
32. Kidney disease (chronic) and kidney 
transplant

Author 

Susanne Heiwe, PT, PhD, the Physiotherapy Clinic, Karolinska University Hospital and 
Department of Medicine and Department of Clinical Sciences, Karolinska Institutet, 
Stockholm, Sweden

Summary 

Chronic kidney failure is a toxic syndrome caused by a deteriorating kidney function to 
excrete waste products, regulate the salt-water and acid-base balance and secrete endocrine 
hormones. Chronic kidney failure leads to progressive fatigue and a gradually decreased 
physical work capacity concurrently with the deterioration of kidney function. Without 
physical exercise, the maximum physical work capacity and muscle strength are reduced 
by up to 50 per cent compared with the normal expected value once the patient commences 
regular dialysis treatment. However, this reduction in capacity can be prevented and the 
patient can maintain normal muscle function plus physical and functional ability if a 
regular physical exercise programme is started pre-uraemia. Patients with chronic kidney 
failure have the same ability as healthy people of the same age to improve their muscle 
function and increase their physical and functional ability regardless of how far the disease 
has progressed. Physical exercise is an important part of the treatment of chronic kidney 
failure. Recommended physical activities include walking, cycling and strength training. 
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Training method Example Intensity Frequency  
(times/week)

Duration 

Aerobic fitness training Walking  
Interval training on 
ergometer bike 

70% of  
VO2 max* 
RPE** 14/20 

3 60 min. 

Strength training Sequence training 
Individual training 
with wrist weights 
for resistance. 

80% of 1 RM*** 3 1–2 sets of  
8–10 repetitions 
(reps) 

Muscular endurance 
training 

Sequence training 
Individual training 
with wrist weights 
for resistance. 

50% of 1 RM 3 Max. number of 
reps 13–15 acc. to 
Borg’s RPE scale. 

Functional training  
(i.e. walking, balance 
and coordination  
training)

Walking for example 
on a treadmill or 
balance ma.t
Knee bends.
Walking up and 
down stairs. 
Standing up from 
sitting. 

3 Max. walking 
duration and 
max. reps of other 
exercises.  
13–15 acc. to 
Borg’s RPE scale 

* VO2 max = maximum oxygen uptake capacity. 

** RPE = Borg’s Ratings of Perceived Exertion, RPE scale (41).  

*** RM = Repetition Maximum. 1 RM corresponds to the maximum weight that can be lifted through the entire exercise 

movement one time. 

Definition 

Chronic kidney failure is a global health problem. Consequences of chronic kidney failure 
include the loss of kidney function and cardiovascular disease. Chronic kidney disease 
can either be defined as kidney damage or a glomerular filtration rate (GFR) of less than  
60 ml/min/1.73 m2 for a minimum period of three months and diagnosed without knowl-
edge of its cause. There are five stages of chronic kidney disease: 

1.	 GFR ≥ 90	 Kidney damage with normal or increased kidney function
2.	 GFR 60–89	 Kidney damage with a slight decrease in kidney function
3.	 GFR 30–59	 Average kidney function
4.	 GFR 15–29	 Serious decrease in kidney function
5.	 GFR < 15	 Kidney failure
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Prevalence/Incidence 

At the end of year 1999, the prevalence or the number of patients in active uraemia treat-
ment in Sweden was 693 for every million people with an annual incidence of 120 new 
patients for every million people. The average age of patients who start treatment is  
66 years, i.e. most patients being treated for uraemia today are pensioners (1). 

Cause 

The most common causes of chronic kidney disease is chronic glomerulonephritis (30%) 
followed by diabetes mellitus (18%), hereditary polycystic kidney disease (13%), chronic 
pyelonephritis (10%) and nephrosclerosis (9%). As for the remaining 20 per cent, the cause 
cannot be determined (1). 

Risk factors 

•	 Hypertension with unsatisfactory blood pressure control. 
•	 Diabetes Types 1 and 2 with proteinuria and unsatisfactorily controlled blood pressure 

and blood glucose levels. 

Pathophysiology 

Chronic kidney disease leads to an irreversible loss of the glomerular filtration rate (GFR) 
and toxic syndrome caused by the kidney’s failing ability to excrete waste products, regu-
late the salt-water and acid-base balance and secrete endocrine hormones. The majority of 
patients with chronic kidney disease have cardiovascular complications. Around 70 per 
cent of all patients have left ventricular hypertrophy at the start of dialysis and the risk of a 
dialysis patient dying due to cardiovascular complications, independent of age, is the same 
as for an average 80-year old (2, 3). 

Symptoms 

Patients with chronic kidney disease experience a change in taste sensations accompanied by 
a dry mouth, thirst and a metallic taste in the mouth. These symptoms together with nausea, 
abdominal bloating and diarrhoea often lead to a loss of appetite and weight loss (4, 5). 
Uraemia is in itself a catabolic condition with a reduced ability to excrete nitrogenous waste 
products, i.e. breakdown products of proteins. This in turn leads to a lower intake of proteins 
and energy which together with metabolic acidosis leads to muscle degradation and muscle 
atrophy (6, 7). As a result, patients develop anaemia with further fatigue and weakness. Salt 
and water retention and the impact it has on the renin-angiotensin system leads to hypertension 
and cardiovascular complications. Displacements in the calcium phosphate vitamin D parath-
yroid hormone axis cause decalcification of the skeleton with the added risk of calcification of 
soft tissue. Untreated uraemia generally leads to fatigue, increased fragility, sleep disorders, 
itchiness, leg cramps, weight loss, muscle hypotrophy and a reduced physical ability (8, 9). 
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Diagnostics 

The initial diagnosis involves assessing the electrolyte status with serum creatinine and 
serum urea followed by a GFR determination using iohexol or Chrom EDTA clearance.

Current treatment principles 

Pre-uremic stage – GFR < 25 ml/min 
At this stage of the disease, the prime objective is to slow down the uraemia progression and 
alleviate uremic symptoms in addition to preparing the patient for dialysis and/or kidney 
transplant. The basis of slowing down the uraemia progression is a blood pressure control 
which should give a systolic blood pressure of < 140 mm Hg and a diastolic blood pressure 
of < 90 mm Hg. A good metabolic control is also important for persons with diabetes. A 
reduced dietary protein intake has an alleviating effect on uremic symptoms and is also likely 
to affect the uraemia progression although there is a lack of documented, clear-cut scientific 
evidence to support this. Renal anaemia is treated with erythropoietin and iron supplements 
while hypocalcaemia and vitamin D deficiency are treated with lime substitution and active 
vitamin D. Hyperphosphatemia is treated with phosphate binding medication. Patients with 
metabolic acidosis are prescribed sodium bicarbonate tablets. During the pre-uraemia stage, 
the patient is prepared for the necessity of regular dialysis treatments and informed about the 
two types of dialysis available, i.e. haemodialysis and peritoneal dialysis and if required, the 
possibility of a kidney transplant. Patients are also required to undergo a minor operation to 
gain entry/give access to the bloodstream so that dialysis can be performed. 

Haemodialysis – GRF about 5–10 ml/min 
Access to the patient’s bloodstream is attained by way of an arteriovenous fistula which 
involves stitching together an artery and a vein in the arm to create a large quick flowing 
and thick walled artery that can cope with the insertion of two needles three times a week. 
Using a dialysis machine, the blood is then pumped into a dialysis filter that cleans it. The 
treatment can either take place at a specialist dialysis ward or at home once the patient has 
been trained to use a self-test haemodialysis machine. 

Peritoneal dialysis – GRF about 5–10 ml/min 
Access to the patient’s bloodstream is attained in the form of a small catheter inserted into 
the abdominal cavity below the navel. Here, the richly vascular peritoneum is used as dial-
ysis membrane. Four times a day and night, the cavity of the abdomen is filled with around 
two litres of a glucose solution with a balanced saline content. The solution remains in 
the cavity of the abdomen for approximately six hours, absorbing waste products and 
excess fluids before being drained through the catheter. This method is called Continuous 
Ambulatory Peritoneal Dialysis (CAPD). Alternatively, a machine can be used to pump 
smaller volumes of fluids in and out of the abdomen cavity of the patient in short cycles 
during the night when the patient is sleeping for a maximum period of 9–10 hours. This 
method is called Continuous Cyclic Peritoneal Dialysis (CCPD). Peritoneal dialysis can 
be managed by the patient at home. 
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Kidney transplant 
A kidney transplant can be performed using a kidney from a close relative or, if this option 
is not available to the patient, from a recently deceased person. In the latter case, the patient 
is put on a waiting list for a so-called necro kidney. 

Effects of physical activity 

Exercise response 

A number of studies have shown that persons with chronic kidney disease who are either 
in the pre-uraemia stage (10–13) or undergoing dialysis treatment (14–19) have the same 
relative ability to improve their aerobic fitness, muscle strength and endurance as healthy 
individuals of the same age. However, chronic disease patients need to exercise regularly 
to counter the decline in their aerobic fitness (20), muscle strength and endurance (21), 
which will otherwise occur because of the strong catabolic effects of kidney failure. 

Natural progression with no exercise 

The natural progression of chronic kidney failure is a gradual decline in aerobic capacity 
during the pre-uraemia stage to around 50 to 60 per cent of the capacity normally seen 
in a person of the same age and gender undergoing dialysis treatment (22, 23). The most 
significant etiological factors of this decline is renal anaemia and muscle weakness (23). 
Today, renal anaemia is treated with erythropoietin and muscle fatigue with physical exer-
cise. 

A lack of physical exercise can lead to the individual not being able lead an active and 
social life. This may result in deteriorating health-related quality of life and an increasing 
need for the society’s involvement. Adults suffering with chronic kidney disease are also 
at greater risk for cardiovascular diseases, a risk that increases with inactivity. Excessively 
degraded physical strength could also result in delayed medical acceptance for a kidney 
transplant, as the individual in question may not be deemed able to cope with the side-
effects of medical treatment. 

The level of physical activity spontaneously increases following a successful kidney 
transplant, but will not return to normal without physical exercise (24, 25). 

Acute effects 

Patients with chronic kidney disease may suffer from high blood pressure, fluid retention and 
hyperkalaemia. All of these conditions may worsen due to a lack of physical exercise. Exercise 
in itself may increase the level of serum potassium due, for example, to exercise induced  
acidosis (26). 
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Long-term effects 

Firstly, physical exercise increases the maximum working capacity (10–19), muscle 
strength and muscle endurance (10, 13, 16, 19). Patients in the pre-uraemia stage usually 
manage to normalise their working capacity, muscle strength and endurance after three 
months of regular exercise, while patients undergoing dialysis treatment usually see 
a significant improvement after three to six months of regular exercise. Patients in the 
pre-uraemia stage or undergoing dialysis treatment can increase their functional ability 
through exercise (13, 18, 27). Physical exercise will also lead to a decline in depressive 
symptoms and an enhanced self-esteem and quality of life (28, 29). Moreover, physical 
exercise has a favourable influence on a number of cardiovascular risk factors in patients 
with chronic kidney disease, resulting in improved blood pressure and lipid control (30) 
and increased insulin sensitivity (31) as well as an increased heart-rate variability, vagal 
activity and a lower frequency of cardiac arrhythmia (32, 33). 

Following a successful kidney transplant, physical exercise may result in nearly normal 
physical capacity (34, 35). Muscle strength training has proven to result in improved 
muscular strength in adult kidney transplant recipients (36, 37). 

So as to reduce the risk of cardiovascular disease, physical exercise should be combined 
with lifestyle changes, such as an improved diet (38). 

Indications

Primary prevention 

No human studies indicate that physical exercise has a direct, primary preventive influ-
ence on the onset of chronic kidney failure. 

Secondary prevention 

No human studies indicate that physical exercise prolongs or combats uraemia progres-
sion. Nevertheless, an indirect secondary preventive effect on uraemia progression should 
not be ruled out, bearing in mind the favourable influence that physical exercise has on 
the blood pressure control of patients with high blood pressure and on the blood glucose 
control of patients with diabetes. 

Prescription

Muscle fatigue is the most restrictive factor for the majority of patients. Hence, exercise 
should initially emphasize muscle strength and endurance training plus balance and coor-
dination training to be complemented with fitness training at a later stage. See Table 1 for a 
description of various forms of exercise, intensity, duration and frequency. 
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Table 1. Description of various forms of exercise.

Training method Example Intensity Frequency 
(times/week) 

Duration 

Aerobic fitness training Walking  
Interval training on 
ergometer bike 

70% of  
VO2 max* 
RPE** 14/20 

3 60 min.

Strength training Sequence training 
Individual training 
with wrist weights 
for resistance. 

80% of 1 RM*** 3 1–2 sets of  
8–10 repetitions 
(reps) 

Muscular endurance 
training 

Sequence training 
Individual training 
with wrist weights 
for resistance. 

50% of 1 RM 3 Max. number of 
reps 13–15 acc. to 
Borg’s RPE scale. 

Functional training (i.e. 
walking, balance and 
coordination training)

Walking for example 
on a treadmill or 
balance mat.
Knee bends.
Walking up and 
down stairs.
Standing up from 
sitting.

3 Max. walking 
duration and 
max. reps of other 
exercises, 13–15 
acc. to Borg’s RPE 
scale. 

* VO2 max = maximum oxygen uptake capacity. 

** RPE = Borg’s Ratings of Perceived Exertion, RPE scale (41).  

*** RM = Repetition Maximum. 1 RM corresponds to the maximum weight that can be lifted through the entire exercise 

movement one time. 

Special considerations in connection  
with chronic kidney failure  

For all patients 
• 	 In view of the high prevalence of cardiovascular diseases, the patient must have a stable 

heart status, well-controlled blood pressured and not suffer from excessive fluid reten-
tion.  

• 	 Patients with chronic kidney failure can easily develop tendinitis (inflammation of 
tendon/tendon bone attachment). Subsequently, it is important to incorporate a long 
warming up and cooling down period as well as flexibility and stretching exercises 
in the exercise programme. In addition, the intensity and duration of the exercise 
programme should increase in stages. 

• 	 Patients with a polycystic kidney disease should not perform exercises that involve 
jumping about or lead to added abdominal pressure due to the risk of mechanical 
damage to the kidney.  
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Patients undergoing haemodialysis treatment 
• 	 Blood pressure must not be taken using the arm with the arteriovenous fistula or graft as 

the blood vessels could be damaged if the blood flow is blocked.  
• 	 Patients with a central dialysis catheter, most often positioned on the neck or chest, 

should avoid lifting their arms above their head and avoid neck movements as the cath-
eter may be detached and damaged.  

Patients undergoing peritoneal dialysis treatment 
• 	 The dialysis fluid must be drained from the abdominal cavity before exercise. If dial-

ysis fluid remains in the abdominal cavity, the patient is at risk of having a hernia and/
or damage his/her pelvic floor muscles. Furthermore, it renders it more difficult to exer-
cise with the correct intensity and duration. 

Functional tests/need for health checks 

• 	 All patients with chronic kidney failure should be referred to a specialist physiothera-
pist by the attending practitioner for functional tests and physical training.  

• 	 The attending practitioner should determine whether or not referring a patient for an 
exercise test is necessary from a medical viewpoint before the patient starts a training 
programme. An exercise test is sometimes suggested prior to the start of a training 
programme to optimise exercise dose and intensity.  

• 	 The attending physiotherapist will provide information and encourage the patient to 
exercise and will also put together an individual exercise programme or try to get the 
patient involved in a group exercise. Regular functional tests are also carried out. 

• 	 The attending practitioner monitors the patient’s clinical status and regular laboratory 
test results. 

Table 2 illustrates clinical test methods for the assessment of physical and functional 
ability and evaluation of exercise response. 
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 Table 2. Test methods for the assessment of physical and functional ability and evaluation of exercise response. 

Physical capacity A standardised symptom-limited exercise test on an ergometer bicycle 
(39) for the purpose of assessing patient complaints of tired legs, 
breathlessness and possible chest pains in accordance with the Borg 
CR10 scale (40). The patient’s level of exertion is also measured in ac-
cordance with the Borg RPE scale (41).  

Muscle strength One repetition maximum (1RM) (42). 

Dynamic muscular endurance Maximum number of muscle contractions with a load equivalent to 
50% of 1 RM and a fixed frequency (13). “Standing heel-rise test” (43). 

Static muscular endurance The total time in seconds that the patient manages to maintain an 
isometric muscle contraction such as a fully extended knee with a load 
equivalent to 50% of 1 RM (13). 

Functional capacity A 6-minute walking test (44, 45) for the purpose of assessing patient 
complaints of tired legs, breathlessness and possible chest pains in ac-
cordance with the Borg CR10 scale (40). The patient’s level of exertion 
before and after the test is also measured in accordance with the Borg 
RPE scale (41). Timed Up & Go (46). 

Interactions with drug therapy 

Beta blockers 
To-date, studies have not shown that beta blockers have a negative effect on the ability to 
improve fitness. Patients with chronic kidney failure often show symptoms of autonomic 
neuropathy with a lower maximum pulse during maximum exertion than other healthy 
individuals of the same age and gender not treated with beta blockers. 

ACE inhibitors/All antagonists 
An increasing number of people with chronic kidney disease are treated with these prepa-
rations partly as an anti-hypertensive therapy and partly to delay the uraemia progression 
in patients with diabetes and chronic glomerulonephritis. Patients in the pre-uraemia stage 
of chronic kidney disease who are treated with these preparations are often sensitive to 
dehydration with a risk of hypertension and must be extra cautious and drink plenty of 
fluids during exercise to compensate for the loss of fluid from sweating. 

Erythropoietin 
Patients with chronic kidney failure receive a substitute treatment of erythropoietin, i.e. they 
are treated with erythropoietin to compensate for their own inadequate production of erythro-
poietin. A lower target haemoglobin concentration is a condition if the patient should have 
the strength to accomplish adequate training and obtain the desired exercise response. 

Essential amino acids (Aminess N) 
Patients in the pre-uraemia stage are treated with a protein-reduced diet, which could result 
in a deficiency of essential amino acids. In order to maximise the response of the skeletal 
muscles to exercise, patients should be prescribed supplements of essential amino acids. 
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Sodium bicarbonate 
Untreated metabolic acidosis leads to an increased frequency of leg cramps and muscle 
catabolism that are likely to have a negative effect on the response of the skeletal muscles 
to exercise. Therefore, the patients should be fully compensated for the metabolic  
acidosis and prescribed a supplement of sodium bicarbonate tables. 

Calcium tablets and active vitamin D 
Hypocalcaemia and hyperparathyroidism lead to a higher frequency of muscle skeletal symp-
toms. Calcium tablets and active vitamin D should then be used to obtain calcium homeos-
tasis. 

Contraindications 

Absolute 
• 	 Acute infection 
• 	 Uncontrolled hypertension (systolic blood pressure > 180 mm Hg and/or diastolic 

blood pressure > 105 mm Hg). 
• 	 Unstable angina. 
• 	 Severe cardiac arrhythmia. 
• 	 Uncontrolled diabetes. 
• 	 Hyperkalaemia. 

Relative 
• 	 Weight gain of more than 5 per cent of the estimated ‘dry weight’ between haemodi-

alysis treatments. 
• 	 Expressed anaemia and arteriosclerotic cardiovascular disease. 

Risks

To-date, no patient has had a serious incident during or after exercise. However, all exer-
cise should be carried out in accordance with the guidelines above under the supervision of 
a specialist physiotherapist and on the recommendations of a doctor. 
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