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Introduction. We aimed determine the impact of an 8-week
intradialytic exercise program, consisting of 15 minutes of cumulative
duration low-intensity exercise during the first 2 hours of dialysis
on serum electrolytes levels and hemoglobin.

Materials and Methods. In a randomized controlled trial of in
an outpatient hemodialysis unit, clinically stable hemodialysis
patients (n = 47) were included and assigned into the aerobic
exercise group (n = 25) and the control group (n = 23). Aerobic
exercises were done in groups, 15 min/d, 3 times a week, for 2
months. The main outcome measures were biochemical variables
including serum levels of calcium, phosphate, and potassium levels
and hemoglobin level.

Results. After an 8-week intervention, significant improvements
were seen in serum phosphate levels (decreased by 1.84 mg/dL)
and serum potassium levels (decreased by 0.69 mg/dL). No side-
effects were observed. Serum calcium and hemoglobin levels did
not change significantly in the exercise group.

Conclusions. A simplified aerobic exercise program is a
complementary, safe, and effective clinical treatment modality in
patients with end-stage renal disease on dialysis.
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According to the United States Renal Data
System, the incidence of end-stage renal disease
(ESRD) continues to increase each year.! In the
United States, more than 320 000 patients with
ESRD currently require hemodialysis.? In Canada,
an increase of 18.8% in the number of patients being
treated for ESRD has been reported in 5 years by
the Canadian Institute for Health Information.’ The
rising incidence and prevalence trends are being
reported in many other countries maintaining
renal registries.* Approximately, 91.9% of patients
diagnosed with ESRD receive maintenance
hemodialysis treatment as renal replacement
therapy.! This intervention is typically prescribed
3 times per week, 3 to 6 hours per session, and

remains ongoing for the lifetime of the patient or
until successful kidney transplantation.’ In Iran,
with over 13 000 dialysis patients, dialysis sessions
are performed about 150 000 per month.°
Patients with ESRD have low levels of physical
fitness and function. Their aerobic capacity tends to
be only half of that of normal, their strength is low,
and they are likely to have problems with mobility
and basic activities of daily living.”® They have an
increased incidence of diabetes mellitus, anemia,
peripheral vascular disease, hypertension, coronary
artery disease, and stroke.”!? Because of electrolyte
imbalance and other factors, individuals usually
complain of pain, fatigue, and muscle weakness
in the spine, hips, knees, and lower extremities.
The pain worsens with weight-bearing activities,
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and fractures in the vertebrae and long bones are
common.!! Patients with ESRD have a high risk
of sustaining conditions that commonly lead to
an inpatient rehabilitation unit.

Some of the systemic symptoms and physical and
mental dysfunction can be reduced or eliminated
by adequate exercise.”®!?!* Results of the studies
on exercise in hemodialysis patients suggest that
there is no clear exercise regimen prescription for
the rehabilitation of patients. The most appropriate
exercise prescription for patients has yet to be
determined. Patients with ESRD have a low capacity
for exercise because of fatigue. Transportation
problems, lack of time, quick changes of medical
status, functional dependency, depression, and lack
of motivation are the other difficulties.® Despite
the reported beneficial effects, exercise training
may have a risk for patients who are predisposed
to cardiovascular complications.'®

Exercise might have beneficial effects on the
quality of life of ESRD patients by improvement
of mental and physical function and even through
its contribution to maintaining electrolyte balance.
Hyperphosphatemia is a well-recognized risk factor
for cardiovascular mortality in dialysis patients.
Despite advanced technology and regular and
efficient dialysis treatment, the prevalence of
hyperphosphatemia is still high.'® Hyperkalemia is
also common in patients with ESRD, and may result
in serious electrocardiographic abnormalities,”
and accounts for considerable morbidity and
death.'® Chronic kidney disease is accompanied
by profound disturbances in calcium, too."
Finally, one of the most recurrent problems of
hemodialysis is anemia. In order to live a better
quality life, dialysis-dependent patients need to
have an adequate hemoglobin level. Thus, anemia
correction is a very significant part of the dialysis
process.? In this study, we aimed to implement
aerobic exercise movements for rehabilitation of
dialysis patients and exaimine its effects on serum
electrolyes and hemoglobin through a randomized
controlled trial, and our hypothesis is that aerobic
exercise movement can improve biochemical
markers in this patient population.

Forty-seven ESRD patients (17 women and 8
men) aged ranging from 18 to 76 years, consented
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to participate in this study. The patients were
on hemodialysis for more than 3 months. They
were receiving hemodialysis 3 times per week, 3
to 4 hours per treatment. All of the patients had
arteriovenous grafts or native fistulas. For all of
the patient, a high-flux dialysis membrane was in
use. Because acetate solution causes hypotension
during dialysis and also cardiovascular problems,
imbalance syndrome, nausea, vomiting, fatigue,
headache, and hypoxia, and because acetate solution
inhibits hemoglobin saturated with oxygen,?' only
those patients who used bicarbonate solution were
included. Each patient was asked to complete an
informed consent and a medical history form prior
to test. The physician of each patient completed
a medical screening form (Table 1) in order to
examine eligibility of the patients. Contraindications
to exercise as listed in the medical screening form
were the exclusion criteria. Demographic and
clinical characteristics of the patients are presented
in Table 2.

In a single-blinded study, simple randomization
was done using a computer-generated table of
random numbers, and the 47 participants were
allocated to 2 groups in odd and even days, so that
the two groups of patients did not see each other.

Table 1. Medical Screening for Contradictions to Exercise in
Dialysis Patients

Contraindications
Poorly controlled hypertension
Uncompensated heart failure
Cardiac arrhythmia requiring treatment
Recent unstable angina
Persistent hyperkalemia before dialysis
Significant valvular heart disease
Myocardial infarction within the past 6 months
Significant cerebral or peripheral arteriosclerosis
Bone disease with a risk of fracture
Orthopedic or musculoskeletal limitations

Weight gains > 4 kg from Friday to Monday or from Saturday
to Tuesday

A recent significant change in the resting echocardiography
Third degree atroventricular heart block without pacemaker
Severe aortic stenosis

Suspected or known dissecting aneurysm

Active or suspected myocarditis or pericarditis
Thrombophlebitis or intracardiac thrombi

Recent systemic or pulmonary embolus

Acute infections




Table 2. Demographic and Clinical Characteristics of
Hemodialysis Patients With and Without Intradialytic Exercise

Therapy
Control P

Characteristic Exercise

Age, y 53.30 £ 14.27 56.16 £ 10.77 .55
Gender

Male 73.9 54.2

Female 26.1 458 .16

Time on dialysis, mo 25.50 £ 10.70 23.47 +13.59 .56
KT/V 0.92+0.23 091+029 .91

Duration of Hemodialysis, h  3.83 + 0.38 3.78+ 042 .76
Cause of kidney failure
Diabetes mellitus 21.7 20.8
Hypertension 25.0 33.3
Diabetes and 17.4 29.2
hypertension
Others 21.7 12.5
Unknown 13.0 4.2 .63

The procedure was concealed from the principal
investigator and analysts.

The duration of the intervention was 2 months
(from June 2010 to July 2010). Aerobic exercise
movement was carried out 15 min/d, 3 times a
week, during the dialysis. Before intervention
and after sufficient explanation of the method
of exercise, the participants practiced in 2 or
more training sessions and received the training
documents, including exercise movements
instructions. The method was as follows: after
connecting the patient to the dialysis machine
and turning off all of the alarms associated with
connecting the patient, aerobic movement exercise
of range of motion joints was started and continued
for a maximum of 15 minutes, based on patients
capacity, so that the movements did not continue
for the next 2 hours of dialysis. They included
rotating the wrist (20 rpm clockwise and the 20
rpm counter-clockwise), wrist up and down (up to
20 moves on the forearm), ankle twisting motion
(40 rotations clockwise and counterclockwise
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around the ankles), ankles up and down (20
times). It should be noted that the motion exercise
was performed for only 15 minutes and for those
patients who performed faster, the movements
were started again, and for a patient who ran
out of time exercise was limited to the same 15
minutes. The organ that was connected to the
device was not given exercise, and attention was
paid to the other organs that received exercise,
in order not to cause disconnection of the needle.
In addition, the patients were taught to stop the
movement and notify the researcher if they felt
any dizziness, headache, palpitations, nausea,
anxiety, exhaustion, and any other adverse effects.
Vital signs of the participants were examined
during exercise at least once, and for those patients
who had hemodynamic disorders, they were
examined based on their need and exercise was
stopped if unstable. Blood samples were compared
between the two groups at the end of each month
after dialysis, regarding the levels of phosphorus,
calcium, and potassium and blood hemoglobin.

Data analysis was done using the SPSS software
(Statistical Package for the Social Sciences, version
18.0, SPSS Inc, Chicago, 111, USA). Descriptive
statistics (mean + standard deviation) were
calculated for age, time on dialysis (months), dialysis
efficacy (KT/V), and duration of hemodialysis
session (hours). The paired samples ¢ test was
used to compare serum electrolytes levels and the
chi-square test was used to compare categorical
patient characteristics. A P value less than .05 or
less was used to indicate significance.

Basic demographic data as well as the clinical
characteristics of the studied participants are
presented in Table 2. There were no significant
differences between the two groups in age, gender,

Table 3. Comparison of Blood Parameters in Hemodialysis Patients With and Without Intradialytic Exercise Therapy

Baseline 4 Weeks 8 Weeks
Parameters Exercise Control Exercise Control Exercise Control P*
Serum phosphate,mg/dL 1.99 +7.68 7.04£1.94 6.87 £ 2.01 7.07 £2.08 5.83£2.37 7.08£2.07 .003
Serum calcium,mg/dL 8.58 £ 0.52 8.87 £ 0.81 8.68 £ 0.71 8.97+£1.12 8.81+1.04 8.80£0.74 .57
Serum potassium, mg/dL 5.81+0.79 5.32+0.97 5.45+0.99 5.45+0.88 5.12+0.96 5.16 £0.67 .005
Hemoglobin, g/dL 9.63 +1.98 9.55 +2.56 9.79+1.92 8.92 +1.89 9.87 +£2.01 8.62+214 .32

*Comparison of baseline and 8th week values in the exercise group
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time on dialysis, KT /V, duration of dialysis sessions,
and comorbidities. The hemodialysis patients were
stable on medical therapy for the study duration,
and no new medications were started during the
study period. Serum phosphate levels decreased
by 1.85 mg/dL (P =.003) and serum potassium
reduced by 0.69 mg/dL (P = .005) after 8 weeks
of exercise therapy in the study group. There
were no significant changes in serum calcium and
hemoglobin levels (Table 3).

We found significant improvement of some
electrolytes with aerobic exercise during
hemodialysis. In the present study, the baseline
serum phosphorus, calcium, and potassium, as well
as hemoglobin were comparable between the two
arms of the study. The data presented here suggest
that an aerobic exercise movements regimen for
15 minutes during hemodialysis sessions improve
serum phosphate and potassium levels in a period
of 8 weeks. This observation might be due to direct
beneficial effects of aerobic exercise or general
effects of regular exercise.

Reviewing the limited available research on
the effects of exercise in reducing phosphorus
levels showed that although exercise decreased
the level of phosphorus, the significant effects
and changes could be observed in long-term and
perhaps more intense exercise might be required
for some patients.?’® Calcium levels, however,
did not have any significant change with exercise.
Exercise movements also significantly reduced
the amount of potassium at the end of the study.
The amount of potassium in the control group
remained the same until the end of the study. In
a study by Borzou and colleagues, a blood flow
velocity increase from 200 mL/min to 250 mL/
min was effective in blood phosphorus removal
but was ineffective in the removal of potassium.?*
Man and colleagues showed that in the first hour,
maximum transport of phosphate (300 mg) from
the extracellular fluid is done, and then after the
third hour (100 mg per hour), it remains constant
by the intracellular movement of its value.” Thus,
performing movement exercises in the first hour
of dialysis, by increasing of blood flow, increases
the removal of phosphate from the blood. Anabolic
effects of exercise on erythrocytes and increased
production of hemoglobin has been documented.
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In a pilot study?® in which the movement exercise
was carried out in 8 patients, there was no tendency
towards increasing of hemoglobin or decrease in
dosage of erythropoietin, due to the time limitation
of the study. In the present study, the level of
hemoglobin increased in the patients with exercise
compared to the beginning of the study. Although
this increase was not statistically significant, it was
clinically important. In Fallahi and colleagues’
study of 8 weeks of pedal exercise, the level of
hemoglobin increased by 0.6 mg dL, which was
not statistically significant.?”

The results of this study indicate the impact of
aerobic exercise movements during hemodialysis
in patients undergoing dialysis with bicarbonate
solution, in terms of reduction of the amount of
phosphorus and potassium and a minor increase
of hemoglobin. Exercise during dialysis is
recommended as a way to enhance the acceptance
of doing it and all the beneficial effects to the
amount of phosphorus, potassium, and anemia.
Studies with larger sample sizes are recommended
to examine the effect of exercise on other factors
such as blood pressure and lipid levels in dialysis
patients.

Intradialytic exercise has been described to
improve dialysis efficacy. There limited information
about the frequency and kind of exercise that can
affect serum phosphate, calcium, and potassium
levels as well as hemoglobin levels in patients
undergoing dialysis. Therefore, it is not possible to
identify which type of exercise carries the greatest
advantages for patients undergoing dialysis. We
demonstrated that 15 minutes of intradialytic
range-of -motion exercise could cause significant
reduction in serum phosphate and potassium and
a slight increase in hemoglobin level.
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