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Abstract:

Introduction and purpose: End-stage kidney disease represents a major health burden and is
associated with reduced physical capacity and a significant decline in patients *quality of life.
Hemodialysis, which for many individuals remains the only life-sustaining treatment option, is
accompanied by numerous health-related consequences, including fatigue, muscle weakness,
reduced levels of physical activity, and impaired psychological well-being. The aim of this
article was to summarize the current knowledge regarding the role of physical activity in the
management of patients undergoing hemodialysis and to evaluate its potential impact on clinical
outcomes and quality of life.

State of Knowledge: Regular physical activity in hemodialysis patients may contribute to
improvements in physical performance, muscle strength, metabolic parameters, and overall
functional capacity. An increasing number of studies also indicate that exercise can positively
influence health-related quality of life and reduce depressive symptoms in this population. The
most favorable outcomes are typically observed in training programs of moderate intensity
lasting at least several weeks.

Conclusions: Physical activity appears to be a promising adjunctive component of therapy in
patients undergoing hemodialysis, providing benefits for both physical and mental health. The
incorporation of appropriately designed exercise programs into standard care for patients with
chronic kidney disease may improve functional capacity, quality of life, and overall prognosis.
Nevertheless, further research is needed to establish standardized and safe exercise strategies
tailored to this patient population.

Key Words: Physical activity; Chronic kidney disease; Hemodialysis, Mental health, Quality
of life
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Introduction

Chronic kidney disease (CKD) represents a major global health burden [1]. CKD is defined as
kidney damage or decreased kidney function persisting for more than three months.
Abnormalities such as proteinuria or hematuria, cysts detected on renal imaging, and a
reduction in glomerular filtration rate (GFR) below 60 mL/min indicate kidney damage. Based
on the level of GFR, CKD is classified into five stages [Table 1]. The fifth and final stage
corresponds to end-stage kidney disease (ESKD), which requires renal replacement therapy
(RRT) [2]. According to global estimates, approximately five million individuals currently
receive RRT in the form of dialysis or kidney transplantation [3]. The most common causes of
CKD in adults include diabetic nephropathy, glomerulonephritis, hypertensive nephropathy,
and atherosclerosis. Depending on the underlying etiology, CKD may present with a wide range
of symptoms. Common manifestations of kidney failure include fatigue, weight loss, anemia,
edema, polyuria or anuria, flank pain, bone fractures, and menstrual disturbances [4,5]. In
suspected CKD, serum creatinine levels are measured and used to estimate GFR in order to
determine the stage of the disease. Additional diagnostic procedures include urinalysis and renal
ultrasonography [6]. Patients with end-stage kidney disease (stage 5 CKD; eGFR <15
mL/min/1.73 m?2) require renal replacement therapy (RRT). There are three main RRT strategies
- kidney transplantation, hemodialysis, and peritoneal dialysis [7]. Kidney transplantation is
considered the most effective treatment option because it most closely restores physiological
kidney function; however, it requires a suitable donor, lifelong immunosuppressive therapy,
and appropriate patient eligibility for transplantation [8,9]. Hemodialysis is the most commonly
used method of renal replacement therapy worldwide. Although highly effective, it requires
vascular access through an arteriovenous fistula and frequent visits to dialysis centers. The
procedure is typically performed three times per week, with each session lasting approximately
four to five hours. In contrast, peritoneal dialysis can be performed at home and offers greater
patient independence. This method utilizes the peritoneum as a natural dialysis membrane;
dialysate is introduced into the abdominal cavity via a catheter, allowing the exchange of
substances between the blood in peritoneal vessels and the dialysis fluid. The used dialysate is
then drained and replaced with fresh solution. One of the major limitations of peritoneal dialysis
is the increased risk of peritonitis [9,10].

Renal replacement therapy remains the primary life-sustaining treatment for patients with end-
stage kidney disease. However, it is important to recognize how physically and psychologically
demanding this treatment can be. The present article focuses particularly on patients undergoing
hemodialysis, whose treatment involves numerous dietary restrictions, regular visits to dialysis
centers, and frequent medical monitoring. These factors substantially affect daily functioning,
influencing patients *physical activity levels, social life, and overall quality of life [11,12]. Due
to both the disease itself and the restrictions associated with RRT, engaging in regular physical
activity represents a significant challenge for individuals with CKD. Consequently, physical
inactivity is highly prevalent among dialysis patients, despite growing evidence demonstrating
the multiple benefits of exercise in individuals receiving renal replacement therapy. Importantly,
the physical performance of these patients is closely linked not only to their physical health but
also to their psychological well-being [13,14]. This article reviews various strategies aimed at
increasing physical activity among patients undergoing dialysis, evaluates their potential
clinical effectiveness, and discusses the prospects of incorporating exercise as an integral
component of the management of end-stage kidney disease.



Table 1. Staging of CKD

CKD stadium eGFR (ml/min/1.73 m2)
Gl >90

G2 60-89

G3a 45-59

G3b 30-44

G4 15-29

G5 <15

Pathophysiological Basis for Exercise in Hemodialysis Patients

A holistic approach to patients with chronic kidney disease extends beyond the assessment of
laboratory parameters and the provision of dialysis aimed solely at removing uremic toxins
from the body. It is equally important to consider patients ’physical and psychological well-
being, as well as their overall quality of life. Contemporary medicine increasingly emphasizes
the role of rehabilitation and physical activity as supportive components of treatment, even in
patients with advanced stages of disease, including those undergoing dialysis therapy [15,16].
In recent years, greater emphasis has been placed on a patient-centered approach that takes into
account individual needs and priorities rather than focusing exclusively on laboratory-based
indicators of health status. Increasing the level of physical activity - particularly among older
patients - may help prevent sarcopenia and frailty, thereby reducing the risk of functional
decline and loss of independence. Unfortunately, individuals requiring renal replacement
therapy frequently avoid physical exertion and adopt a sedentary lifestyle, which contributes to
insulin resistance, disturbances in lipid metabolism, atherosclerosis, and the exacerbation of
systemic inflammation [17,18]. Patients with CKD often demonstrate limited willingness to
engage in physical activity due to common comorbidities such as cardiovascular disease,
reduced muscle strength, malnutrition, and impaired psychological well-being. It is important,
however, to recognize the crucial role of skeletal muscle in maintaining human health. Beyond
its primary mechanical function related to movement, skeletal muscle also performs numerous
metabolic and regulatory roles within the body. A significant advancement in understanding
these functions came with the discovery of myokines - small peptides and cytokines released
by skeletal muscle in response to physical activity. These molecules participate in a variety of
regulatory processes and facilitate communication between skeletal muscle and other organs,
including the liver, adipose tissue, and kidneys. In patients with chronic kidney disease,
disturbances in myokine production and signaling may contribute to the development of
sarcopenia, chronic inflammation, and metabolic dysfunction, highlighting the potential
importance of physical activity in modulating these processes [19-22]. Moreover, given that
type 2 diabetes remains one of the leading causes of chronic kidney disease, strategies aimed at
increasing skeletal muscle mass and metabolic activity - particularly regular physical exercise
- may improve insulin sensitivity and glycemic control and potentially slow the progression of



diabetic nephropathy. In some patients, such interventions may reduce the likelihood of
requiring renal replacement therapy in the future [23]. Physical activity also supports
cardiovascular health, which is particularly relevant since cardiovascular complications
represent one of the leading causes of mortality among patients with CKD [24]. Taken together,
these mechanisms suggest that physical activity may constitute an important supportive element
in the management of patients with chronic kidney disease undergoing dialysis therapy,
contributing to improved physiological function and overall health outcomes.

Types of Physical Activity in Hemodialysis Patients

Patients undergoing dialysis therapy are often characterized by low levels of physical activity,
despite its important role in maintaining - and potentially improving - their overall health status
and functional capacity. Several forms of exercise have been investigated in studies involving
patients receiving dialysis. However, it should be emphasized that current recommendations in
this area remain limited, and clear, standardized strategies for maintaining optimal levels of
physical activity in dialysis patients have not yet been established [25]. Physical activity in this
population can be broadly categorized according to its type into aerobic exercise and resistance
training. It can also be classified based on the setting in which it is performed, including home-
based exercise and training programs conducted within dialysis centers. The following sections
describe in greater detail the forms of exercise most commonly implemented in patients
undergoing dialysis therapy [26].

3. 1 Resistance Training in Hemodialysis Patients

Loss of skeletal muscle mass is a well-documented factor associated with increased mortality
among patients undergoing renal replacement therapy. Sarcopenia affects nearly 42.4% of
individuals receiving hemodialysis, and both diabetes mellitus and prolonged duration of renal
replacement therapy further increase the risk of its development. Consequently, resistance
training appears to represent an important and beneficial form of physical activity in this patient
population [27,28]. In one study, progressive resistance training was implemented during
hemodialysis sessions. The exercises were specifically designed to be performed in a seated or
semi-recumbent position, allowing them to be safely conducted during the dialysis procedure.
Training sessions were performed three times per week, corresponding with each patient’s visit
to the dialysis center. Each session lasted approximately 45 minutes and included 10 exercises
targeting the major muscle groups. The exercise program included movements such as shoulder
press, biceps curl, triceps extension, hip flexion, seated leg curl, and seated leg lifts, performed
with gradually increasing resistance, most commonly using dumbbells or ankle weights. The
training program lasted either 12 or 24 weeks, and no complications related to resistance
exercise were reported during the intervention [27]. Another study similarly confirmed the
effectiveness of resistance training sessions lasting approximately 30 minutes during dialysis,
highlighting their beneficial impact on overall physical performance, well-being, and several
physiological parameters discussed in the subsequent sections of this review [29]. In addition,
strategies based on home-based resistance training have also been investigated. Similar to
exercise programs conducted in dialysis units, these protocols typically involve exercises
performed with dumbbells or resistance bands two to three times per week for approximately
30 minutes per session. Although such interventions appear promising, monitoring adherence,



training quality, and exercise frequency is considerably more challenging when patients
perform exercises independently at home compared with supervised programs conducted
during dialysis sessions. As a result, evidence identifying the most effective and optimal home-
based exercise strategies for dialysis patients remains limited [30-32].

3. 2 Aerobic Training in Dialysis Patients

Another form of physical activity applied in patients undergoing dialysis is aerobic exercise.
The most commonly used modalities in individuals receiving renal replacement therapy include
walking and the use of a small stationary cycle ergometer [33]. In terms of frequency and
duration, aerobic exercise sessions are generally comparable to resistance training programs.
Based on studies conducted in dialysis centers, exercise sessions typically begin with a 5-minute
warm-up consisting of light pedaling on a stationary cycle ergometer or active stretching. This
is followed by the main training phase of moderate intensity (40-80% HRR - Heart Rate
Reserve), lasting approximately 15-30 minutes, and concluding with a 5-minute cool-down
period. Exercise sessions are usually performed during the first one to two hours of the dialysis
procedure. Training programs typically last between 8 and 12 weeks, and similarly to resistance
training interventions, no significant adverse events related to this form of physical activity
have been reported during their implementation [34-36]. To date, it has not been definitively
established which type of physical activity - aerobic or resistance training - provides the greatest
benefit for patients undergoing hemodialysis. Ongoing research aims to better define and
standardize exercise protocols, including aerobic, resistance, and combined training programs,
for this patient population [37].

Clinical Outcomes Associated with Physical Activity in Hemodialysis Patients

Numerous studies indicate that regular physical activity in patients undergoing hemodialysis
provides a wide range of clinical benefits, including improvements in physical performance as
well as favorable changes in selected metabolic parameters. It is worth emphasizing that aerobic
exercise performed during dialysis sessions may enhance cardiorespiratory fitness and overall
physical capacity, while also contributing to a reduction in fatigue [38]. Exercise training has
also been shown to improve muscle microcirculation by increasing blood flow within skeletal
muscles and expanding the number of active capillaries. This process may facilitate the
transport of metabolic waste products, such as urea, from tissues into the bloodstream, thereby
enhancing their removal during dialysis [39]. Many studies have also reported improvements
in functional performance tests. Following exercise interventions, a significant increase in the
distance covered during the 6-minute walk test has been observed, indicating improved exercise
tolerance [40]. At the same time, reductions in resting heart rate and blood pressure have been
documented, along with increases in hemoglobin concentration and high-density lipoprotein
(HDL) cholesterol levels. These physiological adaptations may contribute to improved
cardiovascular function, which remains a key determinant of prognosis in patients with chronic
kidney disease [41]. Furthermore, the Dialysis Training Therapy (DiaTT) study demonstrated
that a supervised endurance and resistance training program conducted three times per week
during dialysis sessions improved lower limb muscle strength, as assessed by the 60-second sit-
to-stand test [42]. Physical activity may also positively influence the severity of symptoms
commonly associated with dialysis therapy. Studies have shown that exercise performed on
cycle ergometers during dialysis sessions can reduce fatigue, while aerobic training may
alleviate symptoms such as muscle cramps and restless legs syndrome. Similar benefits have



also been reported in older hemodialysis patients, in whom physical training was associated
with reduced pain, decreased fatigue, and improved overall physical functioning [43]. Regular
physical activity also exerts important metabolic and anti-inflammatory effects. Exercise has
been shown to reduce visceral adipose tissue and decrease the secretion of pro-inflammatory
adipokines, thereby contributing to the modulation of inflammatory responses and
improvement of the metabolic profile [44]. Some studies have also reported a potential
influence of exercise training on bone metabolism, including improvements in bone mineral
density and changes in markers of the bone-kidney axis, such as fibroblast growth factor 23
(FGF-23) [45]. Nevertheless, it should be emphasized that high-quality studies allowing for a
definitive evaluation of specific training protocols and their associated health benefits in
dialysis patients remain limited.

Impact on Quality of Life and Psychological Well-Being

In a holistic approach to patient care, attention should be paid not only to physical well-being
but also to quality of life and mental health. Modern medical care increasingly emphasizes
outcomes beyond laboratory parameters, focusing on patients ability to function independently,
maintain social engagement, and preserve overall functional capacity. While the
implementation of physical activity undoubtedly brings benefits for physical health, it is also
important to recognize that regular exercise has a positive impact on psychological well-being
and overall quality of life. Therapeutic strategies that incorporate physical activity as an integral
component of treatment therefore aim not only to improve metabolic parameters and physical
performance but also to support patients *mental well-being [46]. Studies conducted in recent
years investigating the impact of physical activity on the quality of life of patients undergoing
hemodialysis have demonstrated that the exercise programs described above may positively
influence health-related quality of life (HRQoL) [47,48]. HRQoL refers to a patient’s subjective
perception of how their health status affects their overall quality of life and encompasses
physical, psychological, emotional, and social dimensions of functioning related to health and
disease. Instruments commonly used to assess HRQoL include standardized questionnaires
such as the Short Form-36 (SF-36) and the EQ-5D [49]. Exercise programs implemented in
patients with chronic kidney disease have been shown to produce beneficial effects on mental
health regardless of the type of training performed - whether resistance or aerobic exercise -
and regardless of whether the activity takes place during dialysis sessions or between them. The
most favorable outcomes have been observed with moderate-intensity physical activity
implemented in programs lasting between 12 and 26 weeks. In shorter interventions,
improvements were primarily observed in the physical component of HRQoL, whereas longer
training programs demonstrated beneficial effects on both the physical and psychological
aspects of patients ’lives [50,51]. In addition, evidence suggests that regular physical activity
may contribute to the reduction of depressive symptoms in patients undergoing dialysis therapy
[52,53]. A meta-analysis including 22 studies and 1,059 participants demonstrated a significant
reduction in depressive symptoms among hemodialysis patients participating in exercise
programs. The most pronounced benefits were observed in long-term interventions, often
lasting longer than six months [53]. Based on the available evidence, incorporating physical
activity into the standard management of patients undergoing dialysis appears justified, as
improvements in quality of life are associated with lower mortality risk, fewer hospitalizations,
and an overall reduction in health-related complications [54]. Nevertheless, it should be
emphasized that currently available exercise programs are not fully standardized, and their
parameters - such as exercise modality, intensity, and session duration - vary considerably



across studies. These differences may partly explain the inconsistencies observed in reported
outcomes. Despite these limitations, many existing studies provide encouraging results
demonstrating the beneficial impact of physical activity on quality of life and psychological
well-being in this patient population, highlighting the need for further research and the
development of more consistent and structured exercise strategies.

Table 1. Physical and psychological benefits of physical activity in patients undergoing
hemodialysis

Physical Health Benefits Mental Health Benefits

e improved cardiorespiratory capacity and e improved health-related quality of
exercise tolerance life (HRQoL)

e increased muscle strength and improved e improved psychological well-being
muscle function and emotional functioning

e improved cardiovascular  function e reduction in depressive symptoms
(including reductions in blood pressure e improved social functioning and
and resting heart rate) ability to perform activities of daily

e improved metabolic parameters living
(including increased HDL cholesterol e reduced fatigue affecting daily
and hemoglobin levels) functioning

e anti-inflammatory effects

e reduction of dialysis-related symptoms
(e.g., fatigue, muscle cramps, and
restless legs syndrome)

Conclusions

End-stage kidney disease remains a significant clinical and social challenge, leading to
substantial deterioration in patients ’health status, physical functioning, and overall quality of
life. The need for regular hemodialysis imposes not only a considerable physiological burden
but also substantial limitations in daily functioning, often resulting in partial loss of
independence, reduced social engagement, and impaired psychological well-being. Although
kidney transplantation represents the most effective treatment for end-stage kidney disease, it
is not available to all patients; therefore, for many individuals dialysis therapy remains the only
life-sustaining treatment option. Despite advances in pharmacological therapy and continuous
specialist care, the quality of life of patients undergoing dialysis remains markedly reduced.
Modern medicine increasingly emphasizes the importance of a comprehensive approach to the
management of chronic diseases, in which collaboration within a multidisciplinary team of
specialists plays a crucial role. Within this context, growing attention has been directed toward



the role of physical activity as a supportive therapeutic strategy in patients with chronic kidney
disease. This review presents available evidence on various forms of physical activity
implemented in hemodialysis patients and their potential benefits for both physical and
psychological health. The available data suggest that regular physical activity may contribute
to improvements in physical performance, muscle strength, cardiovascular function, and
metabolic parameters. At the same time, exercise interventions appear to positively influence
health-related quality of life, reduce fatigue, and alleviate depressive symptoms in patients
undergoing dialysis therapy. However, despite the increasing number of studies demonstrating
the potential benefits of exercise, high-quality clinical trials enabling the development of fully
standardized training programs for this patient population remain limited. Differences in
exercise modality, intensity, duration of training sessions, and methods of monitoring may
partly explain the variability observed in reported outcomes across studies. Therefore, further
large-scale clinical studies are required to determine the optimal parameters of exercise
programs and to evaluate their long-term effects on health outcomes in dialysis patients. In light
of current evidence, incorporating physical activity as a routine component of care for patients
undergoing dialysis in dialysis centers appears justified. Improvements in physical fitness and
quality of life may potentially contribute to reduced hospitalization rates and lower mortality
risk in this population. In the future, the development of personalized medicine may facilitate
the design of exercise programs tailored not only to patients ’medical needs and physical
capabilities but also to their individual preferences, which could enhance adherence to physical
activity and improve the long-term effectiveness of such interventions. Emerging technologies,
including telemedicine, remote monitoring of physical activity, and solutions based on artificial
intelligence, may further support the implementation of exercise programs in home settings
while allowing supervision by qualified healthcare professionals. Nevertheless, the
implementation of such approaches requires appropriate financial resources and the availability
of trained personnel capable of ensuring the safety and quality of exercise interventions. In
summary, physical activity represents a promising adjunct in the management of patients with
chronic kidney disease undergoing hemodialysis. Although further research is needed to
establish unified exercise recommendations for this population, current scientific evidence
indicates that appropriately designed and supervised physical activity may significantly
improve health status, functional capacity, and quality of life in dialysis patients.
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