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ABSTRACT | This study aimed to investigate the effect of
different intensities of Inspiratory Muscle Exercise (IME) on
cardiac autonomic control during the period of post-exertion
recovery in healthy adults. Thus, an experimental, controlled,
and randomized study was conducted with 15 men aged from
18 to 40 years, including sedentary and healthy individuals.
Participants underwent four IME sessions: a sham session,
followed by sessions with 30%, 40%, and 60% of maximal
inspiratory pressure. Pulse intervals were recorded using
digital infrared photoplethysmography to obtain heart rate
(HR) values. Measurements included HR, interbeat interval,
standard deviation of all normal RR intervals (SDNN), root
mean square of successive differences between adjacent
normal RR intervals (RMSSD), percentage of adjacent RR
intervals greater than 50ms (pNN50) (time domain), total
power, power of low-frequency spectral bands (LF), and

power of high-frequency spectral bands (HF) (ms?), LF and
HF (n.u.), and LF/HF (frequency domain). These measures
were assessed simultaneously for 10 minutes at rest and
during recovery period (15, 30, 45, and 60 minutes). Two-way
analysis of variance was used, considering a 5% significance
level. We observed that RMSSD and pNN50 showed higher
values compared to baseline (Time Effect: P=0.004; P<0.01,
respectively). No differences were found in HRV measures
in the frequency domain (Time Effect: P>0.05). Additionally,
there was no difference in the comparison between intensities
for allHRV measures (Session Effect: p>0.05). We conclude
that, regardless of the applied load, there is a similar increase
in parasympathetic cardiac autonomic modulation indices
in the post-IME recovery period in healthy adults.

Breathing Exercise; Autonomic System; Heart
Rate Variability.
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RESUMO | O objetivo deste trabalho foi investigar o efeito de
diferentes intensidades de exercicio muscular inspiratério (EMI)
no controle autondmico cardiaco no periodo de recuperacdo pos
esforco em adultos saudaveis. Foi realizado estudo experimental,
controlado e randomizado com 15 homens entre 18-40 anos,
sedentarios e saudaveis em quatro sessdes de EMI: Sham, 30%,
40% e 60% da pressao inspiratéria maxima. Intervalos de pulso
foram registrados por fotopletismografia digital infravermelha
obtendo valores frequéncia cardiaca (FC). FC, intervalo entre
batimentos, desvio-padrdo da média de todos os intervalos
RR normais (SDNN), raiz quadrada da média do quadrado das
diferencas entre intervalos RR normais adjacentes (RMSSD),
porcentagem dos intervalos RR adjacentes com diferenca de
duracdo maior gue 50ms (pNN50) (dominio do tempo), poténcia
total, poténcia das bandas espectrais de baixa frequéncia
(LF) e poténcia das bandas espectrais de alta frequéncia
(HF) (ms?), LF e HF (n.u) e LF/HF (dominio da frequéncia)
foram medidos simultaneamente por dez minutos no basal e
periodo de recuperacao (15, 30, 45 e 60 minutos). Foi utilizado
ANOVA two-way, considerando nivel de significancia de 5%.
O RMSSD e pNN50 apresentaram no periodo de recuperacao
valores maiores em relacdo ao basal (efeito tempo: P=0,004;
P<0,01, respectivamente). Ndo houve diferenca para variaveis
de VFC no dominio da frequéncia (efeito tempo: P>0,05). Ndo
houve diferenca na comparacdo entre as intensidades para
todas as varidveis de VFC (efeito sessdes: P>0,05). Concluimos
que, independentemente da carga empregada, hd aumento
semelhante dos indices da modulacdo autondémica cardiaca
parassimpatica no periodo de recuperacdo pos sessao de EMI
em adultos saudaveis.

Exercicio Respiratorio; Sistema Autondmico;
Variabilidade da Frequéncia Cardiaca.

INTRODUCTION

Inspiratory muscle training (IMT), consisting of
inspiratory muscle exercise (IME) sessions, has gained
increasing attention in the scientific community and
in clinical practice for different populations'*. A range
of benefits has been observed, including not only gains
in inspiratory muscle strength and endurance, but also
improvements in quality of life, increased exercise tolerance,
maximum oxygen consumption, and functional capacity
in individuals with heart failure history. Additionally,
IMT has been linked to better blood pressure control**.

Este trabajo tuvo el objetivo de investigar el efecto de
diferentes intensidades de entrenamiento muscular inspiratorio
(EMI) en el control autonémico cardiaco durante el periodo de
recuperacion tras el esfuerzo en adultos sanos. Se realizd un
estudio experimental, controlado y aleatorizado con 15 hombres
de 18 a 40 afos, sedentarios y sanos en cuatro sesiones de EMI:
Sham, el 30%, el 40% y el 60% de la presion inspiratoria maxima.
Se registraron los intervalos de pulso mediante fotopletismografia
digital infrarroja obteniendo valores de frecuencia cardiaca (FC). FC,
intervalo entre latidos, desviacion estandar de la media de todos
los intervalos RR normales (SDNN), raiz cuadrada de la media del
cuadrado de las diferencias entre intervalos RR normales adyacentes
(RMSSD), porcentaje de intervalos RR adyacentes con diferencia de
duracion mayor que 50ms (pNN50) (dominio del tiempo), potencia
total, potencia de las bandas espectrales de baja frecuencia (LF) y
potencia de las bandas espectrales de alta frecuencia (HF) (ms?),
LF v HF (n.u.) y LF/HF (dominio de la frecuencia) se midieron
simultdneamente durante diez minutos en el basal y el periodo de
recuperacion (15, 30, 45 y 60 minutos). Se utilizd ANOVA dos vias,
considerando el nivel de significacion del 5%. RMSSD y pNN50
presentaron valores mas altos en el periodo de recuperaciéon
en comparacion con el basal (efecto tiempo: P=0,004; P<0,01,
respectivamente). No hubo diferencia para variables de VFC en el
dominio de la frecuencia (efecto tiempo: P>0,05). No hubo diferencia
en la comparacion entre las intensidades para todas las variables de
VFC (efecto sesiones: P>0,05). Concluimos que, independientemente
de la carga utilizada, hay un aumento similar en los indices de la
modulacién autondmica cardiaca parasimpatica durante el periodo
de recuperacion tras la sesiéon de EMI en adultos sanos.

Entrenamiento Respiratorio; Sistema Autondmico;
Variabilidad de la Frecuencia Cardiaca.

Studies have also demonstrated its influence on the
autonomic nervous system (ANS)®5.

The ANS regulates physiological homeostatic
mechanisms through both sympathetic and vagal pathways’.
Several studies have shown that IMT has a positive
impact on cardiac autonomic control (CAC), particularly
regarding heart rate variability (HRV)®%!1 Increased
HRYV is typically associated with good health, while lower
HRYV may suggest pathological alterations'?. Moreover,
HRYV assessment can help identify patients at a higher
risk for cardiovascular events and all-cause mortality™.
Thus, IMT seems to improve CAC through systemic



changes, particularly in cardiovascular patients. However,
heterogeneity in IMT prescriptions across studies seems
to affect the HRV response®. In this sense, the available
data indicate that IM'T may have long-term effects on the
ANS. However, the literature presents conflicting results.

Given the different intensities employed in IME
protocols and the potential impact on CAC, one key
question is whether IME can influence HRV during
post-exercise recovery. Additionally, does the intensity of
an IME session affect CAC during recovery in healthy
adults? To address these questions, this study investigated
the effects of different IME intensities on CAC during

post-exercise recovery in healthy adults.

METHODOLOGY
Study and sample design

'This is an experimental, controlled, and randomized
study conducted at the Cardiovascular and Exercise
Physiology Research Unit (InCFEx) at UFJF. The
sample included male adults aged 18—40 years. Eligibility
criteria required participants to be non-smokers, not using
cardiovascular medications, and to have no prior diagnosis
of cardiovascular or pulmonary disease. Additionally,
participants were required to be sedentary (not regularly
engaging in physical activity at least once per week for the
past six months). Individuals with hypertension', high
blood pressure'*, obesity (body mass index of 30 kg/m? or
greater), and those with electrocardiogram abnormalities
detected during rest were excluded. The study followed

the CONSORT guidelines®.
Measurements and procedures

A clinical interview was conducted to identify any
exclusion factors. Electrocardiographic monitoring was
performed continuously at rest using the Dixtal 2023°
multiparametric monitor (Amazoénia, Brazil).

Assessment of respiratory muscle strength

Inspiratory muscle strength was assessed via
maximum inspiratory pressure (MIP) using a digital
manovacuometer (GlobalMed®). While seated, volunteers
were instructed to perform a maximal inspiratory effort
following complete expiration, maintaining the effort for
at least one second. This procedure was repeated trice, with
no more than a 10% variation between measurements.
'The highest absolute value recorded was considered the
MIP*. Expiratory muscle strength was similarly assessed
by requesting a maximal expiratory effort using the same
procedure. Predicted values for MIP and maximum
expiratory pressure (MEP) were calculated based on
age and sex using previously described equations®.

Inspiratory muscle exercises

In total, four sessions were conducted on separate
days with at least 72 hours between each, using the
Powerbreathe” device. The intensities used were 30%, 40%
(eight sets of two minutes with a one-minute interval)',
and 60% of MIP (four sets of two minutes with a one-
minute interval), along with a sham session (no inspiratory
load) involving eight sets of two minutes with a one-
minute interval. The order of sessions was randomized
using a website, and volunteers were not informed of the
session they would undergo beforehand. Additionally,
participants were instructed to perform diaphragmatic
breathing, maintaining a respiratory rate (RR) of 12 to
15 breaths per minute, which was monitored via feedback
from the evaluator (Figure 1).

Familiarization and instructions

A familiarization session was conducted using the
device with no load, while volunteers wore a nasal clip
and controlled their respiratory rate (RR). Volunteers were
instructed in the diaphragmatic breathing technique and
were advised to avoid consuming alcoholic and cafteinated
beverages, refrain from intense physical exercise for
24 hours before the sessions and have a light meal at
least one hour before the assessment.



Figure 1. Experimental protocols
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IME: Inspiratory Muscle Exercise; MIP: Maximum Inspiratory Pressure; RR: Respiratory Rate

Assessment of HRV

Heart rate variability (HRV) was assessed by recording
the interbeat intervals (IBIs) using infrared digital
photoplethysmography (FinometerPro). Measurements
were taken for 10 minutes at rest and for 60 minutes
during post-exercise recovery to analyze the effect of
the different sessions on cardiac autonomic modulation
(CAM). The last five minutes of each period were analyzed,
with the baseline considered from minute 5 to 10 and
recovery periods from 10 to 15 minutes, 25-30 minutes,
40-45 minutes, and 55-60 minutes.

Protocols

During the first visit, participants underwent a
clinical interview, anthropometric measurements,
electrocardiogram, respiratory muscle strength assessment,
and familiarization with the procedures. From the second
to the fifth visit, the interbeat intervals (IBIs) were
recorded at rest, followed by IME sessions according to
volunteers’ randomization.
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Pulse interval signal processing

The time series data were transferred to Kubios
HRYV Analysis software (version 3.1.0) for estimation
of heart rate (HR) and heart rate variability (HRV)
measurements in the time domain (TD): IBIs, standard
deviation of NN intervals (SDNN), root mean square
of successive NN interval differences (RMSSD), and
the percentage of NN interval pairs that differ by
more than 50 ms, divided by the total number of NN
intervals (pNN50).

In the frequency domain (FD), power spectral density
was estimated using the Fast Fourier Transform?
'The trend component of the NN interval time series was
removed using a pre-smoothing technique®!. The following
metrics were estimated in the FD: total power, power in
the low-frequency spectral band (LF; 0.04-0.15 Hz) in
absolute units (ms®) and normalized units (n.u.), power
in the high-frequency spectral band (HF; 0.15-0.4 Hz)
in ms? and n.u., and the LF/HF ratio®.



Statistical analysis

'The assumption of normality was assessed using the
Shapiro-Wilk test.

A two-factor repeated measures analysis of variance
(ANOVA) was employed to evaluate the effect of the
intervention on HRYV, comparing exercise sessions
and pre- and post-exercise periods. When significant
diftferences were identified, ANOVA was followed by
Bonferroni post-hoc tests. Mauchly’s test of sphericity
was conducted, and Huynh-Feldt corrections were applied
when necessary. The significance level was set at 5%. Effect
sizes were analyzed using partial eta squared (np?), with
small effect sizes defined as values between 0.01 and 0.06,
medium effects between 0.07 and 0.14, and large effects
for values greater than 0.14. Additionally, the observed
power of the statistical analyses was calculated. All tests
were performed using SPSS version 20.0.0.

RESULTS

Figure 2 shows participant entry and exclusion
criteria. Table 1 describes the physical, demographic, and

respiratory muscle strength characteristics of the sample.

Figure 2. Flow chart
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Table 1. Sample characterization

Parameter Group (N=15)

Age (years) 25+47
BMI (Kg/m2) 235+33
MIP (cmH,0) -112.9 + 31.9
Predicted MIP (%) 1352 £ 3.8
30% MIP (cmH,0) 339+96
40% MIP (cmH,0) 451+£128
60% MIP (cmH,0) 67.7 £191
MEP (cmH,0) 132.4 + 28.8
Predicted MEP (%) 145.0 £ 3.8

Values are presented as mean + standard deviation. BMI: body mass index; MIP: maximal inspiratory
pressure; Predicted MIP: maximal inspiratory pressure predicted by age; MEP: maximal expiratory
pressure; Predicted MEP: maximal expiratory pressure predicted by age.

HRV response between different IME intensities

Heart rate values decreased significantly throughout the
entire recovery period compared to baseline for all intensities
(time: P<0.01; r]p2=0.569; observed power: 1.000; group:
P=0.360; r]P2=0.O73; observed power: 0.275) (Figure 3A).
Meanwhile, the RR intervals increased throughout the
recovery period (time: P<0.01; r]P2=0.633; observed power:
1.000; group: P=0.388; r]p2=0.069; observed power: 0.260)
(Figure 3B). The RMSSD showed significantly higher
values compared to baseline at 30,45, and 60 minutes for
all intensities (time: P=0.004; r]P2=O.280; observed power:
0.898; group: P=0.262; np2=0.090; observed power: 0.340)
(Figure 3D). Additionally, pPNN50 exhibited increased
values compared to baseline at 15,30, and 45 minutes for
all intensities (time: P<0.01; r]P2=O.345; observed power:
0.994; group: P=0.244; r]p2=0.093; observed power: 0.354)
(Figure 3E). Notably, no difference was found regarding
the different intensities evaluated for all the above variables.

Regarding the frequency domain HRV indices,
no significant changes were found for low-frequency
(LF) (ms®) (time: P=0.761; np*=0.025; observed power:
0.110; group: P=0.355; np®=0.073; observed power:
0.255) (Figure 4B) and high-frequency (HF) (ms?)
(time: P=0.375; np?=0.071; observed power: 0.269;
group: P=0.437; np?=0.062; observed power: 0.236)
(Figure 4C). Similarly, there were no significant changes
for LF (normalized units, n.u.) (time: P=0.682; np®=0.037;
observed power: 0.156; group: P=0.511; np®=0.053;
observed power: 0.203) (Figure 4D) and HF (n.u.)
(time: P=0.734; np®=0.032; observed power: 0.142; group:
P=0.500; np*=0.054; observed power: 0.208) (Figure 4E).
Additionally, the LF/HF ratio showed no significant
differences at any point, indicating no variation between
intensities (time: P=0.539; np®=0.044; observed power:
0.151; group: P=0.232; np®=0.096; observed power: 0.364)
(Figure 4F).



Figure 3. Comparison of time domain variables
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Figure 4. Comparison of frequency domain variables
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DISCUSSION

Our main findings indicate that, regardless of the
workload applied, there was an increase in HRV measures
reflecting cardiac vagal modulation during the post-IMT
recovery period. Specifically, increases in the RMSSD
and pNN50 were observed at 15, 30, and 45 minutes
of recovery, demonstrating parasympathetic dominance
in the post-exercise period. Additionally, a decrease in
HR compared to baseline was noted throughout the
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60 minutes of recovery, along with an increase in RR
intervals. This reduction in HR supports the findings of
increased parasympathetic indices.

Previous studies suggest that the effect of IMT on cardiac
autonomic control may be influenced by the workload
applied'®’. Acutely, IMT at 60% of MIP compared to
30% of MIP showed greater MAC in healthy individuals,
with an increase in LF (n.u.) and a significant decrease in
HF (n.u.) for the 60% MIP workload during the recovery

period . However, since the protocol used was identical



for both intensities (comprising cycles of 30 breaths with
30-second intervals over a total duration of 15 minutes)
the total work performed at the 60% MIP intensity was
greater. Thus, their results should be interpreted with
caution. In contrast, comparing different workloads of 30%,
60%, and 80% of MIP for four minutes of effort, separated
by five minutes of rest, showed that lower workloads are
capable of promoting greater autonomic gains through
parasympathetic modulation in older adults™.

To equalize the work and verify the effect of IMT
intensity on CAC, specifically on HRV, we performed a
sub-analysis comparing 30% and 60% MIP intensities with
equalized work. We found no differences in autonomic
response (AR) across any of the variables compared between
groups (data not shown). This result suggests that, at least
from an autonomic perspective, IM T appears to influence
cardiac AR without the workload having a significant effect.

Notably, the sham session (no load) showed an increase
in time domain variables, which can be partially explained by
the controlled respiratory rate during the session. It is well-
established that breathing directly affects HRV values®?*.
'This phenomenon, described as respiratory sinus arrhythmia,
occurs when HRV is synchronized with breathing, leading to
RR intervals shortening during inhalation and lengthening
during exhalation®. Thus, controlling the respiratory rate
during the sham IMT session may have contributed to
the observed reduction in HR and the increase in vagal
indices during the recovery period.

It is important to note that this study maintained RR
within a respiratory pattern considered normal. This leads
us to interpret that IMT applied to this population at
different intensities may have contributed to a change in
MAC, primarily justified by RR control. After exercise,
there is a phenomenon described in the literature as
bradycardia, in which HR values may fall below baseline

levels?®27

,as observed in this study. This observation further
supports the notion that IMT may effectively promote
beneficial outcomes within the cardiac autonomic system
of these individuals.

Understanding the effects generated by different
IMT intensities on CAC, particularly during the post-
exercise recovery period, is crucial, as this is when cardiac
physiological adjustments occur in response to the physical
exercise session. Such insights can contribute to clinical
practice by enabling safer IMT prescriptions tailored
to the treated population. Our findings suggest that,
regardless of the workload applied, there is an activation
of the autonomic nervous system, indicating that this
exercise modality may be safe, as it demonstrated increased

parasympathetic indices during recovery without posing
risks to the cardiovascular system. Therefore, knowing
that higher loads yield greater results in other variables
and do not impair cardiac autonomic response (CAR),
the application of this modality becomes feasible. However,
the literature on this subject remains limited, and the
protocols used vary significantly, leading to discrepant
results that complicate drawing firm conclusions.

Study limitations

One potential limitation of our study is its small
sample size, which means our outcomes should be
cautiously interpreted and not generalized to other
populations or age groups. Furthermore, we did
not measure the volume during the IMT sessions,
nor did we control the durations of inspiration and
expiration. To mitigate these biases, we maintained
the respiratory rate between 12 and 15 breaths per
minute (bpm). Therefore, we believe these limitations
did not significantly impact the results.

CONCLUSION

Regardless of the intensity applied during the
IMT sessions, we observed similar cardiac autonomic
responses in the post-exercise recovery period in healthy
adults. This was reflected in a comparable increase in
parasympathetic cardiac autonomic modulation, with no
changes in sympathetic cardiac autonomic modulation

during this period.
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