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ABSTRACT

Introduction: Chronic kidney disease (CKD) patients receiving hemodialysis (HD)
therapy may experience worsening of their condition due to inflammation from various
causes. Intradialytic aerobic exercise helps to reduce inflammation. This study aimed
to examine the effect of intradialytic aerobic exercise on interleukin-6 (IL-6) and high-
sensitivity C-reactive protein (hsCRP) levels as markers of inflammation, as well as its
effect on blood pressure in patients who routinely undergo HD.

Methods: This study was a double-blinded randomized control trial (RCT) with a
control group and a treatment group that received intradialytic aerobic exercise
interventions for 12 weeks; the dose for each session was 30 min at a frequency of 2
times per week. We collected blood pressure data and blood samples for IL-6 and hs-
CRP examination using the enzyme-linked immunosorbent assay (ELISA) method
before treatment in the first week and after the last treatment in the 12th week. Statistical
analysis was performed using the t-test and regression tests.

Results: The mean systolic blood pressure (SBP) and diastolic blood pressure (DBP)
values of the treatment group were not significantly different from the control group
(146.15 + 18.39 mmHg vs. 153.77 + 31.25 mmHg; p=0.613, and 94.62 + 14.78 mmHg
vs. 86.69 + 12.06 mmHg; p = 0.089). The mean post-treatment SBP decreased
insignificantly (from 150.77 + 24.43 to 146.15 + 18.39; p = 0.438). The mean post-
treatment DBP experienced a non-significant increase (from 89.23 + 22.24 to 94.62 +
14.78; p = 0.272). IL-6 and hs-CRP levels in the treatment group were lower when
compared to the control group (4.04 + 1.48 pg/ml vs. 4.79 + 3.58 pg/ml; p=0.612, and
17.47 + 23.59 pg/ml vs. 21.79 + 21.97 pg/ml; p = 0.596). The mean of post-treatment
IL-6 and hs-CRP levels were not significantly higher when compared to before
treatment (4.04 + 1.48 pg/ml vs. 3.90 + 1.35 pg/ml; p=0.671 and 17.47 + 23.59 pg/ml
vs. 8.82 + 7.65 pg/ml; p = 0.297). Neither IL-6 nor hs-CRP affect SBP or DBP.
Conclusion: Intradialytic aerobic exercise for 12 weeks did not significantly affect IL-
6, hs-CRP, SBP, or DBP.

Keywords: Chronic kidney disease; hemodialysis; IL-6; hs-CRP; intradialytic
exercise.
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INTRODUCTION

Chronic kidney disease (CKD) is one of the major causes of death and suffering in the 21* century. It is mostly
associated with an increase in various risk factors, including obesity and diabetes mellitus (DM). The number of CKD
patients has also increased in recent years, with around 843.6 million people worldwide in 2017 [1]. According to the
Centers for Disease Control and Prevention (2021), it is estimated that around 15% of adults in the United States, or
around 37 million people, suffer from CKD, of which 2 of 1,000 people are currently living with end-stage CKD, of
which 71% are on dialysis [2].

In Indonesia, the number of end-stage CKD patients undergoing hemodialysis (HD) is increasing annually. In
2018, there was a two-fold increase in the number of new patients compared with that in 2017. 2018 recorded 66,433
new patients, compared to only 30,831 in 2017. So the number of active patients in 2018 was 132142, compared to
the number of active patients in 2017, which was only 77892 [3].

Hemodialysis has good efficacy and can prolong patient survival, but this procedure can also cause various
complications, such as nausea, vomiting, hypotension, headaches, cramps, and low-grade chronic inflammation [4].
This low-grade chronic inflammation is caused by the passage of transmembrane endotoxins during dialysis into the
systemic circulation, the activation of neutrophils and monocytes during dialysis, and the activation of
proinflammatory cytokines and endothelial changes [5].

An intradialytic aerobic cycling exercise program for 3 months can reduce IL-6 and hs-CRP levels as markers
of inflammation [6, 7]. The effects of intradialytic aerobic cycling exercise on blood pressure are still varied and tend
not to have a significant effect [6—8]. Given the previously described background, we need to conduct this study to
examine changes in inflammatory indicators and their correlation with blood pressure in end-stage CKD patients
following a 3-month intervention with intradialytic aerobic cycling exercise.

METHOD

Type and Design of Research

This study was an RCT conducted in the Renal Hypertension Instalation of Dr. Moewardi General Hospital

Surakarta for treatment and the Laboratorium Riset Terpadu (LRT) FK-KMK UGM for measuring IL-6 and hs-CRP
levels. The treatment was carried out from January 2023 to March 2023, where the subjects performed intradialytic
aerobic cycling exercise for 12 weeks with a total duration of 30 minutes for each cycle. Blood samples were collected
just before the first intradialytic aerobic cycling exercise in the first week of treatment and shortly after the last
intradialytic aerobic cycling exercise in the 12th week of treatment. Blood samples were collected in EDTA tubes
and placed in ice boxes to the LRT FK-KMK UGM for IL-6 and hs-CRP examination using the Enzime Linked
immunosorbent assay (ELISA) method.

This study was an RCT conducted in the Renal Hypertension Instalation of Dr. Moewardi General Hospital
Surakarta for treatment and the Laboratorium Riset Terpadu (LRT) FK-KMK UGM for measuring IL-6 and hs-CRP
levels. From January 2023 to March 2023, the subjects underwent 12 weeks of intradialytic aerobic cycling exercise,
each cycle lasting 30 minutes. We collected blood samples just before the first intradialytic aerobic cycling exercise
in the first week of treatment and shortly after the last intradialytic aerobic cycling exercise in the 12th week of
treatment. Blood samples were collected in EDTA tubes and placed in ice boxes at the LRT FK-KMK UGM for IL-
6 and hs-CRP examination using the enzyme-linked immunosorbent assay (ELISA) method.

2.1 Intradialytic Aerobic Cycling Exercise

A 30-minute exercise program consisting of a 5-minute warm-up followed by 20 minutes of cycling at the
desired workload and a 5-minute cool-down was carried out while the patient was undergoing hemodialysis.
Intradialytic aerobic cycling exercise procedure:

e Vital signs were measured before hemodialysis.
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e We took the patient's weight into account to calculate how much fluid the body needs to lose during
therapy.

e The patient lied on a hemodialysis bed.

e Connecting the dialysis machine by attaching a blood line (blood tube) and needle to the patient's
vascular access, namely access for the blood to exit the dialyzer and access for the blood to enter the
body. Once everything is installed, the hemodialysis therapy process can begin.

e The cycling device (Kova Desk Bike KV-DSBK-GR) was standardized and installed to suit each
patient's bed for patient comfort and safety.

e The patient warmed up for 5 minutes, followed by cycling for 20 minutes with an intensity of 12 to
15 on the Borg Perceived Exertion Scale, and cooling down for 5 minutes (Figure 1).

Figure 1. Intradialytic Aerobic Cycling Exercise in CKD patients

Research Subjects

The participants in this study were end-stage CKD patients who had routinely undergone hemodialysis for at
least 3 months with a frequency of 2 times per week and 4-5 hours for each hemodialysis session, and had never
participated in other studies related to physical activity in the last 6 months. The participants were non-smokers,
willing to participate, signed informed consent, and had never experienced a hemodialysis-related emergency.
Calculations using OpenEpi obtained a sample size of 30 patients, but the number of samples included in the final
analysis was 28 patients who were divided into the treatment group (n = 13) and the control group (n = 15) because
two patients in the treatment group died (Figure 2).
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Data Analysis Methods

We used the Shapiro-Wilk test to test the normality of the numerical data. Unpaired t-tests and paired t-tests
were used for bivariate analysis, while linear regression tests were used for multivariate analysis. Significance is

CKD patients who routinely
undergo hemodialysis

Aerobic Cycling Exercise

15 patients received routine
hemodialysis and
intradialytic aerobic cycling
exercise

15 patients only received
routine hemodialysis

2 patients were
excluded due to death

13 patients were analyzed

15 patients were analyzed

Figure 2. Flowchart of patient selection

p<0.05. We performed statistical analyses using IBM SPSS Statistics for Windows version 26.

Ethical Clearance

The Research Ethics Commission of the Faculty of Medicine UNS/RS Dr. Moewardi Surakarta (number

1.411/XI/HREC/2022) approved this study after receiving permission from the research supervisor.

RESULTS

Table 1 displays the baseline characteristics of the participants. The mean age of the patients as a whole was
44.89 + 11.47 years, with the mean age of the treatment group being 42.08 + 11.95 years, which was lower than the
mean age of the control group, which was 47.33 + 10.45 years. There was no significant difference between the

mean ages of the control and treatment groups (p = 0.233).

Table 1. Characteristics of participant at baseline

Characteristics

Age
Gender
Man

Woman

Control Group

(n=15)

47.33+£1045

6 (21.43%)

9 (32.14%)

Treatment Group

(n=13)

42.08 £ 11.95

9 (32.14%)

4 (14,29)

0.233%

0.243#
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Control Group Treatment Group

Characteristics
(n=15) (n=13)

HD Duration 5.15+2.41 3.52+3.28 0.2627+
Comorbid 1,000#
Yes 4 (11.43%) 4 (11.43%)
No 11 (39.30%) 9 (32.10%)
History of COVID-19 0.583#
Yes 1 (3.60%) 2 (7.10%)
No 14 (50.00%) 11 (39.30%)
Nutritional status 1,000#
Underweight 1 (3.60%) 1 (3.60%)
Normoweight 14 (50.00%) 12 (42.86%)
Overweight 0 (0.00%) 0 (0.00%)
Obesity 0 (0.00%) 0 (0.00%)

(T) unpaired t-test, (1) mann-whitney test, (#) chi-square test, HD= Hemodialysis

The control group had the highest proportion of females, with 32.14% of the total number of study subjects
(nine patients), while males had a smaller proportion, namely 21.43% (six patients). However, in the treatment group,
there was a higher proportion of males (32.14%; 9 patients) than females (14.29%; 4 patients). There was no
difference in the sex ratio between the control and treatment groups (p = 0.243).

Both in the control and treatment groups, the majority of the subjects in this study [14 (50.00%); 11 (39.30%)]
had never contracted SARS-Cov-2. In the different-proportion test, there was no statistically significant difference
between patients with and without SARS-Cov-2 infection in the two study groups (p = 0.583).

This study excluded overweight and obese patients with a BMI > 25 kg/m2. We found that one patient (3.60%)
in each study group had an underweight nutritional status, while the rest had a normal nutritional status.

Table 2 shows that the results of this study were based on the conditions before treatment. The mean SBP in
the control group was not significantly higher than that in the treatment group (151.73 + 24.49 vs. 150.77 + 24.43;
p = 0.918). In contrast to the DBP variable, the treatment group had a higher mean DBP than the control group,
although the difference was not statistically significant (89.23 + 22.24 vs. 87.00 + 13.17; p = 0.333). The mean IL-
6 and hs-CRP levels in the control group were also not significantly higher than those in the treatment group (6.46
+4.49vs3.90 + 1.35; p=0.107 and 18.95 + 16.72 vs 8.82 + 7.65; p = 0.059).

Table 2. Blood pressure values, IL-6 levels and hs-CRP levels between study groups at baseline
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Control Group Treatment Group

Parameter p-value
n=15) n=13)
Blood pressure (mmHg)
Systolic 151.73 +24.49 150.77 +24.43 0.918"
Diastolic 87.00 + 13.17 89.23 +£22.24 0.333"
IL-6 (pg/ml) 6.46 + 4.49 3.90+1.35 0.107*
Hs-CRP (pg/ml) 18.95 +16.72 8.82+7.65 0.059"

(T) unpaired t-test, (#) mann-whitney test, IL-6= Interleukin-6, Hs-CRP= high-sensitivity C-reactive protein

Table 3 shows that the mean SBP of patients in the treatment group was lower than that of patients in the
control group (146.15 + 18.39 mmHg vs. 153.77+31.25 mmHg). However, this difference was not statistically
significant (p = 0.613). However, in the DBP variable, the treatment group had a higher mean blood pressure than
the control group (94.62 + 14.78 mmHg vs. 86.69 + 12.06 mmHg). This difference was also not statistically
significant in the Mann-Whitney U test.

Table 3. Blood pressure values, IL-6 levels, and hs-CRP levels between study groups at the end of the study

Control Group Treatment Group

Parameter p-value
n=15) n=13)
Blood pressure (mmHg)
Systolic 153.77 +£31.25 146.15 + 18.39 0.613"
Diastolic 86.69 +12.06 94.62 + 14.78 0.089°
IL-6 (pg/ml) 4.79 +3.58 4.04 +1.48 0.612"
Hs-CRP (pg/ml) 21.79 £ 21.97 17.47 + 23.59 0.596"

(T) unpaired t-test, (#) mann-whitney test, IL-6= Interleukin-6, Hs-CRP= high-sensitivity C-reactive protein

IL-6 and hs-CRP levels in the treatment group were found to be lower when compared to the control group,
namely 4.04 + 1.48 pg/ml compared to 4.79 + 3.58 pg/ml and 17.47 + 23,59 pg/ml versus 21.79 + 21.97 pg/ml. In
the Mann-Whitney test, there was no significant difference between the mean levels of IL-6 and hs-CRP in the
treatment and control groups (p = 0.612 and p = 0.596, respectively).

The mean SBP after treatment decreased from 150.77 + 24.43 + 146.15 + 18.39. However, this decrease was
not statistically significant (P = 0.438). While the mean of DBP after treatment (94.62 + 14.78) was higher than the
mean of DBP before treatment (89.23 + 22.24), However, this increase was not statistically significant (P = 0.272).
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Figure 2. Comparison of SBP and DBP values, IL-6 levels, and hs-CRP levels between study groups
after 3 months of treatment

Table 4. Blood pressure values, IL-6 levels, and hs-CRP levels in the treatment group

Parameter Before After Dp-value
Treatment Treatment
Blood pressure (mmHg)
Systolic 150.77 +24.43 146.15 + 18.39 0.438"
Diastolic 89.23 +22.24 94.62 + 14.78 0.272°
IL-6 (pg/ml) 3.90+1.35 4.04 +1.48 0.671°
Hs-CRP (pg/ml) 8.82+7.65 17.47 + 23.59 0.297*

(1) paired t-test, (#) wilcoxon test, IL-6= Interleukin-6, Hs-CRP= high-sensitivity C-reactive protein

200
Hl Before Treatment

Em After Treatment

150

g

= 1004
>

50

0_

SBP DBP IL-6 hs-CRP
Variable
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Figure 3. Comparison of SBP and DBP values, IL-6 levels, and hs-CRP levels before and after treatment
in treatment group

The mean of post-treatment IL-6 level was not statistically significant higher than the pre-treatment mean of
IL-6 level (4.04 + 1.48 pg/ml vs. 3.90 + 1.35 pg/ml). The increase in IL-6 levels after treatment was not statistically
significant (p = 0.671). Post-treatment hs-CRP levels were higher when compared to pre-treatment hs-CRP levels
(17.47 +23.59 pg/ml vs. 8.82 + 7.65 pg/ml). The increase in post-treatment hs-CRP levels was also not statistically
significant (P = 0.297).

As shown in Table 5, IL-6 levels did not significantly influence SBP in the group of patients who underwent
intradialytic aerobic cycling exercise for 3 months (B = 7.606; 95% CI = -0.672—-15.884; p = 0.068). Similarly, hs-
CRP levels did not significantly affect SBP (B =-0.059; 95% CI = -0.580-0.461; p = 0.804).

Also, Table 6 shows that the DBP value and IL-6 level did not have a big effect on the DBP value in the group
of patients who did aerobic cycling exercise for three months (B = 2.442; 95% CI = -5.217-10.102; p = 0.494).
Accordingly, hs-CRP levels did not significantly affect DBP (B = 0.093; 95% CI = -0.389-0.575, p = 0.677).

Table 5. Effect of IL-6 and hs-CRP levels on systolic blood pressure values in the treatment group

IL-6 7.606 -0.672 - 15.884 0.068

Hs-CRP -0.059 -0.580 - 0.461 0.804

B= Regression Coefficient CI= Confidence Interval, IL-6= Interleukin-6, Hs-CRP= high-sensitivity C-reactive protein

DISCUSSION

This study was a double-blinded randomized control trial with a pre-test and post-test design with a control
group. “Blinded “occurred when randomizing the allocation of research subjects to each study group and measuring
research outcomes on the SBP, DBP, IL-6, and hs-CRP variables. The research group consisted of two groups: a
treatment group and a control group. The treatment group underwent hemodialysis therapy and intradialytic aerobic
cycling exercise for 12 weeks, with a total duration of 30 minutes for each cycle. While the control group only received
hemodialysis therapy for 12 weeks,.

The randomization of subject allocation to the intervention group in this double-blind RCT study allows for
the elimination of confounding variables, which the researcher cannot control and can cause bias. Blinded
measurement can help minimize the subjectivity aspect of determining measurement results, which sometimes makes
a value tend to be adjusted to the hypothesis. In addition, this study design allows both research subjects, researchers,
and research staff to be "blinded.” Another advantage of this study over observational studies is the ability to show
causality [9].

The subjects in this study were end-stage CKD patients who had routinely undergone hemodialysis for at least
3 months with a frequency of 2 times per week and 4-5 hours for each hemodialysis session, had never participated
in other studies related to physical activity in the last 6 months, were not smoking, were willing to be a participant
and signed informed consent, and had never experienced an emergency associated with hemodialysis. At the
beginning of the study, 30 patients were divided into treatment (n = 15) and control (n = 15) groups. However, two
patients died at the end of the study, resulting in a total of 28 research subjects included in the data analysis process.
The patient died of acute lung edema. This indicates a dropout percentage of 6.7%. According to Bankhead et al.
(2017), the general rule states that a dropout of <5% can produce the most minimal bias [10].
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In the control group, the majority of research subjects were women (32.14%), whereas in the treatment group,
the majority of research subjects were men (32.14%). The mean age of the patients who were the subjects of this
study as a whole was 44.89 + 11.47 years, with the mean age of the treatment group being 42.08 + 11.95 years,
which was lower than the mean age of the control group, which was 47.33 + 10.45 years. Patients in the control
group had a longer history of HD than those in the treatment group (5.15 +2.41 vs. 3.52 + 3.28 years). However, the
differences between these two variables were not statistically significant.

This result is consistent with that of a study by Da Cruz et al. (2018). In that study, most of the research subjects
in the treatment group (undergoing intradialytic aerobic exercise for 12 weeks) were male (67%), had a had a mean
of 43.5 + 14.4 years, and had a mean history of undergoing HD for 5.2 + 2.2 years. Whereas in the control group,
most of the study subjects were female (80%), aged 39.9 + 13.5 years, with a history of HD of 5.6 &= 3.0 years [11].
In this study, there was also no significant difference between the age group and the length of HD history. A study
conducted by Liao et al. (2016) found that the mean age of the subjects was 62 + 8 years in the treatment group and
62 + 9 years in the control group. The mean length of HD history was 71 + 46 months in the treatment group and 83
+ 71 months in the control group. Most of the subjects in the treatment group were 40% male, whereas in the control
group, the majority were female (45%). There were also no significant differences between the study groups in these
three variables [6].

At the end of the study, the mean SBP value of patients in the treatment group was lower than that of the
control group. In the treatment group, the mean post-treatment SBP also decreased. However, the differences
between these two variables were not statistically significant. This result is in line with previous studies that showed
no significant difference in the mean SBP of the treatment group compared to that of the control group after 12 weeks
of treatment. Although the mean SBP of the treatment group was found to be lower than the control group (96.6, +
64.1 vs. 132.2, £ 17.8; p > 0.05) [6], A combined analysis of data from two trials with 50 patients showed that the
group of patients who did intraadialytic exercise did not have a significantly lower SBP than the control group (ASBP
=-2.28 mmHg, p = 0.700). Another systematic review that analyzed 287 patients showed an opposite trend. In that
study, it was found that intradialytic exercise can significantly reduce SBP [8§].

The results of this study on DBP showed that the treatment group had a higher mean blood pressure than the
control group. However, this difference was not statistically significant. In the treatment group, the mean post-
treatment DBP experienced a non-significant increase compared to the pre-treatment mean DBP. A study of three
RCTs with a total of 67 participants showed that the group that did intraadialytic exercise had a small but significant
rise in their mean DBP of 2.25 mmHg [8]. These results are in line with that study. In contrast to the results of this
study, analysis of data from 7 trials showed that there was a significant decrease in the mean of DBP in the group
undergoing intradialytic exercise (ADBP = 4.11 mmHg; p = 0.0007) [12]. Likewise, an RCT study showed that the
control group had a higher mean of DBP when compared to the treatment group, which underwent intradialytic
exercise for 12 weeks. Although this difference is not statistically significant [6],.

The findings of this study regarding the SBP and DBP variables may be due to poor adherence to
antihypertensive medication. Approximately 33.33% of the participants in the control group and 23.08% of the
participants in the treatment group did not take medication regularly. In fact, some of them have not taken
antihypertensive medications since December 2022.

An increase in the DBP value without being accompanied by an increase in the SBP value, as in the results of
this study, may be related to a family history of hypertension, alcohol consumption, young age, increased blood
glucose, increased body mass index, and high triglyceride levels [13]. In this study, patients with a history of alcohol
consumption and an increased body mass index were excluded. Meanwhile, the family history of hypertension, blood
glucose levels, and high triglyceride levels is unknown. Meanwhile, in the additional regression analysis, younger
age significantly affected the DBP score (B =-0.819; 95% CI = -1.483—0.154; p = 0.021).
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Bias could also arise because people with cardiovascular disorders were still included in the study, and there
were variables of nutritional intake that could affect blood pressure, and these variables could not be controlled by
the researchers in this study. Increasing the sample size can minimize this emerging bias. Large-scale studies can
produce better estimates of the causal effects of the treatment. In addition, increasing the sample size will not only
reduce this bias but will also eliminate the effect of variance from sampling error [14].

In the IL-6 level variable, although not statistically significant, the treatment group had lower IL-6 levels when
compared to the control group (4.04 + 1.48 pg/ml vs. 4.79 + 3.58 pg/ml). The mean IL-6 level after treatment was
found to be higher when compared to the mean IL-6 level before treatment (4.04 + 1.48 pg/ml vs. 3.90 + 1.35 pg/ml).
The increase in the mean post-treatment IL-6 level was not statistically significant.

These results are different from the RCT study conducted by Da Cruz et al. (2018), which found that
intradialytic exercise for 12 weeks with a mean duration of 36 minutes for each treatment was able to significantly
reduce the mean IL-6 level from 9.22 + 4.48 to 5.45 + 3.4. However, it was higher in the treatment group compared
to the control group (5.45 + 3.4 vs. 4.8 £ 5.5). [11]. Another study with the same duration of intradialytic exercise
also found something different from this study's results. The mean IL-6 level in the treatment group (251 + 123.4)
was significantly lower than that of the control group (395.0 + 161.5). Likewise, the mean IL-6 level was lower in
the treatment group after 12 weeks of intradialytic exercise (251.0 + 123.40 from 354.2 = 167.10). [15]. Another
study conducted by Dungey et al. (2017) with intradialytic cycling treatment 3 times per week with the duration of
each session being 30 minutes for 6 months showed that the mean IL-6 level in the treatment group was higher than
the control group. although not statistically significant (5.39 + 3.05 vs. 4.92 +2.79) [16].

The mean hs-CRP level in the treatment group was found to be lower when compared to the control group
(17.47 +23.59 pg/ml vs. 21.79 + 21.97 pg/ml), although this difference was not significant. Likewise, post-treatment
hs-CRP levels were not significantly higher when compared to pre-treatment hs-CRP levels (17.47 + 23.59 pg/ml vs.
8.82 + 7.65 pg/ml). Another study in 2021 at other educational centers in Indonesia found no significant decrease in
the mean CRP level before and after intradialytic exercise for 12 weeks, from 0.33 + 0.33 to 0.27 £ 0.16 [17]. The
RCT study by Soltani et al. (2020) also found no significant reduction in CRP levels after 12 weeks of treatment (0.93
+0.67 t0 0.90 + 0.6) [18].

Elshinnawy et al. (2021) showed different results from those of this study. In this prospective cohort study,
intradialytic exercise for 12 weeks significantly reduced CRP levels from 8.2 £ 1.33 to 5.3 + 1.309. In addition, at the
end of the study, the mean CRP level in the treatment group was significantly lower compared to the control group
(5.3+1.309 vs. 7.7 £ 1.11) [15].

The variable levels of IL-6 and hs-CRP in this study, which are different from those of other studies, can be
explained by the following factors: Nutritional factors can affect IL-6 levels in HD patients undergoing intradialytic
exercise. lkizler et al. (2018) conducted an RCT that demonstrated a significant decrease in IL-6 levels in subjects
following a strict diet and engaging in intradialytic exercise [19]. This was not observed in the control group of
patients. Chronic inflammation that occurs in HD patients is a complex syndrome in which the mechanism is closely
related to protein-energy malnutrition, which leads to what is called the malnutrition-inflammatory complex
syndrome. Protein malnutrition starts early in chronic renal failure [20]. The researchers could not control nutritional
factors as a confounding factor in this study.

Greenwood et al. (2021) explained that ideally in the treatment introduction phase, the minimum cycle duration
of intradialytic exercise is 21 min/dialysis session (150 min of moderate intensity exercise/7 days). All patients should
be able to cycle for 21 minutes at the end of the first 4 weeks, either using the 2-10 minute formula or continuously
[21]. In this study, the total duration of intradialytic exercise per 7 days was 60 minutes.

Fluid overload can also cause increased plasma IL-6 levels in CKD patients [22]. Cardiac disorders such as
cardiomegaly can interfere with the normal functioning of the kidneys, weakening their ability to remove sodium
from the body and triggering mechanisms that cause fluid retention, resulting in a state of fluid overload [23, 24]. In
this study, there were 8 patients (4 patients in the control group and 4 patients in the treatment group) who had
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cardiomegaly. In addition, this study did not assess the condition of fluid overload or degree of severity in the research
subjects.

The timing of post-treatment blood sampling can affect the levels of various inflammatory markers, including
IL-6. However, until now, there has been no standardization of the right time to obtain blood samples from patients
undergoing treatment. According to Da Cruz et al. (2018), the best sampling time is 72 hours after the last exercise
session to minimize the pseudo-effect of acute exercise, which can temporarily increase IL-6 levels in response to an
exercise recently completed by the research subject [11]. CRP can also increase and reach a peak at 28 hours after
exercise [25]. Liao et al. (2016) assert that blood sampling can occur without a specific time lag. This study
immediately collected post-treatment data after the completion of the last intradialytic exercise session [6].

In this study, the results of the regression test showed that increased IL-6 levels increased the risk of increasing
SBP by 7.6 times, and the risk of increasing DBP was 2.4 times higher. However, this difference was not statistically
significant. Similarly, hs-CRP levels did not significantly affect SBP and DBP values in the group of patients who
underwent intradialytic aerobic cycling exercise for 3 months. Several previous studies have found that high IL-6
levels correlate with the incidence of hypertension [26]. The cytokine IL-6 has a strong association with angiotensin
[I-induced hypertension through two molecules, namely IL-6R (also known as IL-6Ra, gp80, or CD126) and gp130
(also known as IL-6Rp, or CD130) [27]. A large number of studies have shown that higher levels of circulating CRP
are associated with higher blood pressure [28]. The various factors previously mentioned for SBP, DBP, 1L-6, and
hs-CRP levels could cause IL-6 and hs-CRP levels in this study to have no significant effect on SBP or DBP.
Furthermore, according to Dungey et al. (2017), it is necessary to study soluble inflammatory markers such as I1L-6
and CRP in a large-scale cohort study to address the considerable variation in IL-6 and CRP in HD patients, both
intra- and inter-individual. This is related to the presence of daily variations in HD patients such as fluid overload,
recurrent infections, or the HD procedure itself, so that the use of large-scale cohort studies can detect long-term
changes in circulating CRP and IL-6 [16].

This study has several limitations. First, the inclusion and exclusion criteria used were too lax, unlike other
intradialytic exercise studies. This is because this study was conducted in only one hospital or educational center, so
there is a risk of a limited number of samples if the inclusion and exclusion criteria are too strict. Therefore, further
research should be conducted with more stringent inclusion and exclusion criteria.

Second, the researchers could not control the nutritional intake of the participants. We need more research to
regulate the participants' nutritional intake.

Third, there were no other laboratory data included in this study that could affect the results, such as
triglyceride or blood sugar levels. Further research also needs to be carried out by entering data on other laboratory
results, such as triglycerides and blood sugar.

Finally, hemodialysis does not allow for the performance of intradialytic aerobic cycling exercise, which has
a longer total duration of 150 minutes/week. Therefore, in future research, it is necessary to perform a longer duration
of intradialytic aerobic cycling exercises during hemodialysis.

CONCLUSION
Intradialytic aerobic exercise for 12 weeks did not significantly affect [L.-6, hs-CRP, SBP, or DBP.
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