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Abstract Conclusion: In conclusion, after 12 weeks, the intra-dial-
ysis resistance training did not modify the hemodynamic
parameters neither the oxidative stress profile of these pa-
tients, but improved their quality of life. These data show
that intra-dialysis resistance training is safe and can provide
many physical and emotional benefits to chronic kidney dis-
ease patients.

Purpose: Chronic kidney disease is a public health problem
that causes severe complications to the patient. The major
damage is the loss of muscle mass, with a consequent re-
duction in the functional capacity that is associated with hy-
pertension and increased oxidative stress. This study aimed
to evaluate the effect of intra-dialysis resistance training on
the hemodynamic parameters, oxidative stress and quality Keywords

f life i tients with chronic kidney di .
orfiie In patients with chronic Kidney disease Resistance exercise, End stage kidney disease, Nitric ox-

Methods: The volunteers underwent a physical training during ide, Lipid peroxidation, Hemodialysis
the hemodialysis sessions. The hemodynamic parameters,
oxidative stress, the quality of life, the functional autonomy and

one repetition maximum (1 RM) were evaluated. Introduction
Results: The data did not show alterations in the hemody- Chronic kidney disease (CKD) is a public health prob-
namic parameters, nitric oxide or lipid peroxidation after 12 lem, and epidemiological studies have shown that mil-

weeks of resistance training. We observed significant differ-
ences in the quality of life in the following dimensions of the . . . 1
Kidney Disease Quality of Life - Short Form (KDQOL-SFTM) worldwide [1]. In Brazil, according to the Brazilian So-

lions of people are on renal replacement therapy (RRT)

questionnaire after 12 weeks of resistance training: Function- ciety of Nephrology, more than 100,000 CKD patients
al capacity, physical aspects, vitality, social and emotional were on RRT in 2013 [2].

aspects and mental health (P < 0.05). The time needed to .

execute the functional autonomy test was improved after the Compared to healthy people or non-dialyzed CKD
resistance training, and strength was increased significantly in patients, end-stage renal disease (ESRD) patients experi-
all the exercises, as assessed by the 1 RM test (P < 0.001). ence muscle loss, lower exercise tolerance and physical
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fitness levels, reduced strength and functional capacity,
and excessive fatigue [3]. The physical inactivity, sarcope-
nia and reduction of physical capacity are associated with
increased mortality in these populations. Sedentary ESRD
patients have 62% higher risk of mortality in one year com-
pared with those who are the most active [4].

Cardiovascular disease is a major cause of death in
CKD patients, and these patients have endothelial dys-
function, which is considered an early mediator of the
atherosclerotic process [5]. Nitric oxide (NO), an im-
portant physiologic vasodilator and one of the factors
involved in the anti-atherosclerotic process, is defi-
cient in this population [6]. The reduction in NO levels
is associated with oxidative stress [7] and contributes
to cardiovascular events [8]. Cakir-Atabek, et al. have
demonstrated, in healthy men, the reduction of oxida-
tive stress after training with resistance exercises [9].
However, few data are available regarding the impact of
training in ESRD patients especially in those underwent
hemodialysis (HD). A disease such as CKD markedly re-
duces the quality of life during the years [10].

This study aimed to evaluate the effects of resistance
training (RT) during dialysis sessions in the hemodynam-
ic parameters, oxidative stress and health-related quali-
ty of life in CKD patients.

Subjects and Methods
Subjects

A total of 20 CKD patients on hemodialysis were re-
cruited from Dialysis Unit of Universidade Federal de
Sao Paulo, Sao Paulo, Brazil. Patients of both sexes, on
treatment for at least 3 months by arterial-venous fis-
tula were approached to participate in the study. Exclu-
sion criteria included age less than 18 years, presence
of anemia, myocardial infarction, angina or heart failure
in the 3 months before the study, or comorbidities that
could compromise the execution of the exercises.

This study was reviewed and approved by the Ethics
Advisory Committee of the Universidade Federal de Sdo
Paulo (#1143/10). Informed consent was obtained from
all individual participants included in the study.

Study design and Protocol

This prospective study comprise 12 weeks of resis-
tance training (RT) performed 3 times a week during HD
sessions. Before starting the RT, all the patients were eval-
uated by a cardiologist through transthoracic echocardi-
ography and a treadmill protocol with the intensity based
on their physical and clinical conditions. All the tests were
performed 1 week before the training. Three patients
were excluded because they presented increased blood
pressure and arrhythmias during the treadmill test, total-
izing 17 patients assessed in this study. More over body
composition analysis was performed in the inter-dialysis
period by the plethysmography method with the Bod
Pod® system, at baseline, for all patients.
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Exercise intervention

The RT session was composed of exercises for the
upper limbs (shoulder press, biceps curl and triceps curl)
using dumbbells, for the lower limbs (leg extension, hip
flexion, leg curl and hip abduction) using ankle weights
or elastic band (Thera Band®).

A one-repetition-maximum test (1 RM) was per-
formed to determine the workload used in the exercis-
es using dumbbells and ankle weights, as described by
MacArdle, et al. [11]. Prior to this test, the volunteers
performed an exercise session without the use of load,
to learn the correct technique and execution of the
movement. The RT was applied for a period of 12 weeks;
the first 3 weeks were for adaptation to training with a
load of 40% of the 1 RM, and the other 9 weeks includ-
ed intensity training corresponding to 60% of the 1 RM,
performed three times/week, one hour after the start
of the HD session and lasting approximately 30 minutes.
During the first week the volunteers performed leg curl
and hip abduction using a green elastic band with a re-
sistance similar to 2.7 kg, between the 2" to 6™ week
with a grey band (3.5 kg), and between 7t to 12" week
with a blue band (4.5 kg).

The model used alternated segments with unilateral
movements; the movements for the upper limbs were
executed with the non-fistula arm, and the movements
for the lower limbs were executed simultaneously. Prior
to all the RT sessions, the volunteers performed warm-
up, followed by exercises with three sets of 12 repeti-
tions with one-minute rest between sets.

The exercises were performed between the 75 and
105 minutes of the HD session. A 1 MMC test was per-
formed to evaluate the strength before and after the
12 week of the RT.

Assessment of the hemodynamic parameters

Anautomatic blood pressure monitor BPA 100 (Mi-
crolife®, USA) was used for measuring the systolic blood
pressure (SBP), diastolic blood pressure (DBP) and heart
rate (HR) as validated by Bonso, et al. [12]. The mean
blood pressure (MBP) and double product (DP) were
calculated. The measurements were performed before,
in the beginning and at the end of the RT, in the last HD
session of the week, at baseline, 1%, 6" and 12" weeks.

Assessment of oxidative stress

Blood samples (5 mL), were collected in the begin-
ning and at the end of the RT, in the last HD session of
the week, at baseline, 1%, 6" and 12 weeks, for anal-
ysis of oxidative stress markers. The determination of
Nitric oxide (NO) in the plasma was performed with a
Nitric Oxide Analyzer by chemiluminescence (NOA™
280, Sievers Instruments, Inc, Boulder, CO, USA) [13].
Thiobarbituric acid reactive substances (TBARS) [14]
were determined by the colorimetric method; the ab-
sorbance was read at 534 nm in a spectrophotometer
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(Sunrise TM Tecan, Mannedorf, Switzerland). The calcu-
lations of TBARS concentrations were performed using
the extinction coefficient 1.56 x 10° M*cm?, and the re-
sults were expressed in nmol/L.

Assessment of quality of life

The assessment of quality of life was performed
by Kidney Disease and Quality-of-Life Short-Form (KD-
QOL-SF™) questionnaire and functional autonomy
protocol. KDQOL-SF™ consists of eight fields for the
SF-36 dimensions and 11 specific fields concerning CKD
as described where else [15]. For each dimension, a
score-value from 0 (worst health status) to 100 (best

Table 1: Clinic and demographic characteristics of hemodialysis
patients.

Age (years) 49+ 3.9
Gender (male) 10 (59%)
Ethnia (caucasians) 14 (82%)
Hypertension 4 (23%)
Diabetes 4 (23%)
Glomerulonephritis 3 (18%)
Policystic kidney 2 (13%)
Undetermined 4 (23%)
Length of dialysis treatment (months) 24 (4-300)
Body mass index (kg/m?) 255+1.2
Lean body mass (%) 69.9+23
Fat body mass (%) 30.7+21
Hemoglobin (g/dL) 11.8+0.2
Ejection fraction (%) 66 + 0.1
Left ventricle mass index (g/m?) 113.8+8.6

CKD: Chronic kidney disease. Data expressed as mean £ SD,
median (interquartile interval) or percentage, when needed.

health status) was obtained. The method of the ques-
tionnaire completion was previously explained to the
patients by the researchers, and the questionnaire was
applied before and after the RT period.

The Latin American Group of Development for Matu-
rity (GDLAM) protocol was used before and after RT to
assess the functional autonomy of the patients, based
on four activities of daily living, including: walking 10
meters (W10m), standing from a seated position (SSP),
lifting from the prone position (LPP), and standing from
a chair and moving around the house (SCMH). The ex-
ecution of each activity was measured in seconds, and
the final score of functional autonomy (IG) was mea-
sured [16].

Statistical analysis

The data were expressed as the mean + standard de-
viation (SD) or the median (Interquartile) when appro-
priate. Paired Student’s t-test or the Wilcoxon test was
used to compare the variables before and after RT. In
the repeated measure ANOVA analysis, the Sidak post
hoc was used. The differences were considered statisti-
cally significant when p <0.05, and all the analyses were
performed using SPSS 18.0 software for Windows (SPSS
Inc., Chicago, USA).

Results

The clinical and demographic characteristics of the
patients were shown in Table 1. Hypertension and dia-
betes were the more common conditions which caused
CKD. The patients were on HD for approximately two

Table 2: Hemodynamic parameters: Systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), mean blood
pressure (MBP) and double product (DP) in the baseline and 1%, 6" e 12" weeks of resistance training.

Training period P

Baseline 1st 6t 12t
SBP (mm/Hg)
Before HD 138.1+£21.2 137.1+£18.8 136.1£16.5 138.9+17.9 0.86
Before EXE 138.0£21.6 139.2 £ 19.7 136.9 £ 16.9 134.6 £ 18.9 0.64
After EXE 135.6 £21.3 136.1£21.8 133.0+£17.2 134.3+£223 0.86
DBP (mm/Hg)
Before HD 83.5+13.1 8221144 82.1+12.9 80.8 +12.7 0.70
Before EXE 849+ 14.6 85.0+15.9 84.2+13.3 81.8+15.5 0.55
After EXE 82.0+15.8 83.4+15.5 80.7 £ 13.8 80.0 £ 14.5 0.59
HR (bpm)
Before HD 824+ 14.6 81.1+13.3 79.8 £ 13.6 82.3+13.7 0.45
Before EXE 80.2+12.6 79.0 £ 13.9 81.8+16.5 79.2+13.5 0.46
After EXE 80.3 £ 14.1 85.6 £ 15.4° 87.6 £ 19.22 87.3+17.22 0.02
MBP (mm/Hg)
Before HD 101.6 £ 14.8 100.5+ 14.2 100.1£12.8 100.0 £ 12.8 0.90
Before EXE 102.6 £ 15.5 103.0 £ 151 101.8 £13.2 99.3+14.9 0.54
After EXE 100.0 £ 16.0 101.1£16.0 98.0+13.8 98.1£ 15.9 0.66
DP
Before HD 11402.1 + 2733.6 11142.6 + 2493.9 10893.6 + 2346.0 11421.6 + 2408.7 0.39
Before EXE 11070.1 £ 2364.7 10981.4 + 2489.8 11207.9 + 2654.9 10665.0 £ 2312.4 0.59
After EXE 10871.7 £ 2433.4 11619.1 + 2692.5 11649.2 + 2969.4 11790.9 + 3307.9 0.19

HD = hemodyalise; EXE = Exercises; h = hour; min = minutes; bpm = beats per minute; mm/Hg = milimeters of mercury. Data
expressed as mean + SD. Repeated measures ANOVA with a Sidak post hoc test, n = 17 for all groups, significance defined as
p <0.05;2=P <0.05 vs. baseline.
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years. Considering BMI, no patient had protein energy
wasting, overweight and obesity were found in 12%
and 24% of the patients, respectively. There was no pa-
tient with anemia. The ejection fraction was within the
normal ranges and left ventricular hypertrophy was ob-
served in 4 (23%) patients.

There were no significant differences in hemody-
namic and oxidative stress parameters during the study
(Table 2 and Table 3), except HR, (Table 2), that showed
differences After EXE at 1%, 6™ and 12 vs. baseline (85.6
+15.4,87.6+19.2,87.3+17.2,vs.80.3+14.1, P<0.05).
The KDQOL-SFTM scores were depicted in Table 4.
There was a significant increase in six dimensions of the
SF-36 after RT, as follows: functional capacity, physical
aspects, vitality, social aspects, emotional aspects and
mental health. There was a trend to improve the dimen-
sion related to pain. The eleven CKD specific dimensions
did not show differences, however, there was a trend to
improve the symptoms/problems dimension.

There was a significant reduction of the time nec-
essary to perform the GDLAM protocol tests after 12t

weeks of RT (Figure 1). There was an decrease in SSP
time (11.0-14.9) vs. 8.9 (7.9-11.9) seconds; p = 0.01]; in
LPP [3.8 (2.0-4.7) vs. 2.3 (1.9-3.8) seconds; p = 0.001]; in
SCMH [47.3 £ 1.2 vs. 43.1 £ 7.7 seconds; p = 0.02] and
in IG [28.9 (24.3-33.7) vs. 25.1 (21.9-30.1) seconds; p =
0.01]. One patient could not execute the SSP test. More-
over 1 RM showed a significant increase in the strength
after RT in all exercises (p < 0.01): Shoulder press (9.76
+2.39vs. 6.65 + 1.66), biceps curl (10.65 £ 2.91 vs. 6.97
+ 1.97), triceps (6.88 £ 1.97 vs. 4.21 + 1.91), leg press
(13.88 £ 4.4 vs. 6.94 £ 2.51) and hip flexion (9.88 + 6.33
vs. 6.06 * 5.44; Figure 2).

All patients completed the study. During the study,
4 incomplete exercise sessions occurred, due to hypo-
tension (2 episodes), cramp and excessive inter-dialysis
volume gain with high blood pressure and dyspnea.

Discussion

The present study demonstrated that 12 weeks in-
tra-dialytic RT improves quality of life, functional auton-
omy and strength, without altering hemodynamic pa-
rameters or oxidative stress.

Table 3: Determination of Nitric Oxide concentration and plasma lipid peroxidation using the TBARS before and after exercise, in
the baseline and in the 1%, 6" and 12" weeks of Resistance Training.

Training period P
Baseline 1st 6t 12t

Nitric Oxide (nM)

Before Exercise 53.20 £ 0.21 59.15+0.31 67.59 + 0.35 64.67 £ 0.32 0.74
After Exercise 46.32 £+ 0.22 51.97 £ 0.26 60.04 +0.29 53.59 £ 0.25 0.25
TBARS (nmol/L)

Before Exercise 2.97 £ 0.04 2.98 + 0.05 3.12+0.06 2.84 +0.04 0.72
After Exercise 3.07 £ 0.05 3.01+£0.05 3.11+£0.05 2.91+£0.05 0.16

The data are expressed as mean + SD.

Table 4: Scores of dimensions: Quality of life questionnaire (KDQOL-SF™).

General dimensions SF-36 Before RT After RT P
Functional capacity 70 (57.5-92.5) 85 (62.5-97.5) 0.05
Physical aspects 55.9+11.0 81471 0.02
Pain 70 (51.5-95) 80 (66.5-100) 0.06
General health state 58.2+6.4 66.2 £ 6.5 0.22
Vitality 63.8 £ 6.0 78.3+4.3 0.01
Social aspects 75 (44-100) 88 (75-100) 0.05
Emotional aspects 80 (50-94) 88 (72-100) 0.04
Mental health 64.7 £ 10.5 90.3+3.8 0.01
Specific domains of CKD

Symptoms/Problems 79.2+34 85.5+2.3 0.06
Effects of CKD in the daily life 69 (45.5-94) 66 (41-98.5) 0.56
Overload imposed for CKD 50.8 +8.9 53.1+8.8 0.64
Work condition 50 (0-50) 50 (0-100) 0.12
Cognitive function 87 (50-100) 93 (83.5-100) 0.18
Social interaction 87 (53.5-96.5) 93 (76.5-100) 0.09
Sexual function 78.2+10.2 87.5+6.6 0.35
Sleep 60 (48-82.5) 60 (49-69) 0.86
Social support 83 (0-100) 83 (33-100) 0.39
Dialysis team stimuli 86.8 +4.7 91.9+41 0.16
Patient satisfaction 83 (62-83) 83 (75-100) 0.17

Scale: 0-100, where the higher scores correspond to better quality of life; CKD = chronic kidney disease. Data expressed as mean
+ SD or median (interquartile interval) when needed. Paired Student’s t test or Wilcoxon test were used for comparing variables
before and after RT.
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Figure 1: The “Grupo de Desenvolvimento Latino Americano da Maturidade” (GDLAM) functional autonomy test was con-
ducted before and after 12 weeks of RT. W10m = walking 10 meters; SSP = stand up from a seated position; LPP = lift from
the prone position; SCMH = standing up from a chair and moving around the house; |G = functional autonomy score. The
data were expressed as mean + SEM. The statistical analysis before and after RT was realized using paired Student's t-test.

Time in seconds

"=P <0.05vs. before, " =P < 0.01 vs. before and ™ = P < 0.001 vs. before.
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Figure 2: 1 maximum repetition test (1 MR) in Kg, performed before and after 12 weeks of RT. Paired Student's t-test. "'P <

Some studies had evaluated the effect of exercises
performed during HD on blood pressure with conflict-
ing results. These studies had shown reduction on blood
pressure after physical exercises [17,18]; on the other
hand, in others, similar to present data, no effect was
observed [19]. These differences could be partially ex-
plained by the characteristics of the studied population
and the intensity and type of exercise used. Most of the
studies that had a beneficial effect performed aerobic
exercises or combined aerobic and resistance exercis-
es [17,18]. It has been suggested that the aerobic ex-
ercise improve blood pressure, reduces the use of an-
tihypertensive drugs and increases the plasma level of
HDL cholesterol [20]. Although there are fewer studies,
it appears that some have suggested that RT could im-
prove the blood pressure since it is combined with aer-
obic activities [18].

Lourengo et al. J Clin Nephrol Ren Care 2018, 4:035

The consideration of regular physical activities in the
management of chronic diseases, has focus on the re-
duction of cardiovascular disease and stroke risk [21].
The kidney is the main supplier of L-arginine for phys-
iological NO synthesis, and renal complications could
induce a reduction in L-arginine concentrations, leading
to injuries in the vasculature. Low levels of I-arginine
can result in ‘uncoupling of NOS enzymes’ [22], which
can be one of the reasons that NO did not change in
our study after RT. But, it is known that aerobic exer-
cises can decrease endothelin-1 (ET-1) concentrations,
a potent vasoconstrictor produced by endothelial cells,
which might contribute to the increased production
of NO [23]; this increase in the NO production may be
possibly through increasing blood flow and endothelial
stretching during the exercise [24]. However, Park and
Omi [25] have shown that resistance exercise or swim-
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ming for 8 weeks was enough to reduce the ET-1 levels
and increase levels of NO; in our study we did not ob-
serve increases in NO levels, similar to other research-
ers, and its mechanisms are not clear and remain to be
elucidated [26].

Patients undergoing HD have increased TBARS lev-
els because of the inflammatory process resulting from
HD treatment [27]. A study performed by Wilund, et al.
showed that four months of aerobic exercise performed
on a bicycle during HD decreased the TBARS in the ex-
ercised patients compared with the control group, and
this finding could be attributed to regulation of the an-
tioxidant enzyme activity promoted by physical exercise
[28].

In the present study a significant increase in six of
eight dimensions were observed, indicating that RT in-
tra-dialysis could be an useful tool in these patients, for
increasing quality of life. The results of Oh - Park, et al.
[29] were similar to our results with respect to improve-
ment in the dimensions of functional capacity, physical
aspects and mental health; the first study used aerobic
exercise during HD. In these studies the authors did not
find significant improvement in the dimensions relating
to the social aspects, emotional aspects and vitality,
which is one of the benefits of physical exercise.

This study was the first to use the GDLAM method of
assessment in CKD patients. Chronic disease could de-
crease functional capacity, and we used the GDLAM test
of functional autonomy [30], which is typically applied
in the elderly; we used this test because of the similar-
ities of comorbidities, the accuracy and the easy of ap-
plication. The specific characteristics of this test do not
induce exhaustion or fatigue in the patient. We found
significant changes in the scores on the functional au-
tonomy index, showing improvement on their daily ac-
tivities such as walking without help, standing up from a
chair, and going up and down stairs. RT for CKD patients
can minimize the loss of muscle mass that is frequent in
these patients, improving muscle strength.

The RT increased strength in almost all the exercises
assessed with the 1 MR test, which occurred probably
because of neuromuscular and organism adaptation.
Similar results were observed by Headley, et al. [31],
using dynamometry for the assessment of quadriceps
strength.

The small number of patients enrolled in this study is
a limitation. However, given the reported benefits of RT
on HD patient health, further investigations should be
conducted on a larger number of patients to test other
types and periods of exercises.

Conclusion

In summary, our study showed that twelve weeks of
inter-dialysis RT did not modify the hemodynamic pa-
rameters in CKD patients during HD, neither in terms
of NO synthesis or TBARS. The training protocol was

Lourengo et al. J Clin Nephrol Ren Care 2018, 4:035

sufficient to change the quality of life in the patients,
which was demonstrated by increasing scores on the
KDQOL-SFTM questionnaire, improvement in the func-
tional autonomy test and improvement in strength ob-
served in the 1 MR test after the RT. Our study indicates
that RT can be performed safely during the first hours of
HD sessions, providing great benefits to patients in their
daily living activities and leading to an improved quality
of life. We suggest the implementation of such exercis-
es as a routine in the dialysis clinics.
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