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OBJECTIVE 

Evaluate and compare the isolated and combined effects of the inspiratory muscle 

training (IMT) and low intensity aerobic training (AT) on nutritional, respiratory and 

functional parameters, inflammatory biomarkers and redox status, as well as on the 

health-related quality of life (HRQoL) domains of hemodialysis patients. 

HYPOTHESES 

The alternative hypothesis this study will be that the improvements induced by IMT are 

lower than that induced by low intensity AT and that the combined IMT and TA induce 

greater improvements than the isolated approaches. 

METHODS 

Sample selection 

Inclusion criteria 

- Subjects with chronic kidney disease on hemodialisys treatment for three times a week 

for at least three months; 

- Had to be more than 18 years old; 

- Arteriovenous fistula for hemodialysis access; 

- Non-users of anti-inflammatory (hormonal or non-hormonal) or anti-allergic. 

Exclusion Criteria 



Exclusion criteria will be any contraindication to physical exercise or inability to 

perform the functional tests 

Study design 

In this randomised controlled trial with factorial allocation and intention-to-treat 

analysis, participants will be randomly allocated into three experimental condictions: 

IMT, AT or combined training (CT). After selection of participants, the volunteers will 

be stratified by hemodialysis schedule (7:00h, 12:30h e 16:30h). Randomisation will be 

performed using individual allocation codes placed within opaque, sealed envelopes by 

a person having no contact with the participants. Potential participants will be screened 

to verify eligibility before baseline assessment and randomization. The eight weeks 

prior to initiating the interventions will be considered to represent the control period 

(Fig. 1).  

 

 

 Figure 1. Study design. IMT: inspiratory muscle training; AT: low intensity aerobic 

training; CT: combined training; IMTG: IMT group; ATG: AT group; CTG: CT group. 

 



Measurement instruments and procedures 

After medical and dental evaluation, the volunteers will be evaluated in the baseline, 8-

week follow-up (after control period) and 16-week follow-up (after intervention period), 

on dialitic days, immediately before the hemodialysis sessions, except for the evaluation 

of body composition, in the following sequence: 

- 1st hemodialysis weekly session: Anamnesis, physical examination and evaluation of 

respiratory muscle strength and lower limbs strength; 

- 2nd hemodialysis weekly session: HRQOL assessment, blood collection and fat 

percentage assessment; 

- 3rd hemodialysis weekly session: functional capacity evaluation; 

The evaluations will be performed by properly trained researchers, who did not know 

the other results, when possible, except the clinical examination. All volunteers will be 

previously familiar with the evaluation methods.  

 

Heigth, weight and body mass index  

The body mass and height will be measured by means of a properly calibrated scale 

(Líder Balança, LD 1050) and the BMI calculated by the ratio: weight / height
2
.  

Waist circumference 

After recording body mass and height, waist circumference will be measured with the 

volunteers in an orthostatic position, keeping the hands flat against the lateral sides of 

the thigh and the lower limbs adducted. Using a tape measure, waist circumference 

measurement will be performed 2.5 cm above the umbilical scar, after a basal 

expiration, as recommended by the American College of Sports Medicine.[1]  



Body fat percentage  

Body fat percentage will be evaluated by an analogic plicometer (Sanny, American 

Medical do Brasil, Brasil). Three sinkfolds (tricipital, suprailiac and abdominal in 

womans and tricipital, subscapular and middle pectoral in mens) will be measured on 

the right side. The percentage of fat mass will be obtained by use of the equations of 

Jackson & Pollock (1985)[2] and Siri (1961).[3] 

Lower limbs strength 

It will be performed by Sit-to-Stand test of 30 s. The evaluation will be initiated with 

the volunteer sitting in a 45 cm high chair with backrest, feet resting on the ground and 

lower limbs apart and aligned, with the shoulders line as a reference. The volunteers 

will be instructed to stand up completely with their upper limbs crossed on the trunk, 

resting their hands on the contralateral shoulder and sitting again, as many times as 

possible in 30s, without verbal stimulus.[4] 

After explanations about the test and demonstration, two tests will be performed, with a 

minimum interval of five minutes between both or until the vital signs and the sensation 

of effort, assessment by the modified Borg scale, return to the resting condition. To 

analysis will be considered the best performing test. The variable of interest will be the 

number of movements completed in 30s.[4] 

Before and after the evaluation vital signs and sensation of exertion (modified Borg 

scale) will be recorded. 

Inspiratory Muscle Strength 

Respiratory muscle strength will be determined with a previously calibrated aneroid 

vacuum manometer (MV-150/300, Ger-Ar, São Paulo, Brazil), equipped with a 2mm 



diameter hole in the nozzle to compensate for the pressure change induced by the 

oropharynx muscles. The Maximal Inspiratory Pressure will be evaluated from residual 

volume with the volunteers seated. The highest value of three valid measurements will 

be considered.[5,6] The measures will be considered satisfactory if variance between 

them are lower 10% at maximum. Respiratory measurements will be show in absolute 

and relative values by the percentage achieved compared to the maximum predicted by 

age and sex.[7] Inspiratory muscle weakness will be considered when the MIP will less 

than 70% of predicted value.[5] 

Functional capacity 

The functional capacity will be evaluated by the Incremental Shuttle Walk Test (ISWT), 

according the protocol proposed by Singh et al.[8] Volunteers will be instructed to walk 

or run in a 10 m corridor and the minimum speed will be determined by an audio signal. 

The ISWT has 12 progressive intensity levels, and the test will be finished when the 

volunteer either completed the 12 levels of intensity or failed to reach the minimum 

speed required on a level two consecutive times.[8] Vital signs will be monitored during 

the test and the distance walked will be recorded. The values will be presented in 

absolute and relative values by the percentage achieved compared to the maximum 

predicted.[9]  

Inflamatory Biomarkers and Redox status parameters 

Ethylenediaminetetraacetic acid vacutainers (BD vacutainers, Franklin Lakes, NJ, USA) 

will be used to collect 8-ml venous blood samples immediately before the second 

weekly hemodialysis session (midweek), without fasting. The tubes will be centrifuged 

at 2500 rpm for 10 min at 4 ºC and stored as plasma and erythrocyte aliquots at -80 ˚C 

until use.  



Inflammatory biomarkers 

Plasma soluble tumor necrosis factor receptor 1 and 2 (sTNFR1 and sTNFR2, 

respectively), leptin, adiponectin and resistin levels will be measured using 

conventional sandwich ELISA kits (DuoSet, R&D Systems, Minneapolis, MN, USA) 

according to the manufacturer’s instructions. The plasma interleukin 6 (IL-6) level will 

be measured using the cytometric bead arrays kit (BD Bioscience, San Jose, CA, USA) 

according to the manufacturer’s protocol. Samples will be acquired in a FACSCanto 

flow cytometer (BD Biosciences, San Jose, CA, USA) and analyzed using the FCAP 

Array v1.0.1 software (Soft Flow Inc.). 

Redox status parameters 

The redox status will be assessed by thiobarbituric acid reactive substances (TBARS) 

concentration, antioxidants enzymes dismutase superoxide (SOD) and catalase (CAT) 

activity, as well by ferric reducing antioxidant power (FRAP) in the erythrocyte lysate. 

The erythrocyte lysate will be prepared as described by Glass and Gershon.[10] Protein 

concentration of samples will be determined by the Bradford method [11] using bovine 

serum albumin (BSA) (1 mg/mL) as standard. 

TBARS concentration will be measured according to the method described by Ohkawa 

et al.,[12] and the reaction of the thiobarbituric acid with malondialdehyde (MDA) will 

be used to determine lipid peroxidation. TBARS concentration, expressed in nmol 

MDA/mg protein, will be determined from the standard curve constructed with known 

concentrations of MDA (1,1,3,3-tetramethoxypropane) (Sigma, USA). The assay to 

determine SOD (EC 1.15.1.1) activity will be performed according to Srivastava et al. 

[13] and expressed in U/mg of protein. SOD activity will be determined by measuring 



the capacity of SOD to inhibit the autoxidation of pyrogallol. CAT (EC 1.11.1.6) 

activity will be measured according to the method of Nelson and Kiesov [14] and 

expressed by ΔE/min/mg protein, where ΔE represents the variation in enzyme activity 

during 1 minute. The total antioxidant capacity (FRAP) will be determined according to 

the method of Benzie and Strain,[15] which is based on the reduction of ferric-

tripyridyltriazine [Fe(III)-TPTZ] complex to ferrous-tripyridyltriazine [Fe(II)-TPTZ]. 

The total antioxidant capacity will be expressed as equivalents of Fe
2+

, estimated by 

comparison with a standard curve constructed with known concentrations of FeSO4 and 

expressed as μg FeSO4/mg of protein. 

Health-related quality of life (HRQoL ) assessment 

The HRQoL will be evaluated by the Brazilian version of the specific questionnaire — 

KDQOL-SF- Kidney Disease Quality of Life.[16] The KDQOL-SF consist of kidney 

disease-targeted domains and a health status questionnaire (Short Form-36 [SF-36]). 

Each category generates a score ranging between 0 and 100, with a higher score 

indicating a better HRQoL.  

Interventions 

All interventions (IMT, AT and CT) will be intradialitic, and they will be performed 

during the first two hours of dialysis, three times a week for eight weeks or 24 sessions.  

Inspiratory muscle training 

IMT will be performed using Threshold IMT® (Respironics, Murrysville PA, USA) or 

PowerBreathe light or median Resistance (Powerbreathe,  HaB International Ltd, 

Southam, UK), according to the previously evaluated MIP. Participants performed three 



sets of 15 inspirations at the equipment mouthpiece and rested for 60 seconds with the 

linear load adjusted to 50% of MIP.[17] MIP will be reevaluated every six sessions for 

load adjustment. 

Aerobic training 

The AT will be performed by cycle ergometer (Mini Bike E5, ACTE Sports, São Paulo, 

Brasil) positioned in the front of patients’ chairs.  The cycling session consisted of a 5-

minute warm-up, 30 minutes of cycling at target workload, and a 5-minute cooling-

down period. During exercise, patients will be asked every 5 minutes about the fatigue 

score, and the cycle ergometer load will be adjusted to achieve a fatigue score between 

three and five points in the modified Borg Scale. The speed remained ≥ 50 rpm.[18] 

Blood pressure will be monitored at rest, every 5 minutes of conditioning and after 

cooling. The HR will be continuously monitored by means of a heart rate monitor (Polar 

F1, Polar ElectroOy, Kempele, Finland) and recorded data every 5 minutes. 

Combined training 

In the CT sessions, IMT will be performed immediately before AT and, in the AT 

group, the participants performed sets of inspirations with IMT devices, but without 

resistance to inspiration (SHAM-IMT). 

Control period 

 The eight weeks prior to initiating the interventions will be considered to represent the 

control period. During eight weeks prior to initiating the interventions the volunteers did 

not receive any type of training to represent the control period. The dialysis prescription 

and medication therapy remained unchanged during the study.  

Statistical analysis 



The Sigma Stat (Version 9.0) statistic program will be used for the statistical analysis. 

The data distributions will be verified using the Shapiro-Wilk test. Categorical variables 

will be presented as absolute and relative frequencies, and continuous variables as the 

mean (IC95%). Categorical variables will be compered by the Chi-squared test. The 

effects of the interventions will be compered by Two-Way Repeated Measures ANOVA 

(within-group, between-group and interactions) with Tukey’s post hoc test. For 

variables with a statistical significance to the within-group differences, the comparisons 

of the 8-week to 16-week variations (intervention period) will be performed by the one-

way ANOVA or Kruskall Wallis test, with Tukey’s post hoc test. The significance level 

will be set at 0.05.  

Sample size 

The sample size was calculated, considering functional capacity variations of 47% 

between IMT and lower limb training, standard deviation of 30%,[17] power of 85% 

and alpha of 5%. The sample size was estimated in 10 volunteers per group. 
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