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Abstract
Chronic Kidney Disease in children is one of the most important topics in public health imposing a great burden on the patient’s
family and the health organizations. Several parameters including cardiovascular impairment, muscle wasting, anemia, and physical inactivity lead to exercise intolerance in these patients. There is a lot of evidence in favor of the positive effect of regular exercise
training in improvement of muscle function, exercise capacity and life quality in the subjects with chronic kidney disease (CKD).
Understanding the barriers, motivators and benefits of exercise may aid us to design the CKD-specific behavior change programs
to improve their physical activity. To achieve the greatest benefit from exercise in children with CKD, exercise should be prescribed
individually for them based on disease condition, physiological and psychological parameters and the patient’s limitations.

Keywords: Chronic Kidney Disease, Endurance Exercise, Resistance Exercise, Dialysis, Kidney Transplant, Exercise Prescription

1. Context

2. Limitations of Exercise in Children with CKD

Chronic kidney disease (CKD) is one of the most concerning health-related problems in children, imposing a
great burden on the patient’s family and the health organizations (1, 2). It is estimated that the frequency of CKD
among Iranian students is 1.3% and 1.7% according to the
updated Schwartz and the new Schwartz equation, respectively (3). Based on a previous study in Iran (4), the annual incidence of CKD is 16.8 per million among children
which is significantly high. Initial reports indicate that
children or teenagers who have CKD are less active compared to the recommended level (5). Although the outcome of physical inactivity has not been completely determined yet, sufficient data supports the association between childhood inactivity and lifetime chronic diseases
and obesity in general population (6-8). Sedentary lifestyle
has been shown to be related to poor outcome in adults
with CKD (9) and also unsatisfactory results after kidney
transplantation (10) and these findings can be expected to
occur also in children with CKD. Therefore, children with
CKD should be persuaded to be more physically active.

Identifying obstacles and guiding patients to handle
ways to overcome these limitations is a common method
used in behavioral therapy. Awareness of the barriers and
the motivators about exercise may help us to design the
CKD-specific behavior change programs to improve their
physical activity. Frequently reported barriers for exercise participation in the general population include health
related disability, lack of enough time, inappropriate climate, fear of re-injury (11). However, additional limitations
(as follows) should be considered in children with CKD.

In this review, we attempted to evaluate the current evidence regarding advantages and also limitations for exercise prescription in children with CKD. We also described
the scientific exercise protocols for children with renal
problems.

2.1. Physiological Parameters
Reduced renal blood flow (RBF) during exercise which
is directly related to the intensity of physical activity (1214) may be considered as an obstacle for exercise prescription in children with CKD. Shifting of blood to the exercising skeletal muscles during the exercise can describe the
decline in RBF. During exercise, glomerular filtration rate
(GFR) increases initially, followed by a decline with the increasing intensity of exercise (15). Moreover, the levels of
intra renal hormones and other modulators change during the exercise which may affect renal tubular function
(15).
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2.2. Exercise Intolerance
Another concern is exercise intolerance in children
with CKD, which may cause some limitations in the way
of exercise prescription for these patients. Patients with
CKD have a lower maximal oxygen uptake (VO2max), a cardiorespiratory fitness index, when compared to the general population. Due to several factors including anemia,
cardiac dysfunction, skeletal muscle weakness and physical inactivity, exercise tolerance is lower in children with
CKD and those getting dialysis or kidney transplant (1518). However, several studies showed that regular aerobic
training improve cardio-respiratory fitness and VO2max in
adults as well as children with CKD (19-22). Cardiac problems such as diastolic dysfunction and coronary artery disease as well as muscle wasting occur in many children with
CKD, which certainly may cause exercise intolerance (23,
24). Physical inactivity as an important predisposing factor of exercise intolerance in children with CKD occurs due
to fear of sports-related injuries, anemia, vascular catheter,
and arteriovenous fistula-related limitation of physical activity as well as hemodialysis (25).
2.3. Psychosocial Factors
Certainly psychosocial factors including economic situation, social support and availability of facilities can affect the level of exercise participation among children with
CKD. Other potential motivating parameters are related
to the parents, the patients’ understanding of their illness and restrictions as well as geographic location (26). It
seems that, parental education and encouraging them to
invest in exercise would help them to overcome the children’s physical inactivity successfully. As shown before,
providing a tool such as pedometer for evaluating activity
and encouraging children to attend group exercise classes
can also control the behavioral barriers (27). On the other
hand, considering the result of another study (28) which
showed that the physical activity level of the patients was
not statistically increased by pedometer (48 steps a day),
it can be concluded that using a pedometer alone cannot
guarantee increased physical activity. Therefore providing
situations that make an activity more enjoyable is needed
to increase the amount of physical activity in CKD pediatric
patients.

3. Benefits of Exercise for Children with CKD
Increasing physical activity and fitness improvement
have many potential benefits. According to the current recommendations, patients with CKD should be engaged in
moderate exercise for 30 minutes for most days of a week
(29). Moderate intensity exercise has been shown to have
2

some health benefits generally. Some of the benefits include decreased chance of coronary heart disease and cerebrovascular events, lower risk of obesity, breast and colon
cancer and all-cause mortality in the general population
(30). Physical inactivity can be considered as an independent risk factor for all-cause mortality in CKD. Regular exercise can be accompanied by psychological and functional
improvement and finally quality of life in these patients
(30). All-cause mortality and initiation of dialysis was decreased in the chronic kidney patients who received regular supervised aquatic exercise in a 10 year follow up (31).
3.1. Cardiac Benefits
VO2max improvement, as an important index of cardiorespiratory fitness, following exercise training has been
reported in several studies (19-21). Also, there is some evidence regarding the improvement of oxygen uptake and
exercise performance following two sessions per week of
exercise training in children and adolescents with CKD
(22).
Moreover, the rate of impairment of many healthrelated cardiac parameters including cardiac output,
stroke volume, heart rate, blood pressure and peripheral
vascular resistance significantly decrease in patients with
CKD following regular exercise training (32).
3.2. Musculoskeletal Benefits
Due to lack of sufficient physical activity, many patients with CKD suffer from muscle wasting as well as poor
muscle control (19). Van Bergen et al. showed that participating in a community-based high intensity exercise program for 12 weeks despite a high missing rate can improve
cardiorespiratory fitness and muscle strength among the
pediatric patients with end stage renal disease (33). Resistance exercises can increase muscle strength, muscle
endurance and tolerance to exercise in CKD. Kouidi et al.
demonstrated that 6 months of resistance training improved skeletal muscle function and structure in patients
with CKD (34). Also based on muscle biopsy, the cross section of muscle fibers was increased and new muscle fibers
were formatted, while the degenerated fibers were regenerated in Kouidi et al.’s study (34). Moreover, according to
another study, resistance training improves the capacity of
O2 carrying and following that, exercise tolerance in CKD
(35).
Renal osteodystrophy and using glucocorticoids before and/or after transplantation may cause low bone mass
in CKDs which is considered as a major public health concern (36). Considering that the efficacy and safety of the
drugs of osteoporosis have not yet been addressed adequately in pediatric CKD and thus no evidence-based recommendations regarding the optimal type of bisphosphoAsian J Sports Med. In Press(In Press):e82358.
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nate, dosage, or duration of therapy are available, therefore it seems that exercise can be a beneficial method for
controlling osteoporosis (37). On the other hand, growth
failure is a side effect of CKD in children that can be prevented or delayed by regular exercise. The positive effect
of exercise on short stature and bone disease is shown in
previous studies (38). They found that treadmill exercise
improves tibial bone linear growth, as well as growth plate
local IGF-I. Exercise combined with GH treatment shows
beneficial effects on trabecular bone formation, suggesting the potential benefit of this combination for CKD patients.
3.3. Anti-Inflammatory Effect
A high level of inflammation is generally expected in
pediatric CKD leading to an increased risk of secondary
health complications for them. Lau et al. showed that
acute exercise may have an anti-inflammatory effect on
children with CKD which can potentially improve their
health condition (39).
3.4. Psychological Effect
Patients with CKD may suffer from some psychological
as well as emotional limitations of daily activities. There is
lots of evidence supporting the positive effect of regular exercise on physical or emotional quality of life (15, 39). Regular training may improve mood swings such as depression,
fear, anxiety and irritability in CKD (40).

was improved in the transplant recipients who increased
their steps more than 1000 steps a day by wearing a pedometer for 12 weeks compared to those who did not (37
m vs 11 m, P = 0.006). They also noted that physical function was not significantly different among transplant recipients with or without increased step counts (28).

5. Exercise Prescription for Pediatric Patients on
Chronic Hemodialysis
The exercise capacity (VO2, anaerobic threshold and
treadmill time) of pediatric end stage renal disease getting hemodialysis or peritoneal dialysis is poorer than the
healthy children (18, 24, 43).
Six-minute walking test, forced vital capacity, chair
standing test for 1 minute and lower extremity strength are
decreased in chronic hemodialysis (CH) patients and are
correlated to protein- energy wasting and chronic inflammation (42). Exercise interventions during dialysis have
shown promising results (43). Intradialytic exercise program is feasible, effective and acceptable for most children
on CH. Thirty-minute sessions of cycle ergometer two to
three times a week can improve exercise capacity significantly in the CH patients (44).
It is also proven that twice-weekly moderate intensity
exercise during hemodialysis for 3 months improves lower
extremity strength and the result of 6-min walk test significantly (22).

4. Exercise Prescription After Renal Transplantation
Renal transplantation (RT) is expected to increase life
expectancy in the children with CKD. Nevertheless, many
children treated by transplantation do not return to optimal health and have a reduced life expectancy. After kidney
transplantation, the physical quality of life was decreased
but it was not changed psychologically in children (41). It
has been shown that thirty years after RT, the physical quality of life was impaired. Their physical disability over time
was worrying and influenced their employment status and
social functioning (16). Although the number of studies
evaluating the efficacy of exercise in RT is limited, it seems
that exercise therapy is an effective intervention for declining the physical disability after RT. The RT recipients have a
lower level of physiologic parameters during exercise than
their peers (17). For example, lower maximal heart rate,
maximal heart rate ratio, and VO2 max and total energy expenditure.
Supervised endurance and strength training can improve muscle strength, aerobic capacity and cardiac output among adult renal transplant recipients (42). Akber et
al. found that among children, Six-minute walk distance
Asian J Sports Med. In Press(In Press):e82358.

6. Exercise Prescription for Pediatric Patients with Hypertension (HTN)
Renal disease is one of the most common causes of
secondary HTN in children (45-48). Childhood HTN and
CKD are related pathophysiologically. Certain forms of
CKD may cause HTN, and untreated HTN may cause CKD
in adults. However, evidence for the latter in pediatric
patients is limited. Almost half of the children and adolescents with CKD are known to be hypertensive (49-51).
Education is important for managing hypertension and
should be taught to the children or their families appropriately. It should include a suitable dose of medication,
a proper diet and the effective level of physical activity. A
large body of literature demonstrates the protective effect
of physical activity in prevention of HTN in adults (52-54).
Moreover, most studies confirm the protective effect of exercise in the children with HTN (55).
Regular aerobic exercise reduces BP significantly and
restores vascular changes in the hypertensive children
(56).
3
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7. Exercise Prescription for Pediatric Patients with a
Single Kidney
Most of health care providers are very concerned about
exercise or sports recommendation for children with single kidneys. While based on a current systematic review
(57), the absolute risks of renal injury are very low for most
sports. Scientific data show that the risks of renal injury are
2.6 incidents per million exposures in male soccer players
(57). Furthermore, the majority of sports-related renal injuries are insignificant and rarely need nephrectomy. Contact sports seem to be the cause of physical activity-related
renal trauma in less than 20 percent of cases (11). Among
different kinds of sports, the operation of all-terrain vehicles, cycling, Alpine sports and horseback riding are the
most common sources of renal injury. Parental supervision, use of protective equipment, initial renal health, and
the individual’s age are factors which can modify the risk
of renal injury in children with single kidney. Two to six
weeks of limited physical activity is often adequate in children with minor renal injuries without fear of long-term
side effects (58). However, subcapsular haematomas can
cause a renal tissue necrosis and consequently hypertension, proteinuria and renal insufficiency. Parents should
know that serious renal injury is more likely caused by motor traffic events than from sports participation. Moreover,
physicians should emphasize the importance of regular
training for health improvement of the child. However,
they must also highlight the need to take all reasonable
protections to reduce risk, including the avoidance of high
risk sport activities (57).

principles of exercise prescription are defined based on frequency, intensity, time and type of exercise (FITT formula).
The American College of Sports Medicine guidelines recommend doing aerobic exercises such as jogging, cycling
and swimming at least 3 to 5 times per week, at a moderate intensity (58). The moderate intensity is considered as
an activity done at 40% to 59% of patient’s oxygen uptake
reserve (VO2 R) or a rate of perceived exertion of 11 - 14 on a
scale of 6 - 20 (58). Each exercise session should last about
20 to 60 minutes; however, shorter periods of exercise are
allowed in the children with lower level of fitness (15).
Resistance training should be performed with an interval of at least 48 hours between sessions of the same
muscle groups and no more than 3 days per week (58). Almost 10 different major muscle groups should be included
in each exercise session (58). Either free weights or machines can be used based on individual preference; however the machines are safer for beginners. Overlay, lower
repetitions, submaximal weights, exercising through the
full range of motion and frequency of two to three times
a week are suitable for a resistance exercise in pediatric renal disease. The suitable intensity in resistance exercises is
60% - 75% of one repetition maximum (1RM) (58). Mostly,
one set of 10 to 15 repetitions of each exercise is chosen for
pediatric patients with renal disease especially during the
initial weeks. It is believed that a close supervision of training program can significantly decrease the incidence of injury.
Flexibility exercise for all major muscle groups should
be done at least 3 days per week with at least 15 seconds
stretching for each muscle group.

8. Principles of Exercise Prescription in Children with
Renal Disease

9. Conclusions

Children with renal disease should be advocated to do
regular aerobic exercise under supervision initially. The
components of fitness program do not need to be changed
but the intensity and progression of the program alongside the exercise equipment may need to be modified. A
full detailed medical examination and exercise response
assessment is mandatory before initiating an exercise program. The exercise program should contain three different
parts including flexibility, aerobic and strength training.
Endurance and strength training should be prescribed according to the physical abilities and the goals. Proper and
enough warm-up and cool down should be considered in
an exercise session. The progression of the exercise program in terms of intensity and time should be slow. The
children with renal disease should be encouraged to do exercise well hydrated.
The exercise prescription for pediatric patients with
CKD is very similar to healthy children and adults. The

Considering the potential benefits of increased physical activity and improved physical fitness in CKD pediatric patients, being active physically is an important goal
among them. It is recommended to perform a combined
aerobic exercise and progressive-resistance strength training for upper and lower limbs. Most of these children have
lower physical activity and lower compliance of exercise.
Parents’ role in the management of their children’s health
is prominent. A family-based approach is needed for all
kinds of pediatric diseases but their role in the pathologies
such as CKD that are substantially influenced by lifestyle
behaviors is highlighted. It provides lots of benefits in the
CKD population and needs coherent cooperation between
child, parents and health caregiver.
According to this review, it is advocated to encourage
the children with CKD to be active physically. Consulting with a sports medicine specialist for evaluating the patient and prescribe a specific exercise program can help the

4
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nephrologist and patient’s family.
Considering the high number of benefits related to exercise in CKD patients, the pediatric nephrologists and parents can let them to enjoy different sports or activities.
Footnotes
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