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 ABSTRACT

The effect of 
low-intensity intradialytic aerobic exercise on 

heart rate variability in 
maintenance hemodialysis patients

Dilia Ratna Dewi1, Damayanti Tinduh1*, Andriati1, Mochammad Thaha2, 
Mohammad Fathul Qorib3, Soenarnatalina Melaniani4

Background: End-stage renal disease (ESRD) patients undergoing maintenance HD typically adopt a sedentary lifestyle 
which increases cardiometabolic risk and takes many years to be clinically detectable. Heart rate variability (HRV) is a non-
invasive method to assess cardiac autonomic modulation. Interventions to increase HRV, such as exercise therapy, have been 
examined, given the theoretical plausibility that improvements in HRV may lead to improved outcomes. This study aimed at 
assessing the effects of aerobic exercise during hemodialysis sessions on the HRV of patients with ESRD.
Methods: This research is a quasi-experimental study with pre and post-test randomized control group design. From the total 
of 20 ESRD patients undergoing maintenance HD randomly assigned to either exercise or control group, 2 subjects dropped 
out, leaving 18 ESRD patients. The patients in the exercise group were submitted to a low intradialytic aerobic exercise, 
performed during the first two hours of HD, twice weekly, for 12 weeks. At baseline and after 12 weeks, all participants 
underwent short-(for 5 min) term measurements of HRV. The data were analyzed in the SPSS package program. 
Results: There is a significant difference in post-pre changes (Δ) SDNN between the exercise and control group, but there 
were no significant differences in ΔRMSSD (p = 0.157) and ΔLF/HF ratio (p = 0.859), with the large effect size for ΔSDNN 
(Cohen’s D 1.01), medium effect size for ΔRMSSD (Cohen’s D 0.70), and very small effect size for ΔLF/HF ratio (Cohen’s D 0.09).
Conclusion: Twelve weeks of supervised low-intensity intradialytic aerobic exercise has modified heart rate variability in 
maintenance hemodialysis patients.
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INTRODUCTION
End-stage renal disease (ESRD) is a 
rapidly increasing global health and 
healthcare burden.1 Currently, about 
3 million patients are receiving renal 
replacement therapy for ESRD worldwide 
out of 10 million who would qualify for 
renal replacement therapy (RRT); these 
numbers are expected to grow by 50% 
to 100% until 2030.2 The prevalence 
of patients undergoing routine HD in 
Indonesia increased from 11,484 in 2010 
to 132,142 in 2018. The proportion of 
patients undergoing routine HD compared 
to patients undergoing kidney replacement 
therapy with HD and CAPD in Indonesia 
in 2018 was 98%.3 Hemodialysis (HD) is 
an important and commonly used RRT 
for ESRD patients.4 More than 60% of 

all patients with ESRD are treated with 
HD during their lifetime.5 ESRD patients 
undergoing maintenance HD typically 
adopt a sedentary lifestyle and spend less 
time being physically active than healthy 
adults.6,7 A HD session represents a long 
sedentary period, which often hinders the 
maintenance of HD patients from engaging 
in physical activity and, as such, dialysis 
treatments contribute to lower physical 
activity levels.8,9 Recent studies suggested 
that sedentary behavior increases 
cardiometabolic risk and contributes to the 
development of many chronic diseases.10 
Cardiometabolic changes resulting from 
a sedentary lifestyle may take many years 
to be clinically detectable. For this reason, 
other biomarkers involved in the genesis 
of these dysfunctions have been more 

largely studied. In this sense, heart rate 
variability (HRV) is a noninvasive method 
to assess cardiac autonomic modulation.11 
Among the most used indices of HRV, 
the standard deviation of the NN interval 
(SDNN) has been suggested to reflect 
global variability, while the root mean 
square of successive differences (RMSSD) 
has been linked to vagal activity. The 
low-frequency (LF)/high-frequency (HF) 
ratio is considered by some investigators 
to mirror sympathovagal balance or 
to reflect sympathetic modulations.12 
Changes in HRV patterns serve as health 
indicators since several studies have 
suggested that higher HRV values are 
associated with positive health status, 
whereas reduced HRV indicates poor or 
inadequate adaptation of the autonomic 
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component. Researchers have reported 
that a structured, low-intensity, high-
frequency walking program improves 
autonomic function by increasing HRV in 
patients with peripheral artery disease.17 
Only a few studies have assessed the 
effect of an exercise training program on 
cardiovascular parameters in patients 
with ESRD undergoing HD. This study 
aimed at assessing the effects of aerobic 
exercise during HD sessions on the HRV 
of patients with ESRD.

METHODS
This study was conducted in the 
Hemodialysis Installation, Dr. Soetomo 
Academic General Hospital, for 3 months, 
from March to June 2021. Written 
informed consent was obtained from 
all patients who agreed to be research 
subjects. This study was approved by the 
Health Research Ethics Committee of Dr. 
Soetomo Academic General Hospital, 
Surabaya, Indonesia, with ethical 
feasibility certificate number 0153/KEPK/
II/202I.

Participants
The inclusion criteria were patients with 
End Stage Renal Disease and on HD for 
more than 3 months with an age group 
between 20 to 50 years of both male and 
female, receiving twice weekly HD, and 
willing to sign an informed consent and 
participate in the study. Patients with 
prior regular aerobic exercise program 
twice a week, unstable heart disease, 
severe pneumopathies, a cerebrovascular 
accident within the prior 6 months, 
persistent hyperpotassaemia before 
dialysis, inadequate blood pressure control 
(systolic blood pressure more than 180 
mmHg or less than 110 mmHg), history of 
repeated episodes of hypoglycemia (blood 
glucose less than 70 mg/dl), uncontrolled 
hyperglycemia (random blood glucose 
more than 250 mg/dL), frequent large 
interdialytic weight gain (more than 3 
kg), use antiarrhythmic drugs, cognitive 
impairment, hemoglobin less than 8 mg/
dL, and neuromusculoskeletal disease 
of the lower limbs interfering with 
participation in the study were excluded. 
Subjects were considered to have dropped 
out when they refused to continue 
participating, were unable to complete 

exercise based on the research protocol, 
were absent from the exercise program 
for 2 or more consecutive training or 
collective absences of more than 20% of the 
total exercise days (a maximum of 3 non-
consecutive days), and hospitalization.

Study Design and Treatment
This research is a quasi-experimental 
study with a pre and post-test randomized 
control group design. The formula for 
determining sample size uses the same 
formula as the study by Masroor et al. and 
the minimum number of research subjects 
for each group is 6 people.18 This study 
used a consecutive sampling technique, 
then randomization was carried out 
using a lottery until the required number 
of subjects was fulfilled. Twenty ESRD 
patients undergoing maintenance HD 
were randomly assigned to either exercise 
or control group. The patients in the 
exercise group were submitted to a low-
intensity (30-39% heart rate reserve or 11-
12 Borg scale) intradialytic aerobic exercise 
program with a bedside cycle ergometer 
(Terra Fitness® brand) in a recumbent 
position for 30 minutes starting with a 
5-minute warm-up, a 20-minute core 
phase, and a 5-minute cool-down phase, 
performed during the first two hours 
of HD, twice weekly, for 12 weeks. For 
safety reasons, heart rate, blood pressure, 
and oxygen saturation were monitored 
throughout the physical exercise session. 
The study was at all times under the 
direct supervision of the medical team; in 
case of any discomfort, the intervention 
was immediately stopped. Criteria for 
interruption of exercise were intense 
physical exhaustion, chest pain, dyspnoea, 
dizziness, muscle cramps, moderate or 
severe joint pain (Wong-Baker pain scale 
≥ 4), blood pressure above 200/110 mmHg 
or below 110/50 mmHg, resting heart 
rate more than 120 beats per minute, 
oxygen saturation less than 90%, and body 
temperature above 37.5o C. 

Outcomes
Baseline demographic data and clinical 
characteristics of the participants 
were obtained before the intervention. 
At baseline and after 12 weeks, all 
participants underwent short-(for 5 min) 
term measurements of HRV, recorded 

nervous system (ANS) and is associated 
with increased cardiovascular risk and 
mortality.11  It is reported that HRV is 
severely de-arranged in CKD patients 
and becomes even more pronounced in 
HD. In these patients, HRV is thought 
to cause sympathetic hyperactivity 
and vagal withdrawal, possibly leading 
to left ventricular hypertrophy and 
complex arrhythmias development. 
Various pathophysiological mechanisms 
underlying this effect have been proposed, 
including reduced arterial baroreflex 
function, activation of the renin-
angiotensin-aldosterone system (RAAS) 
and renal afferents fibers, CV remodeling, 
altered nitric oxide (NO) bioavailability, 
mental stress, insulin resistance, increased 
endothelin production, salt retention, and 
activation of atrial natriuretic peptide.13

Exercise has been shown to have 
benefits on the potential improvements 
in cardiovascular outcomes, 
cardiorespiratory fitness, dialysis efficacy, 
functional capacity, health-related quality 
of life, and hs-CRP.14 There are three 
alternatives for dialysis patients, including 
exercise during HD, on non-dialysis 
days, and at home. Among the three 
alternatives, intradialytic exercise is the 
most feasible and applicable choice for HD 
patients: it doesn’t involve any extra time 
for doing exercise and dialysis at the same 
time and leads to a lower dropout rate and 
greater compliance. Patients are under the 
supervision of doctors and machines. Any 
complications can be detected and treated 
on the spot. There is a possibility that 
intradialytic exercise can increase solute 
removal, for exercise may increase the 
blood flow to the muscle, and greater toxic 
agents can be removed by the dialyzer.15 

Interventions to increase HRV, such 
as exercise therapy, have been examined, 
given the theoretical plausibility that 
improvements in HRV may lead to 
improved outcomes.16 Autonomic 
adaptation to aerobic exercise includes 
parasympathetic activity increase and 
sympathetic activity decrease, resulting 
in decreases in heart rate, blood pressure, 
and systemic vascular resistance. 
Aerobic exercise modifies heart rate 
control by increasing the high-frequency 
(parasympathetic) component of HRV and 
lowering the low-frequency (sympathetic) 
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30-60 minutes before HD. During the 
recording, the participants were in a sitting 
position and asked to remain calm during 
recording. The recording is done using a 
Polar H10 chest strap device connected to a 
Samsung Galaxy S20 Plus smartphone via 
Bluetooth using the Elite HRV application. 
The recording is done for 5 minutes. The 
raw data were exported to a computer for 
later analysis using Kubios HRV Standard 
3.3 software. The data taken were SDNN, 
RMSSD, and LF/HF ratio. The exercise 
group was recorded before the first 
intradialytic exercise and the first HD 
after the last intradialytic exercise, while 
the control group was recorded before and 
after the 12-week observation period.

Statistical Analyses
The data were analyzed in the IBM SPSS 
Statistics 26. Normality analysis of the 
data was done with the Shapiro-Wilk 
test. Paired sample t-test was used for the 
comparison of normally distributed data 
within groups. An independent sample 
T-test was used for the comparison of 
normally distributed data between groups. 
The significance level was p < 0.05, and 
the effect sizes were also presented. A 
commonly used interpretation is to refer to 
the effect sizes as small (d = 0.2), medium 
(d = 0.5), and large (d = 0.8) based on 
benchmarks suggested by Cohen. 

RESULTS
The total subject was 20 patients who 
met the inclusion criteria and did not 
include the exclusion criteria. Subjects 
were randomly assigned to exercise or 
control groups. Each group consisted of 
10 subjects. Of the 20 patients, there were 
2 dropout patients (1 from the exercise 
group and 1 from the control group). The 
subject who dropped out of the exercise 
group was absent from 2 consecutive 
intradialytic exercises. He was absent from 
HD treatment for a week due to personal 
reasons, then complained of shortness of 
breath which required hospitalization. The 
complaint occurred 3 days after the last 
exercise session, so it was categorized as 
not related to exercise side effects. There 
were no complaints experienced by the 
patient during the previous exercises. The 
subject who dropped out of the control 

group complained of shortness of breath 
and required hospitalization. There were 
2 subjects of the exercise group who 
experienced complaints due to exercise, 
including 1 subject who complained of 
muscle cramps and another subject who 
complained of post-exercise dizziness. 
Dizziness and muscle cramps were also 
reported by 2 subjects in the control 
group. The subjects who complained 
of dizziness and muscle cramps were 
given management according to research 
protocols and were able to complete the 
study. Eighteen subjects completed the 
study. At the end of the study, data from 
nine subjects from the exercise group and 
nine subjects from the control group were 
analyzed. 

The normality analysis results showed 
that all the basic characteristic data had 
normal distributions. The homogeneity 
test with parametric statistical test 
(independent sample T-test) showed no 
significant difference between the mean 
values ​​of each initial characteristic of pre-
intervention in the two groups, as seen in 
Table 1.

The values of HRV parameters of the 
exercise and control group can be seen in 
Table 2. There were no significant changes 
in SDNN (p = 0.126). RMSSD (p = 0.171) 
and LF/HF ratio (p = 0.258) at the exercise 
group with the medium effect size for 
SDNN and RMSSD (Cohen’s D 0.568 
and 0.502 respectively), and the small 
effect size for LF/HF ratio. There were no 
significant changes in SDNN (p = 0.132). 
RMSSD (p = 0.827), and LF/HF ratio (p = 
0.759) in the control group over 12 weeks 
of observation with small effect size in 
SDNN, RMSSD, and LF/HF ratio (Cohen’s 
D 0.380; 0.076; 0.106 respectively). There 
was no significant difference in the SDNN 
(p = 0.219). RMSSD (p = 0.193) and LF/
HF ratio (p = 0.754) between groups at 
the end of observation. When comparing 
the magnitude of post–pre changes (Δ) 
in HRV parameters between the groups, 
there was a significant difference in 
ΔSDNN  (p = 0.034), but there were no 
significant differences in ΔRMSSD  (p = 
0.157) and ΔLF/HF ratio (p = 0.859), with 
a large effect size for ΔSDNN (Cohen’s D 
1.01), a medium effect size for ΔRMSSD 
(Cohen’s D 0.70), and very small effect size 
for ΔLF/HF ratio (Cohen’s D 0.09).

DISCUSSION 

Heart rate variability parameters were 
assessed at the baseline. The mean SDNN 
value of the exercise (7.21 ± 4.72 ms) and 
control group (8.00 ± 3.86 ms) is below 
the normal value (32-93 ms), according to 
Shaffer and Ginsberg.19 This finding is in 
line with the study by Seibert et al., who 
measured SDNN values ​​in 28 patients 
undergoing HD and obtained a mean 
SDNN value of 13.0 ms in HD patients 
with diabetes mellitus and 18.0 ms in 
patients undergoing HD without diabetes 
mellitus.20

The mean RMSSD value in the exercise 
group (7.31 ± 6.10 ms) and control (7.04 
± 4.38 ms) was also below the normal 
value (19-75 ms), according to Shaffer 
and Ginsberg.19 This finding is in line with 
the study by Gao et al., who measured the 
RMSSD value in 200 stage 5 CKD patients 
and obtained a mean RMSSD value of 17 
(13-23) ms.21 Cashion et al. studied HRV 
in the time and frequency domain in HD 
patients for a period of two years. The 
results of his research reported that the 
HRV parameters decrease was associated 
with injury to the parasympathetic system 
due to structural damage to the arteries 
or functional changes in the autonomic 
nervous system secondary to uremic 
toxins.22

The mean LF/HF ratio in the exercise 
group (3.36 ± 2.20) and control (3.59 
± 2.38) was within the normal value 
range (1.1-11.6) according to Shaffer 
and Ginsberg.19 This finding is in line 
with research by Noppakun et al., who 
showed a mean LF/HF ratio of 1.2 ± 0.5 
in 163 ESRD patients undergoing HD.23 
Study by Kuo et al. showed a LF/HF 
ratio of < 2.6 in the majority of patients 
(70.1%) with chronic HD.24 An increase 
in the LF/HF ratio indicates an increase 
in sympathetic tone. The study by Chou 
et al. of 326 patients with various stages of 
CKD revealed abnormal LF, HF, and LF/
HF ratio values ​​in 69.5%, 52.8%, and 50% 
of patients, respectively.25

This study revealed that low-intensity 
intradialytic aerobic exercise for 12 weeks 
did not significantly improve the SDNN, 
RMSSD, and LF/HF ratio in the exercise 
group. The effect size showed that the 
training program in the exercise group 
had a moderate effect on the SDNN 
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Table 1.	 Normality and homogeneity test of the characteristics of research subjects in pre-intervention for both groups.

Characteristics Exercise Group
Means + SD

p-value
(Normality)

Control
Group

Means + SD

p-value
(Normality)

p-value
(Homogeneity)

Age (year) 39.44 + 7.07 0.518 36.44 + 4,45 0.332 0.188
BMI (kg/m2) 22.96 + 4.45 0.191 22.26 + 3.37 0.552 0.663
HD History (months) 51.56 + 38.48 0.125 61.89 + 33.32 0.055 0.697
Hb (mg/dL) 11.29 + 1.55 0.116 10.02 + 1.03 0.140 0.251
Blood glucose (mg/dL) 112.22 + 26.43 0.136 114.89 + 15.92 0.258 0.267
MoCA-Ina 24.89 + 2.89 0.160 24.11 + 3.02 0.061 0.807

Characteristics Total (n=18)
Group

p-valueExercise
(n=9)

Control
(n=9)

Gender
Male
Female

8M. 10F
8 (44.4%)

10 (55.6%)

3M. 6F
3 (33.3%)
6 (66.7%)

5M. 4F
5 (55.6%)
4 (44.4%)

0.414
-
-

BMI (kg/m2)
Underweight
Normoweight
Overweight
Obese

22.61±3.85
2 (11.1%)
8 (44.4%)
4 (22.2%)
4 (22.2%)

22.96±4.45
1 (11.1%)
4 (44.4%)
2 (22.2%)
2 (22.2%)

22.26±3.37
1 (11.1%)
4 (44.4%)
2 (22.2%)
2 (22.2%)

0.663
-
-
-
-

Comorbid
Hypertension
DM
Urolithiasis

15 (83.3%)
1 (5.6%)

2 (11.1%)

7 (77.8%)
1 (11.1%)
1 (11.1%)

8 (88.9%)
0 (0%)

1 (11.1%)

-
-
-

Drugs
Amlodipine
Allopurinol
Ca supplement
Fe supplement
Folic acid
Vitamin B

12 (66.7%)
1 (5.6%)

4 (22.2%)
2 (11.1%)
4 (22.2%)
2 (11.1%)

6 (66.7%)
0 (0%)

2 (22.2%)
1 (11.1%)
2 (22.2%)
2 (22.2%)

6 (66.7%)
1 (11.1%)
2 (22.2%)
1 (11.1%)
2 (22.2%)

0 (0%)

-
-
-
-
-
-

HD history (months)
6-12
13-36
37-120
>120

56.72±35.32
1 (5.6%)

4 (22.2%)
11 (61.1%)
2 (11.1%)

51.56±38.48
1 (11.1%)
3 (33.3%)
4 (44.4%)
1 (11.1%)

61.89±33.32
0 (0%)

1 (11.1%)
7 (77.8%)
1 (11.1%)

0.697
-
-
-
-

HD duration (hours)
4.5
5

12 (66.7%)
6 (33.3%)

7 (77.8%)
2 (22.2%)

5 (55.6%)
4 (44.4%)

-
-

Significant difference if p-value <0.05. BMI: Body Mass Index. HD: Haemodialysis. Hb: Haemoglobin. MoCA-Ina = Montreal Cognitive 
Assessment Indonesian version

(0.568) and RMSSD (0.502) values and a 
small effect on the LF/HF ratio (0.409).

The results of this study are not in 
line with the previous study by Kouidi 
et al. in 44 ESRD patients undergoing 
maintenance HD that showed an increase 
in SDNN of 58.8% and RMSSD of 68.1% 
in the exercise group after intervention.26 
This difference in results could occur 
because the frequency of exercise given 
in the previous study was 3 times a 
week, whereas, in this study, the exercise 
frequency was twice a week, the frequency 
of HD that is commonly practiced in 
Indonesia.

The exercise intensity given in a 
previous study by Kouidi et al. is low to 
moderate intensity with a Borg scale of 
11-13 for effort.26 Another study by Yeh et 
al. used the Borg scale of 12-14 for effort.27 
Research by Storer et al. gave moderate 
intensity at a 50% peak work rate. However, 
all of the participants could not tolerate 
the intensity, so it was reduced to a low 
intensity, 30% of the peak work rate, which 
was increased progressively according to 
the patient’s tolerance.28 Whereas in this 
study, the intensity of the exercise given 
was a low-intensity exercise with a Borg 
scale of 11-12 for effort. The determination 

of exercise intensity was considered that 
this was the first intradialytic exercise 
study at Dr. Soetomo, and there is no data 
regarding the condition of maintenance 
HD patients, so the exercise program is 
given at a low intensity. Recommendations 
from the American College of Sports 
Medicine (ACSM) for people with CKD 
are initially given a low to the moderate-
intensity exercise program and gradually 
increase over time based on individual 
tolerance.29

Exercise duration in the study by 
Kouidi et al. was 60 to 90 minutes for each 
exercise session (depending on the ability 
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Table 2.	 Changes in heart rate variability parameters in exercise and control groups.

HRV Parameters
Exercise group (n=9) Control group (n=9)

Pre Post Post-pre 
changes Pre Post Post-pre 

changes
SDNN (ms) 7.21 + 4.72 9.62 + 6.18 2.41 + 4.24 8.00 + 3.86 6.66 + 3.16 -1.34 + 2.39
RMSSD (ms) 7.31 + 6.10 12.26 + 11.47 4.95 + 9.86 7.04 + 4.38 6.75 + 3.98 -0.29 + 3.83
LF/HF ratio 3.36 + 2.20 2.72 + 2.54 -0.65 + 1.59 3.59 + 2.38 3.19 + 3.68 -0.40 + 3.76

Values are presented as mean± SD. *Significant if p-value < 0.05. SDNN: standard deviation of the NN interval. RMSSD: root means square of 
the successive differences. LF/HF: low frequency / high frequency.

of each patient).26 In this study, exercises 
were given with a duration of 30 minutes 
per session for all research subjects. 
The recommended duration of aerobic 
exercise from the ACSM for individuals 
with CKD is 20–60 minutes of continuous 
activity. If this amount cannot be tolerated, 
3-5 minutes of intermittent exercise is 
recommended aiming to build up to 20-60 
minutes.29,30

The type of exercise provided in 
the study by Kouidi et al. consisted of 
cycling sessions with specific devices 
that were adjusted to each patient’s bed, 
strengthening and flexibility exercises for 
lower limbs using therabands and weights 
on the limbs.26 The type of exercise given in 
this study was aerobic exercise using a cycle 
ergometer. Exercise, especially aerobic 
exercise, causes an increase in vagal tone 
at rest and a decrease in sympathetic tone 
in healthy subjects as well as in patients 
with CKD, heart disease, type 2 diabetes, 
and other diseases.30

The period of exercise is also a 
determining factor. Where in the study 
by Kouidi et al., exercises were conducted 
for 12 months, whereas in this study, 
exercises were only given for 12 weeks.28 
Researchers suggest that these findings 
may be related to the training period. 
Overall, the disparities in the result 
caused by the intensity and duration of 
the exercise have been known as the dose-
response phenomenon.32 The choice of the 
12 weeks exercise period of this study was 
due to the benefits observed in a previous 
protocol developed at the Universidade 
Federal de Juiz de Fora, Minas Gerais, 
Brazil. One such study assessed the 
effects of 12 weeks of intradialytic aerobic 
exercise in 14 patients with CKD. After 
the exercise period, a decrease in blood 
pressure was observed, an increase in 
quality of life was assessed using the SF-

36 questionnaire, an increase in functional 
capacity was assessed using a six-minute 
walking test, improvement in anemia and 
adequacy of dialysis.32 Study by Albinet 
et al. in 24 sedentary elderly participants 
who were trained with aerobic exercise for 
12 weeks showed a significant increase in 
SDNN, RMSSD, and HF power scores.33 
Taken together, the results of the study 
confirm a direct association between brief 
aerobic exercise and vagal-mediated HRV 
parameters in the elderly. The choice of the 
training period is also considered with the 
conditions of the COVID-19 pandemic 
that hit Indonesia, especially in Surabaya. 
So to minimize the risk of COVID-19 
transmission, 12 weeks is the ideal choice 
to provide exercise to patients with 
End Stage Kidney Disease undergoing 
maintenance HD.

Research by Kouidi et al. was also 
performed on patients without a history 
of diabetes mellitus,26 whereas this study 
did not exclude patients with Diabetes 
Mellitus. Shah et al. found evidence of 
cardiac autonomic dysfunction and a 
worse HRV index in subjects with type 
2 DM compared to controls.34 HRV is 
independently related to prior glycemic 
control over time. Hemodialysis patients 
with diabetes are thought to be the cause 
of further damage to the autonomic 
nervous system due to diabetic and uremic 
neuropathy.35

Heart Rate Variability is affected by 
the treatment of kidney failure with 
dialysis. The beneficial effect of HD on 
HRV is most pronounced during the 
first day of the interdialysis period. The 
study by Tong and Hou with a similar 
population also contradicts these results, 
where the LF/HF ratio decreased during 
the 3 hours of the HD procedure and 
returned to pre-dialysis levels 2 hours after 
dialysis.36 In the study by Ranpuria et al., 

HRV parameters after dialysis increased 
compared to pre-dialysis values ​​and 
lasted up to 24 hours after dialysis in the 
non-diabetic group.35 Researchers believe 
that the HRV value of the control group 
did not change significantly because 
the HRV measurement was carried out 
shortly before HD or 68-92 hours from 
the previous HD, so there was no effect of 
HD on HRV.

The results of this study showed that 
the mean SDNN and RMSSD values ​​in 
the exercise group were higher than those 
in the control group. In contrast, the LF/
HF ratio in the exercise group was lower 
than in the control group after 12 weeks 
of observation. Based on the statistical 
analysis, this difference is not significant. 
This result is in line with the study by 
Reboredo et al., which stated that there 
was no significant difference in the HRV 
of CKD patients undergoing maintenance 
HD after 12 weeks of intradialytic aerobic 
exercise with the control group.32

O’Neal et al. study on 1,175 participants 
to determine the normative range of 
HRV measurements and validate the 
significance of HRV measurements on 
6,332 participants. The results of this study 
determined an abnormal SDNN value of 
6.1 ms and borderline abnormal of 8.2 ms, 
while an abnormal RMSSD value of 6.0 
ms and borderline abnormal of 8.0 ms. 
Abnormal ​​and borderline abnormal values 
for SDNN and RMSSD are associated with 
an increased risk of cardiovascular disease 
events and all-cause mortality, as well as 
confirming the prognostic significance of 
the proposed values.37 In this study,  there 
was an increase in the mean SDNN and 
RMSSD values ​​in the exercise group from 
the abnormal normative range (7.21 ms 
and 7.31 ms) to the borderline abnormal 
(9.62 ms and 12.26 ms), while the mean 
SDNN and RMSSD values ​​in the control 
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group remained within the abnormal 
normative range.

The mean SDNN and RMSSD values ​​
in the exercise group increased, while 
those in the control group decreased. 
There is a significant difference in ΔSDNN 
between the exercise and control group 
by calculating the magnitude of Cohen’s 
D effect, which shows a large effect (1.01). 
There was no significant difference in 
ΔRMSSD between the exercise and control 
groups by calculating the magnitude of 
the Cohen’s D effect, which showed a 
moderate effect (0.70). The mean LF/HF 
ratio decreased in the exercise and control 
groups without any significant difference 
with a very small Cohen’s D effect size 
(0.09). These results indicate that low-
intensity intradialytic aerobic exercise 
has a significant effect on increasing the 
SDNN value. Increasing the RMSSD value 
with a moderate effect and decreasing the 
LF/HF ratio with a small effect.

Previous research by Headley and 
Violan emphasized that an exercise 
program during HD can reduce uremia 
and improve the quality of life for this 
population.38 Similar results were verified 
by a study by Parsons et al. with aerobic 
exercise using a cycle ergometer for 15 
minutes in the first 3 hours of HD, three 
times a week for 8 weeks.39

This study has several weaknesses, 
including uncontrolled confounding 
variables such as gender, BMI, diabetes 
mellitus, coronary artery disease, 
hypercholesterolemia, sleep patterns, 
stress, and physical activity on interdialytic 
days, which can affect HRV variables in this 
study. In addition, the investigators have 
not blinded to the exercise intervention, 
and the intervention was of relatively short 
duration and thus could not examine the 
long-term effects of exercise on HRV.

CONCLUSION
Twelve weeks of supervised low-intensity 
intradialytic aerobic exercise has modified 
heart rate variability in maintenance 
hemodialysis patients. 
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