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Abstract
Purpose  The present study aimed to evaluate the effects of an intradialytic multicomponent exercise program (IMEP) on 
respiratory muscle strength, functional capacities, and inflammatory markers in people with chronic kidney disease (CKD). 
Methods: This was a randomized clinical trial in which 38 people with CKD were randomly allocated to training (TG; n = 19) 
or a control group (CG; n = 19). The TG performed 12 weeks of IMEP which consisted of aerobic training (AT), inspiratory 
muscle training (IMT), and resistance training (RT), three times a week on nonconsecutive days. Before and after 12 weeks 
of follow-up respiratory muscle strength, functional capacities, and inflammatory markers were measured. Post–pre-values 
were calculated and covariance analysis was used with the Bonferroni post hoc test using preintervention values as a covari-
ate and significance was set at p < 0.05. Results: Adherence to the protocol was 92%. TG showed improvements in the 30-s 
sit-to-stand test (p < 0.001), Timed Up and Go (TUG) (p = 0.02), 6-min walk test (p < 0.001), right and left-hand grip strength 
(p < 0.001), and respiratory muscle strength maximal inspiratory (p = 0.02) and expiratory (p = 0.02) pressures compared to 
CG. There were no significant group differences for inflammatory markers. Conclusion: Twelve weeks of IMEP resulted in 
improved functional capacity and respiratory muscle strength in people with CKD.
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Introduction

Chronic kidney disease (CKD) is a disorder that affects the 
structure and functioning of the kidney. In 2017, approxi-
mately 1.2 million people died from the disease, and, in 
addition, there was a 41.5% increase in the mortality rate 
since 1990 [1]. It has been reported that people with CKD 
have a high morbidity and mortality rate from cardiovas-
cular diseases, which are linked to CKD-related factors, 

treatment, and lifestyle. [2–4]. In addition, important pul-
monary changes have been observed, such as airflow limi-
tation, obstructive disorders, reduced pulmonary diffusion 
capacity, and respiratory muscle strength, which, in turn, 
results in atrophy, cramps, asthenia, and muscle weakness 
[5, 6]. CKD is also associated with a low level of a patient’s 
health-related quality of life (HRQoL), especially in dialysis 
patients. Among the factors that impact HRQoL in CKD, 
inactivity, and fragility in the physical domain stand out [7].

Previous studies have shown that people with CKD 
undergoing hemodialysis treatment do not reach the recom-
mended levels of physical activity and are less active com-
pared to those without the disease, mainly because they are 
physically inactive during hemodialysis sessions [8, 9]. The 
worst physical activity level was observed in hemodialysis 
(HD) compared to peritoneal dialysis (PD) patients [10], and 
a previous study [11] showed for the first time the progres-
sive decrease in physical activity level since CKD stages 
3–4. In a study with more than 5000 participants, Wilkinson 
et al. (2021) [12] show that low physical activity level is 
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already present at the first stages of CKD and it worsens 
with disease progression. Furthermore, the level of physi-
cal activity in people with CKD is associated with disease 
progression, cardiovascular events, chronic inflammation, 
physical and functional capacity, reduced quality of life, and 
mortality[13–15].

In this sense, a growing number of studies have found 
a positive effect of both aerobic and strength training pro-
grams [16–18] performed during hemodialysis on cardiores-
piratory capacity, muscle volume, and strength, reduction 
of cardiovascular risk, and reduction of CKD progression. 
[19–22]. On the other hand, approaches using an intradia-
lytic multicomponent exercise program (IMEP), that per-
forms in different days aerobic, respiratory, and strength 
training to improve functional capacity in this population 
remain scarce. Thus, the present study aimed to evaluate 
the effects of an IMEP on functional capacities, respiratory 
muscle strength, and inflammatory biomarkers in people 
with CKD.

Methods

This is a randomized clinical trial carried out between June 
and December 2019 at the Institute of Hemodialysis and 
Renal Transplantation of the Clinics Hospital from the 
Federal University of Triângulo Mineiro in Uberaba/Minas 
Gerais, Brazil.

Participants

Adult participants (≥ 18  years), men, and women who 
were on hemodialysis treatment for at least 3 months were 
included. Participants with fasting glucose > 300 mg/dL, 
unstable angina, cardiac arrhythmia, decompensated heart 
failure, uncontrolled hypertension, uremic pericarditis, res-
piratory diseases, acute systemic infection, visual impair-
ment, or musculoskeletal limitations that compromised the 
performance of the proposed exercises were excluded from 
the study. Initially, patients with visual impairment would 
not be excluded. However, the ethics committee suggested 
the exclusion of these patients due to the risk of injury in 
the motor tests.

All information regarding the evaluation and training 
protocols was explained to the volunteers, who agreed and 
signed the free and informed consent form, approved by the 
Ethics and Research Committee (protocol no. 3426374). The 
study is included in the Brazilian Registry of Clinical Trials 
(protocol no. RBR-4xqpmm).

After medical release, volunteers were evaluated at base-
line and after 12 weeks of intervention, immediately before 
hemodialysis sessions on dialysis days.

Procedures

Before starting the physical training program, all patients 
underwent anamnesis through a sociodemographic question-
naire, anthropometric assessments, physical capacities, res-
piratory muscle strength, and blood collection.

Participants’ characteristics

Demographic data were collected through a questionnaire. For 
this, the participants were taken to a reserved room, separated 
from the others, so that there was no interruption or embarrass-
ment during the answers. Data regarding disease status were 
extracted from the participant's medical records.

Anthropometric assessment

Body mass and height were measured using a mechanical scale 
and coupled stadiometer, with a maximum capacity of 150 kg, 
a sensitivity of 100 g, and a precision of 0.1 cm, respectively 
(Filizola, Campo Grande/MS, Brazil). Then, the body mass 
index [(BMI) = body mass (kg)/height2 (m)] was calculated.

Physical capacity and respiratory muscle strength

Participants were submitted to maximum handgrip strength 
tests with a Jamar® dynamometer (Yangdeok – Dong, Sh5001, 
Masan, Korea) [23]; 30-s sit-to-stand test (STS-30) [24]; 6-min 
walk test (6MWT); [25] functional mobility test "Timed Up 
and Go Test (TUG)": in this test, the patient is asked to get 
up from a chair (seat height 45 cm), walk 3 m, return and sit 
down again, while the time spent in carrying out this task is 
timed [26].

Respiratory muscle strength was assessed using maximal 
inspiratory (PImax) and maximal expiratory (PEmax) pres-
sure with a manovacuometer (Instrumentation Industries, São 
Paulo, Brazil), connected to a mouthpiece, which measures 
pressures from 0 to + 120 cmH2O for expiratory pressures 
and 0 to− 120 cmH2O for inspiratory pressures. The MIP is 
the strength index of the inspiratory muscles (diaphragm and 
external intercostals), while the MEP measures the strength of 
the expiratory muscles (abdominal and internal intercostals). 
The volunteers were seated, using a nose clip and keeping the 
mouthpiece between their lips. Three acceptable maneuvers 
were performed, maintained for at least 1 s and with a 1-min 
rest interval. The highest value was considered [27].

Blood collection and analysis

Blood samples were collected from the intermediate vein 
of the arm, in vacuum tubes (20 ml) (BD, London, Eng-
land). The inflammatory biomarkers levels: CRP, IL-1b, 
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IL-6, IL-10, and TNF-α were determined in the patients’ 
plasma by ELISA. The blood was centrifuged at 3000 rpm 
for 10 min and the serum was immediately separated in 
duplicate in Eppendorf and frozen at − 20 °C. A specific 
kit (BD Biosciences, San Jose, CA, USA) and automated 
equipment (Facscalibir, Becton Dickinson, USA) were used 
for the analyses.

Experimental protocol

Before starting the training session, blood pressure, rest-
ing heart rate, oxygen saturation, respiratory rate, and, in 
diabetic patients, capillary blood glucose was measured. 
For patient safety, the exercise session was only performed 
if systolic blood pressure (SBP) was between 110 and 
180 mmHg and/or diastolic blood pressure (DBP) between 
50 and 100 mmHg and, also, resting heart rate between 50 
and 100 bpm. For diabetic patients, capillary blood glucose 
should be between 100 and 250 mg/dL.

The IMEP was performed three times a week for 
12 weeks, totaling 36 sessions. The program consisted of 
aerobic training (AT), inspiratory muscle training (IMT) and 
resistance training (RT) supervised by an exercise-qualified 
professional with 2 years of experience in the field. In the 
execution of intradialytic exercises, care was taken to per-
form during the first 2 h of dialysis, and, in addition, blood 
pressure, heart rate, and oxygen saturation were monitored 
during training sessions.

The AT was performed in the first weekly session with a 
cycle ergometer (Mini Bike E5, ACTE Sports, São Paulo, 
Brazil) positioned in front of the volunteer's chair. Each 
session was divided into a warm-up, main activity, and 
cool-down. The intensity of each training was controlled by 
Borg's modified subjective perception of exertion (RPE) 0 
to 10 scale [28, 29]. During the exercises, the participants 
were asked every five minutes about the fatigue score, to 
adjust the load on the cycle ergometer in Borg = 4 to 6 
points. This simple method evaluates the individual on their 
global assessment of training load, considering central fac-
tors (lung ventilation, for example) and peripheral factors 
(muscles and joints). Blood pressure was monitored every 
5 min, at rest and after cooling down. Heart rate and oxy-
gen saturation were constantly monitored using a heart rate 
monitor (Polar H10, Finland) and portable oximeter (finger 
oximeter PM100C, New Tech, U.S.A), respectively. The 
proposed program followed a sequence of load and volume 
adjustments each week, with a progression from 10 min in 
the first week to 36 min in the last week.

The IMT was performed in the second weekly session 
using the Threshold IMT® (Respironics, Murrysville PA, 
USA), which consists of linear pressure load equipment for 
inspiratory muscle training. The load selected in the Thresh-
old IMT for inspiratory muscle strengthening followed an 

increasing staggering through the results of the respiratory 
muscle strength test collections, with an initial load esti-
mated at 10% of the manuvacuometry test and a final load 
of 40%. Load adjustment took place every three sessions.

The proposed RT program was performed in the third 
weekly session and consisted of exercises for the muscle 
groups: quadriceps [knee extension (shin guard)]; biceps 
brachii [unilateral curl (halter)]; shoulder [flexion, with front 
elevation (halter)] and iliopsoas, sartorius, rectus femoris 
[hip flexion (shin guards)]. The RT followed the principle 
of progressive load increase, with the initial use of a set of 
10–15 repetitions, until reaching three sets of 10–15 repeti-
tions. Load adjustments occurred monthly (every twelfth 
session) to maintain RPE between 6–7 points on the modi-
fied Borg Scale [30]. In all phases of the protocol, the par-
ticipant was given a rest interval of 90 to 120 s between sets 
and between exercises. Finally, the exercises were performed 
following the alternating training method by segment to 
avoid early muscle fatigue.

Statistical analysis

Data normality was verified by the Shapiro–Wilk test. Lev-
ene's test was applied to analyze the homogeneity of vari-
ances between the groups. Group baseline differences were 
assessed by one-way analysis of variance (ANOVA). Δ 
(post—pre) values were calculated, and covariance analysis 
(ANCOVA) was used with the Bonferroni post hoc test using 
preintervention values as a covariate. Cohen’s d coefficient 
was used to estimate the magnitude of the effect (η2) of the 
intervention, which could be interpreted as small (η2 = 0.2), 
medium (η2 = 0.5), or large (η2 = 0.8) (COHEN, 1992). The 
established significance level of p < 0.05. A non-parametric 
partial correlation (adjusted for HD time) was performed 
between the Δ of the variables. The number of partici-
pants was based on the power and sample size calculation, 
using the GPower 3.1 software, with an effect size of 0.51, 
α = 0.05, and a power of 80%, totaling a sample of 34 vol-
unteers. Taking into account the one-way ANOVA analysis, 
we used the effect size f = 0.50 to achieve a sample size close 
to other studies with a similar design [31–35].

Significance was set at p < 0.05. All analyses were per-
formed using SPSS (version 20.0, SPSS Inc., Chicago, IL).

Results

Initially, 52 eligible patients were recruited and invited to 
participate in the research, with prior authorization from the 
team's physicians. Of these, 14 were excluded, 38 were ran-
domized, employing a simple and random drawing, remov-
ing papers with the numbers in a basket, and allocated to 
the training group (TG = 19) and control group (CG = 19). 
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During the 12 weeks of intervention, three patients from 
the TG died and two underwent kidney transplantation. 
Four patients in the CG withdrew from participating in the 
research for personal reasons, totaling 27 individuals at the 
end of the intervention, Fig. 1.

The demographic and clinical characteristics of the popu-
lation studied at baseline are shown in Table 1. There is a 
predominance of males in the CG and TG in both groups. 
The mean age was higher for the TG compared to the CG 
(p = 0.03). There was no difference for the other variables. 
The main etiology related to CKD was glomerulonephritis 
for the CG (35%); hypertensive nephrosclerosis and others 
for TG (38%), respectively. The total intervention time was 
12 weeks, totaling 36 individualized IMEP sessions. Adher-
ence to the protocol was 92% for the TG. No significant 
complications were observed with the performance of the 
exercises during the training sessions, with the occurrence 
of only two cases: one of hematoma associated with an arte-
riovenous fistula, registered after the end of the exercise due 
to the patient's carelessness; and another due to the need to 
change the dialyzer device, when the patient felt a slight 
indisposition.

The characteristics of the functional profile, respiratory 
muscle strength, and inflammatory markers between groups 
at baseline can be seen in Table 1. There was no significant 
difference in the variables presented.

Table  2 shows the groups' comparison in physical 
capacities, respiratory muscle strength, and inflammatory 

markers after a 12-week IMEP intervention in people with 
CKD. For physical capacities, a statistical difference was 
observed between groups in all tests, STS-30 (p < 0.001); 
TUG (p = 0.02); 6MWT (p < 0.001); right (p < 0.001) and 
left (p < 0.001) handgrip strength. There was a significant 
difference for the respiratory muscle strength variables PI 
max and PE max, with (p = 0.02) for both results.

Regarding the inflammatory markers, the concentrations 
of the cytokines IL-10 and TNF-α were not detectable. No 
significant differences were observed for the cytokines, IL-6, 
IL1-β, IL-10, TNF-α, and CRP.

Table 3 presents partial correlations between physical 
function and respiratory muscle strength, controlled by 
hemodialysis time. There was a negative correlation between 
∆STS-30 and ∆TUG (r = − 0.649; p < 0.001) and a posi-
tive correlation with ∆6MWT (r = 0.593; p < 0.001), ∆RHS 
(r = 0.602; p < 0.001), ∆LHS (r = 0.631; p < 0.001) and 
∆PEmax. (r = 0.493; p < 0.05). ∆TUG showed only negative 
correlations with ∆6MWT (r = − 0.556; p < 0.001), ∆RHS 
(r = − 0.445; p < 0.05) and ∆PE max. (r = − 0.393; p < 0.05). 
The 6MWT showed positive correlations with ∆RHS 
(r = 0.484; p < 0.05), the ∆LHS (r = 0.446; p < 0.05), at ∆PI 
max. (r = 0.517; p < 0.05) and the ∆PE max. (r = 0.699; 
p < 0.001). In the parameters of hand grip strength, in ∆ 
RHS the correlations were positive with ∆LHS (r = 0.623; 
p < 0.001), the PI max. (r = 0.456; p < 0.05) and ∆PE max. 
(r = 0.484; p < 0.05). On the other hand, ∆LHS presented 
positive correlations with the ∆PI max. (r = 0.523; p < 0.05) 

Fig. 1   Flow diagram
Assessed for eligibility (n= 52)

Excluded  (n=14)
Declined to participate (n=14)

Analysed  (n=  13)

Discontinued intervention (n= 6)

Transplant (n= 2)

Death (n= 4)

Allocated to intervention group (n=17)

Discontinued intervention (n= 4)

Withdrawal (n= 4)

Allocated to control group (n=14)

Analysed  (n=  14)

Allocation

Analysis

Follow-Up

Randomized (n= 38)

Enrollment
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and with ∆PE max. (r = 0.420; p < 0.05). The other correla-
tions can be seen in Table 3.

Discussion

The present study investigated the effects of 12 weeks of 
IMEP on respiratory muscle strength parameters, functional 
capacities, and inflammatory markers in people with CKD. 
Our results showed improvement in physical capacity and 
respiratory muscle strength but no difference in inflamma-
tory markers. Although advances related to dialysis treat-
ment are of great value, the practice of exercises is still 
uncommon in hemodialysis clinics [8]. In this sense, the 
present study adds relevant information regarding the clini-
cal safety of the intervention performed during hemodialy-
sis sessions, taking individualized and supervised care into 
account. The adherence observed in our study was 92%, with 
minimal intercurrences throughout the development of the 
study, corroborating previous evidence [36, 37].

We found a significant improvement in the physical 
capacity of people with CKD after 12 weeks of exercise 
intervention. For example, muscular endurance, functional 
mobility, and handgrip strength improved significantly, 
albeit at a small effect size (0.38, 0.21, and ~ 0.44, respec-
tively). On the other hand, aerobic resistance increased at a 
moderate effect size (0.51). We believe that the combina-
tion of varied exercise stimuli during dialysis contributes to 
the improvement of people with CKD motor function. The 
results reveal that the gains in muscular strength of the lower 
and upper limbs associated with an increase in respiratory 
muscular strength results in mobility improvements in this 
population. It is possible to affirm, therefore, that improv-
ing or maintaining physical aptitudes in people with CKD 
minimizes the loss of their ability to perform activities in 
daily life and occupational tasks. In line with our findings, 
a previous meta-analysis reported the benefits of exercise in 
improving physical function and other aspects [38]. In addi-
tion, Fernandes et al. (2019) [33], in a randomized clinical 
trial, treated 39 patients using aerobic training with a cycle 
ergometer for 8 weeks and found a significant difference 

Table 1   Initial characteristics 
of participants allocated to 
the control group and training 
group concerning functional, 
respiratory, and inflammatory 
profiles

* p ≤ 0.05, statistically significant; n sample number, CG control group, TG training group, SD standard 
deviation, IQ interquartile range, STS-30 30-s sit and stand test, TUG​ timed up and go test, 6MWT six-
minute walk test, PImax maximum inspiratory pressure, PEmax maximum expiratory pressure, IL-6 inter-
leukin-6, IL-1β interleukin-1beta, CRP C-reactive protein

Variables CG (n = 14) TG (n = 13) P value

Male n (%) 12 (85.7%) 7 (53.8%)
Age, years (mean ± SD) 49.7 ± 17.07 62.08 ± 12.61 0.03*
Body mass (kg, mean ± SD) 71.25 ± 13.75 71.15 ± 19.81 0.99
BMI (kg/m2, mean ± SD) 25.18 ± 5.00 25.56 ± 6.51 0.87
Kt/V index (mean ± SD) 1.67 ± 0.77 1.36 ± 0.29 0.18
Hemodialysis treatment, months (mean ± SD 45.57 ± 42.88 28.92 ± 17.10 0.20
Etiology of CKD
 Hypertensive nephrosclerosis 4 (28%) 5 (38%)
 Diabetic kidney disease n (%) 3 (21%) 1 (7%)
 Glomerulonephritis n (%) 5 (35%) 1 (7%)
 Polycystic kidney disease n (%) 0 (0) 1 (7%)
 Other/uncertain n (%) 2 (14%) 5 (38%)

Physical capacity
 STS-30, sec (mean ± SD) 13.35 ± 2.09 12.84 ± 3.10 0.62
 TUG, min (mean ± SD) 7.92 ± 3.33 8.59 ± 2.98 0.59
 6MWT, m (mean ± SD) 385.42 ± 106.22 338.15 ± 95.96 0.24
 Right handgrip strength, kgf (mean ± SD) 31.35 ± 7.56 27.07 ± 8.61 0.18
 Left handgrip strength kgf (mean ± SD) 27.93 ± 10.08 24.38 ± 7.99 0.32
 Respiratory muscle strength
 PImax, cmH2O (mean ± SD) 90.00 ± 23.53 80.00 ± 28.57 0.33
 PMEax, cmH2O (mean ± SD) 90.00 ± 26.01 86.92 ± 22.13 0.74

Inflammatory Markers
 IL-6, pg/ml (mean ± SD) 51.90 ± 157.01 55.06 ± 105.50 0.95
 IL-1β, pg/ml (median, IQ) 13.18 (0–22.30) 1.99 (0–30.83) 0.71
 CRP, mg/dL (mean ± SD) 0.67 ± 0.92 0.44 ± 0.30 0.39
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between CG and TG groups in the parameters MIP, MEP, 
and 6MWT. Still in this line, Figueiredo et al. (2018), in 
an 8-week protocol of inspiratory muscle training (IMT) at 
50% of maximal inspiratory pressure (PImax), low-intensity 
aerobic training (AT) or combined training (CT), observed 
that IMR, TA, and CT improved functional parameters and 
modulated inflammatory biomarkers; in addition, IMT elic-
ited a similar response to low-intensity AT in hemodialysis 
patients.

People with CKD present chronic inflammation charac-
terized by high serum levels of CRP and IL-6, which is due 
to a multifactorial cause and can be attributed to the trans-
fer of endotoxins from the dialysis capillary membrane to 
the blood during sections, activation of pro-inflammatory 

cytokines, and by endothelial alterations, which lead to pro-
tein-energy malnutrition and decreased survival [17, 31]. 
Our results did not find significant differences capable of 
improving the parameters of inflammatory markers, IL-6, 
IL1-β, IL-10, TNF-α, and CRP. There is conflicting evidence 
in the literature on the ability of exercise to reduce markers 
of inflammation in people with CKD. Dungey et al. (2017) 
[39] performed 6 months of intradialytic aerobic exercises 
and were not able to improve CRP, IL-6, and TNF-α lev-
els. On the other hand, Watson et al. (2017) [34] performed 
8 weeks of resistance training where an increase in the mod-
ulation of IL-6, IL-15, MCP-1, and TNF-α was observed. 
Recently, Meléndez-Oliva et al. (2022) reported a significant 
reduction in plasma IL-6 and CRP levels after 4 months of 

Table 2   Scores (∆) of physical capacities, respiratory muscle strength, and inflammatory markers after 12 weeks of training in patients with 
CKD

* p ≤ 0.05, statistically significant; n sample number, CG control group, TG training group, ∆ (delta) post value minus preintervention value, 
CI confidence interval, ES effect size, SD standard deviation, IQ interquartile range, STS-30 30-s sit and stand test, TUG​ timed up and go test, 
6MWT six-minute walk test, PImax maximum inspiratory pressure, PEmax maximum expiratory pressure, IL-6 interleukin six, IL-1β interleukin 
a beta, CRP C-reactive protein

CG (n = 14)
∆ mean ± SD [CI 95%]

TG (n = 13)
∆ mean ± SD [CI 95%]

P value ES Power

Physical capacity
STS-30, sec − 0.07 ± 1.26 [− 0.86; 0.86] 2.46 ± 1.76 [1.48; 3.28]  < 0.001* 0.38 0.95
TUG, min 0.28 ± 0.86 [− 0.48; 0.59] − 1.16 ± 1.25[− 1.48; − 0.36] 0.02* 0.21 0.66
6MWT, meters − 37.43 ± 42.59 [− 64.60; − 19.54] 33.38 ± 40.55 [14.92; 61.85]  < 0.001* 0.51 1.00
Right handgrip strength, kgf 0.50 ± 1.87 [− 1.57; 0.33] 2.38 ± 1.26 [1.52; 3.51]  < 0.001* 0.47 0.99
Left handgrip strength, kgf 0.86 ± 1.46 [− 2.08; 0.16] 2.23 ± 2.28 [1.17; 3.51]  < 0.001* 0.41 0.97
Respiratory muscle strength
PImax 12.14 ± 18.47 [− 21.88; − 2.99] 10.76 ± 11.87 [1.26; 20.92] 0.02* 0.34 0.91
PEmax 2.86 ± 16.38 [− 16.28; 7.28] 16.15 ± 23.64 [5.66; 30.14] 0.02* 0.23 0.71
Inflammatory markers
 IL-6, pg/ml − 43.64 ± 157.10 [− 115.70; 32.55] − 20.96 ± 68.61 [− 100.38; 54] 0.74 0.01 0.06
 IL-1β, pg/ml 7.86 ± 55.67[− 39.32; 12.12] 2.59 ± 30.92[− 23.20; 30.38] 0.37 0.04 0.14
 IL-10, pg/ml IND IND
 TNF-α, pg/ml IND IND
 CRP, pg/ml 0.01 ± 0.79 [− 0.35; 0.37] 0.10 ± 0.27 [− 0.27; 0.48] 0.72 0.01 0.06

Table 3   Partial correlations 
(controlled by hemodialysis 
time) between the physical 
function parameters and 
respiratory muscle strength 
delta

* p ≤ 0.05; ‡p ≤ 0.001, statistically significant, ∆ (delta) post value minus preintervention value, STS-30 30-s 
sit and stand test, TUG​ timed up and go test; 6MWT six-minute walk test, RHS right handgrip strength, 
LHS left handgrip strength, PImax maximum inspiratory pressure, PMEax maximum expiratory pressure

∆ STS-30 ∆ TUG​ ∆ 6MWT ∆ RHS ∆ LHS ∆PImax ∆PEmax

∆ STS-30 1 − 0.649‡ 0.593‡ 0.602‡ 0.631‡ 0.378 0.493*
∆ TUG​ 1 − 0.556‡ − 0.445* − 0.208 − 0.221 − 0.393*
∆ 6MWT 1 0.484* 0.446* 0.517* 0.699‡
∆ RHS 1 0.623‡ 0.456* 0.484*
∆ LHS 1 0.523* 0.420*
∆ PImax 1 0.329
∆ PEmax 1
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intervention. Corroborating with our findings, a randomized 
clinical trial, where 17 patients were divided into a control 
and training group, performed intradialytic aerobic exercise 
for 4 months and found no significant differences in serum 
concentrations of CRP and IL-6 [35]. Similar findings can be 
found in our previous study [17]. A recent systematic review 
points out that there is no clear evidence that AT reduces 
inflammatory markers associated with CKD. Furthermore, 
there is clear evidence for reduced CPR in patients who per-
formed high-intensity RT, but not for IL-6 [40].

An important data to verify the effectiveness of dialysis is 
the Kt/V index. Exercise has been presented as an important 
tool that contributes to this process, as it increases blood 
flow to peripheral muscles and improves muscle cell perfu-
sion [21]. Our findings showed no significant change after 
12 weeks of intervention regarding this variable, but pre-
vious studies showed divergences in this result. Fernandes 
et al. (2019) [33], found no significant difference in Kt/V 
after 24 sessions of aerobic training in 39 patients. Cruz 
et al. (2018), also in a cycle ergometer protocol, after 36 
training sessions found a significant difference in this vari-
able. These findings should be interpreted with caution due 
to the different exercise protocols used.

Regardless of the statistical significance, the present 
study results suggest that the intervention with exercises 
promotes a substantial improvement in the clinical condi-
tion of the patients, which reverberates in their physical 
disposition to face the treatment. Also, our findings are in 
line with other studies, for example, while we present an 
increase of 33.38 m for the 6MWT, Ferrari et al. (2019) [41] 
presented 36.37 m when considering the combined exercise. 
Concerning inflammation, the results presented here are also 
anchored in the literature, with insufficient evidence to prove 
the effectiveness of exercise in improving the inflammatory 
markers levels, except for the reduction of CRP after inter-
vention with aerobic exercise Ferrari et al. (2019).

Some limitations of the present study include: (1) lim-
ited sample size, due to the low adherence to the proposal 
of physical exercises during HD, probably due to the indi-
viduals being used to the monotony of the treatment. It is 
worth noting that the number of participants in the present 
study was similar to other studies [32, 34, 39, 42, 43]. Even 
though it was not our object of study, it is worth remember-
ing that in a recent meta-analysis [44] sought to investigate 
the benefits, obstacles, and results, of exercise in people with 
CKD and it was observed that among the 423 participants 
in the case of the best place to exercise, the majority (73%) 
preferred at home, followed by the neighborhood, at the 
gym and finally the renal therapy unit (RTU). Among the 
preferred modalities, combined training was the most cited. 
These results are in line with the previous study [45]. (2) 
The present study opted for simple randomization, because 
it had the advantage of increasing comparability between 

groups by keeping the ratio of the number of participants 
between groups almost the same. However, by not stratifying 
the randomization by gender and age, we failed to control for 
covariates that could interfere with the studied variables. (3) 
Although these patients are rigorous in terms of nutrition, 
treatment frequency, and monitoring of renal disease param-
eters, our study did not analyze the biochemical markers that 
can greatly influence the physical performance of these indi-
viduals, such as calcium, phosphate, albumin, PTG, hemo-
globin, hematocrit, urea and others. In this sense, it would be 
relevant for future studies to analyze the adaptations of these 
parameters in a multicomponent exercise program.

It is valid to highlight that: (1) the present work was a pio-
neer in our hospital. Although the literature supports inter-
vention with a lower degree of monitoring, it was essential 
not to have gaps for possible intercurrences. We believe that 
the present work's internal validity makes the future more 
clinically viable interventions possible; (2) in the present 
study, the proposal was to perform each exercise approach 
on separate days for logistical reasons (e.g., available equip-
ment, the flow of people on site, and the quantity of qualified 
and available exercise specialists).

Twelve weeks of IMEP resulted in improved functional 
capacity, and respiratory muscle strength in people with 
CKD.
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