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A B S T R A C T

Introduction: Hemodialysis (HD) patients have altered pulmonary function and this is associated with impaired
endothelial function and cardiovascular events. Respiratory muscle training (RMT) has the potential to improve
cardiovascular outcomes in patients undergoing maintenance HD. Here, we evaluated the effects of RMT on
endothelium/glycocalyx, oxidative stress biomarkers and pulmonary function test in HD patients.
Methods: This is a randomized controlled clinical trial including 41 patients undergoing thrice-weekly main-
tenance HD. Patients were randomly assigned at a 2:1 ratio to receive or not RMT during HD sessions for 8
weeks. Main outcomes were changes in levels of the biomarkers related to endothelium activation (vascular cell
adhesion molecule 1, VCAM-1, and intercellular adhesion molecule 1, ICAM-1), glycocalyx derangement (syn-
decan-1), aberrant angiogenesis (angiopoietin-2) and oxidative stress (malondialdehyde) compared to baseline.
Also, maximal inspiratory/expiratory pressure (MIP, MEP), Forced vital capacity (FVC) and forced expiratory
volume in the first second (FEV1) were evaluated. Other outcomes included changes in functional capacity and
pulmonary function test. We also performed a post-hoc analysis of plasma endothelin-1 levels.
Results: Of 56 randomly assigned patients, 41 were included in the primary final analyses. RMT increased all
pulmonary function parameters evaluated and significantly reduced plasma syndecan-1 levels at 8 weeks
compared to placebo (between-group difference:−84.5; 95% CI,−148.1 to−20.9). Also, there was a reduction
in plasma levels of angiopoietin-2 (between-group difference: −0.48; 95% CI, −1.03 to −0.097). Moreover,
there was a significant reduction in mean blood pressure at rest (between-group difference: −12.2; 95%CI,
−17.8 to −6.6) associated with a reduction in endothelin-1 levels (between-group difference: −0.164; 95% CI,
−0.293 to −0.034). There was no difference regarding biomarkers of endothelial activation or oxidative stress.
Conclusion: A short-term RMT program ameliorate FVC, FEV1 and reduces syndecan-1 and angiopoietin-2
biomarker levels. Finally, better blood pressure control was attained during training and it was associated with a
reduction in endothelin-1 levels.

1. Introduction

Chronic kidney disease (CKD) patients, mainly those undergoing
maintenance renal replacement therapy (peritoneal dialysis or hemo-
dialysis - HD), have a complex syndrome with various effects on the
cardiovascular, nervous, respiratory, musculoskeletal, immune, endo-
crine, and metabolic systems. In these patients, altered pulmonary
function [1] may be the direct/indirect result of circulating uremic
toxins, volume overload, muscle atrophy, malnutrition, anemia, in-
flammation, oxidative stress, extraosseous calcification and others [2].

Several studies have described an association between reduced lung
function, irrespective of previous smoking status, and cardiovascular
events/mortality [3–5].It has also been demonstrated that patients with
reduced pulmonary function also have impaired endothelial function
[6–8].Because the endothelium and its glycocalyx have a central role in
all phases of the atherosclerotic process [9], a causal sequence of
events, although controversial [10], has been suggested: reduced lung
function leads to endothelial alterations and, consequently, to cardio-
vascular disease [11].

Cardiovascular diseases are, collectively, the main cause of death in
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patients undergoing hemodialysis [12].Besides hypertension, these
patients have endothelial glycocalyx derangement [13], altered en-
dothelial function [14], dysregulated angiogenesis [15] and endothelial
cell activation [16]. Moreover, they are have increased oxidative stress
[17]. All these processes are associated, directly or indirectly, to the
atherosclerotic process.

In this study, we hypothesized that respiratory muscle training
(RMT) would lead to improvements in Ref. [1] endothelial activation
[2], glycocalyx derangement [3]; aberrant angiogenesis and [4] oxi-
dative stress biomarkers in patients undergoing maintenance HD. We
also assessed effects of RMT on respiratory function, respiratory muscle
strength, functional capacity, blood pressure and endothelin-1 levels, a
potent vasoconstrictor.

2. Methods

2.1. Study design and participants

This was a randomized clinical trial comparing patients undergoing
an 8-week RMT program using a variable pressure device (Threshold
PEP®) with a control group. It was performed at an outpatient dialysis
facility in the city of Fortaleza, Brazil. This center was chosen because it
has infra-structural facilities for research and previous experience with
clinical studies. All patients undergoing HD (n = 118) in that service
were screened for eligibility (December 2016 to January 2017) by study
coordinators. Data collection and study intervention were initiated in
all patients by February 2017. Criteria for study participation included
the following: patients receiving thrice-weekly maintenance HD for at
least 3 months, age older than 18 and younger than 70 years, adequate
cognitive and physical capacity to perform the study protocol proce-
dures and to provide informed consent. Exclusion criteria included any
chronic respiratory disease (patients with established diagnosis of
chronic obstructive pulmonary disease – COPD, interstitial lung disease,
asthma in treatment, chronic pleural effusion, pleurostomy, bronch-
iectasis and others) and patients with acute coronary syndrome, de-
compensated heart failure, major infectious processes, or hospitaliza-
tion within the last 3 months. The study is registered at www.
clinicaltrials.gov under number NCT 03041155.

A total of 84 patients were assessed for eligibility, and 56 gave their
consent and were randomly allocated using a computer-generated
random numbers, at a 2:1 ratio, to the RMT or the control group. Prior
to starting the study interventions, 8 participants voluntarily chose not
to participate in the study, 3 participants were hospitalized because
cardiac disease and another had an infectious complication – Fig. 1.
During the study period, one patient in the RMT group voluntary gave
up participating in the study; additionally, one patient assigned to the
control group was submitted to renal transplantation and another was
removed from the study because he missed more than one dialysis
session during study period. Thus, 41 patients completed the study
(RMT group, 29; control group, 12) and were included in the analysis.

2.2. Study procedures

Participants were screened for eligibility criteria and clinical data
were collected from the dialysis facility records. Before the midweek
dialysis session, blood was collected for biomarker analysis, cen-
trifuged, and the plasma aliquoted for storage at −80 °C until sent for
analysis. Participants underwent pulmonary function tests: forced ex-
piratory volume in 1 s (FEV1); forced vital capacity (FVC); maximal
inspiratory pressure (MIP); and maximal expiratory pressure (MEP). All
pulmonary function tests were obtained before the midweek dialysis
session and performed according to American Thoracic Society re-
commendations [18]. In addition, patients performed the 6-min walk
test (6MWT) in the corridor of the dialysis facility, which is 30 m long.
After resting on a chair for at least 10 min, we encouraged the patients
to walk back and forth along the corridor for 6 min. We measured the

total distance walked in 6 min. Blood pressure, pulse oxygen saturation
(SpO2, using a Nellcor PM10N Handheld Pulse Oximeter), heart and
respiratory rates were measured before and immediately after the
6MWT. Dyspnea was assessed according to the Borg modified scale
from 0 (no dyspnea) to 10 (maximal dyspnea) [19].Oxygen desatura-
tion was considered in the presence of a decrease greater than 4% from
the baseline saturation [20]. All procedures described were performed
before and after the study intervention (described below).

2.3. Study intervention

RMT was undertaken thrice weekly during 8 weeks using the
threshold load training method supervised by a qualified trainer.
Training was provided in the dialysis facility during hemodialysis ses-
sions. Participants were required to breathe in (inspiratory training) or
breathe out (expiratory training) against the resistance using a com-
mercially available device (Threshold PEP; Respironics, Parsippany,
NJ). Training consisted firstly of 12 sessions lasting 30 min each and
resistance of 15 cmH2O; the following 12 sessions lasted 40 min each
and resistance was set at 20 cmH2O. In the first half of each session, the
resistance was against breathing in and in the last half, against
breathing out.

2.4. Outcomes

The primary outcome was change in levels of the plasma markers of
glycocalyx derangement (syndecan-1). Secondary outcomes included
plasma markers of endothelium activation (VCAM and ICAM), aberrant
angiogenesis (angiopoietin-2) and oxidative stress (malondialdehyde)
compared to baseline. Other variables included changes in blood
pressure and heart rate before and after the 6MWT; changes in func-
tional capacity and changes in pulmonary function test and pulmonary
muscle strength. We also decided to perform a post-hoc analysis of
plasma endothelin-1 to investigate its role in blood pressure reduction.

2.5. Biomarker measurements

Syndecan-1 (Abcam, Cambridge, MA, USA), ICAM-1 and VCAM-1
(Life Technologies Brasil, São Paulo, Brazil) and angiopoietin-2
(Abcam, Cambridge, MA, USA) were measured using commercially
available enzyme-linked immunosorbent assay kits. Malondialdehyde
was measured using a TBARS Assay Kit (Cayman Chemical, Ann Arbor,
MI). To measure ET-1, an ELISA kit from Biomedica Medizinprodukte
GmbH & Co KG Divischgasse 4 1210 Vienna, Austria (cat. No. BI-
20052) was used.

2.6. Statistical analysis

The study was designed to include 48 (2:1) patients to provide a
90% power to detect a difference of 40% in baseline-adjusted values
between the intervention and control groups in the primary outcome.
The power calculation assumed a common SD of 0.40 and two-sided
α = 0.05. All analyses were performed on an intention-to-treat basis.

All variables were tested for normal distribution. Results were ex-
pressed as mean ± standard deviation for normally-distributed con-
tinuous variables, median and range for skewed variables, and fre-
quency and percentage for categorical variables. Comparisons of
baseline characteristics of the intervention versus control groups were
conducted using t-test or χ2 tests, depending on data type. Changes
from baseline to week 8 for each study outcome were assessed using
linear regression - ANCOVA [21]. All models included baseline values,
age, gender, race, dialysis vintage, body mass index, presence of dia-
betes mellitus, cause of end-stage renal disease, current or previous (last
6 months) use of corticosteroids, hemoglobin, serum parathormone,
serum calcium and serum phosphorus as covariates. Mean between-
group difference was used for comparison of within-group changes

N.G. Campos et al. Respiratory Medicine 134 (2018) 103–109

104

http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/


between intervention and control groups (intervention – control) after
adjusting for baseline covariates using ANCOVA. We also performed
paired t-test to compare variables before and after the intervention. All
analyses were performed using SPSS 19.0 for Windows (Chicago, IL,
USA). The nominal significance level was defined as P < 0.05.

3. Results

3.1. Participants' characteristics

Overall, patients had a mean age of 50.0 ± 13.4 years; 24 (58.5%)
were males and 10 (24.4%) had diabetes. All except one of the

participants were dialyzed through an arteriovenous fistula. Two pa-
tients (one from each group) had a FEV1/FVC ratio lower than 65–70%.
Because they had predicted FEV1 greater than 80%, no clinical diag-
nosis of COPD, no smoking past habit and as the post-bronchodilator
pulmonary function test could not be performed, we preferred not to
exclude these patients. There was no significant difference in patients
assigned to control or RMT groups in relation to cardiovascular or re-
spiratory parameters at baseline even before and after the 6MWT, ex-
cept for heart rate – see Tables 1 and 2. Of note, no patient had oxygen
desaturation after the 6MWT. Also, no significant difference was ob-
served regarding antihypertensive agent classes or use of ery-
thropoietin-stimulating agents.

Fig. 1. Flow chart of study population, including numbers
of patients who were screened, gave consent, underwent
randomization, completed the study treatment and were
included in the analysis. RMT: respiratory muscle training;
AMI: acute myocardial infarction.
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3.2. Exercise program adherence

During the study period, 19 (65.5%) of the patients in the RMT
group missed one training session. Only one patient missed two training
sessions and was excluded from analysis.

3.3. Changes in pulmonary function test and pulmonary muscle strength

To check the effectiveness of our RMT program, we performed
pulmonary function test and assessed pulmonary muscle strength be-
fore and after the protocol was applied. After the 8 weeks of study
protocol, the RMT group had an increment in all spirometry and re-
spiratory muscle strength parameters (maximal inspiratory and ex-
piratory pressures) in comparison with the control group –see Table 2.

3.4. Changes in functional capacity

Compared to patients in the control group, intervention patients had
a significant reduction in heart rate and mean blood pressure both at
rest and after the 6MWT – see Table 2 for detailed p values. No sig-
nificant difference was observed in SpO2. Although permitted by the
protocol study, there was no change in the prescribed BP-lowering
agents from beginning to end of the study protocol. Also, in the RMT
group, there was both a significant reduction in Borg scale and an in-
crement in the 6-min walk distance (between-group difference at study
end adjusted for baseline: 123.7 m; 95% CI, 82.1 to 165.2; p < 0.001)
when compared with the control group (all parameters and between-
group difference at study end adjusted for baseline are shown in
Table 2).

3.5. Changes in oxidative stress biomarkers

No significant between-group difference was detected in plasma
malondialdehyde - between-group difference at study end adjusted for
baseline: 0.69 nmol/mL; 95% CI, −0.49 to 1.87; p = 0.243.

3.6. Change in endothelium biomarkers

No significant between-group difference was detected in relation to
endothelium-activation related biomarkers. ICAM-1 had a between-
group difference at study end adjusted for baseline: −26.2 ng/mL; 95%
CI, −132.5 to 80.0; p = 0.620 and VCAM-1 had a mean reduction of
112.9 ng/mL; 95% CI, −221.9 to 447.8; p = 0.498. However, those
assigned to RMT had significantly lower plasma syndecan-1 levels
during study follow-up (between-group difference at study end adjusted
for baseline: −84.5 ng/mL; 95% CI, −148.1 to −20.9; p = 0.011) –
Fig. 2. Also, there was a significant reduction in the levels of angio-
poietin-2 (between-group difference at study end adjusted for baseline:
−480 pg/mL; 95% CI, −1003.7 to −97.0; p = 0.034).

3.7. Changes in plasma endothelin-1 levels

To explore the mechanisms mediating blood pressure reduction
during the study protocol, we performed a post-hoc analysis of plasma
endothelin-1 levels. We observed a significant reduction in the RMT
group when compared with the control group - between-group differ-
ence at study end adjusted for baseline: −8.4 pg/mL; 95% CI, −14.3 to
−2.4; p = 0.015, see Fig. 2. Also, there was a correlation between
mean blood pressure reduction and reduction in endothelin-1 levels
(r = 0.487, p = 0.001).

4. Discussion

In our study, we first evaluated, in a controlled trial, the short-term
effects of an 8-week respiratory muscle-training program in patients
undergoing maintenance hemodialysis. Patients submitted to breathing
against pressure threshold loading had significant improvement in
pulmonary function, respiratory muscle strength, functional capacity,
and blood pressure. Moreover, RMT significantly decreased plasma
concentrations of syndecan-1 - a biomarker of endothelial glycocalyx
derangement - and endothelin-1 - a potent vasoconstrictor. In the pri-
mary intention-to-treat analysis, there was no significant effect of RMT
on levels of plasma endothelial activation biomarkers (VCAM-1 and
ICAM-1) or stress oxidative biomarker (MDA).

Patients undergoing maintenance hemodialysis have decreased
pulmonary function [22,23].In addition to interdialytic fluid accumu-
lation and potential increase in pulmonary capillary permeability, re-
spiratory muscle impairment can explain this reduced pulmonary
function [24]. The effects of muscle respiratory training on the re-
habilitation of patients with COPD or other lung diseases are largely
known [25,26]; however, there is insufficient data about the effects on

Table 1
Baseline patient characteristics by treatment group.

RMT Group
(n = 29)

Control Group
(n = 12)

P

Age, years 48.86 ± 12.97 52.67 ± 14.61 0.415
Male sex, n (%) 17 (58) 07 (58.3) 0.986
Dry weight, Kg 76.93 ± 18.58 73.18 ± 14.13 0.496
Body Mass Index, Kg/m2 28.28 ± 6.39 27.96 ± 5.83 0.884
Dialysis Vintage, mo 29.97 ± 21.29 23.58 ± 19.70 0.378

Cause of ESRD 0.223
Diabetes, n (%) 10 (34.5) 04 (33.3)
Hypertension, n (%) 04 (13.8) 02 (16.7)
Glomerulonephritis, n (%) 07 (24.1) 02 (16.7)
Non-specified, n (%) 08 (27.6) 03 (25.0)

Comorbidities
Diabetes, n (%) 10 (34.5) 04 (33) 0.391
Hypertension, n (%) 29 (100) 12 (100) 1.0
Cardiac Disease, n (%) 07 (24) 04 (33) 0.545
Peripheral Vascular Disease,
n (%)

07 (24) 04 (33) 0.545

Tobacco Use 0.354
Current smoker, n (%) 0(0) 0(0)
Ever Smoker, n (%) 10 (35) 06 (50)
Never Smoker, n (%) 19 (65) 06 (50)

Use of Erythropoietin-
stimulating agents, n (%)

09(31) 04(33) 0.509

Current or previous (last 6
months) use of
corticosteroids, n (%)

03 (10.3) 02 (16.6) 0.619

Antihypertensive Medications
ACE inhibithor or ARB, n
(%)

10 (34) 04(33) 0.463

Calcium Chanel Blockers, n
(%)

08 (27) 03(25) 0.765

Βeta-blocker, n (%) 07 (24) 03(25) 0.574
α2 adrenergic agonist, n (%) 09 (31) 04(33) 0.351
Direct vasodilatadors, n (%) 07 (24) 03(25) 0.813

Hemoglobin (g/dL) 10.6 ± 1.8 10.4 ± 2.0 0.756
Serum parathormone (pg/

mL)
275 ± 141 311 ± 189 0.505

Serum calcium (mg/dL) 8.7 ± 1.0 8.9 ± 1.2 0.586
Serum Phosphorus (mg/dL) 5.7 ± 3.1 5.1 ± 2.4 0.553

Biomarkers
VCAM-1, ng/mL 2969 ± 990 2872 ± 1048 0.780
ICAM-1, ng/mL 876 ± 312 902 ± 176 0.786
Syndecan-1, ng/mL 104.2 ± 88.5 102.2 ± 88.5 0.932
Angiopoietin-2, pg/mL 2.04 ± 1.35 2.41 ± 1.91 0.518
Malondialdehyde, nmol/mL 10.1 ± 1.97 9.47 ± 2.05 0.307

ESRD: end-stage renal disease; ACE: angiotensin-converting enzyme.
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populations without primary lung disease.
In our study, the training group had significant improvement in

almost all parameters related to pulmonary function/strength, func-
tional capacity and blood pressure. We found 3 other controlled trials
evaluating RMT in dialysis patients [27–29]. All of them disclosed
better results in respiratory muscle strength, pulmonary function and
functional capacity. Only one of these studies evaluated biomarkers
[29] and there was a reduction in C-reactive protein levels, a marker of
inflammation, in the respiratory training group.

We have chosen several endothelium-related biomarkers as end-
points. To the best of our knowledge, there is only one other study
evaluating the effects of RMT on endothelium and it showed a negative
result: in patients with heart failure, inspiratory muscle training led to
improvement in dyspnea and exercise tolerance, but had no effect on
heart rate variability or endothelial function [30].In the aforemen-
tioned study, endothelial function was evaluated only by endothelium-
dependent vasodilation (a function closely related to endothelial cell
function). This is in agreement with our results, as we did not find any

Table 2
Mean difference of values of pulmonary and functional capacity parameters, by treatment group.

Variables Intervention Group
Mean ± SD

Paired t-test Control Group
Mean ± SD

Paired t-test Mean Between-group difference
Mean (95%CI)

p§

Baseline Follow up Baseline Follow up

Respiratory Parameters
MIP(cm/H2O) 79.7 ± 22.3 105.5 ± 21.9 < 0.001 80.4 ± 29.9 66.2 ± 28.4 0.003 39.8 (28.1–30.2) <0.001
MEP(cm/H2O) 74.1 ± 23.5 97.2 ± 24.62 < 0.001 65.4 ± 23.5 59.1 ± 24.1 0.02 30.6 (20.7–40.4) <0.001
FVC (l/min) 2.9 ± 1.09 3.1 ± 1.0 0.03 2.65 ± 0.7 2.4 ± 0.7 0.01 0.48 (0.33–0.63) <0.001
FEV1 (l/min) 2.1 ± 0.8 2.5 ± 0.8 0.02 2.2 ± 0.6 1.8 ± 0.6 0.02 0.68 (0.32–1.05) <0.001
FEV1/FVC (%) 76.1 ± 6.2 79.3 ± 5.9 ns 80.1 ± 8.5 79.5 ± 9.2 0.61 0.8 (−0.7 to 0.9) 0.851
FVC (%) predicted 85.8 ± 28.2 92.3 ± 30.3 0.03 81.8 ± 26.4 77.3 ± 26.3 0.01 14.7 (10.1–19.3) <0.001
FEV1 (%) predicted 75.8 ± 22.2 89.1 ± 25.1 0.02 78.5 ± 25.4 70.3 ± 27.6 0.02 20.7(8.8–32.6) 0.001
Functional Capacity (6MW)
Distance 6MWT (m) 380.5 ± 108.0 459.0 ± 103.0 < 0.001 388.5 ± 99.7 338.5 ± 87.1 0.002 126.5 (86.1–167.0) <0.001
MBPbe (mm/hg) 108.3 ± 19.0 102.3 ± 14,5 0.03 103.3 ± 18,3 107.3 ± 12.8 0.16 −12.2 (−17.8 to −6.6) 0.007
MBPaf (mm/hg) 116.2 ± 27.4 105.6 ± 18.0 0.001 108.3 ± 14,9 113.6 ± 9.0 0.15 −17.1 (−24.9 to −9.2) 0.005
HRbe (bpm)* 84.7 ± 70.0 76.5 ± 14.3 < 0.001 73.4 ± 13.4 77.1 ± 12.5 0.06 −8.9 (−14.8 to −3.1) 0.004
HRaf (bpm)* 95.1 ± 18.2 86.1 ± 17.0 < 0.001 81.3 ± 12.7 86.9 ± 12.8 0.08 −12.1 (−19.5 to −4.7) 0.002
BORGbe 1.7 ± 2.0 1.0 ± 1.4 0.007 0.7 ± 1.2 1.7 ± 2.1 0.011 −1.4 (−2.2 to −0.6) 0.001
BORGaf 3.0 ± 2.7 1.7 ± 1.8 < 0.001 1.7 ± 2.3 3.1 ± 3.4 0.019 −2.3 (−3.4 to −1.2) <0.001
RRbe (ipm) 19.3 ± 2.7 18.1 ± 2.3 0.18 15.6 ± 1.7 16.2 ± 1.2 0.27 0.04 (−1.39 to 1.46) 0.96
RRaf (ipm) 22.6 ± 3.2 20.3 ± 2.6 0.14 18.5 ± 2.7 19.1 ± 1.1 0.42 −0.79 (−2.22 to 0.65) 0.27
SpO2be (%) 97.5 ± 0.6 97.4 ± 1.0 0.45 97.0 ± 0.6 96.8 ± 0.7 0.69 0.4 (−0.3 to 1.1) 0.26
SpO2af (%) 96.2 ± 0.9 96.5 ± 1.0 0.56 95.9 ± 0.7 96.2 ± 1.2 0.52 −0.2 (−0.6 to 1.0) 0.63

MIP: maximal inspiratory pressure; MEP: Maximal expiratory pressure; FVC: Forced vital capacity; FEV1: Forced expiratory volume in the first second; 6MWT: 6-min walk test; MBPbe:
mean blood pressure before 6MWT; MBPaf: mean blood pressure after the 6MWT; HRbe-heart rate at rest before the 6MWT; HRaf: Heart rate after the 6MWT; BORGbe: modified BORG
scale score before the 6MW; BORGaf: modified BORG score after the 6MWT; RRbe: respiratory rate at rest before the 6MWT; RRaf: respiratory rate after the 6MWT. Mean between-group
difference is the comparison of within-group changes between intervention and control groups (intervention – control) after adjusting for baseline covariates using ANCOVA. *p < 0.05
for t-test comparison of baseline parameters between intervention and control groups. §p for mean between-group difference.

Fig. 2. Mean change in plasma syndecan 1, intercellular adhesion molecule 1 (ICAM-1), vascular cell adhesion protein 1(VCAM-1), angiopoietin-2, endothelin-1 concentrations from
baseline to week 8 of follow-up, by treatment group. Values are in means of percentage from baseline adjusted for baseline measurements, age, sex, body mass index, dialysis vintage,
cause of end-stage renal disease and comorbidities. *P < 0.05 for comparison of mean change from baseline between groups, exact p values in the text.
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significant differences in endothelial activation biomarkers (VCAM and
ICAM) as discussed below. However, we demonstrated a clear reduction
in several other biomarkers: the first one is syndecan-1, a biomarker of
endothelial glycocalyx derangement. Damage to the endothelial gly-
cocalyx, which helps maintain vascular homeostasis, heightens vascu-
lature sensitivity to atherogenic stimuli. It has been previously de-
monstrated that hemodialysis patients have damaged endothelial
glycocalyx and, thus, limiting such damage can reduce cardiovascular
events in this population [13].The mechanisms through which RMT
improves endothelial glycocalyx are unknown. However, circulating
noradrenaline and adrenaline correlates with endothelial glycocalyx
injury [31] and one possible explanation is that RMT induces a reduced
sympathoadrenal activation, supported by a significant reduction of at
rest heart rate in the intervention group, thus limiting this damage.
However, this explanation remains to be clarified.

We also evaluated angiopoietin-2, a natural antagonist of angio-
poietin-1, which leads to aberrant neovascularization and endothelial
abnormalities [32]. Moreover, angiopoietin-2 has been recently iden-
tified as a prognostic biomarker of cardiovascular events and mortality
in chronic kidney disease patients [33] and those with subclinical
cardiovascular disease [34]. Together with the syndecan-1 findings, the
reduced levels of angiopoietin-2 in patients submitted to training
permit us to speculate that RMT has a great potential to have a positive
impact on cardiovascular disease, a highly prevalent condition in he-
modialysis patients.

Another important finding in the present study is the considerable
reduction in blood pressure after RMT. To better investigate this point,
we analyzed serum levels of endothelin-1, a potent vasoconstrictor that
is increased in hemodialysis patients [35]. Here, we demonstrated a
near 50% reduction of endothelin-1 in the training group. Interestingly,
we disclosed a significant association between reductions in endothelin-
1 levels and mean blood pressure. Supporting our findings, another
group disclosed that patients undergoing maintenance hemodialysis
with high levels of endothelin-1 have poor pulmonary function in
comparison with those with lower levels [36]. These findings support
our suggestion that RMT will help achieve better intra- and interdialytic
blood pressure control through endothelin-1 reduction.

Although there is a scarcity of data about RMT in other patients
without primary lung disease, the beneficial effects of resistive/aerobic
training on endothelium function in normal individuals [37–39] are
well established and, in parallel, there is a growing body of evidence
about exercise (not specifically RMT) in hemodialysis patients [40–45].
Recent studies on aerobic exercise in CKD (in patients undergoing
regular dialysis or not) have shown controversial findings about its
effects on endothelium [41,42,45]. Taken together, it seems exercise
only results in better endothelium parameters after a long-term per-
formance [42]. We did not detect any significant differences in en-
dothelial activation biomarkers (VCAM and ICAM). It is possible that by
maintaining RMT for long-term periods can lead to reduction in such
biomarkers. However, we cannot rule out the possibility that RMT have
beneficial effects only on endothelial glycocalyx (here, evaluated by
syndecan-1 levels) and on the production/release of angiopoietin-2 by
endothelial cells.

Although no protocol has been evaluated about the effects of ex-
ercise on syndecan-1 and angiopoietin-2 levels, one study has demon-
strated a reduction in their serum levels after an exercise training
program in non-dialytic CKD patients [41].Although some parallels can
be identified between aerobic/resistive exercise and RMT, it is possible
that RMT benefits are unique and the findings about syndecan-1 and
angiopoietin-2 cannot be extrapolated to other exercise protocols.

Our study has several limitations. First, because of inherent diffi-
culties related to RMT, our study was not blinded. This can, at least in
part, explain the deterioration of many respiratory and functional ca-
pacity-related parameters in the control group. The maximal values
obtained for some of these parameters are partly dependent on patient
motivation, so they are subject to bias influence. However, the main

findings of our research are the improvement in biomarkers, which are
less subject to such bias. Second, we excluded patients with a previous
clinical diagnosis of chronic respiratory disease, but we did not perform
a complete pulmonary assessment regarding gas exchange and other
respiratory parameters and patients with pulmonary disease could have
been included in the study. However, it is unlikely that patients with
undiagnosed pulmonary disease had been unequally allocated between
the 2 groups and biased our results. Thirdly, as stated above, longer
follow-up studies are necessary to evaluate if these effects are sustained
over time and to evaluate the possible effects of long-term training on
other parameters, including hard clinical endpoints. Also, we did not
evaluate other parameters related to endothelial function, such as pulse
wave velocity and flow-mediated dilatation.

In conclusion, a short-term RMT program improves respiratory and
functional capacity. Also, there was a significant reduction in bio-
markers of endothelial glycocalyx derangement (syndecan-1) and an-
giopoietin-2 (a mediator of angiogenesis and a destabilizer of en-
dothelial cells). Finally, better blood pressure control was attained
during training and it was associated with a reduction in endothelin-1
levels.

Acknowledgements

Ethical Approval: This study was approved by Research Ethical
Committee of Hospital Universitátio Walter Cantídeo with number:
1.113.278.

Funding: This study was funded by grants from Conselho Nacional
de Desenvolvimento Científico e Tecnológico (number 307023/2015-
0). The funding sources had no role in the study design, data collection
and analysis, decision to publish or preparation of the manuscript.

A.B.L. is the recipient of a grant from the Conselho Nacional de
Desenvolvimento Científico e Tecnológico. The funding sources had no
role in the study design, data collection and analysis, decision to pub-
lish or preparation of the manuscript.

Conflict of Interest: The authors declare no conflicts of interest.

Trial registration

www.ClinicalTrials.gov; study number: NCT 03041155.

References

[1] D. Kovelis, F. Pitta, V.S. Probst, C.P.A. Peres, V.D.A. Delfino, A.J. Mocelin,
A.F. Brunetto, Pulmonary function and respiratory muscle strength in chronic renal
failure patients on hemodialysis, J. Bras. Pneumol. 34 (2008) 907–912.

[2] D.J. Prezant, Effect of uremia and its treatment on pulmonary function, Lung 168
(1990) 1–14.

[3] M.S. Burroughs Peña, A. Dunning, P.J. Schulte, M.T. Durheim, P. Kussin,
W. Checkley, E.J. Velazquez, Pulmonary function and adverse cardiovascular out-
comes: can cardiac function explain the link? Respir. Med. 121 (2016) 4–12.

[4] S.K. Agarwal, G. Heiss, R.G. Barr, P.P. Chang, L.R. Loehr, L.E. Chambless, E. Shahar,
D.W. Kitzman, W.D. Rosamond, Airflow obstruction, lung function, and risk of in-
cident heart failure: the Atherosclerosis Risk in Communities (ARIC) study, Eur. J.
Heart Fail 14 (2012) 414–422.

[5] D.D. Sin, L. Wu, S.F.P. Man, The relationship between reduced lung function and
cardiovascular mortality: a population-based study and a systematic review of the
literature, CHEST J. 127 (2005) 1952–1959.

[6] R.G. Barr, S. Mesia-Vela, J.H.M. Austin, R.C. Basner, B.M. Keller, A.P. Reeves,
D. Shimbo, L. Stevenson, Impaired flow-mediated dilation is associated with low
pulmonary function and emphysema in ex-smokers: the Emphysema and Cancer
Action Project (EMCAP) Study, Am. J. Respir. Crit. Care Med. 176 (2007)
1200–1207.

[7] A. Blum, C. Simsolo, R. Sirchan, Vascular responsiveness in patients with chronic
obstructive pulmonary disease (COPD), Eur. J. Intern Med. 25 (2014) 370–373.

[8] C. Minet, I. Vivodtzev, R. Tamisier, F. Arbib, B. Wuyam, J.-F. Timsit, D. Monneret,
J.-C. Borel, J.-P. Baguet, P. Lévy, et al., Reduced six-minute walking distance, high
fat-free-mass index and hypercapnia are associated with endothelial dysfunction in
COPD, Respir. Physiol. Neurobiol. 183 (2012) 128–134.

[9] M. Nieuwdorp, M.C. Meuwese, H. Vink, J.B.L. Hoekstra, J.J.P. Kastelein,
E.S.G. Stroes, The endothelial glycocalyx: a potential barrier between health and
vascular disease, Curr. Opin. Lipidol. 16 (2005) 507–511.

[10] D. Chandra, A. Gupta, P.J. Strollo, C.R. Fuhrman, J.K. Leader, J. Bon, W.A. Slivka,
A.H. Shoushtari, J. Avolio, K.E. Kip, et al., Airflow limitation and endothelial

N.G. Campos et al. Respiratory Medicine 134 (2018) 103–109

108

http://www.ClinicalTrials.gov
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref1
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref1
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref1
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref2
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref2
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref3
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref3
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref3
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref4
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref4
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref4
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref4
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref5
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref5
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref5
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref6
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref6
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref6
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref6
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref6
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref7
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref7
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref8
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref8
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref8
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref8
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref9
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref9
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref9
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref10
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref10


dysfunction. Unrelated and independent predictors of atherosclerosis, Am. J.
Respir. Crit. Care Med. 194 (2016) 38–47.

[11] P. Eickhoff, A. Valipour, D. Kiss, M. Schreder, L. Cekici, K. Geyer, R. Kohansal,
O.C. Burghuber, Determinants of systemic vascular function in patients with stable
chronic obstructive pulmonary disease, Am. J. Respir. Crit. Care Med. 178 (2008)
1211–1218.

[12] A. Al-Dadah, J. Omran, M.B. Nusair, K.C. Dellsperger, Cardiovascular mortality in
dialysis patients, Adv. Perit. Dial. 28 (2012) 56–59.

[13] C.A. Vlahu, B.A. Lemkes, D.G. Struijk, M.G. Koopman, R.T. Krediet, H. Vink,
Damage of the endothelial glycocalyx in dialysis patients, J. Am. Soc. Nephrol. 23
(2012) 1900–1908.

[14] D. Fliser, A. Wiecek, G. Suleymanlar, A. Ortiz, Z. Massy, B. Lindholm, A. Martinez-
Castelao, R. Agarwal, K.J. Jager, F.W. Dekker, et al., The dysfunctional endothelium
in CKD and in cardiovascular disease: mapping the origin(s) of cardiovascular
problems in CKD and of kidney disease in cardiovascular conditions for a research
agenda, Kidney Int. Suppl. (2011) 1 (2011) 6–9.

[15] S. Tanaka, T. Tanaka, M. Nangaku, Hypoxia and dysregulated angiogenesis in
kidney disease, Kidney Dis. (Basel) 1 (2015) 80–89.

[16] A.E.M. Stinghen, S.M. Gonçalves, E.G. Martines, L.S. Nakao, M.C. Riella, C.A. Aita,
R. Pecoits-Filho, Increased plasma and endothelial cell expression of chemokines
and adhesion molecules in chronic kidney disease, Nephron Clin. Pract. 111 (2009)
c117–c126.

[17] M.B. Rivara, C.K. Yeung, C. Robinson-Cohen, B.R. Phillips, J. Ruzinski, D. Rock,
L. Linke, D.D. Shen, T.A. Ikizler, J. Himmelfarb, Effect of coenzyme Q10 on bio-
markers of oxidative stress and cardiac function in hemodialysis patients: the
CoQ10 biomarker trial, Am. J. Kidney Dis. 69 (2017) 389–399.

[18] M.R. Miller, J. Hankinson, V. Brusasco, F. Burgos, R. Casaburi, A. Coates, R. Crapo,
P. Enright, C.P.M. van der Grinten, P. Gustafsson, et al., Standardisation of spiro-
metry, Eur. Respir. J. 26 (2005) 319–338.

[19] D.A. Mahler, R.A. Rosiello, A. Harver, T. Lentine, J.F. McGovern, J.A. Daubenspeck,
Comparison of clinical dyspnea ratings and psychophysical measurements of re-
spiratory sensation in obstructive airway disease, Am. Rev. Respir. Dis. 135 (1987)
1229–1233.

[20] C. Casanova, C. Cote, J.M. Marin, V. Pinto-Plata, J.P. de Torres, A. Aguirre-Jaíme,
C. Vassaux, B.R. Celli, Distance and oxygen desaturation during the 6-min walk test
as predictors of long-term mortality in patients with COPD, Chest 134 (2008)
746–752.

[21] G.J. Van Breukelen, ANCOVA versus change from baseline: more power in rando-
mized studies, more bias in nonrandomized studies [corrected], J. Clin. Epidemiol.
59 (2006) 920–925.

[22] O. Karacan, E. Tutal, T. Colak, S. Sezer, F.O. Eyüboğlu, M. Haberal, Pulmonary
function in renal transplant recipients and end-stage renal disease patients under-
going maintenance dialysis, Transpl. Proc. 38 (2006) 396–400.

[23] D. Kovelis, F. Pitta, V.S. Probst, C.P.A. Peres, V.D.A. Delfino, A.J. Mocelin,
A.F. Brunetto, Pulmonary function and respiratory muscle strength in chronic renal
failure patients on hemodialysis, J. Bras. Pneumol. 34 (2008) 907–912.

[24] S. Yılmaz, Y. Yildirim, Z. Yilmaz, A.V. Kara, M. Taylan, M. Demir, M. Coskunsel,
A.K. Kadiroglu, M.E. Yilmaz, Pulmonary function in patients with end-stage renal
disease: effects of hemodialysis and fluid overload, Med. Sci. Monit. 22 (2016)
2779–2784.

[25] C. Burtin, H. Hebestreit, Rehabilitation in patients with chronic respiratory disease
other than chronic obstructive pulmonary disease: exercise and physical activity
interventions in cystic fibrosis and non-cystic fibrosis bronchiectasis, Respiration 89
(2015) 181–189.

[26] O. Göhl, D.J. Walker, S. Walterspacher, D. Langer, C.M. Spengler, T. Wanke,
M. Petrovic, R.-H. Zwick, S. Stieglitz, R. Glöckl, et al., Respiratory muscle training:
state of the art, Pneumologie 70 (2016) 37–48.

[27] P. Weiner, R. Ganem, D. Zamir, H. Zonder, Specific inspiratory muscle training in
chronic hemodialysis, Harefuah 130 (1996) 73–76 144.

[28] V.G.D. Silva, C. Amaral, M.B. Monteiro, D.M.D. Nascimento, J.R. Boschetti, Effects
of inspiratory muscle training in hemodialysis patients, J. Bras. Nefrol. 33 (2011)

62–68.
[29] C.O. Pellizzaro, F.S. Thomé, F.V. Veronese, Effect of peripheral and respiratory

muscle training on the functional capacity of hemodialysis patients, Ren. Fail 35
(2013) 189–197.

[30] I.D. Laoutaris, A. Dritsas, M.D. Brown, A. Manginas, M.S. Kallistratos,
A. Chaidaroglou, D. Degiannis, P.A. Alivizatos, D.V. Cokkinos, Effects of inspiratory
muscle training on autonomic activity, endothelial vasodilator function, and N-
terminal pro-brain natriuretic peptide levels in chronic heart failure, J. Cardiopulm.
Rehabil. Prev. 28 (2008) 99–106.

[31] S.R. Ostrowski, S.H. Pedersen, J.S. Jensen, R. Mogelvang, P.I. Johansson, Acute
myocardial infarction is associated with endothelial glycocalyx and cell damage and
a parallel increase in circulating catecholamines, Crit. Care 17 (2013) R32.

[32] M. Felcht, R. Luck, A. Schering, P. Seidel, K. Srivastava, J. Hu, A. Bartol, Y. Kienast,
C. Vettel, E.K. Loos, et al., Angiopoietin-2 differentially regulates angiogenesis
through TIE2 and integrin signaling, J. Clin. Invest 122 (2012) 1991–2005.

[33] Y.-C. Tsai, C.-S. Lee, Y.-W. Chiu, H.-T. Kuo, S.-C. Lee, S.-J. Hwang, M.-C. Kuo, H.-
C. Chen, Angiopoietin-2 as a prognostic biomarker of major adverse cardiovascular
events and all-cause mortality in chronic kidney disease, PLoS One 10 (2015)
e0135181.

[34] Y.-C. Tsai, C.-S. Lee, Y.-W. Chiu, H.-T. Kuo, S.-C. Lee, S.-J. Hwang, M.-C. Kuo, H.-
C. Chen, Angiopoietin-2, Angiopoietin-1 and subclinical cardiovascular disease in
chronic kidney disease, Sci. Rep. 6 (2016) 39400.

[35] J. Teng, J. Tian, W.-L. Lv, X.-Y. Zhang, J.-Z. Zou, Y. Fang, J. Yu, B. Shen, Z.-H. Liu,
X.-Q. Ding, Inappropriately elevated endothelin-1 plays a role in the pathogenesis of
intradialytic hypertension, Hemodial. Int. 19 (2015) 279–286.

[36] P. Kovacević, M. Stanetić, Z. Rajkovaca, S. Veljković, M. Kojicic, F.J. Meyer, The
correlation between endothelin-1 levels and spirometry in dialysis patients com-
pared to healthy subjects, Monaldi Arch. Chest Dis. 79 (2013) 61–66.

[37] R. Byrkjeland, I.U. Njerve, H. Arnesen, I. Seljeflot, S. Solheim, Reduced endothelial
activation after exercise is associated with improved HbA1c in patients with type 2
diabetes and coronary artery disease, Diab Vasc. Dis. Res. 14 (2017) 94–103.

[38] T. Morishima, R.M. Restaino, L.K. Walsh, J.A. Kanaley, J. Padilla, Prior exercise and
standing as strategies to circumvent sitting-induced leg endothelial dysfunction,
Clin. Sci. (Lond) 131 (2017) 1045–1053.

[39] S.C. Newcomer, D.H.J. Thijssen, D.J. Green, Effects of exercise on endothelium and
endothelium/smooth muscle cross talk: role of exercise-induced hemodynamics, J.
Appl. Physiol. (1985) 111 (2011) 311–320.

[40] S. Mustata, S. Groeneveld, W. Davidson, G. Ford, K. Kiland, B. Manns, Effects of
exercise training on physical impairment, arterial stiffness and health-related
quality of life in patients with chronic kidney disease: a pilot study, Int. Urol.
Nephrol. 43 (2011) 1133–1141.

[41] S. Headley, M. Germain, R. Wood, J. Joubert, C. Milch, E. Evans, A. Poindexter,
A. Cornelius, B. Brewer, L.S. Pescatello, et al., Short-term aerobic exercise and
vascular function in CKD stage 3: a randomized controlled trial, Am. J. Kidney Dis.
64 (2014) 222–229.

[42] S.A. Greenwood, P. Koufaki, T.H. Mercer, H.L. MacLaughlin, R. Rush, H. Lindup,
E. O'Connor, C. Jones, B.M. Hendry, I.C. Macdougall, et al., Effect of exercise
training on estimated GFR, vascular health, and cardiorespiratory fitness in patients
with CKD: a pilot randomized controlled trial, Am. J. Kidney Dis. 65 (2015)
425–434.

[43] E.L. Watson, N.J. Greening, J.L. Viana, J. Aulakh, D.H. Bodicoat, J. Barratt,
J. Feehally, A.C. Smith, Progressive resistance exercise training in CKD: a feasibility
study, Am. J. Kidney Dis. 66 (2015) 249–257.

[44] C. Groussard, M. Rouchon-Isnard, C. Coutard, F. Romain, L. Malardé, S. Lemoine-
Morel, B. Martin, B. Pereira, N. Boisseau, Beneficial effects of an intradialytic cy-
cling training program in patients with end-stage kidney disease, Appl. Physiol.
Nutr. Metab. 40 (2015) 550–556.

[45] A.H. Van Craenenbroeck, E.M. Van Craenenbroeck, K. Van Ackeren, C.J. Vrints,
V.M. Conraads, G.A. Verpooten, E. Kouidi, M.M. Couttenye, Effect of moderate
aerobic exercise training on endothelial function and arterial stiffness in CKD stages
3-4: a randomized controlled trial, Am. J. Kidney Dis. 66 (2015) 285–296.

N.G. Campos et al. Respiratory Medicine 134 (2018) 103–109

109

http://refhub.elsevier.com/S0954-6111(17)30415-8/sref10
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref10
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref11
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref11
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref11
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref11
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref12
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref12
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref13
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref13
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref13
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref14
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref14
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref14
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref14
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref14
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref15
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref15
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref16
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref16
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref16
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref16
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref17
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref17
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref17
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref17
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref18
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref18
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref18
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref19
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref19
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref19
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref19
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref20
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref20
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref20
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref20
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref21
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref21
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref21
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref22
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref22
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref22
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref23
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref23
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref23
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref24
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref24
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref24
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref24
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref25
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref25
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref25
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref25
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref26
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref26
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref26
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref27
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref27
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref28
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref28
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref28
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref29
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref29
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref29
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref30
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref30
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref30
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref30
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref30
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref31
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref31
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref31
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref32
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref32
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref32
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref33
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref33
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref33
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref33
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref34
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref34
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref34
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref35
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref35
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref35
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref36
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref36
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref36
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref37
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref37
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref37
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref38
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref38
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref38
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref39
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref39
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref39
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref40
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref40
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref40
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref40
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref41
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref41
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref41
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref41
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref42
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref42
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref42
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref42
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref42
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref43
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref43
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref43
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref44
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref44
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref44
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref44
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref45
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref45
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref45
http://refhub.elsevier.com/S0954-6111(17)30415-8/sref45

	Effects of respiratory muscle training on endothelium and oxidative stress biomarkers in hemodialysis patients: A randomized clinical trial
	Introduction
	Methods
	Study design and participants
	Study procedures
	Study intervention
	Outcomes
	Biomarker measurements
	Statistical analysis

	Results
	Participants' characteristics
	Exercise program adherence
	Changes in pulmonary function test and pulmonary muscle strength
	Changes in functional capacity
	Changes in oxidative stress biomarkers
	Change in endothelium biomarkers
	Changes in plasma endothelin-1 levels

	Discussion
	Acknowledgements
	Trial registration
	References




