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Abstract : Inspiratory muscle training (IMT) is widely recognized as an effective
strategy to improve cardiorespiratory efficiency, increase functional capacity, and modulate the
autonomic nervous system in both healthy individuals and those with chronic conditions. In the
field of sports, IMT has gained growing interest in its potential to optimize physical performance
and enhance recovery following intense physical efforts. Therefore, this study aimed to evaluate
the effects of a short IMT protocol on relevant physiological parameters in amateur runners.
Forty recreational runners (20 men and 20 women; 35.33 + 6.13 years; 69.77 + 11.02 kg; 168.70 +
8.86 cm; 24.43 +2.55 kg/m?) were randomly assigned to an intervention group (n =20) or a control
group (n = 20). The intervention consisted of 5 minutes of daily training at 50% maximal
inspiratory pressure (MIP) for 10 consecutive days. Maximal Oxygen Consumption (VO,max),
Second Ventilatory Threshold (VT>), MIP, and heart rate variability (HRV), specifically the root
mean square of successive differences (RMSSD), were assessed. Baseline characteristics did not
differ significantly between groups, except for age (p = 0.012). Significant time group interactions
were found for VO,max, VT,, RMSSD, and MIP (all p <0.001). Compared with the control group,
the IMT group showed greater improvements in VO,max (+2.87 ml/kg/min ; d =0.59), VT, (+2.61
ml/kg/min; d = 0.68), RMSSD (+5.69 ms; d = 0.58), and MIP (+15.48 cmH,0O; d = 1.71). Increases
in MIP correlated positively with changes in VO,max (rho = 0.74), VT, (rho = 0.77), and RMSSD
(rho = 0.71; all p < 0.001). These findings support the efficacy of short-duration IMT as a
complementary tool to improve cardiorespiratory performance and autonomic modulation in
recreational athletes, without requiring long periods of intervention.

Keywords : Inspiratory training; Heart rate variability; Aerobic exercise; Ventilatory threshold;
Oxygen consumption.
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1. Introduction

In recent years, respiratory muscle
training has gained relevance as an
effective method to improve the strength
and endurance of the respiratory muscles
across various populations, including
professional and recreational athletes, as
well as patient with health conditions
(Ferraro et al., 2025; HajGhanbari et al.,
2013). The inspiratory muscles, particularly
the diaphragm, play crucial role in the
respiratory system and are susceptible to
fatigue during intense physical exercise,
which can activate metaboreflex and lead to
vasoconstriction, thereby reducing blood
flow to the working locomotor muscles
(Romer & Polkey, 2008). This redirection of
blood flow between respiratory and
locomotor muscles has been identified as a
limiting factor for exercise capacity and
aerobic performance (Lima et al, 2025 ;
Ogoh, 2025).

During sustained exercise,
ventilatory demand rises significantly in
response to increased metabolic activity,
helping to maintain arterial blood gas levels
and acid base balance (Phillips et al., 2020).
If the respiratory muscles are not
adequately conditioned, this increased
demand can lead to diaphragmatic fatigue,
which in turn may compromise oxygen
delivery to the peripheral muscles (Archiza
et al., 2018). However, strengthening these
muscle groups through specific training
can reduce fatigue and improve ventilatory
efficiency (Illi et al., 2012 ; Shei, 2018).
Recent studies have shown that inspiratory
muscle training (IMT) can elevate
ventilatory  thresholds and increase
maximal oxygen uptake (VO,max) in both
elite and recreational athletes (Kowalski et
al., 2023 ; Ren et al., 2025).

In parallel, heart rate variability
(HRV) has emerged as a non-invasive
biomarker of autonomic nervous system
function, reflecting the balance between the
sympathetic-parasympathetic activity
(Ishaque et al, 2021). Time domain
parameters, such as the standard deviation
of normal R-R intervals (SDNN) and the
root mean square of successive differences

(RMSSD), are indicators associated with
vagal autonomic activity (Michael et al,,
2017). In this context, previous studies have
also indicated that IMT can positively
influence HRV, promoting beneficial
adaptations in autonomic nervous system
regulation (Cipriano et al., 2019 ; Ladrifan-
Maestro et al., 2024; Legg Ditterline et al.,
2018; Rodrigues et al., 2021).

Running has become increasingly
popular worldwide, with a growing
number of recreational participants
training and competing across various
distances (Boullosa et al., 2020). At higher
intensities and over longer durations,
running imposes substantial physiological
demands on the body, with the respiratory
system playing a crucial role in meeting
these requirements (Tiller, 2019). HRV has
been shown to be a useful parameter for
monitoring the training load in amateur
runners, as it reflects the body’s adaptations
and responses to these stresses (Boullosa et
al., 2020). Early research has suggested that
the use of IMT, when performed for more
than four weeks, can lead to improvements
in respiratory muscle function and running
performance (Inbar et al, 2000 ;
Mickleborough et al.,, 2010; Ogawa etal.,
2020 ; Ren et al., 2025). Although there are
limited studies that include shorter training
protocols, limiting their applicability in
time-constrained programs, an approach
that could be particularly beneficial for
amateur runners (Ogawa et al., 2020). Such
shorter approaches may have implications
for the development of accessible, efficient,
and low-cost interventions. Therefore, the
study aimed to determine whether a 10-day
IMT protocol, performed alongside regular
aerobic training, can generate significant
physiological changes in amateur runners,
specifically in VO,max, second ventilatory
threshold (VT:), maximal inspiratory
pressure (MIP), and HRV.

2. Materials and Methods

Participants—  Forty =~ amateur
runners (20 men and 20 women; age: 35.33
+ 6.13 years; weight: 69.77 + 11.02 kg ;
height: 168.70 + 8.86 cm ; body mass index
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[BMI]: 24.43 £ 2.55 kg/m? ) all aged between
25 and 40 years and with at least 12 months
of experience in continuous aerobic training
experience, participated in the study.
Inclusion criteria required participants to
have no history of cardiovascular,
respiratory, or musculoskeletal health
conditions that could limit their running
performance. Using a  convenience
sampling approach, as they were readily
accessible to the research team through
their affiliation with a local running club.
The participants were selected and
randomly divided into two groups : IMT
group (n = 20) and control group (n = 20).
Prior to participation, all participants were
informed both with a written and oral
explanation about the potential risks and
benefits of participation in the study. Each
participant then provided a written
informed consent form, following the
Declaration of Helsinki (2013). The study
was conducted in accordance with the
ethical standards outlined in the
Declaration of Helsinki for research
involving human subjects.

Procedure—  Initial and post-
intervention physiological assessments
included the evaluation of autonomic
function through HRYV, recorded using a
chest-strap heart rate monitor (Polar H10,
Kempele, Finland). Upon awakening,
participants were instructed to maintain the
supine position and breathe normally for 5
minutes while their heart rate was recorded
(Nakamura et al., 2016). HRV data were
analyzed using the validated Kubios
software (Kuopio, Finland; see
http://www kubios.com/) (Tarvainen et al.,
2014). The RMSSD parameter was analyzed
and used as an index of parasympathetic
modulation (Ishaque et al, 2021). An
assessment of MIP was performed using a
Power Breathe KH2 respiratory training
device (Powerbreathe®, IMT Technologies
Ltd., Birmingham, England). Participants
were instructed to perform three maximal
inspiratory efforts from a residual volume
against an occluded airway, sustaining
each maneuver for at least 1 second. The
highest pressure value recorded in cmH,O
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was recorded for analysis (Laveneziana et
al., 2019). Finally, a cardiopulmonary
exercise test was implemented using an
incremental treadmill protocol (Riboli et
al.,, 2022). The variables VO,max and the
VT, were determined using a breath-by-
breath Cortex Metalyzer 3B gas analyzer
system (Leipzig, Germany). VO,max was
determined as the average of maximum
oxygen consumption 157 during the last 30
seconds of the test 158 (Midgley et al., 2007),
and VT, was identified 159 using the
method of ventilatory equivalents 160 and
end-expiratory partial pressures of oxygen
(PetO,) and carbon dioxide (PetCO,) (Glaab
& Taube, 2022). Both groups continued
their regular aerobic training regimen,
consisting of three weekly sessions
comprising 8-10 kilometers of volume-
based exercise at moderate intensity,
corresponding to approximately 60% of the
theoretical maximum heart rate. The IMT
group performed an inspiratory strength
protocol using a respiratory training device
set at 50% of MIP for 5 minutes daily over
10 consecutive days. The protocol was
conducted in a seated position, with
participants ~ maintaining  continuous,
controlled breathing throughout the 5-
minutes period. All sessions were
supervised by a member of the research
team to ensure correct execution of the
protocol, and adherence was monitored
through daily attendance records. Only
participants who completed all sessions
were included in the final analysis. The
control group did not perform additional
respiratory training and only maintained
their usual running training protocol.
Statistical Analysis— The statistical
analysis was performed using the JASP
software, v0.19.3 (University of
Amsterdam, Amsterdam, Netherlands),
while graphs were elaborated with
GraphPad Prism v8.0.1 (San Diego, CA,
USA).  Descriptive  analyses  (mean,
standard deviation) were performed for all
variables. Normality was assessed with
the Shapiro Wilk test and homogeneity of
variances with the Levene test. An
unpaired t-test was used to compare
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baseline characteristics between the two
participant groups. A two-way (time x
training group) analysis of variance
(ANOVA) with repeated measures (pre vs
post), with a Bonferroni post hoc test, was
conducted. Effect size (Cohen's d) and their
[95% (]
determined, according to the following
values : “very small” (d <0.20), “small” (d =
0.20-0.49), “medium” (d = 0.50-0.79), or
“large” (d = 0.80) (Cohen, 1988).
Correlations  between changes in MIP,
VO;max, VT, and HRV were explored
using the Spearman test. The level of
statistical significance was set at p < 0.05.

confidence intervals were

3. Results
the

participants are presented in Table 1. No

Baseline characteristics of

significant ~ differences were observed
between the groups for BMI, previous
training time, VO,max, VT, RMSSD, or
MIP (p > 0.05). Age was the only variable
that showed a statistically significant
difference between groups (p = 0.012; d =

0.83[0.17, 1.47]).

Table 1. Baseline features of the participants.

Control Group IMT p value
Age (years) 32.95+5.17 37.70 +6.22 0.012
Height (cm) 168.80 +9.20 168.60+8.75  0.944
Body mass (kg) 69.72 +11.04 69.83+11.28  0.977
BMI (kg/m?) 24.44 +2.89 24.41+2.23 0.970
Training time (months) 39.25+13.84 34.05+10.78  0.193
VO,max (ml/kg/min) 40.67 +4.84 41.14+4.80 0.757
VT, (ml/kg/min) 29.88+4.45 29.89 +3.28 0.987
RMSSD (ms) 45.47 +9.03 43.87+10.70  0.611
MIP (cmH,0) 100.44 +10.23 99.76 + 6.91 0.806

Notes: Body mass index (BMI), maximal oxygen uptake
(VO,max), second ventilatory threshold (VT5), root mean
square standard deviation of the R-R intervals (RMSSD),
and maximal inspiratory pressure (MIP).

A significant interaction effect between
time and training groups was identified for
VO,max (F =81.60; p <0.001; n?,=0.68), VT,
(F=100.27; p < 0.001; n?, = 0.73), RMSSD (F
=115.97; p < 0.001; n?, = 0.70), and MIP (F =
538.88; p < 0.001; %, = 0.93). As shown in
Figure 1, the IMT group exhibited a
significant increase in VO,max of 2.87
ml/kg/min (p < 0.001; 4 = 0.59 [0.38, 0.81])
and in MIP of 15.48 cmH,O (p < 0.001; d =
1.71 [1.15, 2.31]), both corresponding to
medium effect sizes. Although the control
group also showed significant differences
in these variables, the observed effect sizes
were small, with an increase of 0.67
ml/kg/min in VO,max (p = 0.002; d = 0.14
[0.03, 0.25]) and 2.24 cmHO in MIP (p =
0.001; d = 0.25 [0.07, 0.44]). Additionally,
IMT group resulted in significant changes
with medium effect sizes in VT,, with an
increase of 2.61 ml/kg/min (p < 0.001; d =
0.68 [0.43, 0.93]), and RMSSD, with an
increase of 5.69 ms (p <0.001; d = 0.58 [0.37,
0.79)).
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Figure 1. Effect of inspiratory muscle training protocol on
physiological parameters, including (a) maximal oxygen
uptake (VO,max); (b) maximal inspiratory pressure (MIP);
(¢) second ventilatory threshold (VT,); and (d) root mean
standard deviation of the R-R intervals (RMSSD). Grey
bars indicate the control group, while green bars represent
the IMT group ; before (pre) and after (post) intervention.
Within-group differences are represented as ** p < 0.01; ***
p <0.001. Between-group differences are represented as ###
p<0.001

The association between the rate of change in
MIP and the variations observed in the other
variables was analyzed. As is exhibited in
Figure 2, positive and significant correlations
were identified (p < 0.001) between the
increase in MIP and changes in VO,max (rho
= 0.74), VT, (rho = 0.77), and RMSSD (rho =
0.71).
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Figure 2. Association between differences (A) of maximal
inspiratory pressure (MIP) and (a) maximal oxygen uptake
(VO;max) ; (b) second ventilatory threshold (VT3) ; and (c)
root mean square standard deviation of the R-R intervals
(RMSSD). The correlation index is represented by the rho
value

4. Discussion

This study examined whether a
short 10-day IMT program, combined with
regular aerobic training, improves VO,;max,
VT,, MIP, and HRV in amateur runners.
The results of this study indicate that even
a brief IMT protocol caninduce meaningful
physiological ~ adaptations in amateur
runners. In particular, the observed
increase in VO.max and VT, suggests an
improvement in cardiorespiratory
efficiency, coinciding with previous
findings that used longer IMT interventions
and similar devices in distance runners
(Kowalski et al., 2023 ; Rozek-Piechura et
al.,  2020). Strengthening inspiratory
muscles such as the diaphragm and internal
intercostals is thought to reduce respiratory
muscle fatigue, thereby improving
redistribution of blood flow to the
locomotor muscles (Dempsey et al., 2006 ;
Torres-Castro et al., 2025). This mechanism
is particularly relevant during prolonge
exercise, where competition for blood flow
between systems can limit performance.
The improvement of MIP by more than 15
cmH,O in the intervention group aligns
with previous studies reporting
comparable gains with longer training
duration protocols (llli et al., 2012).

Regarding the autonomic modulation, the
observed increase in RMSSD reflects an
enhancement of parasympathetic activity,

which is associated with improved
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recovery capacity and reduced
cardiovascular strain (Cipriano et al., 2019).
These changes in HRV parameters are
likely mediated by modulation of the
respiratory muscle metaboreflex, leading to
increased parasympathetic tone and
concurrent reduction in sympathetic
activity (de Abreu et al., 2017 ; Witt et al.,
2007).  Such  favorable  autonomic
adaptation may be particularly beneficial
for recreational athletes who lack access to
advanced monitoring technologies but seek
to improve performance through simple
and cost-effective strategies.  Previous
studies have shown that IMT using high-
intensity =~ breathing devices can
significantly enhance respiratory muscle
strength and overall physical performance
in endurance athletes. Rozek-Piechura et al.
(2020) reported notable improvements in
long-distance runners, while protocols
using training devices have also been
shown to improve spirometric parameters,
respiratory muscle strength, and overall
physical performance in long-distance
runners (Okrzymowska et al, 2025).
Similarly, Ogawa et al. (2020) examined a
shorter IMT protocol (i.e., 4 weeks) and
observed increased inspiratory muscle
strength and reduced work capacity under
hypoxic conditions in university-level
runners. The findings of the present study
extend this evidence, demonstrating that
even a brief 10- day IMT intervention can
elicit significant physiological adaptations.
While traditional IMT protocols are
implemented over at least four weeks;
however, our results suggest that
meaningful improvements can be achieved
in a much shorter timeframe. This short-

term approach offers a practical alternative

for use during pre-competitive phases or as
a  complementary  strategy  within
rehabilitation and functional training
programs (Chang et al., 2025 ; Ren et al,,
2025). Although the control group
exhibited statistically significant changes in
VO,max and MIP, the associated effect
sizes were small, indicating that the
magnitude of these changes was limited.
These results may be partially explained by
the continuation of their habitual
endurance training could have elicited
slight improvements, consistent with
previous findings reporting increases in
MIP and aerobic capacity following
conventional endurance protocols
(Dunham & Harms, 2012 ; Ogawa et al.,
2020).

A key limitation of this study is the
relatively small sample size (n = 40), which
may limit the generalizability of the
findings and reduce the statistical power to
detect smaller effects. In addition, the use of
convenience sampling from an accessible
population may further restrict the broader
applicability of the findings. In addition,
the absence of long term follow-up
prevents assessment of whether the
observed adaptations are maintained over
time. In complement, the protocol did not
include progressive load adjustments,
which may have influenced the outcome,
although this decision was made to
preserve the ecological validity of the
intervention.  Finally, the lack of
standardization of participants’ baseline
training characteristics, together with the
significant age differences observed
between groups, may have introduced
potential confounding effects and

therefore require cautious interpretation of
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the findings. Despite these constraints, the
immediate effects observed provide a basis
for future research to evaluate the duration
of the effects and their applicability in other
populations such as older adults,
individuals with chronic diseases, and elite
athletes. Future studies should address
these limitations by incorporating
longitudinal follow-up, controlling training
background, and exploring whether higher
training intensities could produce similar
or greater benefits over short timeframes, as

suggested by the present findings.

5. Practical Applications.

The findings of this study indicate
that a short-duration IMT protocol—
consisting of 5 minutes per day at 50% of
MIP for 10 consecutive days—can lead to
significantimprovements in key
physiological variables, including VO,max,
VT, MIP, and HRYV, specifically the RMSSD
index, in recreational runners. These results
support the use of brief IMT as an effective,
low-cost, and easily implementable
strategy to enhance cardiorespiratory
performance and autonomic modulation
without requiring prolonged training
interventions. Such a protocol can be
integrated into regular training schedules,
particularly during general preparation
periods, recovery phases, or weeks with
reduced  training load, providing
physiological benefits without increasing
overall workload. Consequently, coaches,
trainers and healthcare professionals may
consider incorporating short-duration IMT
as a complementary approach to improve
endurance performanceand post-exercise

recovery in recreational runners.

Espinoza-Salinas et al.

6. Conclusions

Brief IMT (5 minutes daily at 50%
of MIP for 10 days) proved effective in
improving VO.,max, VT, MIP, and RMSSD
in amateur runners. This type of
intervention represents a simple, low-cost
complement to traditional aerobic training,
capable of enhancing performance and
autonomic recovery with minimal time and

resources.
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