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Introduction

In performance sports, the physiological factors that determine physical capacity are
primarily addressed in terms of the musculoskeletal system, cardiovascular endurance,
or the efficiency of energy systems. However, modern sports science shows that the
respiratory system plays a much more central and dynamic role in these processes
than previously thought. The increased ventilatory demand during intense exercise
transforms respiration from a passive process that merely transports oxygen to the body
into an active regulator of metabolic balance. The capacity of the respiratory muscles to
respond to increased demand is crucial for maintaining the continuity of gas exchange
and managing physiological stress during exercise. Indeed, current research indicates
that respiratory muscle endurance and ventilatory control mechanisms are among the
key parameters determining the sustainability of high-intensity performance (Illi et al.,
2012; Shei, 2018; Aliverti, 2016; Alvarez-Herms et al., 2019).

This importance becomes even more pronounced in elite athletes. The respiratory system
is not only a structure where oxygen and carbon dioxide exchange occurs, but also a
physiological “distributor” mechanism that determines the distribution of blood flow
directed to skeletal muscles working during intense effort. The “steal phenomenon” that
occurs with excessive loading of the respiratory muscles can limit performance capacity
by reducing blood flow to the lower extremity muscles. This situation demonstrates
that the efficiency of the respiratory muscles is a critical factor not only in terms of
maintaining ventilation but also in the context of competitive blood flow relationships
between muscles. Fatigue in the diaphragm and accessory respiratory muscles during
exercise can lead to early fatigue in peripheral muscles, increased metabolic cost, and
a drop in performance earlier than expected (Nicolo et al., 2020; Johnson et al., 1992;
Dempsey & Romer, 2006). There are studies on strengthening the muscle structure to
counteract fatigue through training that targets the respiratory and diaphragm muscles,
particularly to tolerate the fatigue that occurs in these muscles (Vural et al., 2024).

Therefore, respiratory assessment methods have evolved beyond being merely a clinical
or physiological monitoring tool in today’s performance sports; they are now utilized
for multidimensional purposes, such as shaping training periods, creating athletic
endurance profiles, understanding fatigue mechanisms, and determining the effects of
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respiratory muscle training. Thanks to modern assessment protocols that measure the
functional capacity of respiratory muscles, determine ventilatory thresholds, and reveal
the relationship between respiration and exertion, the limiting factors affecting athletes’

performance can be analyzed from a more holistic perspective.

This section addresses the role of the respiratory system in performance in detail,
relating it to its physiological foundations. It explains respiratory assessment methods in
light of current scientific data and comprehensively reveals the place and contributions
of respiration-focused approaches, which are gaining increasing importance in modern

sports science literature, in performance sports.

Contribution of the Respiratory System to Performance

Respiratory Mechanics and Changes During Exercise

As exercise intensity increases, there is a marked increase in both the frequency
and tidal volume of ventilation to meet the body’s increased metabolic demand.
This rapid increase in ventilatory response significantly increases the mechanical
workload of the accessory respiratory muscles, particularly the diaphragm, and
substantially increases the energy consumption of these muscles. Although the
metabolic cost of respiratory muscles is often overlooked during prolonged efforts,
it is well known that oxygen consumption by the diaphragm and accessory muscles
increases dramatically during high-intensity exercise. Therefore, the development
of fatigue in respiratory muscles is a physiologically inevitable outcome, particularly
in endurance performances where sustainability is critical (McConnell, 2013).
This fatigue in the respiratory muscles is not limited to reducing the mechanical
efficiency of ventilation; it also triggers a specific series of autonomic responses known
as the respiratory muscle metaboreflex. The primary purpose of the metaboreflex is to
protect the respiratory muscles by reorganizing the oxygen and blood flow required by
the fatigued muscles. However, this regulation implies a systemic reprioritization, and
as a result, blood flow to the working lower extremity muscles is reflexively restricted.
This decrease in blood flow results in reduced oxygen delivery to the leg muscles, a rapid
increase in metabolic stress, and an early limitation of performance. Previous studies
have clearly demonstrated that this mechanism is a key determinant of performance loss,
particularly during high-intensity endurance exercise (Babcock et al., 2002; Harms et al.,
1997).

The Importance of Ventilator Thresholds in Terms of Performance

In endurance sports, performance evaluations based solely on maximal oxygen
consumption (VO,max) are now considered limited when viewed through the lens of
modern sports science’s multidimensional approach to performance. The VO,max value

indicates an athlete’s theoretical aerobic capacity. However, it is not among the strongest
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predictors of sustainable performance in competition. Ventilatory thresholds (VT1 and
VT2), on the other hand, are emerging as more sensitive and functional parameters for
performance prediction. These thresholds reflect the holistic response to the metabolic
and respiratory demands of exercise (Wasserman et al., 2020; Kowalski et al., 2023;
Rozek-Piechura et al., 2020). These points are not solely a result of aerobic capacity.
They are also an interactive output of lactate dynamics, metabolic endurance, energy use
efficiency, and ventilatory control. Therefore, ventilatory thresholds play a critical role
in shaping a sport-specific performance profile.

The practical significance of ventilatory thresholds varies depending on the nature of
the sport. For athletes such as long-distance runners, triathletes, and endurance cyclists,
achieving a high percentage of VT2 is a fundamental physiological determinant for
maintaining a sustainable race pace. This intensity zone represents the range where
oxygen utilization and energy production processes can be sustained in the most
balanced manner, making it a direct determinant of performance (Wasserman et al.,
2020). In contrast, performance in sprint disciplines depends on short bursts of high-
intensity effort above the ventilatory threshold (VT2), which requires sprinters to have
strong ventilatory capacity and rapid ventilatory adaptation. In this context, threshold
analysis also provides an important physiological reference by defining the zone where
anaerobic energy systems become active. Therefore, ventilatory threshold analysis has
solidified its status as an indispensable scientific tool utilized across endurance sports
and a broad spectrum of other athletic disciplines, from high-intensity interval training
to team sports. This approach not only enables precise individualization of training
plans and competition strategies, but also ensures objective monitoring of the athlete’s
development. The superiority of threshold data over VO,max is unequivocal in modern
sports science, as it most accurately represents the multidimensional physiological

foundations of optimal performance.

Respiratory Assessment Methods

Classic Respiratory Function Tests: Spirometry

Spirometry is widely used to assess respiratory function in clinical and sports
environments. Parameters such as forced expiratory volume (FEV:), forced vital
capacity (FVC), and peak expiratory flow (PEF) provide information on airway structure
and function. These measures mainly assess lung health; in most performance athletes,
values exceed population norms, limiting their predictive value for maximal exercise
capacity or competition performance (ATS/ERS, 2021). Still, spirometry provides
essential baseline data for interpreting other respiratory assessments, making it a key

reference in performance analysis (Xavier et al., 2025).

Respiratory Muscle Strength: MIP and MEP Measurements

Maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) are
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direct, valid, and reliable measures of the strength of the breathing muscles. These
measurements show how well the breathing muscles work, by showing the highest
pressure the main breathing muscles (like the diaphragm) and the muscles that help with
breathing in (MIP) or out (MEP) can create.

MIP is especially important in athletes because strong breathing-in muscles help them
handle harder breathing during intense exercise. Stronger breathing muscles mean they
work less hard during activity. This makes breathing more efficient, helping athletes
maintain their endurance for longer periods before their breathing muscles become
fatigued (Brown et al., 2014; Rodriguez-Anderson, 2018).

Therefore, MIP and MEP are crucial for assessing the effectiveness of athletes’ breathing

muscles and for managing their breathing needs during exercise.

Ergospirometric Assessment (CPET)

Ergospirometry, also known as cardiopulmonary exercise testing (CPET), is one of
the most comprehensive methods of evaluating cardiorespiratory function in athletes.
During the test, multidimensional physiological data, including oxygen consumption
(VO), carbon dioxide production (VCO-), ventilatory parameters, respiratory thresholds
(VT1 and VT2), ventilatory efficiency (VE/VCO.), heart rate response, and exercise
tolerance, are obtained simultaneously. This comprehensive dataset reveals how the
cardiovascular, respiratory, and metabolic systems perform together during exercise,
providing the most reliable assessment of an athlete’s true physiological capacity. The
most significant advantage of CPET is its ability to objectively determine an athlete’s
physical limits based not only on maximal values, but also on metabolic transition
points and ventilatory control mechanisms. CPET thus provides a strong foundation for
individualizing training programs in performance sports, planning competition strategies,

and monitoring athletes’ adaptations over time (Wasserman et al., 2020; Shen, 2023).

Respiratory Muscle Endurance Tests

Various test protocols are used to evaluate the endurance of the respiratory muscles
during prolonged exertion. These tests typically involve measuring sustained maximal
inspiratory pressure, time to exhaustion, or sustainable performance against a specific
inspiratory resistance. These methods reveal the functional endurance profile of the
respiratory muscles, i.e., how long they can perform effectively under a given ventilatory
demand.

Respiratory muscle endurance is a critical performance determinant, particularly in
endurance sports, as effective functioning of the diaphragm and accessory respiratory
muscles over a sufficient period during high-intensity, prolonged exertion directly
impacts ventilation sustainability and continuous oxygen delivery. If the respiratory
muscles fatigue early under this mechanical load, ventilatory efficiency decreases, and

overall performance can be limited by triggering the respiratory muscle metaboreflex,
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which reduces blood flow to the peripheral muscles. In this context, measurements of
respiratory muscle endurance are crucial for determining the point at which an athlete
will experience ventilatory strain during exercise (Illi et al., 2012).

Furthermore, data obtained from these tests provide an important basis for evaluating the
effectiveness of inspiratory muscle training programs, creating personalized respiratory
training strategies, and optimizing performance in endurance athletes. Therefore,
respiratory muscle endurance assessment has become an integral component of modern

performance analysis approaches.

Performance- Orianted Breathing-Focused Interventions

Inspiratory Muscle Training (IMT)

IMT is a systematic training method aimed at increasing respiratory muscle strength
and endurance in athletes. Meta-analyses conducted in recent years have shown that
IMT positively affects performance, particularly in high-intensity training and sports
requiring repeated sprints (Afonso et al., 2021). IMT programs typically involve 4-8
weeks of training at 30—60% MIP intensity.

The main effects of IMT are:

reduced ventilatory cost,

delayed respiratory muscle fatigue,

improved endurance economy,

reduced perceived exertion during intense effort.

Inspiratory Muscle Warm-Up (IMW)

IMW is a technique applied shortly before starting exercise that aims to increase the
neuromuscular readiness of the respiratory muscles. The literature shows that IMW
protocols can produce short-term but significant effects on maximal speed, explosive

power, and repeated sprint performance (Wiithrich et al., 2013; Grampi et al., 2020).

Conclusion

Modern sports science clearly demonstrates that explaining performance solely
through traditional measures focused on the cardiovascular or musculoskeletal systems
is insufficient; the respiratory system plays a crucial role in sustaining competitive
performance. The strength and endurance of respiratory muscles, as well as the functional
capacity of ventilatory control mechanisms, directly affect critical physiological
processes, including the efficiency of oxygen delivery during exercise, metabolic balance,
fatigue management, and intermuscular blood flow distribution. Therefore, respiratory
assessments have evolved from being complementary elements in modern performance
analysis to becoming a fundamental component that determines performance.

Methods such as spirometry, MIP/MEP measurements, respiratory muscle endurance

tests, and cardiopulmonary exercise testing (CPET) discussed in this study offer the
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opportunity to evaluate athletes’ physiological capacities using a multidimensional
approach. Spirometry determines the baseline level of basic respiratory functions; MIP
and MEP measurements reveal the strength profile of the respiratory muscles, while
endurance tests evaluate the tolerance of these muscles to prolonged loads. CPET, on the
other hand, constitutes the most comprehensive analysis tool, integrating all these data to
reveal ventilatory thresholds, oxygen consumption, ventilatory efficiency, and metabolic
transition points. Thus, the athlete’s actual performance capacity can be defined more
accurately based not only on maximal values but also on physiological thresholds that

determine sustainable performance.

Regular respiratory assessments enable the proper management of training loads,
objective monitoring of athlete development, and individualization of competition
strategies. In particular, determining ventilatory thresholds enables scientific planning
of competition pace in endurance sports, while evaluating respiratory muscle profiles
underscores the need for training approaches that enhance ventilatory economy and
fatigue tolerance. Key takeaway: Targeted respiratory assessments and training are

essential for optimizing performance and strategy in athletes.

In addition, inspiratory muscle training (IMT) and inspiratory muscle warming (IMW)
applications, whose effectiveness has been widely demonstrated in the literature, improve
exercise economy and delay respiratory muscle fatigue by enhancing the performance
of respiratory muscles. Integrating these interventions into training periodization can
create significant physiological gains, providing athletes with a competitive advantage.
Therefore, the inclusion of respiratory-focused intervention strategies in modern
performance programs offers multifaceted benefits, not only improving performance
but also reducing injury risk, improving fatigue management, and increasing metabolic

stress tolerance.

Consequently, the systematic and comprehensive application of respiratory assessment
methods enables the most accurate analysis of athletes’ performance capacity, the
optimization of training load based on scientific principles, and a clearer understanding
of the decisive role of respiratory muscles in physical endurance. In modern sports
applications, the respiratory system should be considered not only as a physiological
infrastructure element but also as a direct determinant of performance; assessment,

monitoring, and training strategies should be structured accordingly.
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