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Abstract

Introduction: Disorders in the levels of blood electrolytes are often considered as complications of kidney
illnesses which are responsible for various systemic problems experienced by patients.

Objectives: The aim of this study was to investigate the efficiency of an exercise program during hemodialysis
on serum levels of biochemical factors such as albumin, calcium, phosphorus and intact parathyroid hormone
(iPTH).

Patients and Methods: Sixty patients undergoing hemodialysis were evaluated in the clinical trial. The patients in
the intervention group pedaled on a stationary bicycle for one hour in every hemodialysis session for eight weeks.
At the beginning of the study and at the end of it, the patients’ blood samples were sent to hospital’s laboratory to
measure the levels of biochemical factors in blood. Data were analyzed by SPSS software.

Results: The serum levels of electrolytes showed no significant improvement between the study groups before
and after the exercise program (P>0.05). A significant improvement was observed after the program in serum
phosphorus and iPTH (P=0.04). In contrast, serum albumin (P=0.3) and calcium (P=0.5) did not alter significantly
after the exercise program.

Conclusion: Exercise improved some biochemical factors of blood in the patients undergoing hemodialysis.
Exercise is therefore a complementary procedure for these patients.

Trial Registration: The trial protocol was approved in the Iranian Registry of Clinical Trial (#IRCT20150116020675N4;

https://en.irct.ir/trial/50492, ethical code# IR.MUL.MED.REC.1399.212).

Introduction

End-stage renal disease (ESRD) is a
widespread health problem from which about
50 million people are suffering all around the
world. A large percentage of these patients
require hemodialysis as a complementary
method of treatment (1). The United States
Renal Data System has announced that the
number of patients suffering from ESRD
is increasing each year and more than
320000 American patients with ESRD are
under treatment with hemodialysis (2). In
many other countries, the high incidence
and prevalence of the disease has been
reported. Hemodialysis as a kind of therapy
is essentially required to save the life of about
91.9% of patients suffering from ESRD (3).
Hemodialysis that uses low-flux membranes
is not able to remove sufficiently middle
molecules. Longer dialysis time and use of
high-flux membranes also do not improve
clinical outcomes. Albumin loss is another
concern in hemodialysis patients.

Key point

In a randomized clinical trial on sixty patients on
hemodialysis, we found exercise improved various
biochemical factors, including phosphorous and
iPTH in hemodialysis.

Anorexia, insufficient intake of nutrients,
nutrient losses during hemodialysis, and
elevated protein catabolism contribute to
nutritional deficits and hypoalbuminemia
in patients undergoing dialysis (4).
Hypoalbuminemia is a strong predictor of
poor outcome and mortality in these patients.
Therefore, interventions are required to
improve the levels of albumin (AL) in these
patients (5).

One of the most prevalent electrolyte
disorders in patients undergoing dialysis
is disturbance of calcium and phosphate,
which contributes to the development of
hyperparathyroidism. Higher amounts of
phosphorus, calcium-phosphorus and intact
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parathyroid hormone (iPTH) emerge as important clinical
issues in dialysis patients. These electrolyte disorders
increase risk of osteoporosis, vascular and cardiovascular
diseases in the patients (6). Phosphorus restriction and
treatment with calcium (Ca) drugs and other supplements
are considered as the most common treatments used
to correct the blood levels of calcium and phosphorus.
Thus, it is necessary to find more effective treatments for
improving these electrolyte disorders (7,8).

One of the effective treatments for the maintenance of
electrolytebalance and improvement of mentaland physical
function and the quality of life of patients undergoing
hemodialysis is exercise. Evaluating the effect of exercise
on hemodialysis patients, the results of a study suggested
that exercise could decrease serum levels of phosphate
in the patients, however, it did not have significant effect
on serum calcium. Similarly, another study revealed that
hyperphosphatemia can be improved in patients using
exercise (9). A study by Paluchamy et al also suggested that
an exercise program can improve both blood amounts of
phosphorous (P) and calcium in patients (10). Kopple et al
suggested that exercise during hemodialysis is efficient in
improving the amounts of albumin in ESRD patients (11).

Objectives

This research aimed to investigate the effect of an exercise
program on the amounts of calcium, phosphorus and
iPTH in the blood of patients with ESRD undergoing
hemodialysis.

Patients and Methods

Study design

This randomized controlled trial (two-group, two-stage)
was conducted in the dialysis wards of two hospitals
(Noor and Al-Zahra) located in Isfahan, Iran. Sixty
eligible patients undergoing hemodialysis participated in
the research. At first, the eligible patients were randomly
allocated into the intervention and control groups based
on inclusion criteria (n=30), therefore the patients of the
two groups could not meet each other.

Inclusion criteria

Eighteen to sixty-five patients were present in 3-4-hour
hemodialysis sessions three times per week, and were
being treated for at least three months. None of them had
the following problems; a history of parathyroidectomy
surgery, ischemic heart disease, myocardial infarction,
angina, severe respiratory illnesses that made patients
receive oxygen during dialysis, any history of stroke or
ischemic attacks during the last three months and also
absence of physical disability.

Exclusion criteria

The presence of diseases such as cardiovascular and
pulmonary illnesses as well as musculoskeletal disorders
which might prevent the patient from receiving the

intervention was one of the inclusion criteria. In addition,
the patients who did not do the exercises for three
successive sessions or six non-successive sessions and
also those who did not have tendency to participate were
eliminated from the study.

Data collection

At the beginning and the end of the intervention, blood
samples were taken and delivered to hospital’s laboratory
to measure serum albumin, calcium, phosphorus and
iPTH.

Intervention

At the beginning of the study, the patients were explained
about the exercise program. They started to attend the
hemodialysis and began to pedal on stationary bicycle
(mini bike). Every session lasted for one hour and with
five-minute intervals, and continued for 8 weeks.

The patients themselves chose the rotation the speed of
the mini bike. The slowest speed of the mini bike was 15
revolutions per minute, which could be changed by the
patients based on their tolerance. Before the intervention
and also at the rest intervals, blood pressure of the patients
was measured. During the intervention, if the patients
faced problems, such as systolic blood pressure 0f170
mm Hg and higher or lower than10 mm Hg, angina and
respiratory problems during the exercise, the bicycle was
stopped. Moreover, the patients were said to stop the mini-
bike if they felt any exhaustion, headache, palpitations,
and other symptoms. The patients of the control group
participated in an exercise program, which included
15 stretching movements (any movement lasted for 30
seconds and there was a one-minute interval after each
movement). At the end of 8" week, the blood samples were
taken and analyzed.

Statistical tests

The SPSS Statistics software (version 19) was utilized
to analyze the obtained data. To compare qualitative
variables, including gender, chronic medical conditions
and occupational status, the chi-square test was used
(Table 1). The independent t test was used to compare
quantitative variables, including age, on the duration of
dialysis (years), and also the mean amounts of albumin,
calcium, phosphorus and iPTH between the two groups.
The paired-samples t test was used to compare the mean of
serum levels of the variables in each group (Table 2). The
minimum significant level was 0.05.

Results

Table 1 shows the demographic information of the
patients. Out of the 60 patients, 54 patients completed
the study period. Of the 30 patients in each group, three
patients were excluded (Figure 1). The groups did not
show any significant difference in the demographic
properties in the pre-test (P<0.05; Table 1). In the pre-
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Table 1. Comparison of demographic variables between the two groups

Exercise during hemodialysis

Control group Intervention group

Variables P value
Number or Mean Percent Number
Female 24 23
Gender 0.61
Man 3 4
Employed 9 12
Employment status ) 0.1
Unemployed & retired 18 15
i To have 23 22
Other diseases 0.15
Not to have 4 5
Age Average age (y) 55.3 49.9 0.1
The number of months of Average years of treatment with
. . . . N 4.5 5.6 0.34
treatment with dialysis dialysis
Table 2. Comparison of serum levels of electrolytes before and after the intervention in the intervention and control groups
. . Intervention group Control group
Variables Times t value P value
Mean SD Mean SD
Before intervention 3.87 0.4 3.98 0.4 1.04 0.3
After intervention 4.03 0.33 3.8 0.54 -1.6 0.1
Albumin (g/dL)
P value 0.1 0.17
t -1.72 1.4
Before intervention 8.37 0.72 8.57 0.57 1.09 0.28
After intervention 8.53 0.56 8.6 42 0.68 0.5
Calcium (mg/dl)
P value 0.14 0.37
t -1.52 -0.9
Before intervention 5.08 1.01 4.91 0.1 -0.6 0.55
Phosphorus (mg/ After intervention 4.6 1.2 5.2 0.78 2.1 0.044
du) P value 0.01 0.22
t 2.6 -1.3
Before intervention 470.33 315.4 456.5 334.3 -0.16 0.88
Intact parathyroid After intervention 342.2 242.8 486.2 261.5 2.1 0.041
hormone (pg/mL) P value 0.003 0.47
t 3.33 -0.73

test, no significant difference was observed between the
two groups in terms of biochemical factors, including
albumin, calcium, phosphorus and iPTH. However, after
the exercise program, a significant difference was found
between the two groups regarding serum phosphorus and
iPTH (P<0.05). In this study, no significant difference
was observed in the levels of calcium and albumin after
the study. In the control group, no statistically significant
difference at the end of the study was detected (P>0.05;
Table 2). Table 3 compares the serum levels of the variables
at the beginning and the end of the exercise program in
both groups.

Discussion

Initially, no significant difference was observed in serum
levels of biochemical factors of blood between the two
groups. However, after the exercise program, significant
improvements were found in the levels of some serum
electrolytes, including serum phosphate and iPTH.
However, significant improvements were not seen on the
serum levels of other parameters such as albumin and

calcium. In the control group, no significant improvement
was observed.

The results of the present study were consistent with the
results of the study by Elshinnawy et al, where no significant
effect on improving the serum levels of calcium was seen
after exercise (12). The results are also in line with the
findings of the research conducted by Salhab et al, where
they found that an exercise program could be beneficial
for hyperphosphatemia patients under hemodialysis (9).
Vaithilingam et al, however, showed that exercises during
hemodialysis could decrease the serum levels of phosphate,
but the decline was not significant. These authors,
however, mentioned that exercise reduced the amounts
of phosphorus, however significant decrease can be found
in long-term use while more intense exercise is needed
for a number of participants (13). Our findings are also
consistent with the findings of the research conducted by
Nesreen et al, since they suggested that changes in calcium
metabolism during exercise are dependent on the intensity
of exercise. Moderate endurance exercise (for 40 minutes)
increases serum calcium level but decreases serum iPTH
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Invited (n = 81)

Excluded (n = 3)

Not meeting inclusion criteria (n = 4)
| Declined to participate (n=9)

Other reasons (n = 5)
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1 Allocation }

Allocated to intervention (n=30)
+ Received allocated intervention (n=27)
+ Did not receive allocated intervention (n=3)

Allocated to control (n=30)
+ Received allocated intervention (n=27)
+Did not receive allocated intervention (n=3)

Follow-up (n = 27)

l ST l
e

Follow-up (n = 27) ‘

[ Analyzed (n=27)
+ Excluded from analysis (n=

[J Analyzed (n=27)
+ Excluded from analysis (n= 0)

Figure 1. The flowchart of the study.

(14). However, the findings of the present study are not in
agreement with the findings of the study of Paluchamy et
al, in which they showed an intradialytic exercise program
can improve serum levels of both phosphorous and calcium
(10). The findings of the present research also are not
consistent with the findings of Liao et al, who investigated
the impact of aerobic cycling exercise on improving bone
density in patients undergoing dialysis. They showed that
exercise had no significant effect on improving blood
levels of calcium and iPTH in the patients, but it could
increase serum levels of albumin (15). Nevertheless, in
the present research, no evidence was achieved showing
the efficiency of exercise on the patients’ levels of albumin
in the intervention group compared to the control group.
Such inconsistencies might be attributed to the difference
in the duration of the intervention (a three-month
program) and different exercises (20 minutes riding a bike
at the optimal workload). Furthermore, the results of our
study are in line with the findings obtained by Kopple
et al, who observed that exercise during hemodialysis
had no significant effect on serum levels of albumin in
the patients of the intervention group (11). The findings
of the present research are not in line with the findings
of Watanabe et al, where home-based exercise could not
significantly affect serum levels of albumin, calcium and
phosphate (16). This difference may be related to the use

of different exercise programs and the difference in the
duration of the exercise (six months compared to eight
weeks). The use of minimum sample size and relatively
short time of follow-up might be considered as limitations
of the study to generalize its findings. In future researches,
the use of larger sample sizes and longer periods of follow-
up are suggested.

Conclusion

According to the results of this research, it can be concluded
that an exercise program during hemodialysis can improve
blood levels of electrolytes, such as phosphorous and
iPTH in these patients. Thus, nurses can use it to decrease
electrolyte imbalances that occur in chronic renal failure
and to improve general health of the patients.

Limitations of the study

The research findings were limited to the patients with
ESRD who were treated in the hemodialysis units of the
relevant hospitals.
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