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Chronic kidney disease leads to significant functional limitations and
severe disability, which requires the application of an appropriate
physical rehabilitation strategy that helps patients achieve social
well-being and significant health benefits.

Data sources MEDLINE, PubMed, Google Scholar and Web of
Science were electronically searched, by using search terms: physical
exercise, hemodialysis, barriers, risks of exercise, expected benefits.
The contraindications for exercise are recent myocardial infarction,
uncontrolled arrhythmia and hypertension, unstable angina pectoris,
unregulated diabetes mellitus, the presence of neurological and
muscular dysfunctions, malignancies, and pregnancy.

The implementation of the physical exercise program for hemodialysis
patients confirmed all the expected benefits: improvement of
cardiovascular functions, stabilization of blood pressure, increased
muscle strength, improvement of nutritional status and quality of
dialysis, reduction of negative emotions, anxiety and depression,
as well as social interaction of patients and their families.
Despite the fact that a large number of studies have proven the
beneficial effects of exercise during hemodialysis, a physical
rehabilitation program as a standard form of treatment has not
yet been introduced.

Although there is no doubt that the effects of physical activity on
the survival and the quality of life of patients on hemodialysis are
positive, rehabilitation program still falls under the routine practice
program in a small number of dialysis centers. One of the biggest
obstacles to the implementation of the physical therapy program
in hemodialysis patients is the lack of a clearly defined program
that defines all the needs of dialysis patients.
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Chronic diseases are major challenges in health
systems that impose enormous costs on health care
systems.! Among chronic diseases, chronic kidney
disease (CKD) is now considered one of the main
health problems in the world.? There are about
3,730,000 patients with chronic kidney disease

worldwide, with an annual growth rate of 5 to
6%.! It is expected that this patient population will
almost double by 2030 (about 4.5 million).>* As
a result, the percentage of patients with multiple
disabilities is increasing, and complications
associated with dialysis, including malnutrition,
amyloidosis, and skeletal and joint damage, are
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still major problems that significantly reduce the
quality of life of these patients.>0

Patients on hemodialysis have significantly lower
tolerance to exertion, reduced endurance and muscle
strength, as well as reduced overall functional
capacity. In a large observational study, it was
found that reduced exercise capacity is associated
with poorer survival, and the accompanying loss
of muscle mass, and changes in body composition
are predictors of increased mortality.!12

According to the definition of the World Health
Organization, rehabilitation is a complex process
of retraining for activities of daily and professional
life and for the emotional and social stability of
persons who lose their ability due to illness or
injury, with the purpose of creating conditions
for reducing disability and enabling people with
disabilities to achieve optimal social integration.!3

The most important databases we searched
were MEDLINE and PubMed, but we also used
Google Scholar, as well as Web of Science. The
search terms that we used were: end-stage kidney
disease, hemodialysis, exercise, physical function,
physiotherapy, and muscle strength.

This is a systematized review about importance
and impact of physical exercise on the quality of life
and treatment of patients on chronic hemodialysis.

A literature review was conducted at end of 2022.
The search was time-limited from 1981 to 2021. In
this systematized review the data were presented
under the following topics: functional disability
of dialysis patients; physical fitness parameters;
inactivity and muscle atrophy; muscle strength;
malnutrition and physical activity; significance of
physical activity in hemodialysis patients; physical
rehabilitation program; the effect of physical activity
on the ability to become independent; the dilemmas
about benefits and risk assessment of physical
rehabilitation; challenges and misconceptions
of physical exercise; contraindication for the
implementation of exercise programs.

Data sources including the MEDLINE, PubMed,
Google Scholar and Web of Science were
electronically searched. After the initial search,
all articles were retrieved and reviewed by the
first author, who performed the initial duplicate
screening and removal. Publications reporting on
the physical exercise of patients on hemodialysis
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in relation to the key words were selected in the
literature review.

The search query was defined by keywords:
physical exercise, hemodialysis, barriers, risks of
exercise, expected benefits.

Patients older than 75 years are the fastest
growing part of the population. When they start
dialysis depuration,!* they have lots of comorbidities
that lead to significant disabilities, requiring
constant care to perform daily activities.!> The
etiology of disability is multifactorial and can be
divided into two main categories: atherosclerotic
and non-atherosclerotic group of diseases. In
patients on hemodialysis, atherosclerosis progresses
much faster than in the population with preserved
renal function.!® In many cases, both cardiovascular
diseases and disorders of the musculoskeletal
system can coexist, leading to a prolonged
functional disability. In such conditions, it is
challenging to determine which disease has greater
impact on restricting daily activities. In addition,
dialysis-related disorders and symptoms, such as
depression, cognitive disorders, visual disorders,
and degenerative joint disease, may exacerbate or
possibly be the main cause of functional deficits.!”

The Barthel index for daily living activities is
an index of the values of basic activities of daily
life such as nutrition, bathing, personal hygiene,
clothing, toilet use, bowel and bladder emptying,
transportation use, walking and climbing stairs,
which measures functional independence in
personal daily activities and needs for supervision
or support. According to the Barthel index, 80 to
100 points represent independence from other
people, including patients who are completely
independent with 100 points; 60 to 79 points are
minimally dependent persons; 40 to 59 points are
partially dependent; 20 to 39 points represent highly
dependent patient; and < 20 points are completely
dependent on others.!®

Gotebiowski et al.’ found that disability is
common in individuals with end-stage kidney
disease. Half of the surveyed population (48% of
patients) were functionally dependent, and their
Barthel index was less than 80 points, suggesting
that they need support in at least one part of
physical activity. The second conclusion of their
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study was that cardiovascular complications were
the leading cause of disability, while the third
conclusion was the presence of a statistically
significant correlation between vascular changes
as characterized by vascular calcification and the
level of disability assessed by the Barthel index.

In patients with end-stage kidney disease,
inactivity is believed to be a significant contributor
to the physical impairment, reduced exercise
capacity, and eventually muscle mass loss.
Hemodialysis patients are significantly less active
and over time their physical activity decreases by
3.4% every month.!? The average life expectancy of
physically inactive individuals is almost five years
shorter than those who are physically active.?

Numerous metabolic and nutritional issues are
associated with increased muscle degradation and
impaired regeneration, which result in decreased
skeletal muscle mass in patients with chronic
kidney disease.?! The accelerated degradation of
proteins without a sufficient synthesis leads to
atrophy of skeletal muscles, which make up 40%
of human body weight.?*? Several reports have
revealed that in addition to general factors that
lead to decreased muscle mass in these patients,
the accumulation of uremic toxins such as indoxyl
sulfate, metabolic acidosis, malnutrition, excess
angiotensin 2, myostatin levels and vitamin D
deficiency are particularly associated with muscle
atrophy.?!

Muscle strength of patients on hemodialysis is
not correlated with muscle mass. Muscle strength
can decrease despite maintained or increased
muscle mass. This is especially interesting as there
are several therapeutic approaches to maintain
or increase muscle mass or muscle strength.?
Muscle strength and aerobic capacity are limited
in hemodialysis patients and uremic intoxication,
anemia, mineral and metabolic disorders may
explain low physical performance of this patient
population.!?

Increasing muscle strength is the most efficient
method to support lipid synthesis in muscles and to

reduce their catabolism that would otherwise lead
to muscle fiber hypertrophy.? Kouidia et al.?
and Sakkas et al.%% in their studies about the muscle
fiber morphology of hemodialysis patients during
the regular physical activity, after six months of
exercise, found a reduction in tissue atrophy from
21% to only 2%.

The goal of physical rehabilitation for
hemodialysis patients improves physical condition
so that the patient can move around safely and
independently for a long time.*! Gutman et al. found
that 60% of hemodialysis patients are completely
or partially independent on others” help, 20% are
independent only at home, and 20% are completely
dependent on other people.?

One third of hemodialysis patients require
assistance to carry out their regular daily tasks.
The criteria of improving physical activity are
energy, perception of general health, and changes
in health behavior, since they serve as indicators
of both muscular strength and life quality. A
moderately strong level of exercise improves the
level of physical fitness, diet, and quality of life
of patients on hemodialysis.?® Malnutrition, loss
of muscle mass, and muscle weakness are directly
correlated with the reduced physical activity, which
has a negative impact on the physical state of
hemodialysis patients. One contributing factor is
the sedentary lifestyles of these individuals, who
spend 600 to 1000 hours (4 to 6 weeks) a year in
sitting or lying position.3!

Physical activity is recognized as a key
component in enhancing the quality of life of
hemodialysis patients, because it helps to decrease
the progression of renal dysfunction, reduces pain,
improves the walking capacity and strength of the
extensor muscles of the knee and lower extremities.
Some studies have reported that muscle strength
increased by as much as 82% after three months
of exercise.343

Physical practice is not the same entity as exercise.
Physical activity refers to any body movement that
is initiated by the contraction of skeletal muscles,
while exercise refers to a structured, planned,
repetitive, and purposeful physical activity. Any
physical activity that enhances physical fitness
and aerobic capacity is considered exercise. It is
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useful for the physical and mental health of dialysis
patients and improves cardiovascular function,
arterial blood pressure, muscle strength, as well
as the nutritional status and quality of dialysis.
Therefore, it is necessary to assess the level of
physical activity in this group of patients and
motivate them to actively participate in exercise.>¢”

Regular physical activity among hemodialysis
patients reduces the risk of cardiovascular mortality
and hypertensive crises and improve diabetes
control. The accumulation of toxic substances in
the blood of patients with end-stage kidney disease
causes mild fatigue, mental disorders, peripheral
circulatory disorders and muscle dysfunction.
Exercise during hemodialysis can minimize these
changes, increase blood flow to peripheral tissues,
and increase muscle perfusion.®®

Active exercises with or without strengthening
the muscle strength, cycling, resistance exercises
to strengthen the muscle, and stretching exercises
are examples of therapeutic modalities of exercises
that are advised to patients on hemodialysis.
Although many studies show the advantage of
regular exercise in hemodialysis patients, it is still
not established as a routine procedure.?® Medium-
and high-intensity exercise increases the maximum
oxygen consumption in tissues, improves the
level of physical activity, increases muscle mass
and quality of life, and is useful in regulating
hypertension, especially in those over 50.%

Despite the fact that a large number of studies
have proven the beneficial effects of exercise
during hemodialysis, there are few dialysis units
that have introduced exercise as a standard
type of treatment. Therefore, it is extremely
important to overcome all obstacles regarding the
implementation of physical exercise strategy in this
population.

Based on the physical and functional evaluation,
physiatrists design a rehabilitation program, which
could anticipate the time and type of intervention
in order to overcome the limitations and assess
the functional goals that can be achieved.!>>! It
is important to know that there are specific rules
for conducting physical activity in hemodialysis
patients in whom, the maximum physical load is
51% of the load of the healthy, inactive population.
The general principles for initiating any type of

232

treatment for physical rehabilitation in hemodialysis
patients are similar, suggesting a good initial
assessment, a low tolerance level at the beginning
of exercise, and gradual physical activity.*? The
Center for Disease Control and Prevention and the
American Heart Association recommends at least
150 minutes of moderate physical activity weekly,
i.e., 30 minutes at least for 5 days.®

Exercise has significant positive effects, so it is
reasonable to ask why organized physical exercise
is not well accepted and applied appropriately
among dialysis patients. The lack of a clearly
defined program is probably an obstacle to the
implementation of the exercise program. The
apprehension toward an increased level of physical
activity represents a potential barrier in the context
of adopting or encouraging exercise. Moderate
exercise is recommended for 30 minutes or more,
several days a week, which increases fitness,
especially in individuals whose basic level of
physical activity is extremely low.*

The exercise methods proposed for patients
with progressive chronic kidney disease include a
supervised outpatient program in the rehabilitation
center, a physical rehabilitation program at home,
and an exercise program during hemodialysis.*

Almost any increase in the physical activity of
dialysis patients will bring benefits, even with an
initially low level of exercise. Nevertheless, despite
a variety of established advantages associated with
physical activity, individuals undergoing dialysis
treatment exhibit a marked lack of participation in
exercise. The reasons are numerous, and the most
common ones are the lack of recommendations
regarding the degree, type, and level of physical
activity, as well as the fear of side effects that the
physical treatment can cause.04”

The DOPPS study provided the first description
of the international exercise patterns, as well as
the link between the exercise programs and clinical
outcomes of hemodialysis patients. The study
that evaluated the frequency of regular physical
exercise in hemodialysis patients found that 47.4%
of hemodialysis patients exercise regularly. There
is a positive correlation between regular training
and the ability to walk independently, and reduce
obesity, have better sleep quality, have greater
pain tolerance, and have a better appetite, while a
negative correlation is achieved in relation to age
and the number of comorbidities. The results of
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the DOPPS study confirmed that the mortality rate
was lower in patients who had physical activity
at least once a week and that the risk of mortality
decreased with increasing exercise frequency. The
mortality risk of physically inactive patients is 62%
higher than that of physically active patients. Just
45 minutes of aerobic exercise each week for one
year significantly reduce cardiovascular mortality
and improve the quality of life.2048

According to the KDOQI guidelines, all dialysis
patients should be encouraged and advised to
increase their level of physical activity (Guideline
14.2). The assessment of physical fitness and
reassessment of the physical activity programs
related to cardiovascular disease should be
performed at least once every six months (Guideline
14.3b).#

Unfortunately, despite the existing
recommendations, it is obvious that nephrologists
do not deal with these issues in their everyday
practice. The susceptibility of this patient population
serves as a barrier o the introduction of more
extreme exercise techniques.*

Measures to implement the physical rehabilitation
among the dialysis population require the
participation of professionals in the exercise process,
commitment of the dialysis staff, careful assessment
of the patients’ physical fitness, individual
adjustment to the exercise program, adoption of
the intradialytic exercise program, avoidance of
the repetitive exercise, regular assessment of the
patients’ physical ability, use of the methods of
quantification of physical strength and provision
of the adequate equipment. An integral part of
all these measures is certainly the commitment
of the dialysis staff, as well as the need to accept
exercise as an integral component of the care of
hemodialysis patients.?*

The evidence shows that quality of life is directly
correlated with daily physical activity in patients
on chronic hemodialysis. The quality of life is an
individual’s perception of his or her situation,
which is determined by the socio-cultural level of
the social community, goals and the individual’s
objectives and beliefs. One of the influential factors
that can contribute to the physical activity and
healthy lifestyle of patients on hemodialysis is

their individual perception about the benefits and
obstacles of exercise.”%!

The role of physical rehabilitation and
effectiveness of the exercise program are clearly
defined in hemodialysis patients in the current
framework and it requires adequate patient
selection, assessment of the physical activity
and verification of possible contraindications,
especially in patients with a poor clinical picture.
Nevertheless, we are witnesses to the fact that the
protocols for exercise, evaluation, and training
of patients on hemodialysis are not well defined,
so further research is needed to give priority to
physiotherapy and functional improvement of the
health of patients on hemodialysis.®

The prevalence of musculoskeletal complications
increases with years of dialysis, which, among
others, are responsible for the rapid deterioration
of functional abilities necessary for independent
living. The most common symptoms of such
disorders are pain, deceased mobility, reduced
muscle strength, early fatigue, which is described
as weakness, the feeling of exhaustion, and lack of
energy.!? The prevalence of fatigue in hemodialysis
patients approaches 60 to 97% and can be three
times higher than in the healthy population.

Decreased muscle mass is a common complication
that affects patients on hemodialysis, and is
associated with decreased muscle function.”? Olvera-
Soto et al.,?® found that the resistance exercises with
the elastic exercise bands, performed twice a week,
improve muscle mass and strength. In addition,
Desai et al.,’* showed that muscle function and
strength of patients improved after a four-month
exercise program, which was arranged three times
a week. Borregard et al.,>® as well as the results
of their own research #”) found that the benefits
of exercise twice a week during dialysis for 20
minutes in patients on hemodialysis increase
muscle strength and physical fitness.

Despite many proven benefits of exercise, dialysis
patients are particularly inactive. The reasons are
numerous and the most common ones are the lack
of recommendations regarding the degree, type and
level of physical activity, as well as the fear of side
effects that the physical treatment can cause in this
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patient population. There are several reasons for
the positive effect of exercise during hemodialysis:
First, there is a possibility of better adherence to
the dialysis regimen. Second, hemodialysis due
to forced inactivity further contributes to the
poor functioning of this population, so exercise
during dialysis counteracts the negative impact of
dialysis. Third, it is possible that exercise improves
the removal of uremic toxins due to the increased
blood flow in the muscles of the extremities.”®

The use of physical rehabilitation is still
uncommon in most dialysis units; that is, patients
arrange physical treatment, as long as the dialysis
center has developed an exercise culture, with
motivation being a key factor. One of the main
reasons for this condition is the heterogeneity of
dialysis patients, which is why it is necessary to
individualize exercise programs according to the
patients’ physical abilities and comorbidities.**

The risk assessment of patients on chronic
hemodialysis must be determined on an individual
basis before the initiation of physical rehabilitation
to avoid exceeding the capacity of physical activity.
The risk will be minimized if the patient quickly
reports certain reactions or symptoms, indicating
when it is important to lessen the intensity,
postpone, or stop the activity.”’

Fatigue is reported most often in hemodialysis
patients and it negatively affects their clinical
condition.®

The most common conditions that necessitate
caution during exercise in hemodialysis patients
are unstable blood pressure and problematic use
of the extremities on which the vascular access
was created. In addition to disrupting the routine
of the dialysis procedure itself, some patients
describe feeling uncomfortable to exercise in front
of others.”

Because patients with end-stage kidney disease
are at an increased risk for cardiovascular morbidity,
the existing guidelines provide little help on
whether the additional tests should be performed
before starting the exercise program. The prevailing
opinion is that patients with suspected or known
heart disease must pass the additional tests,
especially if higher-intensity physical activity is
planned. If moderate-intensity exercise is planned,
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then a medical history, physical examination, and
ECG are sufficient for participating in the exercise
program.*?

The most common challenges and obstacles to
exercise among patients with chronic kidney disease
are poor physical functions, as a consequence of
the burden of various comorbidities, as well as
numerous psychological and logistic issues. The
specific symptoms associated with these comorbid
conditions include chronic pain, fatigue, dyspnea,
cardiovascular disease, diabetes mellitus, and
muscle wasting. The cognitive and psychological
barriers were also highlighted, including the
fear of falling, decreased motivation, depression,
feelings of fear of the dialysis staff, and uncertainty
regarding the positive effects of exercise. The
logistical barriers include the limited access to
exercise facilities, transportation problems, and
restricted dialysis prescription schedules.>

The organizational challenges for exercise among
patients with chronic kidney disease, who have
not started dialysis treatment yet, may be the lack
of information, social interaction and support, as
well as challenges in the physical environment.
Patients with chronic kidney disease often feel that
their health care team does not prioritize exercise
and that they lack a tailored advice and support
from their healthcare professionals. Although
patients indicated that social interaction would be
a useful component of the exercise program, they
described a lack of support network among renal
patients to improve self-confidence, acceptance,
and association with the physical rehabilitation
program.”

The structural barriers to exercise in hemodialysis
patients are the lack of resources for exercise
and training among the service providers and
dialysis staff regarding their role in assessing and
encouraging physical activity. The strength training
equipment is often lacking and is rarely available
to a large number of dialysis patients, as it is too
bulky or expensive. A small number of institutions
have a specialized exercise worker who could
promote physical activity appropriately, without
leaving this burden to the medical staff, who may
lack motivation, time, training or expertise.>’

Some of these problems may be due to the
disagreements between patients and the medical
staff regarding the perception of the exercise
program. One survey showed a mismatch between
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the patients’ high levels of interest in exercise
(90%) and nephrologists’ misconceptions about the
patients’ lack of interest. In addition, the dialysis
staff described their patients as being less interested
in exercise. While most patients also believe that
they will achieve significant health benefits from
the increased levels of physical activity, only 45%
of nurses at the clinic believe that most patients
would benefit from the regular exercise. Physicians
(40%) appear to be much more concerned about
the risks of exercise than patients themselves (8%),
which is another barrier to promoting physical
activity.®

The information collected so far from physicians
and patients suggest that physicians need both the
equipment and training, as well as the incentive to
recommend implementation of the exercise program.
It is also necessary to make efforts to change the
attitude of patients who claim that they do not have
enough time and have too many health problems
for active exercise, without being aware of the
number of comorbidities present without physical
activity. This suggests that patients’ perceptions of
the burden of their disease may be more relevant
than their comorbidities. The patients” emphasis
on time and workload is important because it
has implications for an individual’s motivation
to increase their physical activity.®

Physical exercise programs should be applied
with caution in patients with recent heart attacks,
uncontrolled arrhythmias and hypertension,
unstable angina pectoris, uncontrolled diabetes,
and impaired left ventricular function. Presence
of neurological and muscular dysfunctions,
malignancies, and pregnancy are absolute
contraindications for exercise. In addition, physical
rehabilitation may be stopped in cases of profound
fatigue, chest pain, dizziness, faint, syncope,
dyspnea, arrhythmia, hypotension or uncontrolled
hypertension.®

The static and dynamic high-intensity exercise,
sudden changes of position or exercise with
arms above the head are strictly prohibited, but
any physical activity is strictly contraindicated
in patients with arrhythmia at rest, as well as
tachycardia or bradycardia with an unknown

source.t!

So far, the data and recommendations of the
nephrology profession indicate that regular,
controlled, and individualized physical exercise
has considerable benefits. Implementation of the
exercise programs for hemodialysis patients has
confirmed the expected optimism in terms of
improving cardiovascular function, blood pressure
control, increasing muscle strength, improving
nutritional status and dialysis quality, reducing
negative emotions, anxiety and depression, and
social interaction of patients and their families.
The mortality rate is lower in patients who have
physical activity at least once a week and the
risk of mortality decreases with increasing of the
exercise frequency. Other benefits of the regular
exercise imply improved lung capacity, endothelial
function, lipid status, and reduced markers of
inflammation.
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