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Patients with end-stage renal disease (ESRD) can benefit from exercise. At a minimum, progressive 
deconditioning will be prevented and cardiovascular and musculoskeletal status quo maintained, but 
it is also possible that physical functioning will be improved and mortality reduced. The risks of 
exercise must be assessed along with potential benefits. The most serious inherent risk of exercise in 
this population is a cardiac event, but the most common injuries sustained are to the musculoskeletal 
system. The exercise prescription must include measures to minimize both cardiovascular and 
musculoskeletal risk. These include provision of a prolonged warm-up and exercise adaptation period 
and time allowance for adequate cool-down. If these guidelines are followed and the exercise is begun 
at a low to moderate intensity, the associated risk to the ESRD patients should be minimal. For most 
ESRD patients, the risk benefit ratio will fall in favor of exercise, with the majority of patients exposed 
to greater risk by not exercising. Increased physical activity should be fostered in ways so that it 
becomes a routine part of the medical therapy and the mindset of the patient who then strives for 
self-improvement. 
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The benefits of exercise to the general popu
lation are well established. The recent 

Report of the Surgeon General on Physical 
Activity and Health1 and the American Heart 
Association (AHA) position statement on exer
cise outline the "benefits and recommenda
tions for physical activity programs for all 
Americans."2 Because inactivity is a recog
nized risk factor for coronary artery disease, it 
follows that aerobic physical exercise plays a 
role in both primary and secondary preven
tion of cardiovascular disease.1,3 Other benefits 
outlined include the prevention of morbidity 
associated with deconditioning, and the devel
opment of endurance, increased bone mass, 
joint flexibility, and muscle strength, all of 
which are important, especially as people age. 
Psychological benefits may include reduced 
anxiety and depression and increased feelings 
of well-being.1 Although end-stage renal dis
ease (ESRD) patients are not specifically men
tioned as a population recommended for par
ticipation in physical activity programs, many 
of the benefits of exercise could be expected to 
apply to them. In addition, there is epidemio
logical evidence concerning the efficacy of 
physical activity in preventing or mitigating 
the effects of diabetes mellitus and hyperten
sion, the two leading causes of ESRD. In light 
of the potential benefits, it must be recognized 
that exercise places an increased physiological 
demand on several body systems and is associ
ated with some risks. This review focuses on 
the potential risks and benefits of exercise 
training in the ESRD population. 

Relevance of Exercise to the ESRD 
Population 

The number of patients with ESRD has been 
steadily increasing, and the fastest-growing 
segment is the oldest (75+) age group. Diabe
tes accounted for 43% of new ESRD patients in 
1997 and hypertension accounted for another 
26%. In addition to these cardiovascular risk 
factors, most patients starting ESRD therapy 
have abnormal echocardiograms (ECG),4 with 
concentric left ventricular hypertrophy (LVH) 
being the most common finding. Concentric 
LVH, systolic dysfunction, and LV dilatation 
are all associated with a higher risk of heart 
failureS and significantly worse survival when 
present. Other risk factors for atherosclerosis 
in dialysis patients include serum lipid abnor
malities, hyperhomocystinemia, and phYSical 
inactivity. Anemia, hyperparathyroidism, and 
increased oxidant stress probably contribute 
as well. 6-8 The risk of atherosclerosis in trans
plant recipients may be further exacerbated by 
the use of immunosuppressive drugs.9 The 
prevalence of history of angina in patients 
starting dialysis is 21 %; the incidence of myo
cardial infarction (MI) is 18%.10 
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The annual mortality rate among ESRD 
patients in 1996 was 23.4%.11 Cardiac causes 
(cardiac arrest, acute MI, and other cardiac) 
account for almost half the reported dialysis 
patient deaths in each of three age groups: 20 
to 44 years, 45 to 64 years, and 65 and older.11 
In general, cardiac causes of death are more 
frequent in diabetic dialysis patients, who 
quite commonly are afflicted with asymptom
atic coronary artery disease.!2 Atherosclerotic 
deaths account for up to 55% of all late 
transplant deaths in some series,13 and the 
incidence of MI and cerebrovascular accidents 
may be as high as fourfold that of the age
matched nontransplant, non-ESRD popula
tion. In one series, 53% of deaths that occurred 
with a functioning graft were due to ischemic 
heart disease, and 10% were due to other 
vascular disease.!4 

A program of regular physical activity is 
recommended as a standard treatment for 
hypertension,15 hyperlipidemia,13 and glucose 
management,1 as well as for primary and 
secondary prevention of coronary artery dis
ease.3 Thus, a large percentage of ESRD pa
tients fall into groups for which exercise train
ing is specifically recommended. In addition 
to the potential for mitigating cardiovascular 
risk, problems of bone deterioration, muscle 
weakness, and overall deterioration in physi
cal functioning can all be positively affected by 
regular physical activity,1 even in elderly indi
vidualsl6,17 and individuals with disabilities.! 
ESRD patients have a high incidence of these 
problems, as well as of cardiac risk factors and 
overt cardiac disease. 

Exercise Risk 

The most common risk is musculoskeletal 
injury, which can range from minor muscle 
strain to tissue or bone / joint trauma. The most 
serious risks are those of cardiac origin, which 
range from dysrhythmia to ischemia to sud
den death. The risk of both types of adverse 
events is higher with high intensity exercise 
(ie, exercise testing) than with submaximal 
exercise (ie, exercise training). In addition, 
there are patient-related factors that affect the 
risk of an adverse event including the level of 
fitness and presence of cardiovascular risk 
factors or overt coronary artery disease. Obvi-

ously, those with known ischemic disease are 
at higher risk for exercise-induced adverse 
events than those with no disease. 

Musculoskeletal Risk 

The incidence of musculoskeletal injury de
pends on the type and amount of activity. The 
risk increases with weight bearing and with 
higher impact or jarring activities such as 
running. Non-weight-bearing or supported 
activity (eg, cycling, swimming) presents less 
risk. Extrinsic factors that increase risk during 
weight-bearing activity are increasing inten
sity, exercise surface (hills, pavement), and 
inappropriate equipment. Intrinsic factors that 
increase risk are low physical fitness (muscle 
weakness, limited flexibility, obesity), ana
tomic abnormalities that affect gait, past in
jury, musculoskeletal disease (osteoporosis, ar
thritis), and age.!8 

Musculoskeletal risk may be increased in 
renal patients as a result of bone disease, 
which reduces bone mass, and may place 
them at increased risk for fracture. The percent
age of ESRD patients with bone mass below 
the fracture threshold is unknown.19,20 Sponta
neous quadriceps tendon rupture has been 
anecdotally reported21 and usually occurs in 
patients with poorly controlled secondary hy
perparathyroidism or in patients with dialysis
associated amyloidosis.22 

Exercise in people with normal renal func
tion is associated with increased bone mass. 
Compared with sedentary females, those who 
are physically active have greater bone 
mass.23,24 Exercise may result in similar im
provements in patients with ESRD.25 Because 
loss of bone mass in ESRD occurs because of 
inadequate 1,25 (OH)2D3 production,26 second
ary hyperparathyroidism, hypogonadism,27 
immobility,23 and various medications,2°,27 to 
optimize bone health, exercise must be com
bined with a program that includes adequate 
vitamin 0 and calcium intake, as well as 
muscle strengthening. Thus, despite a higher 
risk of musculoskeletal injury in ESRD pa
tients, improved muscle strength and overall 
fitness achieved through an appropriately pre
scribed program of progressive exercise should 
significantly reduce the likelihood of injury 
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during exercise and injury associated with 
falls. 

Cardiac Risks of Exercise Testing 

Maximal graded exercise testing represents 
the extreme of exercise, and the likelihood of 
developing a cardiac event during this proce
dure has been estimated from retrospective 
data from more than 500,000 tests performed 
in clinical exercise testing facilities (hospitals 
and physicians offices). The death rate during 
exercise testing is 0.5 per 10,000 exercise tests, 
and the MI rate is 3.6 per 10,000 tests. These 
data are difficult to interpret because they 
include a mixture of healthy and diseased 
populations and because they were obtained 
using diverse testing protocols, modalities, 
and testing philosophies. The data do suggest 
that the rate of complications during exercise 
testing is higher in populations undergoing 
diagnostic tests for cardiovascular disease (ie, 
high risk or suspected symptoms) than in 
persons being tested as a part of preventive 
medical examination.28-3D Table 1 shows the 
general safety of maximal graded exercise 
testing. 

No data specifically address the risk of 
exercise testing in ESRD patients. It is likely 
that the risk associated with graded exercise 
testing would be greater in the ESRD popula
tion than that reported for the general popula
tion owing to the high prevalence of risk 
factors and known disease. However, most 
dialysis patients are limited in exercise toler
ance by peripheral factors (eg, leg fatigue). 
Thus the cardiac risk may be reduced if muscu
loskeletallimitations prevent the achievement 
of adequate cardiac stress. In more than 300 
ESRD patients undergoing exercise testing in 
the published (and unpublished) research stud-

Table 1. Cardiac Risks of Exercise Testing 

• The risk of death during or immediately after an 
exercise test is cSO.D1 %. 

• The risk of MI during or immediately after an 
exercise test is cSO.04% 

• The risk of a complication requiring hospitaliza
tion (including MI) is approximately 0.1 %. 

Reprinted with permission from Lippincott Willia~~ & 
Wilkins from the American College of Sports MedlClne: 
Guidelines for Exercise Testing and Prescription (ed 5), 
1995.43 

ies, no untoward cardiac events have been 
reported. Although these patients were a highly 
select group, the risk appears to be low.31 

If there is a concern about hyperkalemia, 
the correct screening test is a 12-lead ECG to 
look for peaked T waves (which should be 
treated). Hyperkalemia of exercise is a normal 
physiological response and not associated with 
sudden death. Although dialysis patients have 
higher basal potassium, several studies have 
documented that they have normal potassium 
responses to maximal exercise.31-33 

Cardiac Risks of Submaximal Physical 
Exercise 

The incidence of cardiac event during exercise 
of lower intensity (ie, training) is low. Studies 
of exercise in apparently healthy adults report 
an acute event rate of 1 per 187,000 person
hours of exercise34 and a death rate for male 
joggers of 1 per 396,000 hours of jogging.35 For 
patients involved in cardiac rehabilitation pro
grams (ie, those with known disease), an acute 
event rate of 1 per 112,000 patient exercise 
hours, an MI rate of 1 per 300,000 patient 
exercise hours and a mortality rate of 1 per 
790,000 patient exercise hours have been re
ported.3D Overall, the risk of exercise training 
is lowest among healthy young adults and 
nonsmoking women, greater for those with 
coronary artery disease risk factors, and high
est for those with established cardiac disease. 

Although the risk of a cardiac event is 
transiently increased during exercise, overall 
that risk is attenuated in individuals with 
higher levels of habitual physical activity. The 
relative risk for MI is reduced with an in
creased frequency of regular exercise.36,37 The 
relative risk of MI was 6.9 in men who exer
cised less than four times per week compared 
with 1.3 in those who exercised more than four 
times per week.37 Mittleman et aP6 reported 
similar findings. The relative risk of cardiac 
arrest is also lower in men with higher levels 
of habitual physical activity. Siscovick et aP8 
reported that the relative risk of cardiac arrest 
during exercise compared with risk at other 
times was 56 times greater in men with low 
levels of regular activity but only five times 
greater among men with high activity levels. 
An analysis of physical activity in the Multiple 
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Risk Factor Intervention Trial showed that 
regular exercise participation reduces the long
term risk of coronary heart disease events and 
overall mortality. 39 

Because of the reduction in cardiovascular 
risk factors that results with exercise train
ing,40,41 and because of the need to prevent 
progressive deconditioning,42 dialysis patients 
may actually be placed at a greater risk for 
cardiac events and adverse musculoskeletal 
outcomes if they are not participating in regu
lar physical activity. 

Medical Screening for Exercise 

The extent to which medical evaluation is 
necessary before the initiation of an exercise 
program in ESRD has not been addressed. 
Considerations for selecting dialysis patients 
for exercise participation are well discussed by 
Moore.31 In making medical decisions on exer
cise participation, it is important to be familiar 
with established guidelines for other popula
tions, despite the possibility that they may not 
be applicable to the ESRD population. The 
American College of Sports Medicine (ACSM) 
Guidelines for Exercise Testing and Prescrip
tion43 indicate that some level of preparticipa
tion medical screening should be done for the 
following purposes: 

• Identification and exclusion of individuals 
with medical contraindications to exercise. 

• Identification of individuals with disease 
symptoms and risk factors for disease devel
opment who should receive medical evalua
tion before starting an exercise program 

• Identification of persons with clinically sig
nificant disease considerations who should 
participate in a medically supervised exer
cise program. 

• Identification of individuals with other spe-
cial needs. 

Preliminary screening included some risk 
stratification based on the likelihood of unto
ward events. The ACSM guidelines suggest 
initial risk stratification into three categories: 
(1) apparently healthy, (2) increased risk (signs 
or symptoms suggestive of cardiopulmonary 
or metabolic disease and / or two or more 
major cardiovascular risk factors), and (3) 

known disease (individuals with known car
diac, pulmonary or metabolic disease). The 
AHA has developed a more extensive classifi
cation system for cardiac patients and pro
vides extensive guidelines for participant/ 
patient monitoring and supervision and for 
activity restriction.44 No set of guidelines for 
exercise testing and participation can cover all 
situations, and no guidelines directly address 
patients with ESRD. 

Because all ESRD patients are at increased 
risk for cardiopulmonary disease, the existing 
guidelines provide little assistance in determin
ing whether exercise testing should be per
formed before initiating an exercise program 
(or which patients should be tested). The 
ACSM Guidelines present recommendations 
for medical examination and exercise testing 
before participation in exercise, which con
sider the initial risk stratification categories 
and the type of physical activity program 
(moderate exercise v vigorous exercise) that 
will be initiated. For those placed in the in
creased risk category with no symptoms, who 
plan to initiate a program of moderate exercise 
(ie, an intensity of 40% to 60% of maximal 
capacity), no exercise test is recommended. If 
the patient in this increased risk category has 
symptoms suggestive of coronary disease, ex
ercise testing is recommended. Exercise test
ing is also recommended for those with known 
disease.43 Such guidelines consider the inten
sity of the activity because moderate increases 
in physical activity recommended for all 
Americans1 present a minimal risk. To recom
mend preparticipation exercise testing for such 
moderate increases in physical activity would 
present a significant barrier to participation in 
regular physical conditioning activities. Simi
larly, such factors must be considered when 
determining whether to require exercise test
ing before starting exercise in ESRD patients. 
The removal of as many barriers to exercise 
participation as possible (ie, barriers such as 
requiring an exercise test) is imperative for the 
ESRD population. Significant barriers to initi
ating exercise already exist in these patients, 
(eg, socioeconomic, fatigue, chronic disease), 
and it is likely (especially for the elderly) that 
the prescribed exercise will not be at an inten
sity greater than that required for their activi-
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ties of daily living. This is in contrast to 
individuals enrolled in cardiac rehabilitation 
programs that function at higher levels of 
activity with a more intense exercise prescrip
tion. As such, their risk associated with exer
cise is greater than that to which most ESRD 
patients would be exposed. 

The question of requiring exercise testing 
before initiation of exercise in ESRD patients 
thus remains. The diagnostic utility of the 
standard exercise test in ESRD patients may be 
limited for several reasons. The sensitivity of 
the exercise ECG ranges from 50% to 90%, and 
the specificity ranges from 60% to 98%.43 Test 
sensitivity is decreased by inadequate stress 
«85% of age-predicted maximal heart rate), 
insufficient ECG monitoring, and drugs (or 
conditions) that alter the cardiac work re
sponses to exercise. Some preexisting ECG 
changes may limit the ability to interpret ST 
segment changes as ischemic ECG responses. 
Several factors present in dialysis patients 
limit the diagnostic utility of the test: skeletal 
muscle limitations preventing achievement of 
adequate stress; long-standing hypertension 
with LVH with strain patterns on the ECG, 
electrolyte abnormalities which alter the rest
ing ECG, and a blunted chronotropic response 
to exercise, with heart rates rarely rising above 
80% of age-predicted maximallevels.45 Thus, if 
a diagnostic test is required, a more involved 
(and expensive) test will likely be required (eg, 
dobutamine stress ECG or persantine thallium 
myocardial imaging). If the goal of exercise for 
the ESRD patient is to increase the frequency 
and duration of activity to maintain function 
and prevent deterioration rather than to el
evate the patient to an arbitrary fitness or 
activity level, less rigid guidelines for prepar
ticipation exercise testing may be appropriate. 
Regardless of how rigid or conservative guide
lines and policies for exercise testing and 
participation might be, however, there is no 
way to completely eliminate the risk of a 
serious event during exercise testing or exer
cise participation for any patient. Obviously 
the need for such testing must be individual
ized to each patient based on cardiac risk 
stratification described previously and the in
tensity of the anticipated exercise program. 

Table 2. Minimizing Musculoskeletal Risk 

• Start slowly and progress exercise program gradu-
ally 

• Ensure adequate calcium/ phosphorous balance 
• Avoid high-impact activities 
• Prescribe sessions of short duration for poorly 

conditioned individuals 
• Ensure appropriate warm-up and cool-down 

times 
• Ensure appropriate footwear 
• Ensure proper performance of exercises 
• Include assessment of exercise as routine fol

low-up to assess any problems 

Minimizing Risk Associated with 
Exercise 

Several steps can be taken to minimize risks 
associated with exercise. All ESRD patients 
should have frequent assessments of dry 
weight to avoid volume overload. Comorbidi
ties such as metabolic bone disease, diabetes 
mellitus, arthritis, infection, anemia, and hyper
tension should be addressed and aggressively 
managed. Hypertension must be controlled, 
and patients must be educated about the 
identification and management of signs and 
symptoms referable to cardiovascular disease. 
A prolonged warm-up period and an exercise 
adaptation period should be incorporated into 
the exercise protocol. Exercise should be indi
vidualized and started at low intensity, with 
initial increases in duration rather than inten
sity. A low-impact exercise modality should be 
prescribed to minimize orthopedic stress (Table 
2). Adequate cool-down time must be al
lowed43,45,46 to enhance venous return and 
reduce the possibility of postexercise hypoten
sion (especially important in patients treated 
with peritoneal dialysis and for those using 
stationary cycles during their hemodialysis 
treatment). Adequate warm-up and cool
down also combat the potential deleterious 
effects of the rise in plasma catecholamines 
associated with exercise.46 Gradual progres
sion of the exercise will allow for monitoring 
of the patient response to the increased levels 
of physical activity. 

Summary 

The goal of exercise in the ESRD population is, 
at a minimum, prevention of progressive de-
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conditioning and maintenance of the cardiovas
cular and musculoskeletal status quo of the 
patient. Other possible and achievable goals 
include a reduction in cardiovascular risk 
factors and an improvement in bone mass, 
endurance, flexibility, and muscle strength, 
with a secondary reduction in injuries associ
ated with falling. In addition, the ability of the 
individual to perform activities of daily living 
and recreational activities can be enhanced. 
Psychological benefits of reduced anxiety and 
improved sense of well-being have also been 
reported with exercise training and could trans
late into improved medical regimen compli
ance and decreased impact of the comorbidi
ties. Every effort should be made to reduce 
barriers to exercise participation. Increased 
physical activity should be fostered in ways so 
that it becomes a routine part of the medical 
therapy and the expectation of the patient who 
then strives for continuing self-improvement. 
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