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Introduction: In spite of widely accepted idea that exercise is beneficial in dialysis, it is not easy to 
incorporate an exercise program into routine clinical practice of these patients. 
Objectives: The present study was conducted to evaluate the effects of exercise on hemodialysis patients.
Patients and Methods: In this non-pharmacologic clinical trial, a total of 49 clinically stable hemodialysis 
patients were enrolled in the study and were randomly allocated into two groups; the intervention group 
(n=27) and the control group (n=22). The intervention group conducted at least 30 minutes of cycling during 
each hemodialysis session for six months. Intradialytic blood pressure, high-sensitivity C-reactive protein 
(hs-CRP) blood levels and dialysis adequacy were estimated before and after dialysis.
Results: At the end of the 6-month study period, a significant reduction in systolic and diastolic blood 
pressure in all patients of the intervention group (P<0.05) was detected. Although the dialysis quality 
increased more than 1.2, it was not statistically significant. Moreover hs-CRP was decreased in the exercise 
group at the end of the study, while these outcomes were not statistically significant too.
Conclusion: Intradialytic exercise can lead to a significant reduction in systolic and diastolic blood pressure 
in hemodialysis patients. 
Trial registration: This randomized controlled trial was registered in the Iranian Registry of Clinical Trials 
(#IRCT2015092324152N1, https://irct.ir/trial/20465, ethical code; ARAKMU.REC.1393.168.1).
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Introduction
Chronic kidney failure is considered as one 
of the important public health issues which 
are increasing in most communities (1). Over 
50 million people around the world have 
chronic kidney failure and more than one 
million people need alternative interventions 
such as dialysis and kidney transplant. 
In recent years, rise of hypertension and 
diabetes has led to increased prevalence of 
chronic kidney failure (2). End-stage renal 
disease (ESRD) is a stage in which 90% of 
kidney function has lost and the body cannot 
maintain the balance of fluids, electrolytes 
and normal hormonal function since kidney 
cannot clear all waste material (3). There are 
several alternative methods for replacing 
renal function. Hemodialysis is the most 
common method among them. Nowadays, 
more than two million people undergo 
hemodialysis around the world (4,5). 
Dialysis is a time-consuming method and 
should be done at least 2 or 3 times per week 
and each time for four hours (6). Despite 
the fact that dialysis can improve some lost 

functions of the kidney, dialysis patients 
still suffer from some symptoms such as 
uremic syndrome. Its symptoms include 
autonomic and motor neuropathy, heart and 
skeletal muscle myopathy, disruption of bone 
metabolism, changes in peripheral vessels, 
anemia, losing immune system function 
and some other symptoms such as nausea, 
vomiting, insomnia and fatigue (3). High-
quality dialysis can improve life quality and 
increase the longevity of dialysis patients (7).

Changing lifestyle in order to increase 
physical activity reduces mortality rate in the 

Key point 

In a non-pharmacologic clinical trial, on 49 
clinically stable hemodialysis patients who were 
randomly allocated into two groups of intervention 
group (at least 30 minutes of cycling during each 
hemodialysis session for six months) and the control 
group, we found a significant reduction in systolic 
and diastolic blood pressure in the patients of the 
intervention group. Moreover hs-CRP was decreased 
in the exercise group at the end of the study, while 
this outcome was not statistically significant too.
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general population (8). 
Available guidelines suggest that healthy people should 

have moderate physical activity in most of the days (9). A 
high rate of mortality was reported in ESRD patients who 
undergo dialysis. It might be a greater positive effect from 
physical activity in these patients compared to the general 
population. In addition to reduction of cardiovascular 
risk, exercise can improve physical performance and 
subsequently the quality of life among patients (10). It 
has been shown that intradialytic exercises have positive 
effects on the amount of phosphorous, potassium and 
anemia and leading to the effectiveness of dialysis and 
improved urea clearance (11,12). 

Although exercise programs often have been among 
hemodialysis sessions, recent studies focus on intradialytic 
exercise to improve patients’ lives (3). Exercise is often 
conducted during the first minutes of dialysis because the 
cardiovascular response is more stable in this phase (13). 
Reducing activity can be due to several reasons such as 
anemia, reduction of blood supply in organs, disruption of 
heart function and declined daily activities in the dialysis 
patients (14). It should be mentioned that hemodialysis 
patients are not excluded from the positive effects of 
exercise on the general population. The positive effects of 
exercise on reducing chronic diseases have been shown 
in various studies (15). However, the effect of exercise 
especially intra-dialysis exercise on hemodynamic control, 
dialysis quality and comprehensive guide related to the 
type of exercise and also its appropriate time needs more 
research and study among the hemodialysis patients. 

Objectives
Given that hemodialysis patients are considered as disabled 
people and undergo numerous mental and physical 
impairments, therefore any attempt for improvement of 
their life quality and institutionalization of exercise in this 
group of patients seems to be beneficial and necessary. 
Therefore, the present study was conducted to evaluate the 
effects of exercise on these patients.

Patients and Methods
Study design and setting
In this non-pharmacologic clinical practice study, 49  
hemodialysis patients which referring to Valieasr hospital 
were enrolled in the study. Selected patients were randomly 
assigned in intervention (experimental) and control group. 
In this study, protocol of research and intervention was 
explained to patients. They completed informed consent 
and were informed that they can be excluded from the 
study whenever they decided.

In the intervention group, fixed bike was placed next to 
the patient’s bed and exercise severity was designed based 
on previous activities. It was first evaluated how long the 
patient can tolerate activity. Most of the patients could 
tolerate a few minutes of light activity. This minimum time 
was used to start exercise then each 2-3-minute session 

(based on patient’s tolerance) was added to cycling time 
until obtaining maximum of 30 minutes.

When cycling duration reaches 15 minutes, cycling was 
conducted at 12-16 rate of perceived exertion (RPE) for 
maximum of 30 minutes along with 10 minutes warm up. 
Warm up and cool down phase were conducted at 9-10 
RPE and the main phase was done at 12- 16 RPE (16).

Thirty minutes sit-to-stand test was used to evaluate 
muscle strength of the patient. The test was conducted 
at the first session before exercise program, 12th and 24th 
week. The test was conducted as follows: a chair with a 
solid seat area and height of 40-50 cm was used and the 
subject was asked to sit and stand in 30 seconds. The 
number of sit and stand of the patient was recorded at the 
fastest rate without the help of hands and at the end of 30 
seconds (17,18).

The exercise program includes aerobic which was 
simultaneously conducted with dialysis session three times 
a week. Additionally 6-minute walk test (6 MWT) was 
applied to evaluate the performance capacity of patients. 
It was performed at the beginning of the design (baseline), 
in 12th and 24th weeks, based on the suggested process by 
the American thoracic society. The patient was asked to 
walk 25 m distance in the dialysis section for six minutes. 
The beginning and end of the distance were determined. 
If the patient became tired they can stop sitting. After 
that, the patient should continue walking. The timer was 
not stopped, if the patient stops walking and the time 
was recorded at the end of 6 minutes. The test should 
be stopped, if the heart rate is more than 120 in minutes 
at rest or systolic blood pressure is greater than 180 mm 
Hg or diastolic blood pressure is greater than 100 mm 
Hg (19,20). Blood pressure and heart rate of the patient 
were measured at the beginning of the exercise, in the 15th 
and 30th minutes and at the end of dialysis. Besides, the 
exercise will stop if the patients experience hypotension or 
tachycardia or other similar symptoms. Whether there is a 
history of unstable angina or myocardial infraction during 
last month, the test stopped.

Dialysis quality of the patient was determined by 
estimating Kt/V and URR as follow:

Kt/V = 0.04(co-ct/co) (100) – 1.2k 

In this formula, k represents urea clearance of the given 
filter, T represents the duration of the dialysis, V represents 
distribution volume of urea or volume distribution of 
water, Co and Ct represent blood urea before and after 
dialysis, respectively, which were finally expressed by 
mmol/L (8,21,22). The value of C-reactive protein (CRP) 
was measured before and 6 months after in both groups. 
Serum CRP was measured by high sensitive quantitative 
method.

Ethical issues
The research followed the tenets of the Declaration of 
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Helsinki. Informed consent was obtained from all patients. 
The study was approved by the ethical committee of Arak 
University of Medical Sciences (ethical code; ARAKMU.
REC.1393.168.1). This paper is a part of thesis of Maryam 
Tajfar in the department of internal medicine of the 
Arak University of Medical Sciences. Besides that, the 
study protocol was registered as in the Iranian registry 
of clinical trials (#IRCT2015092324152N1, https://irct.
ir/trial/20465). This research was supported by Arak 
University of Medical Sciences (Grant# 5004).

Statistical analysis
Complete stages of exercise were described in the 
intervention group (exercise group) before entering the 
study. It was a 6-month exercise program and was done 
under the supervision of sports medicine specialist, 
physiotherapist, nephrologists and nurse. The exercise 
was complete three times a week according to the dialysis 
program and in the first 2 hours. The exercise program 
was cycling on a fixed bike. Technogym fixed bike, Model 
Excite with work out adjustment and applied fixed load 
range (light–hard) was used.

Results
In this clinical trial, the total samples are 49 subjects in the 
intervention (N = 27) and the control group (N = 22), while 
male to female ratio is the same in both group (chi-square 
test; P < 0.05).  There is no significant difference among 
average age, duration of kidney failure and hemodialysis 
duration in both group (independent t test; P ≥ 0.05). 

There is no significant statistically different among 
urea, blood urea nitrogen (BUN), CRP, dialysis quality, 

systolic and diastolic blood pressure in both groups at the 
beginning of the study based on Table 1 (independent t 
test; P ≥ 0.05).

Accordingly, Table 2 shows the comparison of data of 
both groups six months after the intervention (paired t 
test).

Table 3 shows the mean (standard deviation) of CRP 
before and after the intervention in both groups. While 
the mean of CRP was decreased in the intervention group, 
the results of paired t test showed that CRP levels have no 
significant difference before and after the exercise in two 
groups.

Table 4 shows the mean and standard deviation of 
dialysis quality (Kt/V) before and after the intervention in 
both groups. In the intervention group, the mean of Kt/V 
was increased, however the results of paired t test showed 
that the mean of Kt/V before and after the exercise has no 
statistically significant difference in both groups.

Figure 1 shows a significant reduction during six months 
of exercise intervention (repeated observations analysis 
with 4 weeks frequency).

Based on Figure 2, the mean of diastolic blood pressure 
had a significant reduction during six months of exercise 
intervention (repeated observations analysis with 4-week 
frequency).

Discussion
Patients who require dialysis are considered as disabled 
individuals in the community and are exposed to 
numerous mental and physical impairments; therefore 
any effort for improving their quality of life is useful and 
necessary. Previous studies stated the beneficial effect of 

Table 1. The comparison of data of both groups at the beginning of the study

Variable/group Urea (mg/dL) CRP(mg/L) Systolic pressure (mm Hg) Diastolic pressure (mm Hg) Dialysis adequacy

Intervention 111.09± 28.9 0.93±0.67 142±20.2 81.2±5.9 0.91±0.6

Control 108.77±48.4 1.08±0.72 127±22.3 78±3.4 1.04±0.7

P 0.692 0.486 0.591 0.395 0.341

Table 2. The comparison of the kidney indices average after the study of two groups

Group
Urea (mg/dl)

P valuea

Before After

Intervention 111.09± 28.9 81.2±35.4
0.671

Control 108.77±48.4 77.24±26.8

a t test.

Table 3. The mean and standard deviation of CRP before and after the exercise in both groups

CRP (mg/L)
Paired t test

Before After

Mean SD Mean SD Degree of freedom T Significance level

Control 1.08 0.72 1.13 0.6 23 -0.44 0.573

Intervention 0.93 0.67 0.90 0.6 23 0.183 0.573

https://irct.ir/trial/20465
https://irct.ir/trial/20465


Soltani P et al

 Journal of Preventive Epidemiology   4                   Volume 5, Issue 2, 2020

exercise on these patients. Regarding their special physical 
condition and their disability, more studies are needed to 
determine detailed effects.

We studied the effect of the exercise on blood pressure, 
CRP (as a factor of inflammation) and dialysis efficacy. 
In our study, 49 dialysis subjects were studied [41 males 
(82%) and 9 females (18%)]. At the end of study, the 
mean of systolic and diastolic blood pressure showed a 
significant reduction in the intervention group, while the 
results of our study was agreed with the study by Cappy 
and colleagues (23).

Brent et al found that patients who had intra-dialytic 
exercise need anti-hypertensive medication less than 
previous one. Intervention group cycled during dialysis 
for six months. After three months, results showed a 
significant reduction in blood pressure before and after 
dialysis in the intervention group. Moreover, there was no 
significant difference between the two groups at the end 
of 6 months. This study showed that intradialytic exercise 
led to a reduction in taking anti-hypertensive drugs (24). 
In this study we measured diastolic and systolic blood 
pressure at least two times at each dialysis session. Hence, 
we had a total of 144 times blood pressure records which 
increased accuracy of this study. The results were monthly 
shown to simplify the statistical presentation.

Henrique et al showed that aerobic exercises during 
hemodialysis sessions help to improve physical capacity 
and control of hypertension in the subjects with chronic 
kidney failure as we observed in our study (25). The study 
by Orcy et al showed that diastolic blood pressure was 
significantly dropped in the exercise group at the end of 4th 
and 8th weeks (26). In addition, Paglialonga et al stated that 

intradialytic exercise is effective in performance capacity. 
Their findings showed that even a moderate intradialytic 
exercise (30 minutes two or three times a week) can have 
a positive effect on the physical fitness of these patients 
(27). Similarly, a significant reduction in diastolic blood 
pressure was also reported by Patrick et al. They concluded 
that aerobic activity can be effective in lowering blood 
pressure and slowing down the complications of kidney 
disease (28). Besides, McMurray et al showed that the 
mean of systolic blood pressure was decreased to 5.4 mm 
Hg which was statistically significant and suggested that, an 
hour exercise during dialysis can decrease blood pressure 
significantly (4). Although the above mentioned results are 
consistent with our results, no significant difference was 
detected in mean blood pressure of patients in the studies 
conducted by Salhab et al (29) and Parsons et al (30). 
Intra-dialytic exercise may be associated with a reduction 
in pulse pressure and improvement of cardiovascular 
system too. This may be due to the different type, intensity 
and duration of exercise in our study. Results showed that 
the mean of BUN before and after the intervention was 
not significantly different. Likewise, the mean of CRP 
decreased after the exercise however it was not statistically 
significant. Due to the growing trend of chronic kidney 
disease, the decrease in CRP will be beneficial in the CKD 
treatment. However it seems that six months is not enough 
to reach its best ameliorative effect. 

The results of the study by Peres et al indicated 
that physical activity moderates the plasma levels of 
inflammatory factors (31). It should be mentioned that 
our study period was short. 

At the beginning of our study, 43.2% of the samples 

Table 4. The mean and standard deviation of Kt/V before and after the intervention in both groups

Kt/V
Paired t test

Before After

Mean SD Mean SD Degree of freedom T Significance level

Control 0.8 0.3 0.7 0.2 47 1.57
0.450

Intervention 0.9 0.2 0.97 0.1 45 2.52

 

week 1 week 5 week10 week15 week 20 week 24
control 145 141 139 137 131
treatment 132 127 126 120 115 110
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Figure 1. Comparison of the systolic blood pressure in two groups at a different times.
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had Kt/V less than 1.2, then at the end of 24th week, 
the Kt/V was increased from below 1.2 to more than 
or equal to 1.2 in 66.7% of the patients. This amount of 
increasing is important clinically, because according to 
Disease Outcome quality Initiatives (DOQI), minimum 
of recommended Kt/V for hemodialysis patients equals to 
1.2 (32) and based on United State Renal Disease System 
(USRDS), the risk of mortality decreases by 7 percent for 
a 0.1 increase in Kt/V up to almost 1.2 (33). Using aerobic 
exercise during dialysis, Stavroula et al found a significant 
increase in urea reduction ratio (11%) and dialysis 
adequacy (38%) in the intervention group at the end of 
the 12th week. They stated that exercise causes a significant 
increase in dialysis adequacy (34). Nevertheless, there was 
no statistically significant increase in Kt/V.

In contrast, McMurray et al in a similar study showed 
the increased dialysis adequacy by 20% after two months 
of exercise however it was not statistically significant (4). 

The Kt/V index improved 19.5% in the intervention 
group among females. Dialysis adequacy was higher in 
females than males in the study by Chiew et al (35) and 
Kugler et al (36). Chiew et al mentioned that this finding is 
due to the smaller body, less weight and urea distribution 
among females. The results of our study confirmed this 
claim. In contrast, Cheuk-ChunSzeto et al found no 
relationship between gender and dialysis adequacy (37).

Increased dialysis adequacy was not significant in both 
the control and intervention group which was in accord 
with the results of the study by Dashti et al studies (38). 
They stated that conducting regular intra-dialytic exercise 
results in increasing physical performance and reduces 
muscle atrophy, while it has no significant effect on dialysis 
quality (38). 

Conclusion
Intradialytic exercise could have a clear and significant 
effect on reduction of diastolic and systolic blood pressure 

among dialysis patients. Further, the exercise increases 
kt/V and decreases CRP in patients. It is suggested that 
more studies are needed to prove the effectiveness of the 
exercise on dialysis quality and CRP in the patients.

Limitations of the study
This study is mainly limited by its relatively small sample 
size. Many caregivers were not willing to participate 
in this study because of cultural issues in Iran. It is also 
recommended that in future studies, variables such as 
quality of life, perceived social support and disturbances 
such as depression, stress and anxiety are considered 
among this group of caregivers. In the intervention group, 
regarding the reduction of drug type and blood pressure at 
the end of the plan the following findings are obtained by 
comparing before the exercise intervention and after the 
intervention: 3 patients stopped 100% taking the drug, 3 
patients decreased 75% taking drug, 3 decreased 50%, 2 
patients decreased 33% and 1 patient decreased 25% the 
type of drug. The number of participation sessions has 
a direct relationship with the reduction of the drug and 
blood pressure.
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week 1 week 5 week 10 week 15 week 20 week 24
control 87 84 82 82 78 73
treatment 77 75 75 73 70 66

Figure 2. Comparison of the diastolic blood pressure in two groups in different times.
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