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Abstract

Introduction: Fluid imbalance contributes to symptoms such as intradialytic
hypotension, muscle cramps, and dyspnea in hemodialysis patients. Exercise
therapy may reduce these symptoms, but data on structured resistance training
remain limited. This randomized controlled trial evaluated the effect of resistance
training on fluid imbalance-related symptomes.

Keywords: Resistance training; Hemodialysis;
Fluid imbalance; Dyspnea; Muscle cramps;
Randomized controlled trial
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Materials and Methods: Twenty-six adult hemodialysis patients were

randomized 11 to either resistance training plus lifestyle advice or lifestyle
advice alone. The intervention consisted of 20-minute resistance training
sessions performed three times weekly for 20 weeks. Outcomes included
intradialytic muscle cramps, exertional dyspnea (NYHA class), intradialytic
dyspnea (Borg scale), and body composition variables. Linear mixed-effects
models were used to assess changes over time. Ethical approval was obtained
(IRSBMUMSP.REC.1402.531). All participants provided written informed consent.
CONSORT checklist completed; CONSORT flow diagram referenced.
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Results: Twenty-six participants completed the study. The intervention grou
experienced significant reductions in muscle cramps (8 = -1993, p = 0.024),
exertional dyspnea (B = -1443, p = 0.019), and intradialytic dyspnea ( = -2.275,
p < 0.001). No significant changes were observed in skeletal muscle mass or total
body water. No major adverse events occurred.

Discussion: Resistance training effectively improved fluid imbalance-related
symptoms and was safe and feasible among hemodialysis patients. These findings
support incorporating resistance training into dialysis care to improve symptom
burden and clinical tolerance.

Introduction strongly associated with distressing symptoms suchas muscle
cramps, dyspnea, hypotension, restless leg syndrome, sleep
Background disturbances, and hemodynamic instability [5-7]. Reduced

Chronic kidney disease affects approximately 10% of physical function, poor conditioning, and malnutrition

the global population and continues to rise, with millions
of patients requiring long-term maintenance hemodialysis
worldwide [1,2]. Despite improvements in dialysis delivery,
dialysis-related symptom burden remains substantial and
continues to impair quality of life, physical function, and
clinical outcomes [3,4].

Poor fluid balance control and dialysis inadequacy are
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further worsen patients’ medical and psychological status
[6]. These challenges have led to the development of lifestyle
modification strategies collectively referred to as renal
rehabilitation, incorporating nutritional counseling and
structured exercise programs [8,9].

Recent evidence supports both intradialytic and
interdialytic exercise as effective interventions to improve
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dialysis tolerance, reduce symptom burden, and enhance
quality of life [10,11]. Even low-intensity exercise has been
shown to improve physical performance and functional
capacity in hemodialysis patients [12,13]. Importantly,
exercise is considered a safe non-pharmacological
intervention and does not increase routine adverse events
when appropriately supervised [14,15]. Advances in exercise
prescription now include resistance training, combined
modalities, interval training, virtual reality-based exercise,
and structured programs such as Tai Chi and yoga [16,17].

Objective

Resistance training has demonstrated benefits in
improving quality of life, depressive symptoms, aerobic
capacity, muscle strength, muscle wasting, and hemodynamic
controlin patients undergoing hemodialysis [6,18]. Promising
effects on sarcopenia and related biomarkers have also been
reported [19,20]. However, evidence regarding its impact on
dialysis-related symptoms associated with fluid imbalance
remains limited [21].

Resistance training protocols vary widely in intensity,
progression, timing, and equipment, and patient-related
factorsmayinfluence outcomes [22]. Awell-designed, feasible
protocol that promotes patientadherence and yields clinically
meaningful benefits may contribute to future guideline
development [23]. Given that aerobic exercise alone may not
consistently improve dialysis-related outcomes compared
with usual care [9,24], this study aimed to evaluate the effect
of adding a structured resistance training program to routine
lifestyle advice on fluid imbalance-related symptoms in
patients undergoing maintenance hemodialysis.

Methods
Study design

Patients undergoing chronic hemodialysis in a single
hemodialysis center were enrolled in the study based on
inclusion and exclusion criteria.

The inclusion criteria included patients undergoing
chronic hemodialysis for at least 3 months before entering
the study, aged 18 to 75 years, with the ability to walk
without assistance, and with stable hemodynamic and blood
sugar status.

The exclusion criteria included kidney transplantation,
pregnancy, any serious illness, including mental disorders
and malignant diseases, instability of medical condition,

including hospitalization and hemodynamic changes
resistant to treatment.
After being introduced to a specialized sports

medicine assistant, these patients were re-examined for
musculoskeletal health and ability to perform exercises.
Finally, 33 of these patients were included in the study,
and all underwent initial assessments and general lifestyle
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recommendations, including the appropriate amount
of weekly aerobic, strength, and balance exercises, and
appropriate nutritional recommendations, including the
required amount of protein intake and proper nutrition
in terms of proper water and electrolyte intake. Then, the
patients were interviewed for background information,
including age, gender, height, weight, dialysis history, number
of dialysis sessions, presence of comorbidities (diabetes
mellitus, hypertension, ischemic heart disease), degree of
dyspnea on exertion, severity of dyspnea during dialysis, and
severity of muscle cramps. The weight and blood pressure
of the subjects were recorded before and after dialysis.
Bioimpedance testing was performed on the patients with
the Inbody S10 device 30 minutes after the end of dialysis in
a lying position, and a 6-minute walking test was performed
on the patients.

Setting and participants

The study population was patients undergoing chronic
hemodialysis at the Dialysis Center of Imam Hussein Hospital
(Tehran, Iran). Based on the inclusion and exclusion criteria,
40 people were initially selected and entered into the
study (to predict possible drops) by the head nurse of the
dialysis department under the supervision of the head of the
department (nephrology specialist).

Patients were randomly divided into two groups using
simple randomization based on a numbered table by the
head nurse; 17 patients were in the intervention group, and
16 patients were in the control group. The control group
was repeatedly and regularly visited and received lifestyle
modification advice, but did not receive a structured exercise
program.

Of the 33 confirmed patients, 3 patients in the control
group were excluded from the study due to death, 1 patient
in the intervention group due to kidney transplantation, 1
patient due to foot amputation and 3 patients due to lack
of proper cooperation, and finally 26 patients, including 13
patients in the intervention group and 12 patients in the
control group, completed the intervention.

Participant Flow Diagram

Assessed for eligibility
(n = 40)
Randomized
(n = 33)

o

Allocated to Intervention Group
(n=17)
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Allocated to Control Group
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Lost to follow-up (n = 5)
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Randomization and blinding

Eligible hemodialysis patients were randomly assigned
in a 1:1 ratio to either the intervention or control group
using a computer-generated randomization sequence. Due
to the nature of the intervention, participants and exercise
supervisors could not be blinded to group assignment;
however, outcome assessors and data analysts were blinded
to group allocation to minimize bias in the evaluation of both
primary and secondary outcomes.

Intervention

In addition to general and common recommendations, the
intervention group received a regular program of strength
training. This program was performed three sessions per
week for 20 minutes. Initially, for 4 weeks, the exercises
were performed under full supervision before each dialysis
session in the dialysis center, and gradually, after the first
month, the exercises were performed at home and on days
other than dialysis. During this period, the patients were
regularly examined and interviewed face-to-face and directly
in terms of proper performance of the exercises and progress
of the exercises, including increasing the number of sets and
adding more exercises if possible. And given the continuous
presence of a sports medicine assistant in the dialysis center,
the level of cooperation and attention of the patients to the
exercises was assessed verbally. All of this supervision was
carried out by a sports medicine assistant in collaboration
with experienced dialysis center staff.

Eachexercise sessionincluded: 5 to 10 minutes of warm-
up in the form of walking or active stretching movements.
The main body of the exercises included resistance exercises
aimed at increasing muscle endurance specific to large upper
body muscle groups. The lower body and the central body
were performed. Due to the lack of suitable conditions for
performing the maximum muscle power test or its multiples
for all muscle groups. The percent of reserve heart rate wasn’t
reliable due to different medication consumptions. The
intensity of the exercises was determined as low to moderate
intensity by RPE (rating of perceived exertion) = 11-14 on
the BORG SCALE 6-20, and the elastic band exercises were
adjusted according to the ability of each individual. Due to
the low ability of the individuals, yellow or green elastic
bands were usually suitable for them. According to the ability
of each individual, the number of sets started from the set
length to create initial readiness, and the number of sets
was gradually increased. The number of repetitions of each
movement was 10 repetitions, which were performed as 1
second concentric phase, a 2-second isometric phase, and
2 seconds eccentric phase to prevent muscle cramps and
damage. After each movement, a corresponding stretching
was performed for 15 seconds.

Resistance exercises included: (All exercises except
core exercises were performed with elastic bands).
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1. Strengthening the anterior compartment of the arm
(biceps curl)

2. Strengthening the shoulder lifting compartment,
including the upper trapezius muscle (shoulder shrug)

3. Strengthening the deltoid muscle (forward flexion and
abduction of the shoulder)

4. Strengthening the anterior compartment of the thigh,
including the quadriceps muscle (leg curl)

5. Strengthening the thigh abductor muscles, including
the gluteus medius and tensor fascia Lata (hip
abduction)

6. Strengthening the posterior thigh muscles, including
the gluteus maximus and hamstrings (hip extension)

7. Strengthening the core muscles (dead bug and double
leg bridge)

Then the cool-down phase was performed for 5 minutes
again with active stretching and walking.

The exercises progressed gradually by increasing the
number of sets up to 3 sets and adding exercises, including
wall squats, walking lunges, heel raises, and simple balance
exercises (double and single leg and tandem stance with
eyes opened and closed). The exercises and their progress
were monitored by a specialized sports medicine assistant.
A written informed consent form was signed by all patients.
Necessary advice was given on possible complications.

Outcome measures

Primary outcomes

Blood pressure changes during dialysis: Blood
pressure changes during dialysis were measured by direct
measurement at the beginning and last minutes of the
hemodialysis session or when the patient had symptoms
of intradialytic hypotension (IDH) by a calibrated dial
pressure gauge manometer (in mmhg) by trained staff, and
the systolic and diastolic blood pressure and the differences
were recorded precisely at the week 0,12,20.

Muscle cramps during dialysis: The severity of muscle
cramps (calf muscles) during the hemodialysis session
was measured by severity score from 1-3 (one being the
least severe and three being the most severe). These were
recorded directly through interviews and by completing a
written Questionnaire.

Edema

Weight differences before and after dialysis: Weight
differences before and after dialysis sessions were measured
using a calibrated digital scale, and the differences were
recorded in kilograms in weeks 0, 12, and 20.
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Dyspneaonexertion: Exertional dyspneawasassessed by
New York Heart Association (NYHA) Functional Classification
1-4 (ClassI: No limitations. Ordinary physical activity does not
cause undue fatigue, dyspnea, or palpitations. Mets>7 Class Il
Slightlimitation of physical activity. Ordinary physical activity
results in fatigue, palpitation, dyspnea, or angina pectoris.
Mets>5 Class III Marked limitation of physical activity. Less
than ordinary physical activity leads to symptoms, Mets =
2-3, Class 1V, Unable to carry on any physical activity without
discomfort Mets<1.6), it was recorded directly with an oral
questionnaire in week 0 and 20.

Dyspnea during dialysis: Dyspnea during dialysis
sessions was measured by the Borg dyspnea scale 1-5
(1 stands for the least severe dyspnea and 5 for the most
severe dyspnea). It was recorded directly by questionnaire
filling in weeks 0, 12, and 20.

Secondary outcomes

Body composition: Body composition was measured
indirectly with InBody S10, which has over 0.0984 percent
similarity with DEXA assessment based on recent reliability
studies and is designed specifically for bedridden or disabled
patients. SMM (skeletal muscle mass), PBF (percent body
fat), and TBW (total body water) were recorded with the
patient in a lying position, 30 minutes to the end of the
dialysis session, with a calibrated system and standard ports
in standard position to best evaluate “Dry weight”. The test
was recorded at 0 and 20 weeks.

Aerobic capacity

Aerobic capacity and physical function were tested
through the 6-minute walk test(6MWT), which is validated
for patients with poor medical and physical condition like
hemodialysis patients. The test was performed in a 20-meter
space, and trained staff supervised the test with standard
instructions in weeks 0 and 20.

Sample size calculation

The sample size was determined a priori to ensure
adequate power for detecting a clinically meaningful group
x time interaction in the longitudinal analysis. Assuming
a two-sided significance level of 0.05, a power of 80%,
and a conservative estimate of variability, a minimum of
16 participants per group was required. To account for
an anticipated attrition rate of 15%, the sample size was
increased to 19 participants per group, resulting in a total
required sample of 38 participants to ensure sufficient
statistical power for detecting meaningful differences
between the intervention and control groups over time.

Statistical analysis

Given the longitudinal nature of the study data, one of the
main challenges was handling missing values. To address this
issue, multiple imputation (MI) methods were applied. Three
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approaches were used: predictive mean matching (PMM),
random forest (RF), and weighted predictive mean matching
(WPMM). For each method, five datasets with 10 iterations
were generated, and these were subsequently combined into
a single final imputed dataset.

To evaluate the performance of the imputation methods,
diagnostic plots as well as summary indices including mean,
standard deviation, frequency, and percentage of the data
before and after imputation were examined. Based on these
results, WPMM was identified as the most appropriate
method, and all imputed data in the present study were
prepared accordingly.

Line plots were drawn to compare the trajectories of
variables between the intervention and control groups over
time, allowing assessment of overall trends. To analyze the
effect of the intervention on the variables of interest, a linear
mixed-effects model (LMM) was fitted. This model accounted
for both individual-level differences and within-subject
changes over time, providing a suitable error structure. The
error structure was specified as unstructured, and estimation
was performed using the REML approach to maximize the
log-likelihood. Finally, the LMM was fitted to assess the
longitudinal intervention effects.

All statistical analyses were conducted using RStudio
version 2024.12.0+467. For multiple imputation, the
packages mice, missForest, missMDA, and Amelia were
utilized. Line plots were generated with ggplot2 and dplyr.
For fitting the linear mixed-effects models, the packages
nlme, Ime4, and ordinal were applied. Statistical significance
was assessed at a 95% confidence level.

Results

Interpretive charts for the variables Cramps, NYHA, and
Dyspnea showed that the probability of individuals being in
more severe categories of these symptoms was much lower
in the intervention group than in the control group. These
charts indicate that PBF had alower mean in the intervention
group at both time points compared to the control group,
while SMM and TBW had higher means in the intervention
group at both time points compared to the control group.
Table 1 results showed that in the control group, 7 patients
(43.8%) were female and 9 patients (56.3%) were male,

Table 1: General characteristics of patients at baseline.

Variables Control Intervention p - value
Gender (Female) 7 (43.8) 5(29.4) 0.392
Gender (Male) 9 (56.3) 12 (70.6)

Age 61.31 (12.99) 55.59 (13.95) 0.233
Weight 78.25 (16.65) 72.35 (15.40) 0.299
Height 167.06 (9.26) 168.18 (11.98) 0.758

BMI 28.13 (5.98) 25.42 (4.09) 0.138

Dialysis days/week 3.31(0.47) 3.35(0.78) 0.861

TBW 38.07 (7.55) 38.93 (9.00) 0.805

PBF 27.50 (6.28) 29.15(7.14) 0.557

SMM 30.99 (10.92) 22.70 (7.59) 0.040*
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while in the intervention group, 5 patients (29.4%) were
female and 12 patients (70.6%) were male. This statistic
shows that the number of male patients was higher than the
number of female patients in both groups. However, the chi-
square test (p - value = 0.392) indicated that there was no
significant difference in the distribution of gender between
the two groups. The mean age of patients in the control
group was 61.31 years (standard deviation 12.99), and in
the intervention group was 55.59 years (standard deviation
13.95). Although the mean age difference between the two
groups was about 5 years, the independent t-test (p - value
= 0.233) showed that this difference was not statistically
significant. Therefore, it can be said that the age of patients
in both groups was similar. The mean weight of patients in
the control group was 78.25 kg (standard deviation 16.65),
and in the intervention group was 72.35 kg (standard
deviation 15.40). Although the mean weight was higher in
the control group, the independent t-test (p - value = 0.299)
showed that this difference was not significant. Also, the
mean height of patients in the control group was 167.06 cm
(standard deviation 9.26), and in the intervention group was
168.18 cm (standard deviation 11.98). This difference was
also not significant, with a p - value of 0.758. The mean body
mass index (BMI) in the control group was 28.13 (standard
deviation 5.98) and in the intervention group was 25.42
(standard deviation 4.09). Although BMI was higher in the
control group, the independent t-test (p - value = 0.138)
indicated that this difference was not significant. The mean
dialysis days per week in the control group was 3.31 days
(standard deviation 0.47), and in the intervention group was
3.35 days (standard deviation 0.78), and this small difference
was also not significant with a p - value of 0.861. The mean
total body water (TBW) in the control group was 38.07 liters
(standard deviation 7.55), and in the intervention group
was 38.93 liters (standard deviation 9.00). The independent
t-test (p - value = 0.805) showed that this difference was also
not significant. The mean body fat percentage (PBF) in the
control group was 27.50% (standard deviation 6.28) and
in the intervention group was 29.15% (standard deviation
7.14), which, with a p - value of 0.557, was also not statistically
significant. Finally, the mean skeletal muscle mass (SMM) in
the control group was 30.99 kg (standard deviation 10.92)
and in the intervention group was 22.70 kg (standard
deviation 7.59). This was the only variable that showed a
significant difference between the two groups (p - value =
0.040). In other words, the control group had higher skeletal
muscle mass compared to the intervention group, which
may indicate different therapeutic effects. Overall results
showed that in most of the examined variables, no significant
differences were observed between the two groups. The
only significant difference was reported in skeletal muscle
mass (SMM), which can help better understand patient
characteristics and the effects of therapeutic interventions.

The different variables, including muscle cramps
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(Cramps), exertional dyspnea (NYHA), dyspnea during
dialysis (Dyspnea), total body water changes (TBW), body
fat percentage (PBF), and skeletal muscle mass (SMM), were
analyzed. For muscle cramps, the group f# was 0.160 with
a p - value of 0.918, indicating no significant difference at
baseline. The effect of time (f = -0.242, p = 0.529) was also
not significant. However, the time x group interaction (f =
-1.993, p = 0.024) was significant, indicating that the odds
of more severe muscle cramps in the intervention group
compared to the control group decreased by 1.99 times over
time, and this reduction was statistically significant.

For exertional dyspnea (NYHA), the group f was -2.444
with a p - value of 0.271, indicating no significant difference
at baseline. The effect of time (8 = 0.094, p = 0.916) was
not significant. The time x group interaction (f = -1.443, p
= 0.019) was significant, indicating a statistically significant
1.443-fold reduction in the odds of more severe dyspnea in
the intervention group over time.

For dyspnea during dialysis, the group f was 0.994 with
a p - value of 0.515, indicating no significant difference at
baseline. The effect of time (f = -0.008, p = 0.981) was not
significant. However, the time x group interaction (5 =-2.275,
p < 0.001) was significant, showing that the odds of more
severe dyspnea in the intervention group compared to the
control group decreased by 2.27 times over time, which was
statistically significant.

Regarding total body water (TBW), the group f was
-1.008 (p = 0.836), and the time effect (f =-2.212, p = 0.273)
was not significant. The time x group interaction (5 = 1.836,
p =0.511) was also not significant.

For body fat percentage (PBF), the group f was -1.268 (p
= 0.808), indicating no significant difference at baseline. The
effect of time (f=5.606, p=0.011) was significant, suggesting
that changes over time had a positive effect on body fat
percentage in the intervention group. However, the time x
group interaction (f =-2.529, p = 0.393) was not significant.

Finally, for skeletal muscle mass (SMM), the group f8
was 2.744 (p = 0.465), showing no significant difference at
baseline. The effect of time (f = -1.225, p = 0.427) and the
time x group interaction (f=-0.157, p = 0.941) were also not
significant (Table 2).

B: For the variables Cramps, NYHA, and Dyspnea, S is
interpreted as the odds of being in higher severity categories.
For TBW, PBF, and SMM, f is interpreted as the increase in
the mean value of the variable in the intervention group
compared to the control group.

Discussion
Principal findings

This study introduced a resistance training protocol that
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Table 2: Results of fitting the linear mixed-effects model over time between
intervention and control groups.

Variables p St. Error p - value
Cramps - Group 0.160 1.566 0.918
Cramps - Time -0.242 0.358 0.529

Cramps - Time*Group -1.993 0.583 0.024*
NYHA - Group -2.444 2.221 0.271
NYHA - Time 0.094 0.891 0.916

NYHA - Time*Group -1.443 1.234 0.019*
Dyspnea - Group 0.994 1.530 0.515
Dyspnea - Time -0.008 0.364 0.981

Dyspnea - Time*Group -2.275 0.676 <0.001*

TBW - Group -1.008 4.83 0.836
TBW - Time -2.212 1.98 0.273
TBW - Time*Group 1.836 2.76 0.511
PBF - Group -1.268 5.179 0.808
PBF - Time 5.606 2.099 0.011*
PBF - Time*Group -2.529 2.924 0.393
SMM - Group 2.744 3.71 0.465
SMM - Time -1.225 1.52 0.427
SMM - Time*Group -0.157 212 0.941

was well-designed, well-supervised, and well-tolerated. It
was as easy as performed by poorly conditioned patients.
Patients faced no more adverse effects than the control
group. Hospitalization during the intervention interval didn’t
significantly differ between groups. Exercise-related adverse
events were a single case of AV Fistula thrombophlebitis
in his left hand despite careful supervision and advising to
perform low-intensity exercise with the affected extremity.

Findings showed significant improvements in symptoms
related to volume changes before and during dialysis
sessions. Weight differences, which were directly related
to pre-dialysis edema was improved significantly among
the intervention group in comparison to the control group.
Blood pressure changes and muscle cramps, which reflect
volume changes during dialysis related to pre-dialysis
overload and imbalance, were markedly improved as well.
Exertional dyspnea, which is firstly because of cardiovascular
impairments and secondly related to volume overload
resulting in pulmonary edema, was improved, and patients
faced less severe dyspnea during dialysis sessions. Patients
in the intervention group preserved their muscle mass and
had higher dry weight and lower body fat. Total body water
couldn’t be assessed with the post-dialysis bioimpedance
protocol, and 6MWT results didn't t show significant
improvements after the intervention.

Comparison with existing literature

Intra dialytic hypotension is the end result of a
multifactorial cycle of volume overload , ultrafiltration rate
and cardiovascular condition(cardiac output ,arterial and
autonomic problems) [3,7,25] lower BP (specially DBP) and
higher blood pressure changes are strongly associated with
lower physical function [4,26] As our study resulted the
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effect of resistance training in controlling blood pressure
changes during hemodialysis session different studies have
shown the effect of intradialytic aerobic ,anaerobic (interval
or continuous) [27] and resistance training in preventing
intradialytic hypotension and considering it as a non-medical
intervention in stabilizing hemodynamics [6,28,29] other
studies have shown hemodynamic stabilizing effects in day
-time [30,31] as intradialytic resistance or aerobic training
is feasible and well-tolerated with patients and seems to
be better supervised but it has intensity and progression
limitations and benefits are limited as well [32]. So a better
design might help to reach much more benefits of exercise.
Dialysis-related symptoms (like muscle cramps) are strongly
predicted by physical function levels [33]. Improvements
in dialysis adequacy and reducing intradialytic symptoms
(like muscle cramps. Restless leg syndrome, fatigue and
sleep disorders) [5] by exercise interventions besides other
conservative treatments [34,35] have been confirmed
in this study and same studies before but most studies
had an intradialytic aerobic exercise approach [36] some
other studies assessed the effectiveness of non-exercise
interventions(like pneumatic compression) to improve
patient compliance but they didn’t t reach the significant
changes in controlling fluid changes and related symptoms
as exercise reached [37]. Aerobic capacity and other
cardiopulmonary factors changes due to exercise have been
concluded in many previous studies using different methods
[38] (CPET cardiopulmonary exercise tests, maximal and
submaximal tests and field tests like 6MWT) but this study
underpowered to determine the impact of resistance training
on aerobic capacity. Cardiovascular metabolic biomarkers
showed improvements in response to acute and chronic
exercise [39-41]. In other studies, evidence is lacking to
confirm intra- or extradialytic exercise effects on structural
or functional cardiovascular changes [42]. Changes in left
ventricular function were not assessed in this study because
of low patient compliance with scheduled echocardiography
with an echo-fellow cardiology specialist. Body composition
changes, muscle and protein-energy wasting prevention has
been shown in different studies with nutritional and exercise
interventions [43] studies have introduced bioimpedance as
a valuable device for assessing body composition in these
patients [44,45]. Studies often showed increase in skeletal
muscle mass [46] and its effects on lean body mass and body
fat were different [47] but intradialytic exercise had limited
affect on body composition indexes [1,48,49]. This study
showed that the intervention group could preserve muscle
mass more than the intervention group [50-55].

Strengths and limitations

Strengths of this study include randomized design,
supervised intervention, and comprehensive symptom
assessment. Limitations include small sample size, potential
dietary variability, and limited ability to assess cardiovascular
structural changes.
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Conclusion

This study demonstrates that a well-designed and
supervised resistance training program is a safe and effective
adjunctive strategy for improving fluid imbalance-related
symptoms in patients undergoing maintenance hemodialysis.
Incorporating structured resistance training into routine
dialysis care may enhance symptom control, treatment
tolerance, and overall patient well-being.
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