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ABSTRACT

Introduction: Hemodialysis contributes to
increased oxidative stress and induces tran-
sitory hypoxemia. Compartmentalization
decreases the supply of solutes to the dia-
lyzer during treatment. The aim of this
study was to investigate the acute effects
of intradialytic aerobic exercise on sol-
ute removal, blood gases and oxidative
stress in patients with chronic kidney
disease during a single hemodialysis ses-
sion. Methods: Thirty patients were ran-
domized to perform aerobic exercise with
cycle ergometer for lower limbs during 30
minutes with intensity between 60-70%
of maximal heart rate, or control group
(CG). Blood samples were collected prior
to and immediately after exercise or the
equivalent time in CG. Analysis of blood
and dialysate biochemistry as well as
blood gases were performed. Mass re-
moval and solute clearance were calcu-
lated. Oxidative stress was determined by
lipid peroxidation and by the total anti-
oxidant capacity. Results: Serum concen-
trations of solutes increased with exercise,
but only phosphorus showed a significant
elevation (p = 0.035). There were no sig-
nificant changes in solute removal and in
the acid-base balance. Both oxygen partial
pressure and saturation increased with ex-
ercise (p = 0.035 and p = 0.024, respec-
tivelly), which did not occur in the CG.
The total antioxidant capacity decreased
significantly (p = 0.027). Conclusion: The
acute intradialytic aerobic exercise in-
creased phosphorus serum concentration
and decreased total antioxidant capacity,
reversing hypoxemia resulting from he-
modialysis. The intradialytic exercise did
not change the blood acid-base balance
and the removal of solutes.

Keywords: exercise; oxidative stress; renal
dialysis.

Resumo

Introdugao: A hemodialise contribui para
aumentar o estresse oxidativo e induz a hi-
poxemia transitoria. A compartimentaliza-
¢do dos solutos diminui sua oferta para o
dialisador durante o tratamento. O objetivo
deste estudo foi investigar os efeitos agudos
do exercicio aerdébio intradialitico sobre a
remocio de solutos, gasometria e estresse
oxidativo em pacientes com doenga renal
cronica durante uma sessdo de hemodialise.
Métodos: Trinta pacientes foram randomi-
zados para realizar exercicio aerdbio com
cicloergbmetro para membros inferiores
durante 30 minutos com intensidade entre
60-70% da frequéncia cardiaca mdxima, ou
grupo controle (GC). Amostras sanguineas
foram coletadas antes e imediatamente apds
o término do exercicio ou no periodo equi-
valente no GC. Analises da bioquimica do
sangue e dialisato e gasometria foram reali-
zadas. A massa removida e a depuracio dos
solutos foram calculadas. O estresse oxidati-
vo foi determinado pela peroxidagio lipidica
e capacidade antioxidante total. Resultados:
As concentracbes séricas dos solutos au-
mentaram com o exercicio, mas somente o
fosforo mostrou elevagio significativa (p =
0.035). Nao houve modificacoes significan-
tes na remocdo de solutos e no equilibrio
acido-bdsico. A pressdo parcial e a saturagdo
de oxigénio aumentaram com o exercicio (p
=0.035 e p = 0.024, respectivamente), o que
ndo ocorreu no GC. A capacidade antioxi-
dante total diminuiu significativamente (p =
0.027). Conclusao: O exercicio aerdbico in-
tradialitico agudo aumentou a concentra¢io
sérica de fosforo e diminuiu a capacidade
antioxidante total, revertendo a hipoxemia
resultante da hemodialise. O exercicio in-
tradialitico ndo alterou o equilibrio 4cido-
-bésico e a remocio de solutos.

Palavras-chave: estresse oxidativo; exerci-
cio; dialise renal.
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INTRODUCTION

Hemodialysis contributes to increased oxidative
stress, producing free radicals and reducing the levels
of antioxidant enzymes in patients with end-stage
renal disease (ESRD).! During hemodialysis, the
compartmentalization of solutes reduces its blood
levels and dialysis efficiency by decreasing the supply
to the dialyzer thus impairing their removal.?

Hemodialysis also decreases oxygen partial
pressure (PaQ,), increases minute ventilation due to
production and excretion of carbon dioxide (CO,),
and increases oxygen consumption as a result of
metabolic alkalosis.>* The hypoxemia generated
during hemodialysis due to the sequestration of
intrapulmonary leukocytes decreases cardiac output
and induces microatelectasis as a result of the
procedure.’

Presently, physical exercise is recommended for
hemodialysis patients due to their chronic beneficial
effects, which include increased aerobic capacity,
muscle strength, production of antioxidants, control
of blood pressure and decreased fatigue.”” However,
the acute effects of exercise during dialysis have not
been adequately studied so far. It is possible that acute
exercise could have detrimental effects in the short
term, such as increased oxidative stress and decreased
production of antioxidant enzymes, aggravating the
clinical condition of the patients.'

Therefore, the aim of this study was to investigate
the acute effects of intradialytic aerobic exercise on
solute removal, blood gases and oxidative stress in
ESRD using a cycle ergometer for lower limbs during
a hemodialysis session.

MEeTHODS

PARTICIPANTS

Thirty patients with clinically stable ESRD who
underwent hemodialysis were randomized by
the Random Allocation Software 1.0™ (Isfahan
University of Medical Sciences, Isfahan, Iran) into
intervention group (IG) or control group (CG). Data
from medical records and patient history and physical
examination were used.

Inclusion criteria were: adults older than 18 years
of age, diagnosis of chronic kidney disease (CKD)
for at least six months and having hemodialysis
treatment for more than three months, physical and
clinical stability for performing aerobic exercise, not
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maintaining regular or having total absence of physical
activity, and not having participated in other research
related to physical activity in the last six months.
As exclusion criteria, presence of acute myocardial
infarction three months before the start of the study,
unstable angina, hemodialysis vascular access in the
lower limbs, hemoglobin level < 10 g/dL, presence of
active systemic infection or inflammatory process, or
candidate for imminent kidney transplantation with
a living donor.

The study protocol was approved by the Research
Ethics Committee of the IPA Methodist University
Center and Hospital de Clinicas de Porto Alegre,
where the study was conducted and performed
according to the 1975 Declaration of Helsinki. All
participants provided written informed consent prior
to enrollment.

PROCEDURES
DIALYSIS SETTINGS

All patients were dialysed with bicarbonate dialysis,
thrice weekly for 4 h with a low-flux polysulphone
hollow-fiber  dialyser  (Diacap™  LOPS 20,
Laboratorios B.Braun S. A., Sio Gongalo, R], Brazil).
Hemodialysis sessions were performed with single use
of dialyzers, and all patients had a native arteriovenous
fistula as vascular access. Blood flow rates ranged
between 300 and 350 mL/min. The dialysate flow
rate was 500 mL/min. The blood flow and dialysate
flow rates were kept constant throughout the study
period in the individual patient.

INTERVENTION

The intervention was performed in the beginning of the
second hour of the third weekly day of hemodialysis.
The CG had two blood collections separated by
30-minute interval controlled by the dialysis machine
timer on a single hemodialysis session. The IG was
compared to the CG and as its own control. The IG
was studied contemporaneous with the CG and in the
subsequent week, with a blood collection prior to and
following 30 minutes of aerobic exercise. The exercise
was conducted with a cycle ergometer for lower limbs
(Dream EX 150 FLEX®, Dream Indtstria e Comércio
Ltda., Esteio, RS, Brazil) coupled to the dialysis chair.

Exercise intensity was set between 60-70% of
maximal heart rate, calculated using the formula
proposed by Karvonen et al.,' or intensity between
13-14 points on the Borg’s Rating of Perceived



Exertion Scale (Borg’s RPE Scale). Heart rate was
measured using the monitor HR 102 Oregon
Scientific™ (Oregon Scientific, Sio Paulo, SP, Brazil).
The interventions were carried out by the same
researcher.

COLLECTIONS AND BLOOD SAMPLES

Blood samples were drawn from the arterial line
of hemodialysis vascular access, after reducing the
blood flow pump to 50 mL/minute. A sample (3 mL)
was collected in a syringe washed with heparin for
blood gases analysis. A second sample (5 mL) was
collected in a plain tube for solute measurements. A
third sample (5 mL) was collected in a plain tube with
EDTA, centrifuged at 1900 rpm for 10 minutes at 4
°C, for plasma separation and storage in conical tubes
at -80°C for the analysis of oxidative stress.

COLLECTION OF DIALYSATE

The dialysate eliminated by the dialysis equipment
during the 30-minute intervention or equivalent
time in CG was collected in a container with storage
capacity of 20 liters. After homogenization of the
content and measurement of the total volume, a
sample was separated and aliquoted into two 5-mL
collection tubes for analysis. To calculate the clearance
of solutes, we used the formula described by Maher.!?

BiocHEMICAL ANALYSIS

The analysis of serum creatinine, urea, potassium,
phosphorus, magnesium, dialysate and blood gases
were performed by automation. For analysis of lipid
peroxidation (malondialdehyde, MDA) thiobarbituric
acid reactive substances (TBARS) and colorimetric
assay at 540 nm (TBARS Assay kit Cayman™,
Cayman Chemical Company, Ann Arbor, Michigan,
USA) were used. Analysis of the total antioxidant
capacity (TAC) of plasma was based on the ability
of antioxidants sample to inhibit the oxidation of the
compound  2,2'-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid, ABTS) by metmyoglobin. The amount
of ABTS produced was read by a colorimetric assay
at 540 nm, and compared with Trolox (Antioxidant
Assay kit Cayman™, Cayman Chemical Company,
Ann Arbor, Michigan, USA).

SAMPLE SIZE CALCULATION

The sample estimate was performed using the
software G*Power™ version 3.1.9.2 (Department
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of Psychology, Kiel University, Kiel, Germany).
The sample size was calculated based on mean and
standard deviation of plasma MDA concentration
post-hemodialysis in IG and plasma MDA
concentration in CG according to the study of Ozden
et al.”® Using a two-tailed test and an effect size of
2.18 obtained in the reference study, it was defined a
total of 15 patients in each group to get a power of
80% and a significance level (a) of 5%.

STATISTICAL ANALYSIS

The Kolmogorov-Smirnov test was used to assess the
normality of data distribution. Differences between
variables were calculated using nonparametric tests
(Wilcoxon or Mann-Whitney) or parametric tests
(independent samples ¢ test or paired samples ¢ test),
as applicable. Data were expressed as mean = standard
error or median and interquartile range. A p < 0.05
was considered statistically significant. The data were
analyzed using the program Statistical Package for
the Social Sciences™ (SPSS version 19.0, Chicago,
Illinois, USA).

REesuLTs

The clinical characteristics of the groups are presented
in Table 1. In both groups there is a predominance
of male and white patients. There were no significant
differences between groups with respect to age, Body
MassIndex (BMI), duration of hemodialysis treatment,
and to Charlson Comorbidity Index (CCI). Five
patients underwent previous renal transplantation (4
CG, 11G), 17 were former smokers and three patients
were active smokers. The predominant etiology of
ESRD was diabetes mellitus, followed by hypertension
and chronic glomerulonephritis. Seven patients had
ESRD from unknown etiology. No patient reported
discomfort when performing the exercise.

Comparisons between the differences in measures
of thegroups, before and after aninterval of 30 minutes,
are shown in Table 2. With the implementation of
aerobic exercise, there was a significant increase in
the oxygen partial pressure and saturation [4.30 =
2.15 mmHg vs. -6.55 = 1.90 mmHg, p = 0.001 and
1.1% (0.1% to 2%) vs. -0.6% (-2.8% to -0.1%), p =
0.003, respectively].

Table 3 shows comparisons between the
differences of the measures before and after an
interval of 30 minutes in the IG, with and without
exercise performance. In the hemodialysis session
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TaBLE 1 THE CLINICAL CHARACTERISTICS OF THE GROUPS
CG (n=15) IG (n =15) p-value

Gender (male) 12 " -
Age (years) 53 +3 52+ 5 0.200
BMI (kg/m?) 278 £ 1.2 26.0 = 1.1 0.104
Duration of treatment (months) 19 (10 - 45) 20 (8-64) 0.624
CCl (points) 50+0.5 50+ 0.6 0.200

Race (n) Black 3 2 -

White 12 13 -

Cause of ESRD (n) Diabetes mellitus 5 4 -

Hypertension 3 1 -

Glomerulonephritis 3 1 -

Unknown 1 6 -

Others 2 3 -

Smoking (n) Yes/No 1/4 2/6 -

Former smoker 10 7 -

Data expressed as mean = standard error or median (interquartile range). BMI: body mass index; CCl: Charlson comorbidity index; CG: control

group; IG: intervention group; ESRD: end-stage renal disease.

with exercise patients showed an increase in serum
phosphorous concentration [0.2 mg/dL (-0.3 mg/dL
to 0.37 mg/dL) vs. -0.2 mg/dL (-0.4 mg/dL to 0 mg/
dL), p = 0.035], increased oxygen partial pressure
and saturation [2.71 = 1.81 mmHg vs. -0.76 = 1.17
mmHg, p = 0.037 and 0.3% (-0.3% to 1.1%) vs.
-0.2% (-0.8% to 0.5%), p = 0.024, respectively] and
decreased TAC (-0.165 = 0.12 mM ws. 0.355 = 0.2
mM, p = 0.027).

Table 4 presents the total dialysate volume, solute
concentration measurements, removed mass and
solute clearances in the dialysate of 9 individuals
of the IG. Compared to baseline, there were no
statistically significant differences in any parameter
evaluated after the exercise performance.

DiscussionN

In this study, we found that acute intradialytic aerobic
exercise increased serum phosphorus concentration,
decreased the total antioxidant capacity, and reversed
the hypoxemia resulting from hemodialysis. The
oxygen partial pressure and saturation increased with
exercise, which did not occur in the control group.
However, the intradialytic exercise did not change
acutely the blood gas parameters or even increased
the removal of solutes.

We showed a significant increase in serum
phosphorus after aerobic exercise in the IG. Phosphate
is predominantly an intracellular ion, which moves
into the cell as the extracellular pH increases.!* This
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finding is in line with previous studies that could
demonstrate an increase in phosphate removal
associated with intradialytic aerobic exercise.'*”

Hemodialysis  performed with  bicarbonate
dialysate favors alkalemia, which can hinder
phosphate removal. This fact emphasizes the
potential of proposed exercise of mobilizing
phosphorus from body compartments, increasing its
blood concentration. Furthermore, this increase in
phosphorus concentration came to accomplish the
intervention in the third weekly hemodialysis session
where the patient has already shows a reduction
in the concentration of solutes due to treatment.
Modulation of the intensity and duration of exercise
in a hemodialysis session may also be necessary to
further promote increases in serum concentration of
solutes mediated by a decrease in blood pH induced
by the exercise.

Kirkman et al.,"” performing 60 minutes of
intradialytic exercise with intensity of 90% of the
lactate threshold, showed that this exercise protocol
was more effective than the increase in dialysis time
for phosphate removal, being an adjuvant therapy for
serum phosphorus control. Farese et al.’’ also found
an increase in the phosphate mass and clearance
in dialysate after three exercise sessions lasting 20
minutes at 36 rpm.

In our study, aerobic exercise increased the
serum concentration of other solutes (but without
reaching statistical significance) but with no absolute
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TABLE 2 COMPARISONS BETWEEN THE DIFERENCES (D) IN MEASURES OF THE GROUPS, BEFORE AND AFTER AN INTERVAL OF
30 MINUTES
IG (n = 15) CG (n = 15)
p-value
Before After D Before After D
UF rate
L 643 + 416 - 700 + 256 ; 0.654
MDA
e 934+292 934+292 -044+311 977+270 11.00+189 123223 0.666
TAC
) 265+096 253+086 -012+015 254+089 289+117 035026 0.123
mEqS/SE;Jm 351+012 373+008 022+018 4124015 399+014 -0.13+0.22 0.087
(L:r:ZjdL) 68.60 + 6.57 7107 +497 246+6.10 86.79+776 8471720 -2.07+774 0.649
(Cr:;"j;'g'”e 470+ 040 485+026 0142040 621+055 6.14+052 -0.07+0.58 0.761
Phosphorus - » 5) L 021 2.80+0.13 017+021 325+032 3.10+021 -0.14 +0.20 0.297
(mg/dL)
:\r/'nas(;‘i)s'“m 227+007 225+002 -002+004 243+014 233+008 -0.10=0.05 0.370
pH 7399 + 0.010 7413 + 0.013 0.014 +0.007 7400 +0.010 7399 + 0.010 -0.001 + 0.005 0.098
(F;gr?ng) 4144 +0.98 4094+ 151 -050+079 4293+ 108 43.19+089 026098 0.553
HCO, 2500+ 046 2542 +061 042+044 2595+046 26.06+042 0.11+037 0.600
(mmol/L)
CO, total
noyl) 2627047 2667064 040%045 2732049 2738%042 0.06 041 0.583
BE 0.14+050 082+060 068+042 094+048 101+049 0.06+0.27 0.240
(mmol/L)
(prr?rang) 6790 + 8.16 7220+ 925 430+2.15 8724+494 80.69+506 -6.552+ 190 0.001
sO, 95.8 96.4 110 972 96.6 -0.60 0.003
(%) (70.6:975)  (71.6:979) (0.1:2.0) (96.2:975)  (95.2:971)  (2.8:-0.1) :

Data expressed as mean + standard error or median (interquartile range). D: measure after 30 minutes less measure before 30 minutes. CG:
control group; IG: intervention group; UF: ultrafiltration; MDA: malondialdehyde; TAC: total antioxidant capacity; pCO,: partial pressure of carbon
dioxide; HCO,: bicarbonate; CO,: carbon dioxide; BE: base excess; pO,: partial pressure of oxygen; sO,: oxygen saturation.

changes in solute clearance. Intradialytic aerobic
exercise promotes increased blood flow to the central
vasculature and increased vascular permeability,
allowing greater area of exchange between the
intracellular and intravascular compartments. This
favors the solute efflux from muscles of the lower
limbs, which usually remain relatively stagnant with
collapsed capillaries during hemodialysis.!'>6:18-21
Orcy et al.** found an increase in the mass removal
and phosphate clearance only in dialysate after three
sessions of intradialytic aerobic exercise lasting 40
minutes with an intensity between 13-14 points on
the Borg’s RPE Scale. Changes in blood concentration
of solutes have not been found in this study because
the samples were collected prior to and after the

hemodialysis procedure. The duration of intradialytic
exercise we proposed was sufficient to increase solute
blood concentrations, but as the solute removal
occurs across the entire time of hemodialysis (four
hours in average), it would be necessary to measure
them again at the end of dialysis treatment, and not
only at the end of the exercise.

Analyzing the results of blood gases post-exercise,
we observed a statistically significant increase in the
oxygen partial pressure and saturation, reversing
hypoxemia induced by hemodialysis. Meyring-
Wosten et al.?* described a significant association
between hypoxemia and adverse clinical outcomes,
most notably all-cause of hospitalization and

mortality.
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TaBLE 3 COMPARISONS BETWEEN THE DIFERENCES (D) IN MEASURES BEFORE AND AFTER AN INTERVAL OF 30 MINUTES,
WITH AND WITHOUT EXERCISE PERFORMANCE, IN INTERVENTION GROUP (N = 15)
With exercise Without exercise
p-value
Before After D Before After D
UF rate
L 643 + 416 . 576 + 410 - 0.660
MDA 5.17 8.20 2.23 8.33 10.42 0.54 1000
(MmM) (3.54:10.06)  (5.24:12.68)  (0.6:783)  (3.00:14.68)  (4.90:1721)  (-5.04:6.5) :
(Trﬁ%/n 269+085 252+087 -016+012 249+090 284+099 035+020 0027
Potassium 3.7 3.9 0.1 3.8 3.7 -0.1 0116
(mEq/L) (3.4:4.0) (3.5:4.4) (-0.2:0.3) (3.5:4.1) (3.4:3.9) (:0.2:0) :
Urea 70 75 -6 80 73 -10 0.052
(mg/dL) (65.25:9700) (63.25:96.50)  (-10:3.25)  (70.25:90.50) (54.25:94.50)  (-12:-5.75) :
Creatinine 5.13 5.24 0.51 5.95 5.33 0.62 0.338
(mg/dL) (4.12:5.97) (4.13:6.31)  (0.71:0.19)  (4.49:6.37)  (4.23:6.31)  (-0.78:-0.35) :
Phosphorus 2.9 2.9 0.2 3.0 2.9 -0.2 0035
(mg/dL) (2.2:3.5) (2.5:3.4) (-0.3:0.37) (2.6:3.3) (2.5:3.0) (-0.4:0) :
mag(:/‘i)s'“m 236+023 233+021 -002+002 231+024 217+039 -014+008 0244
pH 7400 + 0.041 7416 + 0.049 0.016 + 0.004 7397 + 0.042 7405 + 0.043 0.007 + 0.004  0.297
fﬁgﬁg) 4050+ 4.0 40.06+560 -043+055 4199+445 4160+4.78 -038=051 0946
HCO, 245 25.0 0.9 25.3 25.4 0.3 0.543
(mmol/L) (23.6;25.8) (23.8:26.1) (-0.6;1.7) (24.2,26.00  (24.0;26.6) (-0.4:1.2) '
€O, total 2571 +182 2630+241 059+032 2649+ 155 2667+167 018026 0370
(mmol/L)
0.5 0.3 11 0.3 0.6 0.6
BE (mmol/L) 1 5:0.) (-0.8:1.7) (-0.5:1.9) (-0.8:1.6) (-0.6:1.9) (0.2:1.2) 0330
PO, (mmHg) 75.03 +29.78 7775+32.37 2.71+181 7537+2868 7460=2874 -0.76+117  0.037
96.5 973 0.3 96.7 96.8 02
0,
sO, (%) (80.9:975) (80.5:978) (-0.3:1.1) (78.4:976) (75.3:974) (-0.8:0.5) 0.024

Data expressed as mean + standard error or median (interquartile range). D: measure after 30 minutes less measure before 30 minutes. UF:
ultrafiltration; MDA: malondialdehyde; TAC: total antioxidant capacity; pCO,: partial pressure of carbon dioxide; HCO,: bicarbonate; CO,: carbon
dioxide; BE: base excess; pO,: partial pressure of oxygen; sO,: oxygen saturation.

Hemodialysis with bicarbonate lowers the PaO, in
its initial minutes and reaches the nadir between 30
and 60 minutes, remaining at this level throughout
the dialysis procedure and after its completion.>?3
Several mechanisms have been proposed to explain
this reduction: an increase in the oxyhemoglobin
dissociation curve (Bohr Effect) caused by increased
pH, depression of the respiratory center due to
alkalosis, reduced oxygen diffusion, imbalance in the
ventilation-perfusion ratio due to the accumulation
of leukocytes in small pulmonary vessels caused
by blood contact with the dialyzer membrane, and
alveolar hypoventilation caused by excretion of CO,
via dialysate during the alkalization of blood.*?3%5
et al?
intradialytic aerobic exercise in each hour of

Moore performed five minutes of
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treatment with intensity at 60% of maximal oxygen
consumption (VO, ) to assess the hourly PaO, These
authors did not observe changes in the PaO, probably
because the training volume was low. Burke et al.?’
conducted a moderate intensity exercise protocol
during hemodialysis treatment, and Germain et al.?®
prescribed aerobic exercise of low intensity for three
hours during dialysis. Both groups found an increase
in PaO, and increased alveolar oxygen pressure
during exercise. The intensity and duration of exercise
that we applied generated enough hyperventilation
to increase the diffusion of oxygen, but this did not
decrease the alkalinization of blood, because the
partial pressure of CO, remained unchanged.

The ability of the body to resist oxidative changes
depends on the levels of antioxidant enzymes such as
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TaBLE 4 TOTAL VOLUME, CONCENTRATION MEASUREMENTS, REMOVED MASS AND CLEARANCE OF SOLUTES IN THE
DIALYSATE IN INTERVENTION GROUP (N = 9)
With exercise Without exercise p-value
UF rate (mL/h) 623 + 387 582 + 364 0.192
Volume (liters) 14.70 (14.32 - 19.94) 14.81 (14.24 - 23.27) 0.594
[Cr] (mg/dL) 1.68 + 0.21 1.64 £ 0.24 0.561
mCr (mg) 272.98 + 31.46 272.24 + 30.07 0.895
cCr (ml/minute) 151.28 + 5.77 153.06 + 10.00 0.878
(U] (mg/dL) 32.00 = 4.09 34.11 £ 5.17 0.352
mU (mg) 5189.22 + 560.71 5558.71 + 561.01 0.262
cU (ml/minute) 22751 +10.44 226.26 + 15.31 0.933
[P] (mg/dL) 0.70 (0.60 - 0.95) 0.70 (0.55 - 0.80) 0.777
mP (mg) 132.30 (93.77 - 165.10) 118.48 (102.94 - 153.46) 0.678
cP (ml/minute) 14730 + 10.25 163.84 + 16.13 0.437
(K] (mEg/L) 25(2.4-2.6) 2.4(2.3-2.6) 0.365
mK (mEq) 39.03 (35.39 - 48.50) 40.17 (35.17 - 49.86) 0.859
cK (ml/minute) 304.83 (296.91 - 458.12) 336.36 (309.24 - 446.49) 0.161
[Mg] (mg/dL) 1.36 + 0.04 1.37 = 0.06 0.826
mMg (mg) 234.17 + 23.72 245.59 + 22.85 0.577
cMg (ml/minute) 34124 + 35.24 383.52 + 2778 0.228

Data expressed as mean + standard error or median (interquartile range). UF: ultrafiltration; [Cr]: creatinine concentration; mCr: mass of creatinine;
cCr: creatinine clearance; [U]: urea concentration; um: mass of urea; cU: urea clearance; [P]: phosphorus concentration; mP: mass of phosphorus;
cP: phosphorus clearance; [K]: potassium concentration; mK: mass of potassium; cK: potassium clearance; [Mgl: magnesium concentration; mMg:

mass of magnesium; cMg: magnesium clearance.

superoxide dismutase, glutathione peroxidase, and
catalase, as well as of nonenzymatic antioxidants.
TAC is a valuable tool for understanding the ability
of the biological system to oppose oxidative stress.?
In our study, we observed a statistically significant
reduction in TAC after the exercise. Previous studies

2931 showed  significant

performed without exercise
reduction in TAC after a hemodialysis session that
was attributed in large part to a correlation of their
elimination with a decrease in uric acid concentration
and antioxidant vitamins removed by dialysis.
Furthermore, additional loss of antioxidants is
frequent and caused by the removal of water soluble
antioxidants due to their low molecular weight.?® The
increased blood flow promoted by aerobic exercise
may have contributed to the additional loss of
antioxidants.

This study has limitations, including the small
number of patients in each comparison group.
Moreover, for better assessment of maximal heart
rate training to adjust exercise prescription it would
be appropriate to implement a standardized exercise
stress test. The analysis of uric acid concentration
could have been carried out in order to verify its
parallel relationship with the reduction of TAC.

Finally, to verify the effectiveness of hemodialysis on
solute removal and the influence of exercise on the
outcome of the dialysis process, it would be necessary
to perform blood and dialysate collection at the end
of hemodialysis session, in addition to the end of
exercise.

In conclusion, moderate intradialytic aerobic
exercise acutely reversed hypoxemia induced by
hemodialysis and increased serum phosphorus levels.
Despite this, no changes occurred on solute removal.
The exercise did not promote acute changes in the
acid-base balance, but decreased the total antioxidant
capacity of these patients.
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