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Abstract
Purpose To determine clinical safety and cardiovascular, cardiac autonomic and inflammatory responses to a single session of
inspiratory muscle training (IMT) in obstructive sleep apnea (OSA) subjects.
Methods In a randomized controlled trial individuals of both sexes, aged between 30 and 70 years old with diagnosis
of moderate to severe OSA were enrolled. Volunteers with OSA (n = 40) performed an IMT session with three sets
of 30 repetitions with a 1-min interval between them. The IMT group (n = 20) used a load of 70% of the maximum
inspiratory pressure (MIP), and the placebo group (n = 20) performed the IMT without load. Measurements of
systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), heart rate variability (HRV), and
inflammatory markers were performed pre, post-immediate and 1 h after the IMT session.
Results No differences were shown in SBP, DBP, HRV, or inflammatory markers at any of the intervals analyzed. However, HR
in the IMT group was lower 1 h after the IMT session compared to the pre-session values (p = 0002). HR was higher in the
placebo group when comparing pre × post-immediate (p < 0.001). HR decreased after the first hour in relation to the pre (p <
0.001) and post-immediate (p < 0.001) values.
Conclusion IMT sessions promote discreet hemodynamic, cardiac autonomic and inflammatory responses. Therefore, IMT is
considered clinically safe and can be performed at home, guided but unsupervised, with lower cost and greater adherence to
exercise program for subjects with OSA.
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Introduction

Obstructive sleep apnea (OSA) is a respiratory sleep disorder
with repeated episodes of hypoxia and reoxygenation. The
intermittent hypoxia triggers an increase in oxidative stress
which promotes local and systemic inflammation, sympathet-
ic hyperactivity, and pathological hemodynamic profile [1, 2].

Continuous positive airway pressure (CPAP) is the first-line
intervention for treating moderate and severe OSA. However,
physical training is a low-cost and easy-to-adopt supplementary
therapeutic option to treat patients with sleep disorders [3, 4].
Inspiratory muscle training (IMT) emerges from different phys-
ical trainingmodalities as a supportive alternative to treat patients
with OSA. Studies reported that IMT improves the disease se-
verity and quality of sleep and promotes adjustments in pulmo-
nary function in subjects with OSA [5–7].

Although studies show the impact of IMT on OSA, little is
known about the acute responses of this intervention to inflam-
matory, autonomic, and hemodynamic markers and therefore the
clinical safety of this therapy. Adjustments in physiological sys-
tems such as activation of the sympathetic nervous system to
regulate blood pressure and blood flow [8] and the increase in
the inflammatory response during effort are necessary during
physical exercise to meet the new muscle metabolic demand
[9, 10]. In addition, IMT programs are carried out at home,
guided but unsupervised and unmonitored. Thus, the physiolog-
ical repercussions are important to assess the clinical safety of
this modality of training in special populations.

Therefore, the objective of this study was to deter-
mine clinical safety and cardiovascular, cardiac auto-
nomic and inflammatory responses to a single session
of IMT in subjects with OSA.

Methods

Sample

In this randomized controlled clinical trial individuals of both
sexes aged between 30 and 70 years with a diagnosis of mod-
erate to severe OSA were included, being diagnosed by
polysomnography or polygraphy and who were not under
specific treatment for OSA for the last 2 months. The volun-
teers were asked about heart and lung diseases. Individuals
with neuromuscular disorders, infectious diseases, immuno-
logical diseases, tumors, peripheral vascular diseases, coagu-
lation disorders, pregnant women, with decompensated diabe-
tes mellitus, uncontrolled arterial hypertension, thrombocyto-
penic patients, with a history of head or neck injury and/or
neck surgery in the last 3 months, subjects using oral cortico-
steroids, central nervous system depressants, barbiturates and/
or muscle relaxants, and individuals unable to understand the
research stages were excluded.

This study was approved by the Ethics and Research
Committee of the Otávio de Freitas Hospital (HOF) (no:
3,105,259), and all volunteers read and signed the free and
informed consent form (ICF) before participating in the study.
The volunteers were randomized by the website www.
randomization.com, dividing them into two groups: IMT
group and placebo group.

The sample calculation was performed using the G
POWER software program, with inflammatory markers as
the primary outcome, an effect size (f) of 0.3, a significance
level of 95%, and study power of 80%, giving a size total
sample of 36 subjects (18 in the IMT group and 18 in the
placebo group).

Personal data collection, anthropometric assessment, and
questionnaires were used in the initial evaluation to assess
sleep quality (Pittsburg sleep quality index — PSQI) [11],
excessive daytime sleepiness (Epworth sleepiness scale –
ESS) [12], and the level of physical activity (International
physical activity questionnaire — IPAQ-short version) [13].

Respiratory muscle strength

The recommendations proposed by the Thoracic Society/
European Respiratory Society [14] were followed to assess
respiratory muscle strength considering the reference values
for the Brazilian population [15]. An analog manovacuometer
(M120, Globalmed, Brazil) was used.

Pulmonary function

Pulmonary function was evaluated using spirometry accord-
ing to the guidelines of the Thoracic Society/European
Respiratory Society [14] using a Minispir® spirometer con-
sidering the reference values for the Brazilian population [16].
Forced vital capacity (FVC), forced expiratory volume in the
first second (FEV1), and FEV1/FVC (%) were evaluated.

Cardiovascular variables

Heart rate (HR), systolic blood pressure (SBP), and diastolic
blood pressure (DBP) were measured before, immediately
after and 1 h after the IMT session. Three initial blood pres-
sure (BP) measurements were performed on the right arm
(auscultatory method), with an interval of 2 min between each
one, using an aneroid sphygmomanometer (Premium) and a
Littmann Classic III stethoscope. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) evaluations were
performed after a 10-min rest period with the participants
seated. The Polar® RS800CX HR frequency meter (Polar
Electro öy, Kempele, Finland) was used for HR assessment,
as well as the G-TECH digital finger oximeter.
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Heart rate variability (HRV)

In the autonomic control evaluation, the volunteers were in a
supine position with the stretcher head at 45° inclination and
were instructed to remain calm and without movement. The
recording was performed after 10 min of rest to stabilize the
heart rate before the IMT session (duration: 10 min), immedi-
ately after the IMT session (duration: 10 min) and 1 h after the
IMT session (duration: 10 min). The autonomic control eval-
uation was performed with a Polar® RS800CX frequency
meter (Polar Electro öy, Kempele, Finland). The sensor belt
was positioned on the participant’s chest, and the signal was
automatically stored in the RR interval.

After acquisition, the signals were transferred to the Polar
Pro Trainer Software. The data were processed using Kubios
HRV analysis software (MATLAB, version 3.1 beta, Kuopio,
Finland). HRV was analyzed using the FFT (fast Fourier
transformation) method, and the frequency domain with the
components of the low frequency (LF: 0.04 to 0.15 Hz) and
high frequency (HF: 0.15 to 0.4 Hz) was used as sympathetic/
parasympathetic and parasympathetic indices, respectively.
The LF and HF spectral components were expressed in nor-
malized values (nu), and the cardiac autonomic balance was
calculated by the ratio between the absolute components of the
LF and HF bands (LF/HF) [17].

Inflammatory markers

Next, 5 ml of peripheral venous blood was collected in the
antecubital region to analyze inflammatory markers. The first
collection was performed before the IMT session (pre); the
second, 10 min after the end of the IMT session; and the third
1 h after the end of the IMT session. The blood samples were
centrifuged for 10 min at 3000 rpm, the supernatant was ex-
tracted, and the serum fraction was stored in a refrigerated
container at − 80 °C.

The cytokine quantification procedurewas performed by flow
cytometry (cytometric bead array — CBA). The BD TM CBA
uses a series of particles (microspheres or beads) with different
fluorescent intensities to simultaneously detect the various solu-
ble cytokines through a captured surface. The following cyto-
kines were analyzed: IL-2, interleukin 2; IL-4, interleukin-4; IL-
6, interleukin 6; IL-10, interleukin 10; TNF-α, tumor necrosis
factor alpha; IFN-γ, interferon gamma.

Experimental protocol

The volunteers attended the rehabilitation center and re-
ceived all the necessary instructions on how to carry out
the experimental protocol. POWERbreathe®classiclight
was used to perform the inspiratory muscle training ses-
sion, which is a device capable of providing linear re-
sistance in the inspiratory phase.

Prior to performing the experimental protocol, subjects had
access to the POWERbreathe®classiclight to familiarize
themselves with the device and to clarify all doubts.
Participants were instructed to perform the experimental pro-
tocol while sitting in a chair with a back but without arm
support, so that their feet were resting on the floor and the
joints of the hip and knee remained at a 90° angle.

The MIP measurement was performed to define the train-
ing load. Thus, the IMT group performed inspiratory efforts
using a load equivalent to 70% of MIP, while the placebo
group performed the same protocol, but without the use of
load. All volunteers used a nose clip and were instructed to
perform the following protocol: three sets of 30 breaths with
an interval of one minute between sets. The IMT protocol was
based on the previously published data by Souza et al. [6].

Statistical analysis

Statistical analysis was performed with SigmaPlot 12.0
(Systat Software, Inc., Germany), GraphPad Prism 4.0
(GraphPad Software Inc., USA), and IBM SPSS Statistics
Software v. 25.0 (SPSS, Inc. IBM Company, New York,
USA) implementing a 95% significance level (p < 0.05).
The Shapiro-Wilk normality test was performed for data dis-
tribution analysis. Continuous variables were expressed as
mean and standard deviation, and categorical variables were
expressed as number of cases and frequency (%). The two-
way ANOVA test was used for comparison of means for
repeated measures (time [pre, post-immediate, and 1-h post]
versus groups [placebo and IMT]), or the Friedman test.
Lastly, the Chi-squared or Fisher’s exact tests were performed
to compare categorical variables.

Results

The sample consisted of 40 subjects and the flowchart
of capturing, randomizing, and allocating patients is
shown in Fig. 1.

Table 1 shows that the IMT, and placebo groups were
similar in terms of anthropometric and clinical characteristics.

Regarding cardiovascular variables, systolic (SBP) and di-
astolic (DBP) blood pressure did not show intra- or intergroup
differences when comparing the pre, post-immediate, and 1 h
after the IMT session (p > 0.05 for all comparisons). However,
heart rate (HR) was lower in the IMT group 1 h after the
session compared to pre values (p = 0.002). HR was higher
in the placebo group in the post-immediate period compared
to pre-values (p < 0.001). HR decreased after the first hour in
relation to the pre (p < 0.001) and post-immediate (p < 0.001)
values. There was no difference in HR levels in the intergroup
comparison (Table 2).
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Figure 2 shows the variation percentage (Δ%) of cardiovas-
cular variables in the pre vs. post-immediate and pre vs. 1 h
after the IMT session between the IMT and placebo groups.
There were no significant differences between groups in SBP
Δ% (Fig. 2a: pre vs. post-immediate, p = 0.670; pre vs. post 1
h, p = 0.702), DBP Δ% (Fig. 2b: pre vs. post-immediate, p =
0.438; pre vs. post 1 h, p = 0.574), and HR Δ% (Fig. 2c: pre vs.
post-immediate, p = 0.973; pre vs. post 1 h, p = 0.265).

Table 3 shows a similar result in heart rate variability, as
there were no differences between the groups in the LF, HF
bands, and in the cardiac autonomic balance in comparing the
pre-immediate and 1 h after the IMT session. However,
increases in the RR interval were observed in the IMT
group in comparing pre × post-immediate (p < 0.001),
pre × 1 h after (p < 0.001) and post-immediate × 1 h
after the IMT session (p < 0.001).

In relation to the placebo group, an increase in RR intervals
was also observedwhen comparing the three moments; pre vs.
post-immediate (p = 0.005), pre vs. post 1 h (p =
0.005), and post-immediate vs. after 1 h (p = 0.005).
There was no difference in the RR interval in the inter-
group comparison (Table 3).

Fig. 3 presents the heart rate variability variation percent-
age (Δ%) between the pre- and post-immediate moments and
1 h after the IMT session. There was no difference between
groups for RR intervals (Fig. 3a: pre × post-immediate: p =

0.280; pre × post 1 h: p = 0.215), the LF bands (Fig. 3b: pre vs.
post-immediate: p = 0.989; pre × post 1 h, p = 0.759), HF (Fig.
3c: pre × immediate, p = 0.944; pre × post 1 h, p = 0.737) or in
the cardiac autonomic balance (Fig. 3d: pre × post-immediate,
p = 0.744; pre × post 1 h, p = 0.575)

The analysis of inflammatory markers is shown in Fig. 4. It
can be seen that there were no significant differences at any
time between the IMT and placebo groups for IL-2 interleu-
kins (Fig. 4a: p = 0.968), IL-4 (Fig. 4b: p = 0.894), IL-6 (Fig.
4c: p = 0.949), IL-10 (Fig. 4d: p = 0.978), IFN-γ (Fig. 4e: p =
0.874) or TNF-α (Fig. 4f: p = 0.959).

Discussion

In our knowledge, this is the first study to assess clinical safety
and acute effect of an IMT session on hemodynamic parame-
ters, cardiac autonomic activity, and inflammatory
markers in OSA subjects. It was verified the clinical
safety of the IMT session and the mild cardiovascular,
cardiac autonomic and inflammatory responses to this
training session in OSA patients.

Cardiovascular control during exercise is regulated by the
command center in the central nervous system and by the
ergoreflex control, which involves mechanoreceptors (mye-
linated nerve fibers in group III) and metaboreceptors

Potentially eligible subjects

(n=129)

Excluded (n= 89)

Did not meet the inclusion criteria (n=63)

Refused to participate (n= 1)

Did not attend (n= 2)

Outdated contact (n= 18)

Other reasons (n= 5)

Randomized (n= 40)

Allocated to the IMT group (n = 20)

Performed the test (n= 20)

Did not perform the test (n= 0)

Segment loss (reasons) (n = 0)

Discontinued intervention (reasons) (n = 0)

Analyzed (n=20)

Excluded from the analysis (reasons) (n=0)

Allocated to the placebo group (n=20)

Performed the test (n= 20)

Did not perform the test (n= 0)

Segment loss (reasons) (n=0)

Discontinued intervention (reasons) 

Analyzed (n= 20)

Excluded from the analysis (reasons) 

(n= 0)

Allocation

Follow-up

Analysis

Fig. 1 Flowchart for capturing
and monitoring participants
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(amyelinic nerve fibers in group IV or C). The receptors re-
spond to the mechanical and chemical changes induced by
exercise [18]. The increase in HR is associated with the mus-
cle mass recruited for performing physical exercise and con-
sequently with the afferent impulses coming from the muscu-
lar mechanoreceptors [19]. In the present study, the heart rate
and the blood pressure responses to the IMT session were
clinically irrelevant, and we suggest that the small muscle
mass involved in performing the IMT could justify these
milder hemodynamic changes, making safe to perform this
unsupervised and unmonitored training.

Ramos et al. [20] evaluated the clinical safety of
implementing IMT in an older adult population inserted in a
rehabilitation program. They indicated no significant clinical
or hemodynamic changes during an IMT session performed
with two sets of 15 repetitions and using 30% of MIP, thus
guaranteeing the clinical safety of unsupervised IMT in this
specific population.

OSA patients have a high prevalence of cardiovascular co-
morbidities [21] and the supervision of exercise session can be
necessary. The adoption of clinically safe trainingmethodologies
to use at home without supervision contributes to improve the

Table 1 Sample characterization
Variables IMT group (n = 20) Placebo group (n = 20) p Value1

Age, years 55.8 ± 9.1 55.4 ± 11,6 0.904

Sex, male n (%) 10 (50) 12 (60) 0,751

BMI, kg/m2 34.0 ± 8.1 33.8 ± 6.9 0.938

Cervical circumference, cm 41.4 ± 4.5 41.4 ±4.8 0.973

Abdominal circumference, cm 110.3 ± 16.5 111.6 ± 20.3 0.825

Respiratory muscle strength

MIP, cmH2O 74.2 ± 24.7 74.8 ± 23.5 1.0002

MIP, pred (%) 81.4 ±28.4 82.2 ± 30.3 0.9572

MEP, cmH2O 48.6 ± 16.3 50.8 ± 17.5 0.8812

MEP, pred (%) 35.9 ±11.2 36.5 ± 13.9 0.8762

Pulmonary function

FEV1 pred% 94.4 ± 38.1 99.6 ± 37.7 0.664

FVC pred% 85.3 ± 17.5 87.1 ± 17.5 0.776

FEV1/FVC pred% 93.3 ± 16.0 93.5 ± 17.7 0.766

IPAQ n (%)

Very active 1 (5) 2 (10)

Active 5 (25) 4 (20)

Sedentary 4 (20) 4 (20) 0.9333

Insufficiently active A 2 (10) 1 (5)

Insufficiently active B 8 (40) 9 (45)

AHI, eventos/h 31.8 ± 18.2 30.9 ± 16.7 0.914

15 ≥ AHI < 30 events/h, n 12 11 0.749
AHI ≥ 30 events/h, n 8 9

ESS 13.2 ± 7.7 14.5 ± 7.0 0.565

Presence of sleepiness, n (%) 9 (45) 7 (35) 0.747
Absence of sleepiness, n (%) 11(55) 13 (65)

PSQI 11.2 ± 5.1 11.1 ± 4.8 0.924

Good, n (%) 8 (40) 7 (35)

Poor, n (%) 12 (60) 13 (65) 1.000

Comorbidities, n (%) -

SAH, n (%) 15 (75) 14 (70) 1.000

Diabetes, n (%) 8 (40) 5 (25) 0.500

Data expressed as number (%) for categorical variables and mean ± standard deviation or median (interquartile
range) for continuous variables. IMT inspiratory muscle training, BMI bodymass index,MIPmaximal inspiratory
pressure, MEP maximum expiratory pressure, pred% predicted percentage, IPAQ international physical activity
questionnaire, AHI apnea-hypopnea index, ESS Epworth sleepiness scale, PSQI Pittsburgh sleep quality index,
SAH systemic arterial hypertension
1 Student’s t-test or Chi-squared test; 2Mann-Whitney test; 3 Fisher’s exact test

103Sleep Breath (2022) 26:99–108



adherence to the physical exercise program and, consequently, to
achieve the adaptations resulting from training.

Regarding the heart rate variability, the present study
showed no differences in the HF and LF components or in
the relationship between them when comparing the IMT and
placebo groups. On the other hand, in evaluating healthy sub-
jects who underwent IMT using 60% ofMIP, Plentz et al. [22]
demonstrated that IMT increased sympathetic modulation
concomitant to a reduction of parasympathetic modulation
during the acute and subacute phases of exercise. However,
the results in the time domain were less pronounced compared
to the frequency domain.

The pathophysiology of OSA triggers disordered respira-
tory events, which are characterized by increasing efforts
against an occluded airway during sleep. Thus, the result is
an accentuated sympathetic response due to the activation of
chemoreflexors by hypoxemia, increasing the sympathetic
neural flow [23, 24]. Even the IMT performed in the present
study, with a load of 70% of the MIP, cause a significant
change in the autonomic modulation. We suggest that a less
demanding muscular metabolic demand may not exacerbate
the already high basal sympathetic activity showed in subjects
with moderate and severe OSA.

Regarding the inflammatory response, no differences in the
analyzed inflammatory markers (IL-2, IL-4, IL-6, IL-10, TNF-α,
IFN-γ) are showed between the evaluated groups. Exercise, diet,
disease states, drug use, socioeconomic status, psychological
stress, body composition, and alcohol use alter the inflammatory
state. Therefore, type, duration, and intensity of the exercise can
influence the acute inflammatory response by intensifying or
attenuating the inflammatory cascade [25].

Windsor et al. [26] evaluated the concentration of plasma
cytokines in healthy older adult subjects. The findings indi-
cated an acute increase in plasma IL-6 and IL-10 concentra-
tions of the 3 groups analyzed: moderate intensity continuous

Table 2 Hemodynamic variables in the IMT and placebo groups before, post-immediate and 1 h after the IMT session

IMT group Placebo group p Value1

Pre Post-immediate Post 1 h p Value1 Pre Post-immediate Post 1 h p Value1

FC (bpm) 79.5 ± 15.4a 77.7 ± 13.5 71.2 ± 12.8a 0.002 74.2 ± 12.8b, c 78.4 ± 11.9c, d 68.7 ± 10.0b, d < 0.001 0.002

PAS (mmHg) 131.5 ± 23.4 132.9 ± 22.1 128.9 ± 21.4 0.683 126.5 ± 23.7 126.6 ± 20.2 125.7 ± 22.0 0.890 0.818

PAD (mmHg) 81.6 ± 15.7 83.2 ± 16.0 83.2 ± 16.0 0.341 81.2 ± 15.4 80.9 ± 14.1 80.9 ± 14.1 0.135 0.717

Data expressed as mean ± standard deviation. IMT inspiratory muscle training,HR heart rate, SBP systolic blood pressure,DBP diastolic blood pressure
1 Friedman repeated measures analysis of variance on ranks
a The IMT group — pre vs post 1h: diff = 8.3 (4.7 to 11.9)
b Placebo group — pre vs post-immediate: diff = -4.2 (-7.4 to -1.1)
c Placebo group — pre vs post 1 h: diff = 5.6 (1.9 to 9.2)
d Placebo group — post-immediate vs post 1 h: diff = 9.8 (5.7 to 13.8)

Being, diff = mean difference (confidence interval 95%)

Fig. 2 Comparison of the percentage variation of the pre-post-immediate
and pre-post 1 h values of the IMT session in the IMT and placebo groups
for: 2a: ΔSBP (%); 2b: ΔDBP (%), and 2c: ΔHR (%) Δ(%): percentage
difference between pre and post-intervention values; IMT: inspiratory
muscle training; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; HR: heart rate
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exercise, high intensity interval exercise, and a control group.
One study assessed young, active, healthy adults who com-
pleted three exercise sessions with different intensities and
volumes. The results showed that 35 min of aerobic exercise
induces a slight increase in the circulating IL-6 concentration
but are insufficient to induce an increase in the anti-
inflammatory cytokine IL-10 [27].

The inflammatory response is also sensitive to the exercis-
ing muscle mass. The skeletal muscle contraction is an impor-
tant source of IL-6 in plasma and exercises involving reduced
muscle mass, such as in IMT, may be insufficient to increase
plasma IL-6 above the pre-exercise level. In addition, long-
duration exercises promote higher post-exercise plasma IL-6
concentrations [28]. Subjects already have an elevated

Table 3 Heart rate variability in subjects with OSA allocated to the IMT and placebo groups before, post-immediate and 1 h after the IMT session

Autonomic
Indices

IMT group Placebo group p
Value1

Pre Post-immediate Post 1 h p
Value2

Pre Post-
immediate

Post 1 h p
Value2

RR Interval (ms) 837.5 ± 158.9a,
b

877.6 ± 158.9a,
c

905.6 ± 188.0b,
c

< 0.001 883.7 ±
123.6d

902.1 ± 114.0 923.4 ±
121.0d

0.005 0.309

LF (nu) 55.9 ± 25.4 60.5 ± 24.1 62.1 ± 24.5 0.565 51.3 ± 17.4 54.6 ± 19.7 56.5 ± 19.6 0.233 0.342*

HF (nu) 43.7 ± 25.6 39.3 ± 24.1 37.6 ± 24.4 0.854 48.6 ± 3.9 45.3 ± 19.7 43.4 ± 19.6 0.244 0.329*

LF/HF 2.8 ± 3.4 2.8 ± 2.7 3.2 ± 2.8 0.801 1.5 ± 1.4 1.8 ± 1.7 2.1 ± 2.2 0.504 0.293*

Data expressed as mean ± standard deviation. IMT inspiratory muscle training, nu normalized unit, LF low frequency component, HF high frequency
component
1 Two-way repeated measures ANOVA (one factor repetition) or * Friedman test
2 One-way repeated measures analysis of variance or * Friedman test
a The IMT group — pre vs post-immediate: diff = − 40.2 (− 54.1 to − 26.2)
b IMT group — pre vs post 1 h: diff = − 65.2 (− 93.4 to − 36.9)
c IMT group — post-immediate vs post 1 h: diff = − 24.4 (− 53.8 to 4.9)
d Placebo group — pre vs post 1 h: diff = − 39.7 (− 70.8 to − 8.5)

Being, diff = mean difference (confidence interval 95%)

Fig. 3 Comparison of the percentage variation of the pre-post-immediate
and pre-post 1 h values of the IMT session in the IMT and placebo groups
for: 3a: ΔRR (%); 3b: ΔLF (%); 3c: ΔLF/HF (%), and 3d: ΔHF (%) Δ (%):

percentage difference between pre and post-intervention values; LF: low
frequency; HF: high frequency; RR: RR intervals; LF/HF: low frequency/
high frequency ratio; IMT: inspiratory muscle training
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inflammatory state in OSA due to repeated hypoxia and reox-
ygenation episodes during sleep, triggering the increase in
oxidative stress and inflammatory cytokines [29, 30].

The present study has limitations. Despite being a
randomized clinical trial, a cross-over and double-
blinded study may have been more appropriate, thus
minimizing the potential for confusion, especially in re-
lation to measuring inflammatory markers.

Conclusion

IMT sessions promote discreet cardiovascular, cardiac auto-
nomic and inflammatory responses and appear to be clinically
safe and well tolerated in subjects with OSA.

The option for a type of guided training carried out
at home, while unsupervised and unmonitored, may

improve adherence by resolving issues such as difficult
access to the rehabilitation center.

IMT may become an option as a training modality
for patients with OSA and comorbidities by including
this exercise in the daily routines of these subjects.
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