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Abstract — Aims: To investigate the effect of 12 weeks of intradialytic aerobic training on serum levels of interleukin-
1B, interleukin-6, interleukin-8, interleukin-10, tumor necrosis factor alpha and functional capacity. Methods: Thirty
sedentary volunteers were randomly assigned to either to exercise or control group. Exercise group were submitted
to 12 weeks of aerobic training performed on a cycle ergometer for 30 minutes at intensity rated using the Borg
scale (6 to 7) three times a week while control group kept the daily habits. Results: After 12 weeks only exercise
group presented a significant reduction of serum levels of interleukin-1p, interleukin-6, interleukin-8, tumor necrosis
factor alpha and an increase in serum levels of interleukin-10 and functional capacity. Conclusion: Twelve weeks of
intradialytic aerobic training was effective in controlling inflammation and improving the functional ability of patients

with chronic kidney disease.
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Introduction

Chronic kidney disease (CKD) is caused by a number of
diseases that share a progressive decrease in the rate of glomerular
filtration. Regardless of the initial cause, CKD progresses with
glomerular sclerosis and interstitial fibrosis resulting in chronic
renal failure!.

Given that people with CKD may develop renal failure, the
use of substitute treatment techniques, such as hemodialysis
(HD), is necessary. In HD, a semipermeable membrane is used
to remove toxic substances and excess water from the body?.
Although HD prolongs the patient’s survival, it may cause
complications such as nausea, vomiting, hypotension, headache,
cramps, and chronic low-grade inflammation®.

Chronic low-grade inflammation affects 40% to 50% of
people with CKD, it is characterized by elevated levels of
inflammation markers and has been associated with malnutrition,
cardiovascular disease, and mortality*’. The causes of chronic
low-grade inflammation in people with CKD is unknown but
the possible causes include transmembrane passage of endotoxin
during dialysis into the systemic circulation, the activation of
neutrophils and monocytes during dialysis, activation of pro-
inflammatory cytokines and endothelial changes®. Moreover, the
presence of inflammation in people with CKD is an independent
predictor of mortality, reduced quality of life, and functional
capacity”'2.

Thus, physical exercise plays a key-role as non-
pharmacological treatment of CKD. Stack, Molony, Rives, Tyson,
Murthy'® showed that the risk of death for CKD was lower for
active patients than for sedentary patients. Additional benefits

of exercise to patients with CKD include improved exercise
tolerance, reduced cardiovascular risk, improved functional
capacity, and improved glucose tolerance'*'>. Moreover, studies
have reported that exercise can reduce inflammatory markers'®,
17 However, remains scarce studies that have verified the effect
of exercise on chronic low-grade inflammation markers in
people with CKD.

In this context, intradialytic acrobic training (IAT) shows to
be an important tool to CKD management. This kind of training
is performed during HD session and previous studies reported
improves in health outcomes'®, physical capacity'®, sleep quality®
and Kt/v*', an index which shows the dialysis efficiency.

However, remains scarce studies that evaluated the effect
of IAT on chronic low-grade inflammation. Thus, the purpose
of this study was to investigate the effect of 12 weeks of IAT
on the serum levels of cytokines and functional capacity in
people with CKD.

Materials and Methods

Participants and ethical aspects

Participants of this randomized controlled clinical study were
treated using HD performed at the Renal Care Unit of the Federal
University of Tridngulo Mineiro. The inclusion criteria were:
aged between 18 and 65 years, treatment with HD for more than
three months with health conditions for the practice of physical
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exercises, sedentary for at least three months prior to the study,
and were not administrating anti-inflammatory drugs. Patients
were excluded if they presented any acute inflammatory disease
and requiring changes in access to hemodialysis, the hemodialysis
time, ultrafiltrate volume and the type of filter used.

Following the selection of volunteers, 30 patients were
randomly allocated to IAT (n = 15) and control (CON; n=15)
groups. IAT group participated in twelve weeks of aerobic training
while the CON group kept their usual daily routines. All volunteers
read and signed the free and informed consent. The methods and
study procedures were approved by the Ethics Committee in
Research with Human Beings (Protocol number 1003882/2015).

Procedures

Participants were interviewed to obtain their demographic
data partner. HD treatment time, Kt/V index, and information
on the participant’s medical prescriptions were obtained from
medical records. Before and after the 12 week study duration, the
participants’ anthropometric measurements and blood samples,
for immunological analysis were collected and participants also
completed physical performance tests. The final study assessments
were performed 72 hours after the last training session in order to
avoid the last exercise session affecting the parameters evaluated.

Anthropometry

Body mass and height were measured using a mechanical scale
and coupled stadiometer with a maximum capacity of 150 kg, a
sensitivity of 100g, and an accuracy of 0.1 cm (Filizola, Campo
Grande / MS, Brazil). Body mass index (BMI) was calculated
using Quetelet’s index: body mass (kg) + height2 (m2)].

Kt/V Index

For the calculation of Kt/V, the hemodialysis time values
were used in hours (fixed in 4 hours), the value of the pre-serum
urea and post-hemodialysis (measured by blood test), body mass
post-dialysis patient, and ultrafiltrate volume (difference of body
mass pre-and post-hemodialysis)2.

Blood sample

Participants were instructed to fast for 12-14 hours, abstain
from alcohol consumption for 72 hours, and rest for 30 minutes
before blood collection. The blood (20 ml) was collected using a
vacuum system (BD, London, England) from the average cubital
vein into tubes prepared with ethylenediamine tetra acetic acid
(EDTA). Immediately after collection, the blood was taken for
analysis or prepared for storage.

Inflammatory markers

The inflammatory markers evaluated were interleukin (IL) -1a,
IL-6, IL-8, IL-10, and tumor necrosis factor-o (TNF-a). For the
measure of inflammatory markers, blood was centrifuged at 3500
rpm for ten minutes and the serum was immediately separated
in triplicate into Eppendorf tubes and frozen at -20°C. We used
the cytometric bead array (CBA) method with commercial kits
(BD Biosciences, San Jose, CA, USA) and automated equipment
(Facscalibir, Becton Dickinson, USA).

Physical performance test

The six-minute walk test (6MWT) is a secure tool for
assessment of the cardiorespiratory system. In cases where
people with CKD is treated with HD, there is a strong correlation
between the distance achieved in the 6MWT and VO2 peak;
therefore, the 6BMWT is a simple and inexpensive alternative to
assess functional capacity22.

Patients performed the 6MWT two hours after meals and
they were instructed to continue taking their usual medication.
Patients rested for 10 minutes before taking the test. During this
period, they were assessed for contraindications, blood pressure
data, pulse oximetry, level of dyspnea (using the Borg scale) and
heart rate23. The parameters evaluated before and after the test
were blood pressure, heart rate, oxygen saturation, dyspnea, and
respiratory rate. The reference equations were used to predict
the total distance the participant walked during the 6MWT24.

Experimental Protocol

After three sessions of familiarization and adaptation with the
exercise protocol, participants started IAT program performed on
a mechanical cycle ergometer (Altmayer, BM 3600) controlled
by the modified Borg scale23.

IAT was conducted in the first two hours of HD with an average
duration of 36 minutes. IAT consisted of three stages: warm up,
conditioning, and cool down. The warm up stage lasted for three
minutes and the exercise intensity was low (Borg = 2-3); the
conditioning stage lasted 30 minutes and the exercise intensity
was severe (Borg = 6-7); the cool down stage lasted three minutes
and the exercise intensity was low (Borg = 2-3). Blood pressure
was monitored every 5 minutes at rest and after the cooling stage.
Heart rate and oxygen saturation were constantly monitored
(Polar S8101, Finland) and a portable oximeter (finger oximeter
PM100C, New Tech, USA), respectively.

The training was interrupted in cases of intense physical
fatigue, chest pain, dizziness, pallor, syncope, tachycardia,
hypotension, and fatigue in the legs. When patients had blood
pressure changes (SBP>180 mmHg and/or DBP> 110 mmHg),
interdialytic weight gain of more than 5 kg, difficult vascular
access, or any significant complaints of pain, they were prevented
from participating in training on the day of the change or for the
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duration of the symptoms.

Statistical analysis

The normality of the data was verified by the Shapiro-Wilk test.
The Mauchly test was used to verify the violation of sphericity (F)
for repeated measures. In cases where the sphericity was violated,
the Greenhouse-Geisser correction was used. To calculate main
effect of time, group (IAT vs. CON), and interaction (time x group),
a 2 x 2 repeated measures analysis of variance (ANOVA) was
performed. The Cohen’s d was used to estimate the magnitude
of the effect (n2) intervention as either small (2 = 0.2), medium
(m2=0.5), or large (n2 = 0.8). Statistical significance was set at o
= 5% for all analyses. All analyses were performed using SPSS
(version 20.0, SPSS Inc., Chicago, IL, USA).

Results

The socio-demographic data and Kt/V index of the participants
are shown in Table 1. The majority of participants in the IAT group
were male (67%), aged 43.5 £ 14.4, with HD treatment lengths of

Table 2. Body mass index and distance covered in the 6-min-
ute walk test (6MWT)

Variable IAT CON p - value
Pre Post Pre Post

BMI (kg/ 24.6+ 229+ 23.6+ 230+ 0.001

m2) 3.7 5.0% 34 4.9

6MWT 2246 2354+ 230.03 22432 0.002

(m) £546 557%  +60  +592

* Significant interaction effect between time and group (p <.05); IAT = in-
tradialytic aerobic training; CON = control; BMI = body mass index; 6MWT
= 6-minute walk test.

Furthermore after 12 weeks only IAT reduced the concentration
of IL-1PB [F (1,28) =20.689, p =0.027; n 2 = 0.62], IL-6 [F (1,28)
=17.646; p=0.004; 12 =0.3], IL-8 [F (1,28) = 12.658; p = 0.013;
n 2 =0.6], TNF-a [F (1,28) =53.310; p=0.001; 1 2 = 0.95], Table
3. Additionally, this group showed a significant increase in IL-10 [F
(1,28) =21.128; p=0.042; 1 2 =0.79].

Table 3. Level of cytokines in patients with chronic kidney
disease before and after the 12-week study duration

IAT group (n CON group (n
5.2 + 2.2 years. In the other hand, the majority of the participants =15) =15)
in the CON group were female (80%), aged 39.9 + 13.5,.wi.th HD Variable Pre  Post Pre Post p - value
tr.eatment lengths of 5.6 + 3.0 years. There wer.e no significant L-1B(pg 195+ 118+ 089+ 117+ 0.027
differences (p>0.05) between the groups for age with HD treatment /L) 099 063 * 047  0.59
time and Kt/V index before the beginning of the study. IL-6(pg 922+ 545+ 451+ 48+ 0.004
/L) 448 34* 505 555
. . . IL-8(pg 9.69+ 797+ 11.69 1039+ 0.013
Table 1. Socio-demographic profile and Kt index/V of pa- /L) 248 1.99% +3.18 3.13
tients with chronic kidney disease IL-10(pg 1174 272%& 106+ 093+ 0.042
Variable IAT CON p-value /L) 0.69 1.58* 0.68 0.58
Sex (M / 10/5 3/12 - TNF-a. 13.12  11.04+ 13.61 14.87+ 0.001
F) (n) (pg/L) +3.8 2.57%* +4.08 3.87
Age 435+ 39.9+13.5 0.543 * Significant interaction effect between time and group (p < .05); IAT =
(years) 14.4 intradialytic aerobic training; CON = control; IL = interleukin; TNF-a =
Marital tumor necrosis factor alpha; ANOVA: analysis of variance.
status
Single (n) 8 7 -
Married 7 8 - Discussion
(m)
HD 52423 5.6+29 0.438 To the best of our knowledge, this study was a pioneer to
Treatment investigate the effect of IAT on CKD by assessing the participant’s
2;2;’8) inflammatory profile and the distance covered in the 6 MWT. Our
] results show that 12 weeks of IAT is sufficient to reduce serum
Kt in- 1.2+0.5 1.3£0.3 0.897 levels ofinfl K di he di q
dex/v evels of inflammatory markers and increase the distance covere

ITA = intradialytic aerobic training; CON = control; M = male; F = female;
HD = hemodialysis; Kt/V = hemodialysis efficiency ratio

As demonstrated in Table 2, only IAT showed a significant
reduction in BMI [F (1,28) = 41.317, p < 0.001; n 2 = 0.76] and
increased the performance in the 6MWT [F (1,28) = 87.623, p
<0.002; 12 =0.8].
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in the 6OMWT.

It is well established that the onset of CKD is asymptomatic
and progresses to chronic renal failure, which is associated with
muscle irritability, nausea, weakness, vomiting, headache, rash,
loss of libido, and susceptibility to infections due to the elevated
presence of pro-inflammatory markers6, 25, 26. Moreover,
the own treatment of the disease triggers the activation of pro-
inflammatory cytokines27. This condition of chronic inflammation
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is associated with several complications including reduced muscle
mass, insulin resistance, malnutrition, atherosclerosis and, finally,
cardiovascular disease28-30.

It is scientific knowledge that regular exercise has proven
effective as an anti-inflammatory agent. During acute exercise
there is a release of IL-6 from skeletal muscle which acts
concomitantly with adrenal hormones e reduces the release and
expression of TNF in monocytes and increases the IL-10 role
in macrophage. Chronically, the exercise increases the number
of circulating regulatory T cells and reduces the expression of
toll-like receptors on monocytes and macrophages16, 31. Our
results contributes to this theory, once only IAT group reduced
the levels of pro-inflammatory circulating markers and increased
an anti-inflammatory cytokine.

We observed a significant reduction in BMI (p<0.001). It is
worth noting that reducing adiposity reduces the expression of
pro-inflammatory cytokines, which is imperative for controlling
inflammation in CKD patients32. Thus, regular and supervised
physical activity should be encouraged during the treatment of
CKD in order to counteract both the deleterious effects of the
disease and the side effects of HD. The situation is worrying
because the average level of physical activity is 50% to 120%
lower in people with CKD than in controls33.

Moreover, our study showed an increase in the distance covered
in the GMWT. Previous studies show that individuals with CKD
have a reduced exercise tolerance. Although the reason for this
phenomenon is not fully understood, some research suggests
the reduced exercise tolerance is related to muscle atrophy,
myopathy, and malnutrition6, 28. We opted to the 6MWT due the
efficient method to reproduce the VO2max and the correlation
between walking distance and VO2max, as previously showed22.
Volunteers of this study did not have heart failure, but the test
has been applied in cases of patients with CKD due to cardiac
affections generated by the condition.

The improved in 6MWT is relevant to patients with CKD
once they have significantly lower values of functional capacity
than the normal population, including to perform activities of
daily living22, 34. Therefore, improving a patient with CKD’s
physical condition may improve their quality of life35.

Regarding the limitations of our study, it is important to
highlight the absence of a strict nutritional control among the
study participants. Here, we demonstrate that the treatment for
CKD needs to involve health professionals who can increase
the quality of life and consequently the life expectancy of this
population. Finally, the lack of previous studies using AT limits
the discussion of our results, mainly in relation to the impact of
IAT on the inflammatory profile, mainly in patients with CKD.
Thus, we suggest that this protocol of IAT can be replicated in
further studies and compared with other methods of training.

Conclusion

We conclude that 12 weeks of IAT causes beneficial changes

in the body composition and functional capacity, and it reduces
inflammatory markers in patients with CKD.
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