow-up period
of 8-years in kidney transplant recipients [51].

Correlates of physical inactivity in adults with CKD
include being older, female, smoking, having a greater
number of comorbidities, and low level of education [42,
43,45,51]. In kidney transplant recipients, physical activ-
ity is inversely associated with metabolic syndrome, his-
tory of CVD, fasting insulin, and triglyceride concentration;
and positively associated with kidney function and 24-hour
urinary creatinine excretion when adjusting for age [50].
Across all CKD stages, higher serum albumin, creatinine,
cardiorespiratory fitness, and self-efficacy levels, and lower
body mass index are found to be associated with greater
physical activity [42]. In dialysis patients, number of steps
taken is positively associatedwith body compositionalmea-
sures (i.e., body water, fat mass, body mass index, lean
body mass, intracellular water, phase angle), serum albu-
min, hematocrit, and hemoglobin [44]. Differences are also
reported between type of dialysis treatment, with patients
in hemodialysis using a catheter reporting lower levels of
physical activity compared to patients on peritoneal dialy-
sis, hemodialysis using an arteriovenous fistula, or with a
graft [43]. The relationship between physical activity level
and hemoglobin concentration is less clear in CKD patients,
with one study reporting no association [43] while other
studies found that higher hemoglobin concentration was as-
sociated with increased levels of physical activity [42,44].

Physical activity levels directly affect physical func-
tion [53,54] and are hypothesized to impact metabolic adap-

tations to exercise [55]. Adults reporting 150 minutes or
more of moderate physical activity per week were found
to have an average physical function score, as determine by
the physical function subscale from the 36-item Short Form
Questionnaire, ≈20 points higher than those not meeting
this recommendation [54]. Lower activity scores are as-
sociated with poor physical function and mental health in
dialysis patients [43,48]. Importantly, higher physical ac-
tivity levels are found to be associated with slower decline
in eGFR in patients with established CKD and older adults
[56,57]. In 4011 ambulatory participants aged 65 or older
without CKD, the estimated risk of rapid decline in kidney
function was greatest in individuals with lower physical ac-
tivity levels [56]. In adults with CKD not requiring dialysis,
greater than 150 minutes of physical activity per week had
the lowest rate of loss in cystatin C based-eGFR [57]. More-
over, each 60-minute increment in weekly physical activity
duration was associated with a 0.5% slower decline per year
in eGFR during a median follow-up of 3.7 years [57]. In
patients who experienced a recent acute myocardial infarc-
tion, renal function evaluated using cystatin C based-eGFR
significantly increased in patients with high physical activ-
ity levels (7102± 2365 steps/day) when compared to those
with low physical activity levels (2335 ± 1219 steps/day)
over the course of 3 months [58].

Using the American College of Sports Medicine
guidelines, patients with CKD G3 and G4 significantly im-
proved metabolic equivalents (METs), 6-minute walk dis-
tance, and body mass index following 12-months of exer-
cise [59]. Physical activity levels significantly increased
at 6-months but decreased to baseline at 12-months [59].
In G3 and G4 CKD patients, a 3-year multidisciplinary
lifestyle intervention increased the number of patientsmeet-
ing the physical activity guideline target of 500 METs min-
utes per week from 29% to 63%. At 12-months both peak
oxygen consumption (VO2peak) and METs increased signif-
icantly by 9.7% and 30%, respectively [60]. Of note, METs
remained elevated at 24- and 36-months despite VO2peak re-
turning to near baseline levels [60]. Other studies, how-
ever, reported no change in physical activity status of CKD
patients in response to exercise [61–63]. Therefore, future
studies are warranted to determine the effects of exercise for
improving physical activity levels in CKD patients and the
potential interactions between physical activity level and
adaptations to exercise.

3. Aerobic Exercise
Cardiorepiratory fitness is a strong predictor of future

major adverse cardiovascular events and CKD incidence
[64–66]. Cardiorespiratory fitness is often severely com-
promised in CKD patients [67]. Howden et al. [67] noted a
17% reduction in VO2peak in patients with mild-to-moderate
CKD when compared to age-predicted values. In CKD
patients not on dialysis, aerobic capacity has been found
to be significantly associated with eGFR [68]. The inci-
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dence of CKD over a median follow-up of 7.9 years was
observed to be inversely related to exercise capacity [66]. In
a multivariable-adjusted proportional hazards model, indi-
viduals classified as moderately or highly fit had a 24% and
34% lower risk of developingCKDwhen compared to those
classified as low fit [65]. In ambulatory ESKD patients,
VO2peak is a strong predictor of survival when examined
over a period of approvimately 3.5 years [69]. Similarly, in
kidney transplant recipients, mortality risk in patients with
at least 3-years post-transplant follow-up is greatest in those
with low VO2peak [70].

Cardiorespiratory fitness is determined by the heart,
blood vessels, lungs, and skeletal muscles ability to trans-
port and utilize oxygen during physical activity [71–73]. In
young and healthy populations, maximal oxygen consump-
tion (VO2max) is predominantly limited by central circula-
tory processes responsible for oxygen delivery whereas pe-
ripheral processes involved in oxygen utilization determine
cardiorespiratory endurance [72,74]. However, in older
adults and chronic disease states in which oxygen delivery
is reduced or impaired, oxygen delivery plays a greater role
in cardiorespiratory endurance [75–77]. In CKD patients,
lower cardiorespiratory fitness likely results from limita-
tions in oxygen delivery and utilization [73,78–81]. In non-
dialysis CKD patients, exercise capacity was strongly as-
sociated with oxygen delivery, and specifically peak heart
rate [82]. Moore et al. [83] reported that ESKD patients
achieved 77% of predicted peak heart rate during exercise
testing with reduced hemotrocrit measured at rest which
also suggests the presence of an oxygen delivery limitation.
Others found PWV to be one of the strongest independent
determinants of VO2peak in CKD patients [68]. In support
of potential peripheral limitations, low muscle oxygen con-
ductance has been reported in CKD patients [84,85].

Aerobic exercise recommendations for people with
CKD are presented in Table 2 [25,30]. Available data sug-
gests aerobic exercise improves VO2peak in patients with
CKD, ESKD, and kidney transplant recipients [61,79,86–
95]. The magnitude of aerobic exercise-induced improve-
ment in VO2peak is estimated to be ≈2 mL·kg−1·min−1

[79,87,88,96]. Aerobic exercise has also been shown
to elicit positive effects on exercise duration (i.e., en-
durance), health-related quality of life (HRQoL), and phys-
ical function [87,88,93,97–100]. Despite the noted in-
creases in VO2peak in response to exercise, aerobic capac-
ity still remins below normative values of sedentary non-
CKD adults [78,79]. Moreover, the effects of aerobic ex-
ercise on cardiovascular outcomes is less clear in the CKD
population [63,95,97,101,102]. For example, no changes
were observed in measures of vascular function following
3-months of moderate-intensity aerobic exercise in G3 and
G4 CKD patients when assessed via flow mediated diala-
tion of the brachial artery, carotid-femoral PWV, or cellular
markers [97]. In a meta-analysis, only marginal differences
were observed in heart rate maximumwith no statistical dif-

ferences found in exercise capacity, blood pressure, rest-
ing heart rate, serum lipid, and serum creatinine between
aerobic exercise and controls [87]. The lack of differences
were still present regardless of outcome when studies were
divided based on exercise intensity, treatment of dialysis,
or length of intervention [87]. Conversely, Kirkman et al.
[103] demonstrated improvedmicrovascular function while
maintaining conduit artery function after 12-weeks of aer-
obic exercise in CKD patients not on dialysis. Regard-
ing peripheral adaptations to aerobic exercise, ESKD pa-
tients who demonstrated improvements in VO2peak follow-
ing 12-weeks of training also experienced widening of their
arterio-venous oxygen difference in the absence of change
in central adaptations [81].

Due to the prevalence of anemia in the CKD popula-
tion [104], several studies have investigated the use of ery-
thropoietin as a possible treatment for enhancing aerobic
capacity [85,105,106]. Stray-Gundersen et al. [106] exam-
ined the effects of an erythroid-stimulating agent and aer-
obic exercise training on aerobic capacity in hemodialysis
patients. Both hemotocrit normalization and aerobic exer-
cise increased VO2peak, however, the improvement did not
reach the level of normative values [106]. When the pertur-
bations were analyzed independently, hemotocrit normal-
ization increased peak arterial oxygen and arterio-venous
oxygen difference, whereas exercise improved cardiac out-
put, citrate synthase activity, and peak diffusing capacity
[106]. Reductions in muscle blood flow have been shown
to accompany the increases in hemoglobin concentration
with erythropoietin in CKD, suggesting lowmuscle oxygen
conductance [84,85]. Evidence frommuscle biopsies of the
vastus lateralis showed thickening of the endothelium and
electron-dense interstitial deposits further supporting that
the inability to normalize exercise capacity may be caused
by abnormalities within skeletal muscle [106].

4. Resistance Exercise
Reductions in kidney function place patients with

CKD at an increased risk for neuromuscular impairments
[107–109]. The rapid loss in skeletal muscle in the pres-
ence of CKD is suggested to occur as a result of several
processes upregulating protein degradation while simulta-
neously downregulating protein synthesis [107]. Low mus-
cle mass and strength are associated with the development
of CVD, CVDmortality, and CVD-related outcomes [110].
In patients with CKD, those with low psoas muscle mass
had significantly higher risk of major adverse cardiovas-
cular events compared to patients with high psoas muscle
mass during a median follow-up period of 3.2 years [111].
Moreover, low psoas muscle mass was found to be an in-
dependent predictor of major adverse cardiovascular events
in these CKD patients [111].

Resistance exercise may also assist in protecting
against CVD and CVD risk factors. For example, men with
high levels of muscular strength during adolescences have a
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Table 2. Aerobic exercise recommendations for adults with kidney disease [25,30].
Aerobic exercise

Frequency 3–5 d·wk−1

Intensity Moderate intensity (40%–59% VO2R, RPE 12–13 on a scale of 6–20).
Time 20–60 min of continuous activity; however, if this cannot be tolerated, use 3–5 min bouts of intermittent exercise aiming to

accumulate 20–60 min·d−1.
Type Prolonged, rhythmic activities using large muscle groups (e.g., walking, cycling, swimming).
RPE, rating of perceived exertion; VO2R, oxygen consumption reserve.

decreased risk for CVD disease later in life while low mus-
cular strength is associated with increased risk of mortality
during middle age [112]. In addition, muscular strength is
shown to have an independent protective effect on all-cause
and cancer mortality in healthy middle-aged men, as well
as in men with hypertension and patients with heart failure
[113]. Age-related weight and adiposity gains, risk of hy-
pertension, and prevalence and incidence of metabolic syn-
drome were all found to be inversely associated with mus-
cular strength [113]. Importantly, muscular fitness main-
tains its protective effects even when considering an indi-
vidual’s cardiorespiratory fitness [113]. Higher levels of
muscular fitness may, to some extent, counteract the ad-
verse cardiovascular profile of overweight and obese indi-
viduals [113,114]. Therefore, the ability of resistance exer-
cise to increase lean mass, decrease fat mass, and improve
glycemic control and blood lipid profiles would be advan-
tageous for reducing CVD risk in patients with CKD [115–
117].

Resistance exercise describes any activity capable of
overloading the neuromuscular system in an attempt to
preserve or improve neuromuscular health [118]. Resis-
tance exercise is an effective approach for addressing func-
tional deficits experienced with aging and disease [119,
120]. Weekly resistance exercise performed one, two, or
three times or total amount of 1–59 minutes, is associated
with approximately a 40–70% decreased risk of total CVD
events, independent of aerobic exercise [114]. Similar re-
sults are observed for CVDmorbidity and all-cause mortal-
ity [114]. Resistance exercise is found to indirectly lowered
CVD risk by decreasing body mass index [114]. Resistance
exercise, even less than 1 hour per week, is associated with
a lower risk of development of metabolic syndrome over a
median follow-up of 4 years, independent of aerobic exer-
cise [121].

Resistance exercise recommendations for people with
CKD are provided in Table 3 [25,30]. Given the increase
susceptibility for neuromuscular impairments with CKD,
resistance exercise has been proposed as a potential treat-
ment option for maintaining neuromuscular health [108].
To determine the impact of resistance exercise in patients
with moderate CKD, Castaneda et al. [122] conducted an
elegant study in which resistance exercise plus low-protein
diet was compared to low-protein diet alone for 12-weeks.
The patients who were randomized to the resistance exer-
cise plus low protein group increased total body potassium,

type I and II muscle fiber cross-sectional area, and mus-
cle strength while maintaining their body weight whereas
patients on the low-protein diet only did not [122]. There-
fore, even in the presence of low-proetin intake, resistance
exercise seems to counteract catabolism in CKD patients
[122]. Evidence to date suggests that progressive resistance
exercise is an effective approach for inducing muscle hy-
pertrophy and improving muscle force capacity, aspects of
physical functioning, and health-related quality of life in
patients with CKD [89,123,124]. Similar findings are re-
ported when implementing resistance exercise during dialy-
sis treatment [125–127]. However, resistance exercise does
not seem to have a direct affect on aerobic capacity in CKD
patients [89].

5. Combination of Aerobic Exercise with
Resistance Exercise

Combination exercise describes combining both aero-
bic exercise and resistance exercise performed within the
same exercise session or on alternating days at dosages
meeting the recommended physical activity guidelines [25,
26]. While both aerobic exercise and resistance exercise
performed independently demonstrate positive health and
functional outcomes in CKD patients, the greatest benefits
from exercise may be achieved when these exercise modes
are incorporated together. Combination exercise is reported
to increase aerobic capacity in CKD patients, with the po-
tential for greater effects than aerobic exercise alone [89].
Several studies have documented a slowing in the decline
of kidney function, and in some instances improvements in
kindey function, in response to combination exercise [128–
130]. For example, Nylen et al. [129] reported that patients
with CKDG2 and G3 significantly improved eGFR follow-
ing 12-weeks of supervised aerobic and resistance exercise.
While combination exercise shows promise for the potential
to slow the decline in eGFR and possibly improve eGFR,
additional large randomized well-controlled studies are re-
quired to truly determine the impact of combination exer-
cise on kidney function.

In CKD patients on dialysis, signficant improvements
in VO2peak, depressive symptoms, and health-related qual-
ity of life are reported when combination exercise is im-
plemented during dialysis treatment sessions. Combina-
tion exercise (30–60 min cycling, 20 min strengthening)
performed 3 times per week during the first 2 hrs of
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Table 3. Resistance exercise recommendations for adults with kidney disease [25,30].
Resistance exercise

Frequency 2–3 d·wk−1

Intensity 65%–75% 1-RM. Performance of 1-RM is not recommended unless medically cleared for such effort; instead, estimate of
1-RM from a ≥3-RM test.

Time A minimum of 1 set of 10–15 repetitions, with a goal in most individuals to achieve multiple sets. Choose 8–10 different
exercises targeting the major muscle groups.

Type Machines, free weights, or bands.
1-RM, one repetition maximum; 3-RM, three repetition maximum.

hemodialysis over 12-months improved VO2peak from 16.8
mL·kg−1·min−1 to 22.3 mL·kg−1·min−1 [131]. Similarly,
when comparing combination exercise to aerobic exercise
alone performed during dialysis treatment sessions, VO2peak
increased to a greater extent in the combination exercise
group [132]. In non-diabetic adult patients with hyperten-
sion and CKD G2–G4, 16-weeks of combination exercise
significantly decreased high-sensativity C-reactive protein
(hs-CRP) and fasting blood glucose while improving func-
tional capacity (i.e., senior fitness test, 30-second sit-to-
stand, 2-min step test, 8-foot up and go) [133].

When compared to aerobic exercise alone, 12-weeks
of combination exercise in CKD patients not on dialysis
(G3b–G5) significantly increased knee extensor strength
and quadriceps muscle volume [134]. Interestingly, neither
aerobic exercise alone or combination exercisewas found to
improve VO2peak in these CKD patients [134]. In a follow-
up study, the effects of aerobic exercise alone and combina-
tion exercise on mitochondrial outcomes were examined to
better understand the lack of improvements seen in VO2peak
[135]. Neither aerobic exercise alone nor the combination
of aerobic exercise with resistance exercise was able to re-
verse deficits in mitochondrial mass or gene expression of
transcription factors involved in mitochondrial biogenesis
in CKD patients [135]. In a recent large randomized con-
trolled trial, 6-months of intradialytic cycling performed 3
times per week combined with resistance exercise twice
per week failed to improve VO2peak or functional outcomes
[136]. These findings highlight the need for additional stud-
ies to determine which factors are most critical for eliciting
meaningful exercise-induced adaptations across all stages
of CKD.

6. Effects of Physical Activity and Exercise
on Inflammation in CKD

Chronic low-grade systemic inflammation, character-
ized by high circulating levels of pro-inflammatory mark-
ers, is posited as both a strong risk factor for and pathogenic
mechanism in CVD [137]. In addition to CVD, inflam-
matory status is implicated in declines in functional capac-
ity and skeletal muscle wasting in CKD patients [107,138–
140]. Greater amounts of physical activity are associated
with lower inflammatory status [141]. Both hysical ac-
tivity and exercise elicit beneficial effects on inflamma-

tion through the promotion of an anti-inflammatory state
[142,143]. Reduction in visceral fat mass and induction of
an anti-inflammatory environment with each exercise bout
have been suggested to mediate the anti-inflammatory ef-
fects of regular exercise [142]. In CKD patients, a large
inflammatory response was observed to an acute bout of un-
accustomed resistance exercise evidenced by significantly
elevated levels of interleukin-6 (IL-6), monocyte chemoat-
tractant protein-1 (MCP-1), and tumor necrosis factor-alpha
(TNF-α) [144]. Importantly, this inflammatory response
was reduced following 8-weeks of progressive resistance
exercise [144]. Similarly, 12-weeks of progressive re-
sistance exercise combined with low-protein diet reduced
serumCRP and IL-6 [145]. Reduction in the ratio of plasma
IL-6 to interleukin-10 (IL-10) levels and downregulation of
T-lymphocyte and monocyte activation have also been ob-
served following 6-months of regular walking in CKD pa-
tients [146]. While these findings support the potential ben-
efits of exercise on inflammatory status, other studies have
reported no change in inflammatory markers in response to
exercise in those with CKD [140,147].

7. Barriers and Facilitators to Physical
Activity and Exercise in CKD Patients

To better understand the lack of physical activity and
exercise in CKD patients, several studies have examined
which factors act as barriers and facilitators to physical ac-
tivity and exercise participantion. Using the COM-Bmodel
of the Behavior Change Wheel (BCW) in ESKD patients,
Clarke et al. [148] identified poor physical condition and
symptoms associated with the patient’s disease and treat-
ment (i.e., reduced walking ability, fatigue, tiredness, pain,
shortness of breath, lower extremity ulcers, and weakness),
as well as existing musculoskeletal injuries or concerns,
previous surgeries, and co-morbidities as barriers to the per-
formance or promotion of exercise. Importantly, a lack of
awareness of exercise guidelines was indicated as a bar-
rier to exercise by both patients and health care providers
(HCP) [148]. Other barriers identified include lack of ac-
cessibility, fatigue on dialysis days and non-dialysis days,
shortness of breath, lack of motivation, endorsement of too
many medical problems, and not having enough time on
dialysis days [148–154]. Facilitators to physical activity
performance or promotion, on the other hand, include en-

6

https://www.imrpress.com


couragement from HCP’s, friends and family, peer support,
feeling healthy, wanting to feel better, wanting to improve
health, wanting to enhance physical mobility, and wanting
to increase strength.

Given the barriers described above, excessive levels
of fatigability when engaging in physical activity may pose
a significant challenge to meeting the recommended physi-
cal activity and exercise guidelines in CKD patients [155].
While achieving the physical activity and exercise guide-
lines may not always be feasible in those with CKD, any in-
crease in the amount of daily physical activity while reduc-
ing the sedentary time is likely to have profound health ben-
efits [156]. It has been recommended that kidney care pro-
grams or dialysis centers offer patient physical activity or
exercise plans prescribed by an exercise professional (phys-
ical therapist, kinesiologist, physiotherapist, exercise phys-
iologist) to increase physical activity and exercise participa-
tion [148]. One exercise prescription strategywhichmay be
advantageous is the sequencing of exercise modes targeting
the development of neuromuscular force capacity prior to
cardiorespiratory fitness. Such approaches have been sug-
gested for frail and sarcopenic populations in which a pe-
riod of resistance exercise is necessary for the development
of neuromuscular capacity prior to engaging in aerobic ex-
ercise [157,158]. Even though resistance exercise has not
been shown to have a direct impact on aerobic capacity in
CKD patients, skeletal muscle mass and strength may have
important implications for the amount and intensity of aer-
obic exercise prescribed. Considering that strength is sig-
nificantly associated with VO2peak in both ESKD patients
and kidney transplant recipients [159,160], the sequencing
of resistance exercise followed by aerobic exercise could
provide a useful strategy for improving cardiorespiratory
fitness. However, the efficacy of exercise regimens struc-
tured to develop neuromuscular capacity prior to targeting
aerobic capacity still remains an unanswered question in the
CKD population and therefore requires additional research.

8. Future Research Considerations
The associations between physical activity and CVD,

CVDmortality and all-cause mortality in CKD patients un-
derscores the importance of maintaining an active lifestyle.
Furthermore, existing data supports the potential for exer-
cise interventions to improve cardiorespiratory fitness and
aspects of cardiovascular health. However, before we are
fully able to appreciate the benefits of physical activity and
exercise in the CKD population, several key areas require
further investigation. Understanding the exact mechanisms
underlying adaptations to exercise will help inform the de-
sign of future interventions. The development of physical
activity and exercise guidelines specifically for CKD pa-
tients should be prioritized. Information regarding the in-
teractions between physical activity status and adaptations
to exercise interventions in CKD patients is currently lack-
ing and may help explain differences in responses to exer-

cise across patients. Optimal sequencing of exercise modes
and exercise dosing to target specific health and functional
outcomes in CKD patients has yet to be established. The
effects of physical activity and exercise on cognitive func-
tion in CKD patients is currently unclear. Additionally,
strategies for monitoring physical activity in clinical set-
tings and increasing physical activity participation and ad-
herence should be examined.

9. Summary
Physical inactivity presents major challenges to over-

all health and function in CKD patients. Engaging in struc-
tured exercise may assist CKD patients in meeting the rec-
ommended amounts of physical activity required for the
maintenance or improvement of health. Even if CKD pa-
tients are unable to meet current physical activity guide-
lines, increasing activity levels while minimizing sedentary
time could have meaningful health implications. Aerobic
exercise alone and the combination of aerobic exercise and
resistance exercise seem effective for increasing cardiores-
piratory fitness as measured by VO2peak although values do
not reach normative levels. Resistance exercise is more ef-
fective for improving strength and neuromuscular charac-
teristics. While physical activity and exercise are encour-
aged, the exact mechanisms underlying the adaptations to
exercise in CKD patients are not entirely clear. Further-
more, the most effective approaches for eliciting specific
health and functional outcomes in CKD patients have yet
to be determined. Therefore, future research should focus
on establishing CKD-specific physical activity and exercise
recommendations in accordance with the underlying patho-
physiology and unique exercise responses observed in this
patient population.

Author Contributions
Conceptualization—JMG; methodology—JMG,

SDC, SSP; formal analysis—JMG, SDC, SSP; resources—
JMG, SDC, SSP; writing - original draft preparation—
JMG, SDC, SSP; writing - review and editing—JMG,
SDC, SSP; visualization—JMG; supervision—JMG;
project administration—JMG. All authors have read and
agreed to the published version of the manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research was funded by a Department of Veter-

ans Affairs (VA) Career Development Award (VA CDA-2)
from the Rehabilitation Research and Development Service
at the VA Office of Research and Development, grant num-
ber 1IK2RX003423.

7

https://www.imrpress.com


Conflict of Interest
The authors declare no conflict of interest.

References
[1] Webster AC, Nagler EV, Morton RL, Masson P. Chronic Kidney

Disease. The Lancet. 2017; 389: 1238–1252.
[2] Centers for Disease Control and Prevention. Chronic Kid-

ney Disease in the United States, 2021. 2021. Available
at: https://www.cdc.gov/kidneydisease/publications-resources
/ckd-national-facts.html (Accessed: 25 April 2022).

[3] Kidney Disease: Improving Global Outcomes (KDIGO) CKD
Work Group. KDIGO 2012 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease. Kid-
ney International Supplements. 2013; 3: 1–150.

[4] Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH,
Heerspink HJL, Mann JF, et al. Chronic kidney disease and car-
diovascular risk: epidemiology, mechanisms, and prevention.
The Lancet. 2013; 382: 339–352.

[5] Stevens PE, O’Donoghue DJ, de Lusignan S, Van Vlymen J,
Klebe B, Middleton R, et al. Chronic kidney disease manage-
ment in the United Kingdom: NEOERICA project results. Kid-
ney International. 2007; 72: 92–99.

[6] Thompson S, James M, Wiebe N, Hemmelgarn B, Manns B,
Klarenbach S, et al. Cause of Death in Patients with Reduced
Kidney Function. Journal of the American Society of Nephrol-
ogy. 2015; 26: 2504–2511.

[7] Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of car-
diovascular disease in chronic renal disease. American Journal
of Kidney Diseases. 1998; 32: S112–S119.

[8] Keith DS, Nichols GA, Gullion CM, Brown JB, Smith DH. Lon-
gitudinal Follow-up and Outcomes among a Population with
Chronic Kidney Disease in a LargeManaged Care Organization.
Archives of Internal Medicine. 2004; 164: 659.

[9] Besarab A, Bolton WK, Browne JK, Egrie JC, Nissenson AR,
Okamoto DM, et al. The effects of normal as compared with
low hematocrit values in patients with cardiac disease who are
receiving hemodialysis and epoetin. The New England Journal
of Medicine. 1998; 339: 584–590.

[10] Wanner C, Krane V, März W, Olschewski M, Mann JFE, Ruf
G, et al. Atorvastatin in Patients with Type 2 Diabetes Mellitus
Undergoing Hemodialysis. New England Journal of Medicine.
2005; 353: 238–248.

[11] Fellström BC, Jardine AG, Schmieder RE, Holdaas H, Bannis-
ter K, Beutler J, et al. Rosuvastatin and Cardiovascular Events
in Patients Undergoing Hemodialysis. New England Journal of
Medicine. 2009; 360: 1395–1407.

[12] Singh AK, Szczech L, Tang KL, Barnhart H, Sapp S, Wolfson
M, et al. Correction of Anemia with Epoetin Alfa in Chronic
Kidney Disease. New England Journal of Medicine. 2006; 355:
2085–2098.

[13] Amdur RL, Feldman HI, Dominic EA, Anderson AH, Beddhu
S, Rahman M, et al. Use of Measures of Inflammation and Kid-
ney Function for Prediction of Atherosclerotic Vascular Disease
Events andDeath in Patients with CKD: Findings from the CRIC
Study. American Journal of Kidney Diseases. 2019; 73: 344–
353.

[14] Carrero JJ, Stenvinkel P. Inflammation in End-Stage Renal
Disease-what have we Learned in 10 Years? Seminars in Dialy-
sis. 2010; 23: 498–509.

[15] Mei C, Zheng F. Chronic Inflammation Potentiates Kidney Ag-
ing. Seminars in Nephrology. 2009; 29: 555–568.

[16] Kielstein JT, Veldink H, Martens-Lobenhoffer J, Haller H,
Perthel R, Lovric S, et al. Unilateral nephrectomy causes an
abrupt increase in inflammatory mediators and a simultaneous
decrease in plasma ADMA: a study in living kidney donors.

American Journal of Physiology-Renal Physiology. 2011; 301:
F1042–F1046.

[17] Akchurin OM, Kaskel F. Update on Inflammation in Chronic
Kidney Disease. Blood Purification. 2015; 39: 84–92.

[18] Gupta J, Mitra N, Kanetsky PA, Devaney J, Wing MR, Reilly
M, et al. Association between Albuminuria, Kidney Function,
and Inflammatory Biomarker Profile in CKD in CRIC. Clinical
Journal of the American Society of Nephrology. 2012; 7: 1938–
1946.

[19] Amdur RL, Feldman HI, Gupta J, Yang W, Kanetsky P, Shli-
pak M, et al. Inflammation and Progression of CKD: the CRIC
Study. Clinical Journal of the American Society of Nephrology.
2016; 11: 1546–1556.

[20] Jankowski J, Floege J, Fliser D, BöhmM,Marx N. Cardiovascu-
lar Disease in Chronic Kidney Disease. Circulation. 2021; 143:
1157–1172.

[21] Raggi P. Coronary artery calcification predicts risk of CVD
in patients with CKD. Nature Reviews Nephrology. 2017; 13:
324–326.

[22] Brunet P, Gondouin B, Duval-Sabatier A, Dou L, Cerini C,
Dignat-George F, et al. Does Uremia Cause Vascular Dysfunc-
tion. Kidney and Blood Pressure Research. 2011; 34: 284–290.

[23] Alhaj E, Alhaj N, Rahman I, Niazi TO, Berkowitz R, Klapholz
M. Uremic Cardiomyopathy: an Underdiagnosed Disease. Con-
gestive Heart Failure. 2013; 19: E40–E45.

[24] Kraus WE, Powell KE, Haskell WL, Janz KF, Campbell WW,
Jakicic JM, et al. Physical Activity, all-Cause and Cardiovascu-
lar Mortality, and Cardiovascular Disease. Medicine & Science
in Sports & Exercise. 2019; 51: 1270–1281.

[25] American College of SportsMedicine, Liguori G, Feito Y, Foun-
taine C, Roy B. ACSM’s guidelines for exercise testing and pre-
scription. 11th edn. Wolters Kluwer: Philadelphia. 2021.

[26] World Health Organization. Global action plan on physical ac-
tivity 2018-2030: more active people for a healthier world. 2018.
Geneva, Switzerland. Available at: https://apps.who.int/iris/bits
tream/handle/10665/272722/9789241514187-eng.pdf (Access:
5 July 2022).

[27] Naci H, Ioannidis JPA. Comparative effectiveness of exercise
and drug interventions on mortality outcomes: metaepidemio-
logical study. British Medical Journal. 2013; 347: f5577.

[28] Pepin MJ, Valencia WM, Bettger JP, Pearson M, Manning KM,
Sloane R, et al. Impact of Supervised Exercise on one-YearMed-
ication Use in Older Veterans with Multiple Morbidities. Geron-
tology and Geriatric Medicine. 2020; 6: 233372142095675.

[29] Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood
JE. Exercise Capacity and Mortality among Men Referred for
Exercise Testing. New England Journal of Medicine. 2002; 346:
793–801.

[30] Baker LA, March DS, Wilkinson TJ, Billany RE, Bishop
NC, Castle EM, et al. Clinical practice guideline exercise and
lifestyle in chronic kidney disease. BMC Nephrology. 2022; 23:
75.

[31] Zelle DM, Klaassen G, van Adrichem E, Bakker SJL, Corpeleijn
E, Navis G. Physical inactivity: a risk factor and target for in-
tervention in renal care. Nature Reviews Nephrology. 2017; 13:
152–168.

[32] U.S. Department of Health and Human Services. Physical Ac-
tivity Guidelines for Americans. 2nd edn. Washington, DC:
U.S. Department of Health and Human Services, 2018. Avail-
able at: https://health.gov/sites/default/files/2019-09/Physical
_Activity_Guidelines_2nd_edition.pdf (Accessed: 5 July 2022).

[33] Booth FW, Roberts CK, Thyfault JP, Ruegsegger GN, Toede-
busch RG. Role of Inactivity in Chronic Diseases: Evolutionary
Insight and Pathophysiological Mechanisms. Physiological Re-
views. 2017; 97: 1351–1402.

[34] Booth FW, Roberts CK, Laye MJ. Lack of Exercise Is a Major

8

https://www.cdc.gov/kidneydisease/publications-resources/ckd-national-facts.html
https://www.cdc.gov/kidneydisease/publications-resources/ckd-national-facts.html
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://www.imrpress.com


Cause of Chronic Diseases. In Terjung R (ed.) Comprehensive
Physiology (pp. 1143-1211). JohnWiley&Sons, Inc.: Hoboken,
NJ, USA. 2012.

[35] Kraus WE, Bittner V, Appel L, Blair SN, Church T, Després J,
et al. The National Physical Activity Plan: a Call to Action from
the American Heart Association. Circulation. 2015; 131: 1932–
1940.

[36] Myers J, McAuley P, Lavie CJ, Despres J, Arena R, Kokkinos P.
Physical Activity and Cardiorespiratory Fitness as Major Mark-
ers of Cardiovascular Risk: their Independent and Interwoven
Importance to Health Status. Progress in Cardiovascular Dis-
eases. 2015; 57: 306–314.

[37] Katzmarzyk PT, Powell KE, Jakicic JM, Troiano RP, Piercy
K, Tennant B. Sedentary Behavior and Health: Update from
the 2018 Physical Activity Guidelines Advisory Committee.
Medicine & Science in Sports & Exercise. 2019; 51: 1227–
1241.

[38] Myers J, Vainshelboim B, Kamil-Rosenberg S, Chan K,
Kokkinos P. Physical Activity, Cardiorespiratory Fitness, and
Population-Attributable Risk. Mayo Clinic Proceedings. 2021;
96: 342–349.

[39] Martinez-Gomez D, Cabanas-Sanchez V, Yu T, Rodriguez-
Artalejo F, Ding D, Lee I-M, et al. Long-term leisure-time phys-
ical activity and risk of all-cause and cardiovascular mortality:
dose–response associations in a prospective cohort study of 210
327 Taiwanese adults. British Journal of Sports Medicine. 2022.
(in press)

[40] Myers J, Kaykha A, George S, Abella J, Zaheer N, Lear S, et al.
Fitness versus physical activity patterns in predicting mortality
in men. The American Journal of Medicine. 2004; 117: 912–
918.

[41] Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA,
Katzmarzyk PT, van Mechelen W, et al. The economic bur-
den of physical inactivity: a global analysis of major non-
communicable diseases. The Lancet. 2016; 388: 1311–1324.

[42] Wilkinson TJ, Clarke AL, Nixon DGD, Hull KL, Song Y,
Burton JO, et al. Prevalence and correlates of physical activ-
ity across kidney disease stages: an observational multicentre
study. Nephrology Dialysis Transplantation. 2021; 36: 641–
649.

[43] Johansen KL, Chertow GM, Kutner NG, Dalrymple LS, Grimes
BA, Kaysen GA. Low level of self-reported physical activity in
ambulatory patients new to dialysis. Kidney International. 2010;
78: 1164–1170.

[44] Zamojska S, Szklarek M, Niewodniczy M, Nowicki M. Corre-
lates of habitual physical activity in chronic haemodialysis pa-
tients. Nephrology Dialysis Transplantation. 2006; 21: 1323–
1327.

[45] Johansen KL, Chertow GM, Ng AV, Mulligan K, Carey S,
Schoenfeld PY, et al. Physical activity levels in patients on
hemodialysis and healthy sedentary controls. Kidney Interna-
tional. 2000; 57: 2564–2570.

[46] Hawkins MS, Sevick MA, Richardson CR, Fried LF, Arena VC,
Kriska AM. Association between Physical Activity and Kidney
Function. Medicine & Science in Sports & Exercise. 2011; 43:
1457–1464.

[47] Beddhu S, Baird BC, Zitterkoph J, Neilson J, Greene T. Physical
Activity and Mortality in Chronic Kidney Disease (NHANES
III). Clinical Journal of the American Society of Nephrology.
2009; 4: 1901–1906.

[48] Painter P, Roshanravan B. The association of physical activ-
ity and physical function with clinical outcomes in adults with
chronic kidney disease. Current Opinion in Nephrology & Hy-
pertension. 2013; 22: 615–623.

[49] Kang AW, Bostom AG, Kim H, Eaton CB, Gohh R, Kusek JW,
et al. Physical activity and risk of cardiovascular events and all-

cause mortality among kidney transplant recipients. Nephrology
Dialysis Transplantation. 2020; 35: 1436–1443.

[50] Zelle DM, Corpeleijn E, Stolk RP, de Greef MHG, Gans ROB,
van der Heide JJH, et al. Low Physical Activity and Risk of Car-
diovascular and all-Cause Mortality in Renal Transplant Recip-
ients. Clinical Journal of the American Society of Nephrology.
2011; 6: 898–905.

[51] Rosas SE, Reese PP, Huan Y, Doria C, Cochetti PT, Doyle A.
Pretransplant Physical Activity Predicts all-Cause Mortality in
Kidney Transplant Recipients. American Journal of Nephrology.
2012; 35: 17–23.

[52] Matsuzawa R, Matsunaga A, Wang G, Kutsuna T, Ishii A, Abe
Y, et al. Habitual Physical Activity Measured by Accelerome-
ter and Survival in Maintenance Hemodialysis Patients. Clinical
Journal of the American Society of Nephrology. 2012; 7: 2010–
2016.

[53] Hall KS, Cohen HJ, Pieper CF, Fillenbaum GG, Kraus WE,
Huffman KM, et al. Physical Performance Across the Adult Life
Span: Correlates With Age and Physical Activity. The Journals
of Gerontology Series A Biological Sciences and Medical Sci-
ences. 2017; 72: 572–578.

[54] Morey MC, Sloane R, Pieper CF, Peterson MJ, Pearson MP,
Ekelund CC, et al. Effect of Physical Activity Guidelines on
Physical Function in Older Adults. Journal of the American
Geriatrics Society. 2008; 56: 1873–1878.

[55] Coyle EF, Burton HM, Satiroglu R. Inactivity Causes Resis-
tance to Improvements in Metabolism after Exercise. Exercise
and Sport Sciences Reviews. 2022; 50: 81–88.

[56] Robinson-Cohen C, Katz R, Mozaffarian D, Dalrymple LS, de
Boer I, SarnakM, et al. Physical activity and rapid decline in kid-
ney function among older adults. Archives of Internal Medicine.
2009; 169: 2116–2123.

[57] Robinson-Cohen C, Littman AJ, Duncan GE, Weiss NS, Sachs
MC, Ruzinski J, et al. Physical Activity andChange in Estimated
GFR among Personswith CKD. Journal of theAmerican Society
of Nephrology. 2014; 25: 399–406.

[58] Sato T, Kohzuki M, Ono M, Muto M, Osugi T, Kawamura K,
et al. Association between physical activity and change in re-
nal function in patients after acute myocardial infarction. PLoS
ONE. 2019; 14: e0212100.

[59] Howden EJ, Coombes JS, Strand H, Douglas B, Campbell KL,
Isbel NM. Exercise Training in CKD: Efficacy, Adherence, and
Safety. American Journal of Kidney Diseases. 2015; 65: 583–
591.

[60] Beetham KS, Krishnasamy R, Stanton T, Sacre JW, Douglas
B, Isbel NM, et al. Effect of a 3-Year Lifestyle Intervention in
Patients with Chronic Kidney Disease: a Randomized Clinical
Trial. Journal of the American Society of Nephrology. 2022; 33:
431–441.

[61] Kirkman DL, Ramick MG, Muth BJ, Stock JM, Townsend RR,
Edwards DG. A randomized trial of aerobic exercise in chronic
kidney disease: Evidence for blunted cardiopulmonary adapta-
tions. Annals of Physical and RehabilitationMedicine. 2021; 64:
101469.

[62] Pike MM, Alsouqi A, Headley SAE, Tuttle K, Evans EE, Milch
CM, et al. Supervised Exercise Intervention andOverall Activity
in CKD. Kidney International Reports. 2020; 5: 1261–1270.

[63] Graham-Brown MPM, March DS, Young R, Highton PJ, Young
HML, Churchward DR, et al. A randomized controlled trial to
investigate the effects of intra-dialytic cycling on left ventricular
mass. Kidney International. 2021; 99: 1478–1486.

[64] Kokkinos PF, Faselis C, Myers J, Narayan P, Sui X, Zhang J,
et al. Cardiorespiratory Fitness and Incidence of Major Adverse
Cardiovascular Events in us Veterans: a Cohort Study. Mayo
Clinic Proceedings. 2017; 92: 39–48.

[65] DeFina LF, Barlow CE, Radford NB, Leonard D, Willis BL.

9

https://www.imrpress.com


The association between midlife cardiorespiratory fitness and
later life chronic kidney disease: the Cooper Center Longitu-
dinal Study. Preventive Medicine. 2016; 89: 178–183.

[66] Kokkinos P, Faselis C, Myers J, Sui X, Zhang J, Tsimploulis A,
et al. Exercise Capacity and Risk of Chronic Kidney Disease in
us Veterans: a Cohort Study. Mayo Clinic Proceedings. 2015;
90: 461–468.

[67] Howden EJ, Weston K, Leano R, Sharman JE, Marwick TH, Is-
bel NM, et al. Cardiorespiratory fitness and cardiovascular bur-
den in chronic kidney disease. Journal of Science and Medicine
in Sport. 2015; 18: 492–497.

[68] Van Craenenbroeck AH, Van Craenenbroeck EM, Van Ackeren
K, Hoymans VY, Verpooten GA, Vrints CJ, et al. Impaired vas-
cular function contributes to exercise intolerance in chronic kid-
ney disease. Nephrology Dialysis Transplantation. 2016; 31:
2064–2072.

[69] Sietsema KE, Amato A, Adler SG, Brass EP. Exercise capacity
as a predictor of survival among ambulatory patients with end-
stage renal disease. Kidney International. 2004; 65: 719–724.

[70] Chakkera HA, Kaplan B, Budhiraja P, Behmen S, Fitz‐Patrick
D, Butterfield RJ. VO2peak prior to transplant differentiates sur-
vival post kidney transplant. Clinical Transplantation. 2022; 36:
e14517.

[71] Ross R, Blair SN, Arena R, Church TS, Després J, Franklin BA,
et al. Importance of Assessing Cardiorespiratory Fitness in Clin-
ical Practice: a Case for Fitness as a Clinical Vital Sign: a Sci-
entific Statement from the American Heart Association. Circu-
lation. 2016; 134: e653–e699.

[72] Bassett DR Jr, Howley ET. Limiting factors for maximum
oxygen uptake and determinants of endurance performance.
Medicine & Science in Sports & Exercise. 2000; 32: 70–84.

[73] Wagner PD. Determinants of Maximal Oxygen Transport and
Utilization. Annual Review of Physiology. 1996; 58: 21–50.

[74] Joyner MJ, Dominelli PB. Central cardiovascular system limits
to aerobic capacity. Experimental Physiology. 2021; 106: 2299–
2303.

[75] Holloszy JO, Coyle EF. Adaptations of skeletal muscle to en-
durance exercise and their metabolic consequences. Journal of
Applied Physiology. 1984; 56: 831–838.

[76] Poole DC, Barstow TJ, Mcdonough P, Jones AM. Control of
Oxygen Uptake during Exercise. Medicine & Science in Sports
& Exercise. 2008; 40: 462–474.

[77] Lepers R, Stapley PJ. Master Athletes Are Extending the Limits
of Human Endurance. Frontiers in Physiology. 2016; 7: 613.

[78] Painter P. Determinants of Exercise Capacity in CKD Patients
Treated with Hemodialysis. Advances in Chronic Kidney Dis-
ease. 2009; 16: 437–448.

[79] Kirkman DL, Bohmke N, Carbone S, Garten RS, Rodriguez-
Miguelez P, Franco RL, et al. Exercise intolerance in kidney
diseases: physiological contributors and therapeutic strategies.
American Journal of Physiology-Renal Physiology. 2021; 320:
F161–F173.

[80] Kirkman DL, Muth BJ, Stock JM, Townsend RR, Edwards DG.
Cardiopulmonary exercise testing reveals subclinical abnormal-
ities in chronic kidney disease. European Journal of Preventive
Cardiology. 2018; 25: 1717–1724.

[81] Moore GE, Parsons DB, Stray-Gundersen J, Painter PL, Brinker
KR, Mitchell JH. Uremic Myopathy Limits Aerobic Capacity in
Hemodialysis Patients. American Journal of Kidney Diseases.
1993; 22: 277–287.

[82] Wallin H, Asp AM, Wallquist C, Jansson E, Caidahl K, Hylan-
der Rössner B, et al. Gradual reduction in exercise capacity in
chronic kidney disease is associated with systemic oxygen de-
livery factors. PLOS ONE. 2018; 13: e0209325.

[83] Moore GE, Brinker KR, Straygundersen J, Mitchell JH. Deter-
minants of VO2peak in patients with endstage renal disease: on

and off dialysis.Medicine& Science in Sports &Exercise. 1993;
25: 18–23.

[84] Sala E, Noyszewski EA, Campistol JM, Marrades RM, Dreha
S, Torregrossa JV, et al. Impaired muscle oxygen transfer
in patients with chronic renal failure. American Journal of
Physiology-Regulatory, Integrative and Comparative Physiol-
ogy. 2001; 280: R1240–R1248.

[85] Marrades RM, Roca J, Campistol JM, Diaz O, Barberá JA, Tor-
regrosa JV, et al. Effects of erythropoietin on muscle O2 trans-
port during exercise in patients with chronic renal failure. Jour-
nal of Clinical Investigation. 1996; 97: 2092–2100.

[86] Johansen KL, Painter P. Exercise in Individuals with CKD.
American Journal of Kidney Diseases. 2012; 59: 126–134.

[87] Pei G, Tang Y, Tan L, Tan J, Ge L, Qin W. Aerobic exercise
in adults with chronic kidney disease (CKD): a meta-analysis.
International Urology and Nephrology. 2019; 51: 1787–1795.

[88] Nicolodi GV, Della Méa Plentz R, Righi NC, Stein C. Effects of
aerobic exercise on patients with pre-dialysis chronic kidney dis-
ease: a systematic review of randomized controlled trials. Dis-
ability and Rehabilitation. 2021. (in press)

[89] Heiwe S, Jacobson SH. Exercise Training for Adults with
Chronic Kidney Disease. 2011. Available at: http://doi.wiley.co
m/10.1002/14651858.CD003236.pub2 (Accessed: 5 July 2022).

[90] Heiwe S, Jacobson SH. Exercise Training in Adults with CKD:
a Systematic Review and Meta-analysis. American Journal of
Kidney Diseases. 2014; 64: 383–393.

[91] Howden EJ, Fassett RG, Isbel NM, Coombes JS. Exercise Train-
ing in Chronic Kidney Disease Patients. Sports Medicine. 2012;
42: 473–488.

[92] Huang M, Lv A, Wang J, Xu N, Ma G, Zhai Z, et al. Exercise
Training and Outcomes in Hemodialysis Patients: Systematic
Review and Meta-Analysis. American Journal of Nephrology.
2019; 50: 240–254.

[93] Segura-Orti E, Johansen KL. Exercise in End-Stage Renal Dis-
ease. Seminars in Dialysis. 2010; 23: 422–430.

[94] Barcellos FC, Santos IS, Umpierre D, Bohlke M, Hallal PC. Ef-
fects of exercise in the whole spectrum of chronic kidney dis-
ease: a systematic review. Clinical Kidney Journal. 2015; 8:
753–765.

[95] Yamamoto R, Ito T, Nagasawa Y, Matsui K, Egawa M, Nanami
M, et al. Efficacy of aerobic exercise on the cardiometabolic
and renal outcomes in patients with chronic kidney disease: a
systematic review of randomized controlled trials. Journal of
Nephrology. 2021; 34: 155–164.

[96] Vanden Wyngaert K, Van Craenenbroeck AH, Van Biesen W,
Dhondt A, Tanghe A, Van Ginckel A, et al. The effects of aero-
bic exercise on eGFR, blood pressure and VO2peak in patients
with chronic kidney disease stages 3-4: A systematic review and
meta-analysis. PLOS ONE. 2018; 13: e0203662.

[97] Van Craenenbroeck AH, Van Craenenbroeck EM, Van Ackeren
K, Vrints CJ, Conraads VM, Verpooten GA, et al. Effect ofMod-
erate Aerobic Exercise Training on Endothelial Function andAr-
terial Stiffness in CKD Stages 3-4: a Randomized Controlled
Trial. American Journal of KidneyDiseases. 2015; 66: 285–296.

[98] Manfredini F, Mallamaci F, D’Arrigo G, Baggetta R, Bolignano
D, Torino C, et al. Exercise in Patients on Dialysis: a Multicen-
ter, Randomized Clinical Trial. Journal of the American Society
of Nephrology. 2017; 28: 1259–1268.

[99] Kosmadakis GC, John SG, Clapp EL, Viana JL, Smith AC,
Bishop NC, et al. Benefits of regular walking exercise in ad-
vanced pre-dialysis chronic kidney disease. Nephrology Dialy-
sis Transplantation. 2012; 27: 997–1004.

[100] Salhab N, Karavetian M, Kooman J, Fiaccadori E, El Khoury
CF. Effects of intradialytic aerobic exercise on hemodialysis
patients: a systematic review and meta-analysis. Journal of
Nephrology. 2019; 32: 549–566.

10

http://doi.wiley.com/10.1002/14651858.CD003236.pub2
http://doi.wiley.com/10.1002/14651858.CD003236.pub2
https://www.imrpress.com


[101] Headley S, Germain M, Wood R, Joubert J, Milch C, Evans
E, et al. Short-term Aerobic Exercise and Vascular Function in
CKDStage 3: a RandomizedControlled Trial. American Journal
of Kidney Diseases. 2014; 64: 222–229.

[102] Thompson S, Wiebe N, Padwal RS, Gyenes G, Headley SAE,
Radhakrishnan J, et al. The effect of exercise on blood pres-
sure in chronic kidney disease: A systematic review and meta-
analysis of randomized controlled trials. PLoS ONE. 2019; 14:
e0211032.

[103] Kirkman DL, Ramick MG, Muth BJ, Stock JM, Pohlig RT,
Townsend RR, et al. Effects of aerobic exercise on vascular
function in nondialysis chronic kidney disease: a randomized
controlled trial. American Journal of Physiology-Renal Physiol-
ogy. 2019; 316: F898–F905.

[104] Stauffer ME, Fan T. Prevalence of Anemia in Chronic Kidney
Disease in the United States. PLoS ONE. 2014; 9: e84943.

[105] Metra M, Cannella G, La Canna G, Guaini T, Sandrini M, Gag-
giotti M, et al. Improvement in exercise capacity after correction
of anemia in patients with end-stage renal failure. The American
Journal of Cardiology. 1991; 68: 1060–1066.

[106] Stray-Gundersen J, Howden EJ, Parsons DB, Thompson JR.
Neither Hematocrit Normalization nor Exercise Training Re-
stores Oxygen Consumption to Normal Levels in Hemodialysis
Patients. Journal of the American Society of Nephrology. 2016;
27: 3769–3779.

[107] Wang XH, Mitch WE, Price SR. Pathophysiological mecha-
nisms leading to muscle loss in chronic kidney disease. Nature
Reviews Nephrology. 2022; 18: 138–152.

[108] Gollie JM, Harris-Love MO, Patel SS, Argani S. Chronic
kidney disease: considerations for monitoring skeletal muscle
health and prescribing resistance exercise. Clinical Kidney Jour-
nal. 2018; 11: 822–831.

[109] Arnold R, Pianta TJ, Issar T, Kirby A, Scales CMK, Kwai
NCG, et al. Peripheral neuropathy: an important contributor
to physical limitation and morbidity in stages 3 and 4 chronic
kidney disease. Nephrology Dialysis Transplantation. 2022; 37:
713–719.

[110] Fiuza-Luces C, Santos-Lozano A, Joyner M, Carrera-Bastos P,
Picazo O, Zugaza JL, et al. Exercise benefits in cardiovascular
disease: beyond attenuation of traditional risk factors. Nature
Reviews Cardiology. 2018; 15: 731–743.

[111] Harada K, Suzuki S, Ishii H, Aoki T, Hirayama K, Shibata Y, et
al. Impact of Skeletal Muscle Mass on Long-Term Adverse Car-
diovascular Outcomes in Patients with Chronic Kidney Disease.
The American Journal of Cardiology. 2017; 119: 1275–1280.

[112] Timpka S, Petersson IF, Zhou C, Englund M. Muscle strength
in adolescent men and risk of cardiovascular disease events
and mortality in middle age: a prospective cohort study. BMC
Medicine. 2014; 12: 62.

[113] Artero EG, Lee D, Lavie CJ, España-Romero V, Sui X, Church
TS, et al. Effects of Muscular Strength on Cardiovascular Risk
Factors and Prognosis. Journal of Cardiopulmonary Rehabilita-
tion and Prevention. 2012; 32: 351–358.

[114] Liu Y, Lee D, Li Y, Zhu W, Zhang R, Sui X, et al. Associations
of Resistance Exercise with Cardiovascular Disease Morbidity
and Mortality. Medicine & Science in Sports & Exercise. 2019;
51: 499–508.

[115] Braith RW, Stewart KJ. Resistance Exercise Training. Circula-
tion. 2006; 113: 2642–2650.

[116] Westcott WL. Resistance Training is Medicine. Current Sports
Medicine Reports. 2012; 11: 209–216.

[117] Strasser B, Schobersberger W. Evidence for Resistance Train-
ing as a Treatment Therapy in Obesity. Journal of Obesity. 2011;
2011: 482564.

[118] Gollie JM, Harris-Love MO. Resistance Activities. Nutrition,
Fitness, and Mindfulness. 2020; 39: 121–136.

[119] Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ,
Peterson MD, et al. Resistance Training for Older Adults. Jour-
nal of Strength and Conditioning Research. 2019; 33: 2019–
2052.

[120] Chodzko-ZajkoWJ, Proctor DN, Fiatarone SinghMA,Minson
CT, Nigg CR, SalemGJ, et al. Exercise and Physical Activity for
Older Adults. Medicine & Science in Sports & Exercise. 2009;
41: 1510–1530.

[121] Bakker EA, Lee D, Sui X, Artero EG, Ruiz JR, Eijsvogels
TMH, et al. Association of Resistance Exercise, Independent
of and Combined with Aerobic Exercise, with the Incidence
of Metabolic Syndrome. Mayo Clinic Proceedings. 2017; 92:
1214–1222.

[122] Castaneda C, Gordon PL, Uhlin KL, Levey AS, Kehayias
JJ, Dwyer JT, et al. Resistance Training to Counteract the
Catabolism of a Low-Protein Diet in Patients with Chronic Re-
nal Insufficiency. Annals of Internal Medicine. 2001; 135: 965–
976.

[123] Chan D, Cheema BS. Progressive Resistance Training in End-
Stage Renal Disease: Systematic Review. American Journal of
Nephrology. 2016; 44: 32–45.

[124] Cheema BS, Chan D, Fahey P, Atlantis E. Effect of Progressive
Resistance Training on Measures of Skeletal Muscle Hypertro-
phy, Muscular Strength and Health-Related Quality of Life in
Patients with Chronic Kidney Disease: a Systematic Review and
Meta-Analysis. Sports Medicine. 2014; 44: 1125–1138.

[125] Rosa CSDC, Nishimoto DY, Souza GDE, Ramirez AP, Car-
letti CO, Daibem CGL, et al. Effect of continuous progressive
resistance training during hemodialysis on body composition,
physical function and quality of life in end-stage renal disease
patients: a randomized controlled trial. Clinical Rehabilitation.
2018; 32: 899–908.

[126] Lopes LCC, Mota JF, Prestes J, Schincaglia RM, Silva DM,
Queiroz NP, et al. Intradialytic Resistance Training Improves
Functional Capacity and Lean Mass Gain in Individuals on
Hemodialysis: a Randomized Pilot Trial. Archives of Physical
Medicine and Rehabilitation. 2019; 100: 2151–2158.

[127] Gomes Neto M, de Lacerda FFR, Lopes AA, Martinez BP, Sa-
quettoMB. Intradialytic exercise training modalities on physical
functioning and health-related quality of life in patients under-
going maintenance hemodialysis: systematic review and meta-
analysis. Clinical Rehabilitation. 2018; 32: 1189–1202.

[128] Wu X, Yang L, Wang Y, Wang C, Hu R, Wu Y. Effects of com-
bined aerobic and resistance exercise on renal function in adult
patients with chronic kidney disease: a systematic review and
meta-analysis. Clinical Rehabilitation. 2020; 34: 851–865.

[129] Nylen ES, Gandhi SM, Kheirbek R, Kokkinos P. Enhanced fit-
ness and renal function in Type 2 diabetes. Diabetic Medicine.
2015; 32: 1342–1345.

[130] Greenwood SA, Koufaki P, Mercer TH, MacLaughlin HL,
Rush R, Lindup H, et al. Effect of Exercise Training on Esti-
mated GFR, Vascular Health, and Cardiorespiratory Fitness in
Patients with CKD: a Pilot Randomized Controlled Trial. Amer-
ican Journal of Kidney Diseases. 2015; 65: 425–434.

[131] Kouidi E, Karagiannis V, Grekas D, Iakovides A, Kaprinis G,
Tourkantonis A, et al. Depression, heart rate variability, and ex-
ercise training in dialysis patients. European Journal of Cardio-
vascular Prevention & Rehabilitation. 2010; 17: 160–167.

[132] Andrade FP, Rezende PDS, Ferreira TDS, Borba GC, Müller
AM, Rovedder PME. Effects of intradialytic exercise on car-
diopulmonary capacity in chronic kidney disease: systematic re-
view and meta-analysis of randomized clinical trials. Scientific
Reports. 2019; 9: 18470.

[133] Barcellos FC, Del Vecchio FB, Reges A, Mielke G, Santos IS,
Umpierre D, et al. Exercise in patients with hypertension and
chronic kidney disease: a randomized controlled trial. Journal

11

https://www.imrpress.com


of Human Hypertension. 2018; 32: 397–407.
[134] Watson EL, Gould DW, Wilkinson TJ, Xenophontos S, Clarke

AL, Vogt BP, et al. Twelve-week combined resistance and aer-
obic training confers greater benefits than aerobic training alone
in nondialysis CKD. American Journal of Physiology-Renal
Physiology. 2018; 314: F1188–F1196.

[135] Watson EL, Baker LA, Wilkinson TJ, Gould DW, Gra-
ham‐BrownMPM,Major RW, et al. Reductions in skeletal mus-
cle mitochondrial mass are not restored following exercise train-
ing in patients with chronic kidney disease. the FASEB Journal.
2020; 34: 1755–1767.

[136] Greenwood SA, Koufaki P, Macdonald JH, Bhandari S, Bur-
ton JO, Dasgupta I, et al. Randomized Trial—PrEscription of
intraDialytic exercise to improve quAlity of Life in Patients Re-
ceiving Hemodialysis. Kidney International Reports. 2021; 6:
2159–2170.

[137] Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in
ageing, cardiovascular disease, and frailty. Nature Reviews Car-
diology. 2018; 15: 505–522.

[138] Navaneethan SD, Kirwan JP, Remer EM, Schneider E, Ad-
deman B, Arrigain S, et al. Adiposity, Physical Function, and
their Associations with Insulin Resistance, Inflammation, and
Adipokines in CKD. American Journal of Kidney Diseases.
2021; 77: 44–55.

[139] Fried LF, Lee JS, Shlipak M, Chertow GM, Green C, Ding J, et
al. Chronic Kidney Disease and Functional Limitation in Older
People: Health, Aging and Body Composition Study. Journal of
the American Geriatrics Society. 2006; 54: 750–756.

[140] Watson EL, Baker LA,Wilkinson TJ, Gould DW,Xenophontos
S, Graham-BrownM, et al. Inflammation and physical dysfunc-
tion: responses to moderate intensity exercise in chronic kidney
disease. Nephrology Dialysis Transplantation. 2022; 37: 860–
868.

[141] Abramson JL, Vaccarino V. Relationship between Physical
Activity and Inflammation among Apparently Healthy Middle-
aged and Older us Adults. Archives of Internal Medicine. 2002;
162: 1286.

[142] Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS,
Nimmo MA. The anti-inflammatory effects of exercise: mecha-
nisms and implications for the prevention and treatment of dis-
ease. Nature Reviews Immunology. 2011; 11: 607–615.

[143] NILSSON A, BERGENS O, KADI F. Physical Activity Al-
ters Inflammation in Older Adults by Different Intensity Lev-
els. Medicine & Science in Sports & Exercise. 2018; 50: 1502–
1507.

[144] Watson EL, Viana JL, Wimbury D, Martin N, Greening NJ,
Barratt J, et al. The Effect of Resistance Exercise on Inflam-
matory and Myogenic Markers in Patients with Chronic Kidney
Disease. Frontiers in Physiology. 2017; 8: 541.

[145] Castaneda C, Gordon PL, Parker RC, Uhlin KL, Roubenoff
R, Levey AS. Resistance training to reduce the malnutrition-
inflammation complex syndrome of chronic kidney disease.
American Journal of Kidney Diseases. 2004; 43: 607–616.

[146] Viana JL, Kosmadakis GC, Watson EL, Bevington A, Feehally

J, Bishop NC, et al. Evidence for Anti-Inflammatory Effects of
Exercise in CKD. Journal of the American Society of Nephrol-
ogy. 2014; 25: 2121–2130.

[147] Dungey M, Hull KL, Smith AC, Burton JO, Bishop NC. In-
flammatory Factors and Exercise in Chronic Kidney Disease.
International Journal of Endocrinology. 2013; 2013: 1–12.

[148] Clarke AL, Jhamb M, Bennett PN. Barriers and facilitators for
engagement and implementation of exercise in end‐stage kidney
disease: Future theory‐based interventions using the Behavior
Change Wheel. Seminars in Dialysis. 2019; 32: 308–319.

[149] Delgado C, Johansen KL. Barriers to exercise participation
among dialysis patients. Nephrology Dialysis Transplantation.
2012; 27: 1152–1157.

[150] Sánchez ZV, Cashion AK, Cowan PA, Jacob SR, Wicks
MN, Velasquez-Mieyer P. Perceived Barriers and Facilitators to
Physical Activity in Kidney Transplant Recipients. Progress in
Transplantation. 2007; 17: 324–331.

[151] Billany RE, Smith AC, Stevinson C, Clarke AL, Gra-
ham‐Brown MPM, Bishop NC. Perceived barriers and facili-
tators to exercise in kidney transplant recipients: a qualitative
study. Health Expectations. 2022; 25: 764–774.

[152] Jhamb M, McNulty ML, Ingalsbe G, Childers JW, Schell J,
Conroy MB, et al. Knowledge, barriers and facilitators of exer-
cise in dialysis patients: a qualitative study of patients, staff and
nephrologists. BMC Nephrology. 2016; 17: 192.

[153] HannanM,BronasUG. Barriers to exercise for patients with re-
nal disease: an integrative review. Journal of Nephrology. 2017;
30: 729–741.

[154] MacKinnon HJ, Feehally J, Smith AC. A review of the role of
exercise and factors affecting its uptake for people with chronic
kidney disease (CKD) not requiring renal replacement therapy.
Prilozi. 2015; 36: 37–46.

[155] Gollie JM, Patel SS, Harris-Love MO, Cohen SD, Blackman
MR. Fatigability and the Role of Neuromuscular Impairments
in Chronic Kidney Disease. American Journal of Nephrology.
2022; 53: 253–263.

[156] Myers J, Kokkinos P, Arena R, LaMonte MJ. The impact of
moving more, physical activity, and cardiorespiratory fitness:
why we should strive to measure and improve fitness. Progress
in Cardiovascular Diseases. 2021; 64: 77–82.

[157] Izquierdo M, Merchant RA, Morley JE, Anker SD, Apra-
hamian I, Arai H, et al. International Exercise Recommenda-
tions in Older Adults (ICFSR): Expert Consensus Guidelines.
The Journal of Nutrition, Health & Aging. 2021; 25: 824–853.

[158] Wang CJ, Johansen KL. Are dialysis patients too frail to exer-
cise? Seminars in Dialysis. 2019; 32: 291–296.

[159] Diesel W, Noakes TD, Swanepoel C, Lambert M. Isokinetic
Muscle Strength PredictsMaximumExercise Tolerance in Renal
Patients on Chronic Hemodialysis. American Journal of Kidney
Diseases. 1990; 16: 109–114.

[160] van den Ham ECH, Kooman JP, Schols AMWJ, Nieman FHM,
Does JD, Franssen FME, et al. Similarities in skeletal mus-
cle strength and exercise capacity between renal transplant and
hemodialysis patients. American Journal of Transplantation.
2005; 5: 1957–1965.

12

https://www.imrpress.com

	1. Introduction
	2. Physical Activity 
	3. Aerobic Exercise 
	4. Resistance Exercise
	5. Combination of Aerobic Exercise with Resistance Exercise
	6. Effects of Physical Activity and Exercise on Inflammation in CKD
	7. Barriers and Facilitators to Physical Activity and Exercise in CKD Patients
	8. Future Research Considerations 
	9. Summary
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

