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Abstract

Background: Athletic performance is influenced by multiple physiological factors, including respiratory
muscle function. During prolonged or high-intensity exercise, inspiratory muscle fatigue may reduce
oxygen delivery to the working muscles, resulting in decreased exercise capacity and athletic
performance. Inspiratory Muscle Training (IMT) has emerged as a non-invasive intervention aimed at
improving respiratory muscle strength and endurance.

Objective: To review the effectiveness of Inspiratory Muscle Training in improving physical
performance among healthy athletes.

Methodology: A narrative review was conducted using articles published between 2015 and 2026.
Electronic databases including PubMed, Google Scholar, and ResearchGate were searched using
keywords related to inspiratory muscle training and athletic performance. Studies involving healthy
athletes aged 18-35 years, including randomized controlled trials, systematic reviews, and meta-
analyses, were included. Outcome measures included pulmonary function (FEV1, FVC, MVV/MSVC),
maximal inspiratory pressure (MIP), VO2max, exercise capacity, Rating of Perceived Exertion (RPE),
blood lactate concentration, respiratory muscle endurance, and sports performance.

Results: A total of 14 studies were included in this review. The findings consistently demonstrated that
IMT significantly improves maximal inspiratory pressure, inspiratory muscle endurance, exercise
tolerance, and sports-specific performance. Athletes also showed reduced respiratory muscle fatigue,
dyspnea, blood lactate accumulation, and perceived exertion during exercise. Most studies reported
minimal changes in resting pulmonary function, indicating that the performance benefits of IMT are
mainly due to improved respiratory muscle function rather than changes in lung volumes.
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Conclusion: Inspiratory Muscle Training is a safe, practical, and evidence-based intervention that
enhances respiratory muscle strength, delays respiratory muscle fatigue, improves exercise tolerance,
and optimizes athletic performance in healthy athletes. IMT can be incorporated into routine sports
conditioning programmes by physiotherapists, coaches, and sports scientists to improve athletic
performance. Further high-quality randomized controlled trials are recommended to establish
standardized training protocols for different sporting disciplines.

Key Words: Athletic Performance, Exercise Capacity, Exercise Performance, Inspiratory Muscle
Endurance, Inspiratory Muscle Training (IMT), Rating of Perceived Exertion (RPE).

1. Introduction

Athletic performance is a concept that reflects an athlete's ability to perform physical activities
efficiently while maintaining optimal physiological function. Performance is influenced by several
components, including muscular strength, endurance, power, flexibility, agility, neuromuscular
coordination, cardiovascular fitness, metabolic efficiency, psychological preparedness and respiratory
function 1,2. Traditionally, sports training has focused primarily on improving skeletal muscle strength
and cardiovascular endurance. However, growing evidence suggests that the respiratory muscles also
play an important role in determining exercise capacity and sports performance, particularly during
prolonged or high-intensity exercise 1,4.

The respiratory muscles consist primarily of the diaphragm, external intercostal muscles, internal
intercostals, abdominal muscles, sternocleidomastoid, scalene muscles, pectoralis major and minor, and
other accessory muscles of inspiration and expiration. During exercise, these muscles work continuously
to maintain adequate ventilation and meet the increasing oxygen demands of the body while facilitating
the removal of carbon dioxide. During maximal exercise, respiratory muscles account for approximately
10-15% of total oxygen consumption and receive nearly 15% of cardiac output. Consequently, fatigue of
these muscles may reduce oxygen availability to the exercising limb muscles, resulting in early fatigue
and impaired athletic performance3,5.

The diaphragm at rest performs only a small fraction of the body's total metabolic work, but as
ventilation rises during heavy exercise the oxygen cost of breathing increases disproportionately.
Because the diaphragm and intercostal muscles are ordinary skeletal muscle, sustained high-intensity
contraction can produce measurable fatigue, particularly in events lasting more than several minutes 3.

IMT applies an external resistive or pressure-threshold load to the diaphragm and accessory inspiratory
muscles during inhalation. Unlike general aerobic or resistance conditioning, IMT selectively targets the
ventilatory pump, so it can be layered onto an athlete's existing programme without materially adding to
peripheral training load 2. IMT is most commonly delivered through handheld pressure-threshold or
resistive-flow devices that create an inspiratory load the athlete must overcome with every breath,
typically for a fixed number of maximal efforts once or twice daily. Voluntary isocapnic hypercapnia
(VIH) is an alternative, endurance-based approach that combines high-frequency breathing with partial
carbon dioxide rebreathing to maintain normocapnia.
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A central mechanism linking IMT to improved performance is the inspiratory muscle metaboreflex
(IMM): as metabolites accumulate in fatiguing inspiratory muscles, type Il and IV phrenic afferents
trigger sympathetically mediated vasoconstriction in the limbs, redirecting blood flow toward the
diaphragm and away from exercising skeletal muscle. This can accelerate peripheral fatigue and impair
performance. By strengthening the inspiratory muscles and delaying the onset of fatigue, IMT is thought
to postpone activation of this reflex and thereby preserve oxygen delivery to the working limb muscles.

Across the studies reviewed, protocols generally span four to eight weeks, performed three to six times
weekly, with one to two sessions per day of approximately 30 inspiratory efforts, starting at roughly 30-
50 percent of MIP and progressing to 60-80 percent of MIP as strength improves. Meaningful gains in
MIP have been reported within as little as four weeks, though longer blocks of six to eight weeks tend to
produce more consistent transfer to performance outcomes.

The most widely adopted chronic IMT protocol consists of 30 inspiratory breaths performed twice daily
at 50% of maximal inspiratory pressure (MIP), 5-7 days per week for 6-8 weeks, with progressive
increase in resistance as inspiratory muscle strength improves. In contrast, the acute inspiratory muscle
warm-up (IMW) protocol, commonly used before training or competition, involves two sets of 30
breaths at 40% MIP separated by one minute of rest.

2. Need of Study

Athletic performance depends not only on cardiovascular and musculoskeletal fitness but also on the
efficiency of the respiratory muscles, particularly during prolonged and high-intensity exercise.
Respiratory muscle fatigue can impair ventilation, increase the perception of dyspnea, activate the
inspiratory muscle metaboreflex, and reduce blood flow to the working limb muscles, ultimately
compromising exercise performance.

A focused up-to-date narrative synthesis is therefore needed to consolidate this recent evidence on IMT
benefitting performance of athletes in various disciples, and give physiotherapists and sports scientists a
practical, evidence-based framework for incorporating IMT into athletic conditioning.

Objective
To review the effectiveness of Inspiratory Muscle Training (IMT) in improving the physical
performance among healthy athletes

Methodology
Study Type: Narrative Review
Search Strategy: Sources of Data: PubMed, Google Scholar, ResearchGate,

Key Words: Respiratory Muscle Training, Inspiratory Muscle Warm-up, Inspiratory Muscle Endurance,
Athletic Performance, Sports Performance, Exercise Performance, Exercise Capacity

Outcome Measures: Pulmonary Function (FEV1, FVC, MVV/MSVC), Exercise Capacity (VO2max),
Rating of Perceived Exertion (RPE), Blood Lactate Concentration.
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Inclusion Criteria

Studies published in English between 2015 and 2026 with full-text availability.

Studies involving healthy male and female athletes aged 18-35 years.

Studies involving athletes from endurance, team, racquet, combat, aquatic, strength, power and
mixed sports.

Studies evaluating Inspiratory Muscle Training (IMT) using pressure-threshold devices, resistive
breathing devices, electronic inspiratory muscle trainers, voluntary isocapnic hyperpnea (VIH), or
inspiratory muscle warm-up (IMW).

Studies in which IMT was administered alone or in combination with routine sports training.

Studies reporting outcomes related to athletic performance, including maximal inspiratory pressure
(MIP), inspiratory muscle endurance, VO2max, exercise capacity, time to exhaustion, time-trial
performance, peak power output, pulmonary function, respiratory muscle fatigue, rating of perceived
exertion (RPE), dyspnea, and recovery following exercise.

Studies based on PRISMA guidelines Systematic review, Meta analysis, Randomised controlled
trials (RCTs), systematic reviews, and meta-analyses.

Exclusion Criteria

Studies involving athletes below 18 years or above 35 years.

Studies evaluating expiratory muscle training alone, diaphragmatic breathing or general exercise
programmes without a structured inspiratory muscle training component.

Studies that did not report athletic performance or exercise performance outcomes.

Studies that are non-English, full text publications.
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Procedure

( IDENTIFICATION |

Records identified through database searching
(PubMed, PEDro, Cochrane Library, Scopus,
Web of Science and Google Scholar)

(n = 50)

!

Duplicate records removed
(n = 8)

) 4

| SCREENING |

Records screened (Title and Abstract)

(n =42)
Records excluded Full-text articles assessed
(n = 20) for eligibility
(n = 22)

!

(  ELIGIBILITY |

Full-text articles excluded (n = 10)
e Wrong study population (n = 3)
e No IMT intervention (n = 2)
e No athletic performance outcome (n = 2)
e Review/Editorial/Case report (n = 2)

e Full text unavailable (n = 1)

)

( INCLUDED |

Studies included in the Narrative Review

(n=12)
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3. Review of Literature
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4. Result

A comprehensive literature search identified relevant studies evaluating the effects of Inspiratory Muscle
Training (IMT) on athletic performance. Following the application of the inclusion and exclusion criteria
and the study selection process, 14 studies were included in this narrative review. These studies
consisted of systematic reviews, meta-analyses, randomised controlled trials and experimental studies
involving athletes from various sporting disciplines, including football, cycling, rowing, swimming,
middle-distance running and other endurance and intermittent sports.
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The findings consistently demonstrated that inspiratory muscle training significantly improves maximal
inspiratory pressure (MIP), inspiratory muscle endurance, exercise tolerance and overall athletic
performance across different athletic populations. Most studies reported improvements in endurance
performance, time-trial performance and sport-specific performance following structured IMT
programmes. Several studies also found reductions in respiratory muscle fatigue, perceived exertion
(RPE) and dyspnea during exercise, allowing athletes to sustain higher exercise intensities for longer
durations.

Among the included studies, systematic reviews and meta-analyses provided strong evidence supporting
the effectiveness of IMT as an ergogenic aid. These reviews concluded that IMT improves inspiratory
muscle strength regardless of sporting discipline and contributes to enhanced exercise performance,
particularly in endurance-based sports. However, most studies reported minimal or no significant
changes in resting pulmonary function parameters such as forced vital capacity (FVC), forced expiratory
volume in one second (FEV1) and maximal expiratory pressure, suggesting that the performance
benefits are primarily related to improved respiratory muscle function rather than changes in lung
function.

Randomised controlled trials conducted in football players, swimmers, cyclists, rowers and middle-
distance runners consistently demonstrated that athletes receiving inspiratory muscle training achieved
greater improvements in inspiratory muscle strength, exercise capacity, and sports performance than
control groups. These studies also reported improved respiratory efficiency, delayed onset of respiratory
muscle fatigue, and better tolerance to prolonged or high-intensity exercise. Athletes experienced lower
ratings of perceived exertion and reduced breathlessness during exercise, contributing to improved
overall performance.

The inspiratory muscle training protocols used across the included studies were generally consistent.
Most interventions involved 30 inspiratory breaths performed once or twice daily, 5-7 days per week,
over 4-8 weeks, using pressure-threshold or resistive breathing devices. Training intensity commonly
ranged from 30% to 80% of maximal inspiratory pressure (MIP), with progressive increases in
resistance throughout the intervention period. Acute inspiratory muscle warm-up protocols performed
immediately before exercise also demonstrated beneficial effects on respiratory muscle activation and
subsequent exercise performance.

This narrative review indicates that inspiratory muscle training is a safe, practical and effective adjunct
to conventional athletic conditioning. Regular IMT enhances inspiratory muscle strength, delays
respiratory muscle fatigue, attenuates the inspiratory muscle metaboreflex, improves oxygen delivery to
the working limb muscles and contributes to better exercise capacity and athletic performance. The
findings support the incorporation of inspiratory muscle training into routine sports conditioning
programmes for athletes participating in endurance, intermittent and high-intensity sports.

5. Discussion

The present narrative review aimed to evaluate the available evidence regarding the effectiveness of
Inspiratory Muscle Training (IMT) in enhancing athletic performance. A total of 14 studies, including
systematic reviews, meta-analyses, randomised controlled trials were included in this review. The
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overall findings indicate that IMT is an effective adjunct to conventional sports training and has a
positive influence on inspiratory muscle strength, exercise capacity, respiratory efficiency, and athletic
performance.

One of the most consistent findings across the included studies was the significant improvement in
maximal inspiratory pressure (MIP) following IMT. Increased inspiratory muscle strength enhances the
ability of athletes to generate greater inspiratory pressures during exercise, thereby reducing the work of
breathing and delaying respiratory muscle fatigue. Systematic reviews by Illi et al. (2012), HajGhanbari
et al. (2013) and Karsten et al. (2018) consistently demonstrated that IMT significantly improves
inspiratory muscle strength and contributes to enhanced endurance performance in healthy athletes.
These findings suggest that stronger respiratory muscles improve ventilatory efficiency and support
better exercise performance during prolonged or high-intensity activities.

Ten studies also reported improvements in exercise tolerance, endurance performance and sports-
specific performance following IMT. Randomised controlled trials conducted among football players,
swimmers, cyclists, rowers and middle-distance runners demonstrated that athletes who underwent IMT
showed superior performance compared with control groups. These improvements may be attributed to
delayed respiratory muscle fatigue, reduced oxygen cost of breathing and improved oxygen availability
to the working skeletal muscles. Enhanced respiratory muscle endurance allows athletes to sustain
higher exercise intensities for longer durations while experiencing lower levels of fatigue.

Another important finding of this review is the beneficial effect of IMT on the inspiratory muscle
metaboreflex. Several studies included in this review suggested that IMT delays activation of the
inspiratory muscle metaboreflex, thereby preserving blood flow to the limb muscles and improving
endurance performance. This physiological adaptation is considered one of the primary mechanisms
responsible for the ergogenic effects of IMT.

The review also demonstrated that IMT reduces the perception of dyspnea and rating of perceived
exertion (RPE) during exercise. Athletes reported improved breathing comfort and reduced respiratory
effort after completing structured IMT programmes. Lower perceived exertion enables athletes to
maintain higher training intensities and may contribute to improved overall sports performance.

Eight included studies implemented IMT protocols using pressure-threshold or resistive breathing
devices with training intensities ranging from 30% to 80% of maximal inspiratory pressure typically
performed for 30 breaths per session, once or twice daily, over 4-8 weeks. Despite minor variations in
training intensity and duration, positive improvements in inspiratory muscle strength and athletic
performance were consistently reported suggesting that IMT is an effective intervention across different
sports and training programmes.

Although improvements in athletic performance were consistently observed seventeen studies reported
minimal or no significant changes in resting pulmonary function parameters, including forced vital
capacity (FVC) and forced expiratory volume in one second (FEV1). This indicates that the primary
benefits of IMT arise from improved respiratory muscle function and neuromuscular adaptations rather
than changes in lung volumes or pulmonary mechanics.
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Overall, the findings of this narrative review support the inclusion of inspiratory muscle training as an
adjunct to conventional athletic conditioning programmes. IMT appears to be a safe practical and cost-
effective intervention that enhances respiratory muscle performance, delays fatigue, improves exercise
tolerance and contributes to better athletic performance across a wide range of sporting disciplines.

Inspiratory muscle training (IMT) has therefore gained increasing attention as a non-invasive, sport-
specific intervention to improve respiratory muscle function and optimize athletic performancel,3.

This narrative review consolidates the available evidence on the effectiveness of inspiratory muscle
training programmes in reducing respiratory muscle fatigue and improving respiratory muscle function,
exercise capacity and athletic performance.

6. Conclusion

Based on the evidence presented in this narrative review, it can be concluded that Inspiratory Muscle
Training (IMT) is an effective and evidence-based intervention for enhancing athletic performance in
healthy athletes. The findings from the included studies consistently demonstrate that IMT improves
inspiratory muscle strength, respiratory muscle endurance, exercise tolerance and sports-specific
performance while reducing respiratory muscle fatigue, dyspnea and perceived exertion during exercise.
The review also highlights that the physiological benefits of IMT are primarily mediated through
improved respiratory muscle efficiency and delayed activation of the inspiratory muscle metaboreflex,
which helps preserve oxygen delivery to the exercising limb muscles during prolonged or high-intensity
physical activity. These adaptations contribute to improved endurance, delayed fatigue and enhanced
athletic performance. Most studies utilized structured IMT protocols involving pressure-threshold or
resistive breathing devices with progressive loading over 4-8 weeks demonstrating that IMT can be
easily integrated into existing sports training programmes without significantly increasing overall
training load.

Overall, the available evidence supports the use of inspiratory muscle training as a safe, practical and
effective adjunct to conventional athletic conditioning. Physiotherapists, sports scientists, athletic
trainers and coaches may consider incorporating IMT into routine training programmes to optimize
respiratory muscle function and improve athletic performance in competitive and recreational athletes.
However, variations in training protocols, participant characteristics and outcome measures among the
included studies indicate the need for further high-quality randomized controlled trials using
standardized IMT protocols across different sporting disciplines. Future research should also investigate
the long-term effects of inspiratory muscle training, optimal training intensity and duration and its
influence on performance in adolescent athletes, and sport-specific populations.
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