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Abstract

Introduction and purpose: Maximal oxygen uptake (VO:max) is a key indicator of aerobic
capacity, widely used in sports science and clinical diagnostics. It reflects the functional
efficiency of the cardiovascular, respiratory, and muscular systems. Given its relevance to
physical performance and health risk prediction, VO.max has become a central focus in
exercise physiology and preventive medicine. The aim of this study is to review current
literature on the physiological determinants, assessment methods, modifiability, and clinical
implications of VO:max.

Material and method: A narrative review of literature published between 2000 and 2024 was

performed using databases such as PubMed, Scopus, and Web of Science. Search terms

99 ¢ 29 ¢

included: “VO:max,” “cardiorespiratory fitness,” “aerobic capacity,” “exercise testing,” and
“training.” Eligible studies involved human participants and addressed either physiological
mechanisms, measurement techniques, interventions, or the role of VO.max in disease risk.
Non-peer-reviewed and animal studies were excluded.

Results: VO:max is influenced by genetic, physiological, and environmental factors, and can
be improved through structured endurance and high-intensity interval training. Direct and
indirect assessment methods, including laboratory testing and wearable devices, offer various
levels of accuracy and accessibility. VO:2max is also strongly associated with cardiovascular
and all-cause mortality risk, especially in clinical and aging populations.

Conclusions: VO:max is a robust, clinically relevant marker of fitness and health. Its
integration into regular health monitoring and personalized training programs offers valuable
potential for disease prevention, performance optimization, and public health promotion.
Keywords: VO:max; aerobic capacity; cardiorespiratory fitness; exercise physiology; health

promotion; endurance training; wearable technology; physical education; public health.

Introduction

The exploration of VO.max as a central topic in exercise physiology and public health is

motivated by its crucial role as a biomarker for cardiorespiratory fitness, which is essential for



both athletic performance and overall health outcomes. VO.max, defined as the maximal
amount of oxygen that can be utilized during exercise, serves as an indicator of an
individual’s aerobic capacity and endurance, making it a key focus for sports scientists and
health professionals alike [1].

In the context of athletic performance, VO.max is often considered the gold standard for
measuring an athlete's ability to sustain high-intensity efforts over time. Heightened VO:-max
levels are directly correlated with improved performance in endurance sports, ultimately
leading to better competitive outcomes [2,3]. This correlation allows coaches and trainers to
design effective training programs aimed at enhancing aerobic capacity and stamina, thus
maximizing an athlete's potential [4].

Furthermore, understanding VO:max is increasingly relevant in the face of growing public
health concerns, particularly with the global rise in sedentary lifestyles and associated health
complications. Research has consistently shown that low levels of VO.max are linked to
higher risks of cardiovascular diseases, type 2 diabetes, and all-cause mortality [5,6]. As such,
VO:max is not just a physiological metric for athletes but also serves as a critical health
indicator that can inform public health policy and individual health interventions. Programs
aimed at increasing physical activity can effectively improve VO.max, which is associated
with better metabolic health and longevity [6,7].

Moreover, innovations in technology, particularly in wearable fitness devices, are making
VO:max assessments more accessible to broader populations. These tools allow individuals to
monitor their cardiorespiratory fitness conveniently, promoting self-directed health
management and encouraging participation in physical activity [8]. This trend signifies a shift
towards personalized health care, wherein VO2max can guide fitness plans and rehabilitation
processes, enabling tailored interventions that align with individual health goals.

In conclusion, the significance of VO.max as a central topic lies in its utility as a robust
indicator of both athletic performance and public health. Its comprehensive implications for
health outcomes, coupled with the increasing emphasis on physical fitness in contemporary

society, solidify its role as a fundamental measure in exercise science and health promotion.

Aim



The aim of this review is to provide a comprehensive synthesis of the literature on maximal
oxygen uptake (VO:max), focusing on its physiological basis, methods of assessment,
modifiability through interventions, and clinical significance. By integrating findings from
exercise physiology, sports science, and public health research, this article seeks to inform
practitioners, coaches, clinicians, and researchers about the multifaceted role of VO:max in

optimizing performance and promoting health.

Materials and methods

This narrative review was conducted by systematically searching peer-reviewed literature

from 2000 to 2024. Databases including PubMed, Scopus, and Web of Science were queried

99 ¢¢ 99 ¢¢

using terms such as “VO:max,” “aerobic capacity,” “cardiorespiratory fitness,” “exercise

99 <¢

training,” ‘“submaximal testing,” and “wearable devices.” Priority was given to original
research articles, systematic reviews, and meta-analyses focusing on human participants.
Inclusion criteria encompassed studies exploring the determinants of VO:max, its clinical
applications, methods of measurement, and interventions aimed at improving it. Reference

lists of selected articles were also screened to identify additional relevant studies.

Review and discussion

Determinants of VO2max: The Interplay of Physiology, Genetics, and Lifestyle

Maximal oxygen uptake (VO:max) is primarily determined by three key physiological
systems: cardiovascular, respiratory, and muscular systems, each contributing to an
individual's overall aerobic capacity.

The cardiovascular system plays a pivotal role in delivering oxygenated blood to active
muscles. This includes components such as heart rate, stroke volume, and cardiac output,
where the capacity to increase cardiac output during intense exercise directly influences
VO:max [9,10]. Studies highlight that the efficiency of these cardiovascular adaptations is
crucial, particularly the relationship between increased stroke volume and VO:max [11].

The respiratory system is essential for oxygen uptake and carbon dioxide expulsion. Effective
lung function and ventilation capacity determine the volume of air exchanged during physical
exertion [12,13]. Various studies emphasize that pulmonary ventilation, alongside oxygen

diffusion in the lungs, significantly influences VO2max [14].



The muscular system, particularly how well the skeletal muscles utilize oxygen, is vital. This
is influenced by factors like muscle fiber type composition and mitochondrial density, which
can enhance oxidative capacity [15]. Enhanced muscular oxidative capacity allows for
increased efficiency in using oxygen, thereby contributing to higher VO.max levels [16,17].
The extent to which an individual’s VO:-max is genetically influenced versus modifiable
through training has been extensively studied. Genetics is estimated to account for
approximately 40% to 70% of VO.max variation in individuals, indicating a significant
hereditary component [18-20]. Specifically, one study highlighted that nearly 50% of the
individual variability in VO:max adaptation to exercise is genetically determined,
emphasizing that some individuals may respond better to training stimuli than others due to
genetic predispositions [20,21].

Conversely, training can significantly enhance VO:max, with estimates suggesting that
structured aerobic exercise programs can improve VO:max in the range of 10% to 30% [3,22].
It is well-established that regular aerobic exercise directly boosts cardiovascular adaptations,
such as increased stroke volume and enhanced oxygen extraction at the muscular level,
leading to improved VO.max [3,23]. Overall, while genetics plays a substantial role in
determining baseline VO:max, there exists considerable potential for improvement through
targeted training regimens.

Maximal oxygen uptake (VO2max) values are significantly influenced by age, sex, and body
composition, with each factor contributing uniquely to aerobic capacity.

Age is a critical determinant of VO2max, as studies show a gradual decline starting in early
adulthood at approximately 1% per year and more steeply after age 50 [24,25]. This reduction
is linked to physiological changes including decreased cardiac output, reduced maximal heart
rate, and alterations in muscle mass and aerobic enzyme activity [25,26]. Furthermore, older
adults often exhibit diminished respiratory function and lower physical activity levels,
exacerbating the decline in VO2.max [27].

Sex differences also impact VO:2max, with men typically exhibiting higher values compared
to women. Research indicates that this discrepancy can be attributed to greater muscle mass
and lower body fat percentages in males [28,29]. After puberty, sex differences in body
composition become more pronounced, influencing overall endurance and aerobic capacity
[30]. Women generally demonstrate about 10-15% lower VO:max values than their male

counterparts of similar training status and age [29].



Body composition, particularly the ratio of lean mass to fat mass, plays a vital role in
determining VO.max. Higher lean mass is associated with increased muscular oxidative
capacity and energy expenditure during physical activity, thus contributing to improved
VO:max performance [31,32]. Body fat percentage negatively correlates with VO.max; as
body fat increases, VOmax typically decreases due to the added metabolic cost of carrying
excess weight [32,33]. Consequently, maintaining an optimal body composition through
physical activity and nutrition is essential for maximizing VO.max.

Environmental factors such as altitude and pollution significantly influence VO.max values.
At high altitudes, the partial pressure of oxygen decreases, leading to reduced oxygen
availability for aerobic metabolism. This hypoxic condition can lead to a notable decrease in
VO:max, often quantified as a reduction of approximately 10% for every 1,000 meters gained
in elevation, due to impaired oxygen diffusion and reduced oxygen transport capacity [34,35].
Furthermore, adaptability to altitude can enhance VO.max over time through acclimatization
mechanisms that include increased red blood cell production and hemoglobin concentration,
as indicated by various studies [36,37].

In contrast, pollutants such as particulate matter and nitrogen dioxide can also adversely affect
respiratory function and cardiovascular health, leading to lower VO.max values among
individuals exposed to high pollution levels. Chronic exposure to air pollution has been
associated with compromised lung function, which can diminish exercise capacity and limit

VO:max [38,39].

Assessing VO:max: Methods, Limitations, and Innovations

Direct VO:max testing methods, such as maximal exercise tests, provide accurate
measurements by evaluating an individual's maximum oxygen uptake through metabolic gas
analysis during high-intensity exercise [32,40]. However, these methods can be physically
demanding and require specialized equipment, making them less accessible [32,41].

In contrast, indirect VO:max testing methods, such as submaximal tests, allow for larger
participant samples and are generally easier to administer [42]. While indirect methods can be
less accurate and may involve estimation errors based on assumptions, they are valuable for
population screenings [43]. Despite their practicality, they may not account for individual
variability in parameters like heart rate and perceived exertion, which can lead to inaccurate

assessments [44].



Submaximal and field-based protocols for estimating VO.max are considered reliable and
valid under specific conditions. Submaximal tests, such as the Astrand-Rhyming and Cooper
protocols, use heart rate responses to predict maximal oxygen uptake and can effectively
screen large populations without requiring individuals to exert maximum effort [45]. Studies
indicate that submaximal tests can yield valid estimates of VO:max, correlating well with
measured values in various populations, including adults and patients with conditions such as
stroke and Parkinson's disease [46,47].

Notably, the Ekblom-Bak submaximal test has demonstrated strong validity, especially in
older adults, highlighting its utility in clinical scenarios where maximal testing is not feasible
[48,49]. However, the accuracy of these estimates can vary based on the individual's fitness
level and the specific submaximal test used [50]. Field tests, like the Six-Minute Walk Test,
have also been validated against direct measures, making them practical for larger cohorts and
providing an alternative to expensive, lab-based assessments [51]. Their simplicity and low
cost enhance applicability, particularly in community health settings [52].

Wearable technology has significantly transformed VO:max monitoring in both sports and
clinical practice by enhancing accessibility, precision, and real-time data collection. These
devices integrate advanced sensors, allowing athletes and clinicians to obtain continuous
physiological measurements, facilitating a more comprehensive understanding of an
individual's fitness levels and health status [53,54]. For instance, the use of wearable devices
in clinical cardiology has demonstrated that VO.max can be effectively measured during
routine activities, enabling ongoing health monitoring without the necessity for laboratory-
based tests [53].

Additionally, the improved comfort and wearability of these technologies have encouraged
broader participation among users, including populations who may be less likely to engage in
traditional fitness assessments, such as the elderly or those with chronic health conditions [55].
By providing immediate feedback, wearables also promote greater adherence to exercise
regimens and health behaviors through real-time monitoring and personalized insights [54,56].
However, while promising, concerns remain regarding the accuracy and validity of data
obtained from consumer-grade wearables, necessitating further research to establish
standardized evaluation protocols [57,58]. Overall, wearable technology represents a
significant advancement in health and fitness monitoring, bridging the gap between subjective

self-reporting and objective measurement.



Standardization challenges in VO:max testing across different populations and settings arise
from factors including test protocols, participant characteristics, and environmental conditions.
Variability in testing protocols can lead to inconsistent results; for example, different maximal
and submaximal tests (e.g., Astrand versus the Bruce protocol) produce varying VO.max
estimates, complicating cross-study comparisons [48].

Specific population characteristics such as age, gender, and fitness level may further influence
VO:max values. For instance, sedentary individuals typically achieve different VO.max levels
compared to trained athletes, as local muscle mechanics and physiological responses can
differ significantly [59,60]. Additionally, the accuracy of estimates derived from indirect tests
can vary based on these demographic factors, necessitating tailored predictive equations for
distinct groups [49].

Environmental factors, such as altitude and temperature, can alter cardiovascular and
metabolic responses during testing, impacting the comparability of results [61]. Furthermore,
the subjective nature of some assessments, such as perceived exertion, can lead to variability
in motivation and effort among participants [62]. Thus, establishing universally accepted
protocols that account for these varying factors remains a crucial challenge in standardizing

VO:max testing.

Improving VO:max: Evidence-Based Training and Nutritional Strategies

To improve VO:max, high-intensity interval training (HIIT), moderate continuous aerobic
training, and combined aerobic and strength training have proven to be effective methods.
HIIT has been shown to significantly boost VO:max, with improvements measurable in as
little as six weeks due to the high variability in intensity and volume of work, which enhances
aerobic capacity by stressing the cardiovascular system [63,64]. Additionally, a meta-analysis
indicated that exercise intensity correlates more strongly with increases in VO:2max than the
total training volume used, underscoring the effectiveness of intensified training modalities
[65,66].

Moreover, studies suggest that combining strength and aerobic exercises can yield greater
benefits than aerobic training alone. For instance, concurrent training has been shown to
enhance VO:max more effectively than strength training in isolation, benefiting both aerobic

and muscular adaptations [67—69]. Thus, a training regimen integrating HIIT or continuous



aerobic efforts with strength training not only optimizes improvements in VO.max but also
promotes overall physical fitness and performance [70].

High-intensity interval training (HIIT) and moderate-intensity continuous training (MICT)
have distinct impacts on VO.max improvement. Several systematic reviews and meta-
analyses indicate that HIIT generally results in greater enhancements in VO2max compared to
MICT. A meta-analysis by Milanovi¢ et al. (2015) found that HIIT typically produces more
significant increases in VO:max, particularly in untrained individuals, with improvements
often exceeding 10% [71,72]. Additionally, HIIT's structure—short bursts of intense effort
followed by rest—may induce more extensive metabolic stress, leading to superior
cardiovascular adaptations [72,73].

Conversely, MICT is effective for improving cardiovascular fitness and is often more
sustainable over long periods for certain populations [74]. While MICT remains valuable,
studies show that the magnitude of improvement in VO.max with HIIT exceeds that of MICT,
especially in untrained individuals and clinical populations [71,72]. Overall, while both
training types are beneficial, HIIT often emerges as the more effective choice for maximizing
VO:max improvements.

Nutritional interventions, particularly in the form of nitrate supplementation and maintaining
adequate iron status, significantly influence adaptations in VO.max. Nitrate, found in foods
like beetroot, enhances nitric oxide production, which improves blood flow and oxygen
delivery to muscles during exercise. This physiological effect has been correlated with
increased VO2max in several studies, demonstrating nitrate's potential as an ergogenic aid for
both trained and untrained individuals [9,75].

Iron status also plays a crucial role in aerobic capacity. Adequate iron is essential for
hemoglobin production, which transports oxygen throughout the body. Insufficient iron levels
can lead to diminished oxygen transport, subsequently impairing VO-max. Evidence shows
that iron supplementation can enhance performance measures, including VO:max, especially
in populations at risk of deficiency, such as female athletes and those undergoing intense
physical training [76-78].

Population-specific recommendations to enhance VO:max safely and effectively highlight
different approaches for older adults and clinical patients. In older adults, high-intensity
interval training (HIIT) has shown promising results in improving cardiovascular function and

VO:max. Studies have indicated that older participants benefiting from HIIT experienced



significant increases in VO.max, marking this method as particularly effective compared to
traditional moderate-intensity training [79,80]. Additionally, incorporating strength training
alongside aerobic exercises can optimize improvements in overall physical fitness and
metabolic health in this demographic [81].

For clinical patients, including those with conditions such as chronic obstructive pulmonary
disease (COPD) or heart disease, supervised exercise interventions have proven beneficial.
Tailored rehabilitation programs combining aerobic exercises and strength training have been
shown to enhance VO2.max while ensuring safety during physical activity [82,83]. Monitoring
exercise intensity and duration is vital, with recommendations often suggesting lower

intensity levels to account for individual health conditions [60].

VO:max and Health: A Marker for Longevity and Disease Risk?

The association between maximal oxygen uptake (VO:2max) and cardiovascular disease (CVD)
risk is well-established in clinical research. Low levels of cardiorespiratory fitness (CRF),
often measured as VO:max, are associated with an increased risk of developing
cardiovascular diseases. This connection is emphasized by findings showing that
improvements in VO:max are linked to significant decreases in cardiovascular mortality and
overall health risks [84—86]. Additionally, regular aerobic exercise is demonstrated to enhance
VO:max, contributing to favorable cardiovascular health outcomes [29,87].

Several studies have indicated that individuals with low VO.max exhibit a higher likelihood
of CVD and all-cause mortality, irrespective of other risk factors [86,88]. The protective
effects of higher VO.max are also posited to apply across different demographics, affirming
that increased aerobic capacity promotes better heart health and longevity [87-89]. Moreover,
cardiorespiratory fitness serves as a vital marker for assessing cardiovascular health,
suggesting that maintaining or improving VO.max through physical activity is crucial for
reducing cardiovascular disease risk [90-92].

Maximal oxygen uptake (VO:max) is recognized as a significant independent predictor of all-
cause and disease-specific mortality. Clinical studies have consistently demonstrated that
higher levels of cardiorespiratory fitness, reflected in VO2max, correlate with lower mortality
risks across various populations. For instance, VO2-max has been associated with reducing all-

cause mortality risk by approximately 10% to 25% per one metabolic equivalent (MET)
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improvement, demonstrating its predictive value amidst various confounding factors [17,93].
Moreover, evidence shows that VO:max serves not only as a prognostic marker in
cardiovascular diseases but also in other chronic conditions, enhancing its utility in predicting
health outcomes [17,94].

Furthermore, alterations in VO2max due to interventions like exercise training exhibit direct
associations with improved longevity and lower disease incidence [93,95]. This correlation
holds even when accounting for multiple risk factors, affirming the robust nature of VO.max
as an essential measure in clinical practice and public health [17,96]. The consistent
affirmation of VO:max as an independent mortality predictor underscores the importance of
maintaining or improving cardiorespiratory fitness for health promotion.

Low VO:max values in patients with chronic conditions, such as heart failure and chronic
obstructive pulmonary disease (COPD), are clinically significant as they indicate a
deteriorated cardiorespiratory fitness level, which is closely linked to increased morbidity and
mortality. For instance, studies have shown that individuals with heart failure and VO:max
<10 mL/kg/min exhibit markedly reduced survival rates, emphasizing the urgent need for
regular assessments of aerobic capacity in this population [97,98]. Similarly, in COPD, low
VO:max reflects impaired exercise capacity, primarily due to ventilatory limitations and
associated skeletal muscle dysfunction, putting patients at higher risk for adverse health
outcomes [99,100].

Further, low VO2max in chronic illness contexts is associated with lower quality of life and
greater healthcare utilization due to the increased incidence of physical limitations and
comorbidities [97]. This suggests that interventions aimed at improving aerobic fitness may
be crucial in the management of such patients, potentially enhancing their functional capacity
and overall prognosis. Therefore, monitoring VO-max could serve as an essential tool in
clinical practice for early identification of at-risk patients and guiding rehabilitation strategies
[101].

The integration of VO.max as a standard health screening metric has significant clinical
relevance, particularly for its capacity to predict health outcomes across various populations,
especially those with chronic conditions. VO:2max is a pivotal indicator of cardiorespiratory
fitness, correlating with all-cause mortality and specific disease risks, making its routine

assessment beneficial in primary care settings [6,102].
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Several studies underscore that low VO:max values are indicative of severe health risks,
including increased mortality in patients with heart failure and chronic obstructive pulmonary
disease (COPD) [97,99]. For instance, VO.max assessments can directly influence treatment
approaches in chronic diseases by identifying patients who may benefit from targeted physical
activity interventions, ultimately leading to improved clinical outcomes and quality of life
[97,99]. This is further supported by findings that demonstrate effective exercise protocols can
enhance VO2max and consequently health status, particularly in those with chronic pulmonary
conditions [100,101].

In summary, broadening the use of VO:2max as a routine screening tool could facilitate early
detection of cardiovascular impairments and guide effective management strategies,

emphasizing the need for physical fitness evaluations in routine healthcare [6,102].

Conclusions

VO:max represents a reliable and informative biomarker of aerobic fitness, with implications
that extend beyond athletic performance to encompass general health, disease prevention, and
longevity. As a modifiable indicator influenced by genetics, training, nutrition, and
environment, VO.max provides a valuable target for interventions across diverse populations.
Advances in wearable technologies are expanding access to VO:max monitoring, enabling
more personalized and preventative approaches to health care. Routine assessment of VO2max
could enhance early detection of cardiovascular risk and support individualized training or
rehabilitation programs. As such, VO:max should be considered not only a sports science

parameter but a critical tool in modern public health and clinical practice.

Disclosure

Author's contribution: conceptualization, Julia Charkot and Wojciech Bienkowski,
methodology, Wojciech Bienkowski; software, Barttomiej Kusy; check, Irmina Jaszczuk,
Barttomiej Kusy and Michal Bienkowski; formal analysis, Irmina Jaszczuk; investigation,
Piotr Kucharczyk; Resources, Piotr Kucharczyk; data curation, Patrycja Retman; writing -
rough preparation, Wojciech Bienkowski; writing - review and editing, Julia Charkot;
visualization, Michal Bienkowski; Supervision, Mikotaj Charkot; Project administration,
Mikotaj Charkot; Receiving funding, Julia Charkot

All authors have read and agreed with the published version of the manuscript.

12



Funding Statement: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Not applicable.

Conflict of Interest Statement: The authors declare no conflict of interest.

Declaration of the use of generative Al and Al-assisted technologies in the writing process.

In preparing this work, the authors used ChatGPT for the purpose of improving language and
readability. After using this tool, the authors have reviewed and edited the content as needed
and accept full responsibility for the substantive content of the publication.

References

[1] Tarnus E, Catan A, Verkindt C, Bourdon E. Evaluation of Maximal O2 Uptake With
Undergraduate Students at the University of La Reunion. Ajp Advances in Physiology
Education 2011;35:76-81. https://doi.org/10.1152/advan.00042.2010.

[2] Ledergerber R, Jacobs MW, Roth R, Schumann M. Contribution of Different Strength
Determinants on Distinct Phases of Olympic Rowing Performance in Adolescent Athletes.
European Journal of Sport Science 2023;23:2311-20.
https://doi.org/10.1080/17461391.2023.2230937.

[3] Lundby C, Montero D, Joyner MIJ. Biology of VO2max: Looking Under the
Physiology Lamp. Acta Physiologica 2016;220:218-28. https://doi.org/10.1111/apha.12827.
[4] Prada VG d., Ortega JF, Ramirez-Jiménez M, Morales-Palomo F, Pallarés JG,
Mora-Rodriguez R. Training Intensity Relative to Ventilatory Thresholds Determines
Cardiorespiratory Fitness Improvements in Sedentary Adults With Obesity. European Journal
of Sport Science 2018;19:549-56. https://doi.org/10.1080/17461391.2018.1540659.

[5] Evans H, Parfitt G, Eston R. The Perceptually Regulated Exercise Test Is Sensitive to
Increases in Maximal Oxygen Uptake. European Journal of Applied Physiology
2012;113:1233-9. https://doi.org/10.1007/s00421-012-2541-3.

[6] Claudio Gil Soares de Araujo, Claudia Lucia Barros de Castro, Franca JF, Christina
Griine de Souza e Silva. CLINIMEX Aerobic Fitness Questionnaire: Proposal and Validation.
International Journal of Cardiovascular Sciences 2019. https://doi.org/10.5935/2359-
4802.20190064.

13



[7] Crull D, Mekenkamp I, Mikhal J, Ruinemans GM, Det MJ v., Kouwenhoven EA. The
Steep Ramp Test as Precursor to Assess Physical Fitness Before Esophagectomy in Cancer
Patients. Digestive Surgery 2025;42:59—-67. https://doi.org/10.1159/000543029.

(8] Wisniewski KS. Exercise Intensity: Do Individuals Perceive It as We Physiologically
Define 1t? Medicine & Science in Sports & Exercise 2019;51:394-394.
https://doi.org/10.1249/01.mss.0000561683.99366.7d.

[9] Christensen PM, Petersen N, Friis SN, Weitzberg E, Nybo L. Effects of Nitrate
Supplementation in Trained and Untrained Muscle Are Modest With Initial High Plasma
Nitrite Levels. Scandinavian Journal of Medicine and Science in Sports 2017;27:1616-26.
https://doi.org/10.1111/sms.12848.

[10] Ito T, Takamata A, Yaegashi K, Itoh T, Yoshida T, Kawabata T, et al. Role of Blood
Volume in the Age-Associated Decline in Peak Oxygen Uptake in Humans. The Japanese
Journal of Physiology 2001;51:607—12. https://doi.org/10.2170/jjphysiol.51.607.

[11]  Zhou N, Scoubeau C, Forton K, Loi P, Closset J, Deboeck G, et al. Lean Mass Loss
and Altered Muscular Aerobic Capacity After Bariatric Surgery. Obesity Facts 2022;15:248—
56. https://doi.org/10.1159/000521242.

[12] Kang S-J, Ko K-J. Association Between Resting Heart Rate, VO2max and Carotid
Intima-Media Thickness in Middle-Aged Men. Ijc Heart & Vasculature 2019;23:100347.
https://doi.org/10.1016/j.ijcha.2019.100347.

[13] Cress ML, Forrester K, Probst L, Foster C, Doberstein S, Porcari JP. Effect of Wearing
the Elevation Training Mask on Aerobic Capacity, Lung Function, and Hematological
Variables. Medicine & Science in Sports &  Exercise 2016;48:1040-1.
https://doi.org/10.1249/01.mss.0000488131.38685.16.

[14] Nytreen K, Rustad LA, Aukrust P, Ueland T, Hallén J, Holm I, et al. High-Intensity
Interval Training Improves Peak Oxygen Uptake and Muscular Exercise Capacity in Heart
Transplant Recipients. American Journal of Transplantation 2012;12:3134-42.
https://doi.org/10.1111/5.1600-6143.2012.04221 x.

[15] Assis MG, Barbosa JG, Seffrin A, Vinicius Ribeiro dos Anjos Souza, Vivan L,
Rodrigues MM, et al. Maximal Oxygen Uptake, Muscular Oxidative Capacity, and
Ventilatory Threshold in Amateur Triathletes: Eight-Month Training Follow-Up. Open Access
Journal of Sports Medicine 2024;Volume 15:9—17. https://doi.org/10.2147/0ajsm.s453875.

14



[16] Asoom LIA, Almakhaita MM. Prediction of the Maximum Oxygen Consumption
(VO2max) for Young Saudi Females Using Exercise Parameters. Journal of Family and
Community Medicine 2024;31:289-94. https://doi.org/10.4103/jfcm.jfcm 58 24.

[17] Antunes-Correa LM. Maximal Oxygen Uptake: New and More Accurate Predictive
Equation. European  Journal = of  Preventive Cardiology  2018;25:1075-6.
https://doi.org/10.1177/2047487318780442.

[18] Donovan T, Bain AL, Tu W, Pyne DB, Rao S. Influence of Exercise on Exhausted and
Senescent T Cells: A Systematic Review. Frontiers in Physiology 2021;12.
https://doi.org/10.3389/fphys.2021.668327.

[19] LaRocca TJ, Seals DR, Pierce GL. Leukocyte Telomere Length Is Preserved With
Aging in Endurance Exercise-Trained Adults and Related to Maximal Aerobic Capacity.
Mechanisms of Ageing and Development 2010;131:165-7.
https://doi.org/10.1016/j.mad.2009.12.009.

[20] Mazaheri R, Schmied C, Niederseer D, Guazzi M. Cardiopulmonary Exercise Test
Parameters in Athletic Population: A Review. Journal of Clinical Medicine 2021;10:5073.
https://doi.org/10.3390/jcm10215073.

[21] Williams CJ, Williams M, Eynon N, Ashton KJ, Little JP, Wisleff U, et al. Genes to
Predict VO2max Trainability: A Systematic Review. BMC Genomics 2017;18.
https://doi.org/10.1186/s12864-017-4192-6.

[22] Haddad E, Wells GA, Sigal RJ, Boul NG, Kenny GP. Meta-Analysis of the Effect of
Structured Exercise Training on Cardiorespiratory Fitness in Type 2 Diabetes Mellitus.
Diabetologia 2003;46:1071-81. https://doi.org/10.1007/s00125-003-1160-2.

[23] Meléndez-Ortega A, Davis CL, Barbeau P, Boyle CA. Oxygen Uptake of Overweight
and Obese Children at Different Stages of a Progressive Treadmill Test. (Consumo De
Oxigeno De Nifios Y Nifias Con Sobrepeso Y Obesos en Los Diferentes Estadios De Una
Prueba Progresiva en Un Tapiz Rodante). Ricyde Revista Internacional De Ciencias Del
Deporte 2010;6:74-90. https://doi.org/10.5232/ricyde2010.01805.

[24] Kim C, Wheatley CM, Behnia M, Johnson BD. The Effect of Aging on Relationships
Between Lean Body Mass and VO2max in Rowers. Plos One 2016;11:¢0160275.
https://doi.org/10.1371/journal.pone.0160275.

15



[25] Sagiv M, Goldhammer E, Ben-Sira D, Amir R. Factors Defining Oxygen Uptake at
Peak Exercise in Aged People. European Review of Aging and Physical Activity 2010;7:1-2.
https://doi.org/10.1007/s11556-010-0061-x.

[26] khazraee touraj, Fararouei M, Daneshmandi H, Mobasheri F, Zamanian Z. Maximal
Oxygen Consumption, Respiratory Volume and Some Related Factors in Fire-Fighting
Personnel. International Journal of Preventive Medicine 2017;8:25.
https://doi.org/10.4103/ijpvm.ijpvm_299 16.

[27] Aratjo AL d., Silva LCR, Fernandes JR, Manuella de Sousa Toledo Matias, Boas LSV,
Machado CM, et al. Elderly Men With Moderate and Intense Training Lifestyle Present
Sustained Higher Antibody Responses to Influenza Vaccine. Age 2015;37.
https://doi.org/10.1007/s11357-015-9843-4.

[28] Ribeiro RR, Santos KD, Wellington Roberto Gomes de Carvalho, Gongalves EM,
Roman EP, Minatto G. Aptiddao Aerobia, Indicadores Sociodemograficos E Bioldgicos Em
Escolares Do Sexo Feminino. Brazilian Journal of Kinanthropometry and Human
Performance 2013;15. https://doi.org/10.5007/1980-0037.2013v15n4p448.

[29] Poole G, Harris C, Greenough A. Exercise Capacity in Very Low Birth Weight Adults:
A Systematic Review and Meta-Analysis. Children 2023;10:1427.
https://doi.org/10.3390/children10081427.

[30] Harkel AD t., Takken T, Osch-Gevers M v., Helbing WA. Normal Values for
Cardiopulmonary Exercise Testing in Children. European Journal of Cardiovascular
Prevention & Rehabilitation 2010;18:48-54. https://doi.org/10.1097/hjr.0b013e32833cca4d.
[31] Sanada K, Iemitsu M, Murakami H, Gando Y, Kawano H, Kawakami R, et al. Adverse
Effects of Coexistence of Sarcopenia and Metabolic Syndrome in Japanese Women. European
Journal of Clinical Nutrition 2012;66:1093—8. https://doi.org/10.1038/ejcn.2012.43.

[32] Vicente MM, Herrero DC, Prieto JP. Cardiorespiratory Fitness in Spanish Firefighters.
Journal  of  Occupational and  Environmental = Medicine  2021;63:e318-22.
https://doi.org/10.1097/jom.0000000000002199.

[33] Matsuo T, So R, Takahashi M. Workers’ Physical Activity Data Contribute to
Estimating Maximal Oxygen Consumption: A Questionnaire Study to Concurrently Assess
Workers’ Sedentary Behavior and Cardiorespiratory Fitness. BMC Public Health 2020;20.
https://doi.org/10.1186/s12889-019-8067-4.

16



[34] Vecchiato M, Duregon F, Borasio N, Faggian S, Bassanello V, Aghi A, et al.
Cardiopulmonary Exercise Response at High Altitude in Patients With Congenital Heart
Disease: A Systematic Review and Meta-Analysis. Frontiers in Cardiovascular Medicine
2024;11. https://doi.org/10.3389/fcvm.2024.1454680.

[35] Gaston A-F, Durand F, Roca E, Doucende G, Hapkova I, Subirats E. Exercise-Induced
Hypoxaemia Developed at Sea-Level Influences Responses to Exercise at Moderate Altitude.
Plos One 2016;11:¢0161819. https://doi.org/10.1371/journal.pone.0161819.

[36] Weatherwax R, Richardson TD, Beltz NM, Nolan PB, Dalleck LC. Verification
Testing to Confirm VO2max in Altitude-Residing, Endurance-Trained Runners. International
Journal of Sports Medicine 2016;37:525-30. https://doi.org/10.1055/s-0035-1569346.

[37] Chapman RF, Karlsen T, Ge RL, Stray-Gundersen J, Levine BD. Living Altitude
Influences Endurance Exercise Performance Change Over Time at Altitude. Journal of
Applied Physiology 2016;120:1151-8. https://doi.org/10.1152/japplphysiol.00909.2015.

[38] Zhao C, Zhang C, Lin J, Wang S, Liu H, Wu H, et al. Variations of Urban NO2
Pollution During the COVID-19 Outbreak and Post-Epidemic Era in China: A Synthesis of
Remote Sensing and in Situ Measurements. Remote Sensing 2022;14:419.
https://doi.org/10.3390/rs14020419.

[39] Bradwell AR, Ashdown K, Rue CA, Delamere J, Thomas OR, Lucas SJE, et al.
Acetazolamide Reduces Exercise Capacity Following a 5-Day Ascent to 4559 M in a
Randomised Study. BMJ Open Sport & Exercise Medicine 2018;4:e000302.
https://doi.org/10.1136/bmjsem-2017-000302.

[40] Herdy AH, Souza P d. Comparative Analysis of Direct and Indirect Methods for the
Determination Of Maximal Oxygen Uptake in Sedentary Young Adults. International Journal
of Cardiovascular Sciences 2019. https://doi.org/10.5935/2359-4802.20190052.

[41] Rexhepi AM, Brestovci B. Estimation of VO,max According to the 3’bike Test.
Human Movement 2018;13:367—71. https://doi.org/10.2478/v10038-012-0044-z.

[42] Eliane Cristina de Andrade Gongalves, Nardo N, Souza M, Silva DAS. Which
Anthropometric Equation to Predict Body Fat Percentage Is More Strongly Associated With
Maximum Oxygen Uptake in Adolescents? A Cross-Sectional Study. Sao Paulo Medical
Journal 2023;141. https://doi.org/10.1590/1516-3180.2022.0437.r1.07022023.

[43] Grant C, Dina C. Janse van Rensburg, Pepper MS, Toit P d., Wood P, Ker J, et al. The
Correlation Between the Health-Related Fitness of Healthy Participants Measured at Home as

17



Opposed to Fitness Measured by Sport Scientists in a Laboratory. South African Family
Practice 2014;56:235-9. https://doi.org/10.1080/20786190.2014.953888.

[44] Robben KE, Poole DC, Harms CA. Maximal Oxygen Uptake Validation in Children
With  Expiratory Flow Limitation. Pediatric Exercise Science 2013;25:84-100.
https://doi.org/10.1123/pes.25.1.84.

[45] Wilson DR, Mattlage AE, Seier NM, Todd JD, Price BG, Kwapiszeski SJ, et al.
Recumbent Stepper Submaximal Test Response Is Reliable in Adults With and Without Stroke.
Plos One 2017;12:e0172294. https://doi.org/10.1371/journal.pone.0172294.

[46] Speelman AD, Groothuis JT, Nimwegen M v., Ellis S. van der Scheer, Borm GF,
Bloem BR, et al. Cardiovascular Responses During a Submaximal Exercise Test in
Patients With Parkinson’s Disease. Journal of Parkinson S Disease 2012;2:241-7.
https://doi.org/10.3233/jpd-2012-012111.

[47] Oliveira NA d., Silveira H, Carvalho A, Christiane Gouvéa e Silva Hellmuth, Santos
TM, Martins JV, et al. Assessment of Cardiorespiratory Fitness Using Submaximal Protocol in
Older Adults With Mood Disorder and Parkinson’s Disease. Archives of Clinical Psychiatry
(Sao Paulo) 2013;40:88-92. https://doi.org/10.1590/s0101-60832013000300002.

[48] Schultz SA, Byers J, Benzinger TL, Reeds DN, Vlassenko AG, Cade WT, et al.
Comparison of the Ekblom-Bak Submaximal Test to a Maximal Test in a Cohort of Healthy
Younger and Older Adults in the United States. Frontiers in Physiology 2020;11.
https://doi.org/10.3389/fphys.2020.550285.

[49] Viisdnen D, Ekblom O, Ekblom-Bak E, Andersson E, Nilsson J, Ekblom M. Criterion
Validity of the Ekblom-Bak and the Astrand Submaximal Test in an Elderly Population.
European Journal of Applied Physiology 2019;120:307—16. https://doi.org/10.1007/s00421-
019-04275-7.

[50] Abdillah M, Prabowo T, Prananta MS. Comparison of VO2 Max Prediction Value,
Physiological Response, and Borg Scale Between 12-Minute and 3200-Meter Run Fitness
Tests Among Indonesian Army Soldiers. International Journal of Integrated Health Sciences
2016;4:80-5. https://doi.org/10.15850/1jihs.v4n2.836.

[51] Rayas RV, Shetye JV, Mehta A. Agreement Between Estimated VO2 Max by 6-Minute
Walk Test and Non-Exercise Equation in Physiotherapy Students. Journal of Exercise Science

and Physiotherapy 2019;15. https://doi.org/10.18376/jesp/2019/v15/i1/111319.

18



[52] Risum K, Edvardsen E, Selvaag AM, Dagfinrud H, Sanner H. Measurement Properties
and Performance of an Eight-Minute Submaximal Treadmill Test in Patients With Juvenile
Idiopathic ~ Arthritis: A Controlled Study. Pediatric  Rheumatology 2019;17.
https://doi.org/10.1186/s12969-019-0316-7.

[53] Bayshtok G, Tiosano S, Furer A. Use of Wearable Devices for Peak Oxygen
Consumption Measurement in Clinical Cardiology: Case Report and Literature Review.
Interactive Journal of Medical Research 2023;12:e45504. https://doi.org/10.2196/45504.

[54] Sun W, Guo Z, Yang Z, Wu Y, Lan W, Liao Y, et al. A Review of Recent Advances in
Vital Signals Monitoring of Sports and Health via Flexible Wearable Sensors. Sensors
2022;22:7784. https://doi.org/10.3390/s22207784.

[55] Alzahrani A, Ullah A. Advanced Biomechanical Analytics: Wearable Technologies for
Precision Health Monitoring in Sports Performance. Digital Health 2024;10.
https://doi.org/10.1177/20552076241256745.

[56] Seckin AC, Ates B, Seckin M. Review on Wearable Technology in Sports: Concepts,
Challenges and Opportunities. Applied Sciences 2023;13:10399.
https://doi.org/10.3390/app131810399.

[57] Argent R, Hetherington-Rauth M, Stang J, Tarp J, Ortega FB, Molina-Garcia P, et al.
Recommendations for Determining the Validity of Consumer Wearables and Smartphones for
the Estimation of Energy Expenditure: Expert Statement and Checklist of the INTERLIVE
Network. Sports Medicine 2022;52:1817-32. https://doi.org/10.1007/s40279-022-01665-4.
[58] Johnston W, Judice PB, Molina-Garcia P, Miihlen JM, Skovgaard EL, Stang J, et al.
Recommendations for Determining the Validity of Consumer Wearable and Smartphone Step
Count: Expert Statement and Checklist of the INTERLIVE Network. British Journal of Sports
Medicine 2020;55:780-93. https://doi.org/10.1136/bjsports-2020-103147.

[59] Alkandari JR, Nieto MB. Peak O&lt;sub&gt;2&lt;/Sub&gt; Uptake Correlates With
Fat Free Mass in Athletes but Not in Sedentary Subjects. Health 2019;11:40-9.
https://doi.org/10.4236/health.2019.111005.

[60] Villanueva IR, Campbell JC, Medina SM, Jorgensen TM, Wilson S, Angadi SS, et al.
Comparison of Constant Load Exercise Intensity for Verification of Maximal Oxygen Uptake
Following a Graded Exercise Test in Older Adults. Physiological Reports 2021;9.
https://doi.org/10.14814/phy2.15037.

19



[61] Lind L, Michaélsson K. Detailed Investigation of Multiple Resting Cardiovascular
Parameters in Relation to Physical Fitness. Clinical Physiology and Functional Imaging
2022;43:120-7. https://doi.org/10.1111/cpf.12800.

[62] Wibowo BRA, Widiatmaja DM, Sakina S, Abdurachman, Rejeki PS. Comparison of
High-Intensity Interval Training and Moderate-Intensity Continuous Training on VO2max
and Response Reaction Time in Basketball Referees. Indian Journal of Forensic Medicine &
Toxicology 2021;15:2700-8. https://doi.org/10.37506/ijfmt.v15i3.15715.

[63] Cabre HE, Gordon AN, Patterson ND, Smith-Ryan AE. Evaluation of Pre-Workout
and Recovery Formulations on Body Composition and Performance After a 6-Week High-
Intensity Training Program. Frontiers in Nutrition 2022;9.
https://doi.org/10.3389/fnut.2022.1016310.

[64] Amaro-Gahete FJ, De-la-O A, Jurado-Fasoli L, Dote-Montero M, Gutiérrez A, Ruiz
JR, et al. Changes in Physical Fitness After 12 Weeks of Structured Concurrent Exercise
Training, High Intensity Interval Training, or Whole-Body Electromyostimulation Training in
Sedentary Middle-Aged Adults: A Randomized Controlled Trial. Frontiers in Physiology
2019;10. https://doi.org/10.3389/fphys.2019.00451.

[65] Burich R, Teljigovi¢ S, Boyle E, Sjogaard G. Aerobic Training Alone or Combined
With Strength Training Affects Fitness in Elderly: Randomized Trial. European Journal of
Sport Science 2015;15:773—83. https://doi.org/10.1080/17461391.2015.1060262.

[66] Fentaw S, Tadesse T, Birhanu Z. Methodological and Aerobic Capacity Adaptations of
High-intensity Interval Training at Different Altitudes in Distance Runners: A Comprehensive
Meta-analysis. Physiological Reports 2025;13. https://doi.org/10.14814/phy2.70349.

[67] Lo Y-P, Chiang S, Lin C, Liu H, Chiang L. Effects of Individualized Aerobic Exercise
Training on Physical Activity and Health-Related Physical Fitness Among Middle-Aged and
Older Adults With Multimorbidity: A Randomized Controlled Trial. International Journal of
Environmental Research and Public Health 2020;18:101.
https://doi.org/10.3390/ijerph18010101.

[68] Namboonlue C, Namboonlue S, Sriwiset P, Jaisuk J, Buttichak A, Muangritdech N, et
al. Effects of Concurrent Resistance and Aerobic Training on Body Composition, Muscular
Strength and Maximum Oxygen Uptake in Men With Excess Weight. Teoria Ta Metodika
Fizi¢nogo Vihovanna 2023;23:389-96. https://doi.org/10.17309/tmfv.2023.3.11.

20



[69] Pito PG, Cardoso JR, Tufano JJ, Guariglia DA. Effects of Concurrent Training on
IRM and VO2 in Adults: Systematic Review With Meta-Analysis. International Journal of
Sports Medicine 2021;43:297-304. https://doi.org/10.1055/a-1506-3007.

[70] Brandao C, Rodrigues GS, Noronha NY, Nicoletti CF, Junqueira-Franco MV, Alves CP,
et al. 8-Week Combined Exercise Protocol Promote Health and Cardiovascular Benefits in
Obese Women by Epigenetic Modifications: A  Prospective  Study 2024.
https://doi.org/10.21203/rs.3.1rs-4119029/v1.

[71] Russomando L, Bono V, Mancini A, Terracciano A, Cozzolino F, Imperlini E, et al.
The Effects of Short-Term High-Intensity Interval Training and Moderate Intensity
Continuous Training on Body Fat Percentage, Abdominal Circumference, BMI and VO2max
in Overweight Subjects. Journal of Functional Morphology and Kinesiology 2020;5:41.
https://doi.org/10.3390/jfmk5020041.

[72] Taylor JL, Holland DJ, Keating SE, Leveritt M, Gomersall SR, Rowlands AV, et al.
Short-Term and Long-Term Feasibility, Safety, and Efficacy of High-Intensity Interval
Training in Cardiac Rehabilitation. Jama Cardiology 2020;5:1382.
https://doi.org/10.1001/jamacardio.2020.3511.

[73] Boff W, Silva AM d., Farinha JB, Rodrigues-Krause J, Reischak-Oliveira A, Tschiedel
B, et al. Superior Effects of High-Intensity Interval vs. Moderate-Intensity Continuous
Training on Endothelial Function and Cardiorespiratory Fitness in Patients With Type 1
Diabetes: A Randomized Controlled Trial. Frontiers in Physiology 2019;10.
https://doi.org/10.3389/fphys.2019.00450.

[74] Sawyer BJ, Tucker WJ, Bhammar DM, Ryder JR, Sweazea KL, Gaesser GA. Effects
of High-Intensity Interval Training and Moderate-Intensity Continuous Training on
Endothelial Function and Cardiometabolic Risk Markers in Obese Adults. Journal of Applied
Physiology 2016;121:279-88. https://doi.org/10.1152/japplphysiol.00024.2016.

[75] Paulauskas R, NekrioSius R, Dadeliené R, Sousa A, Figueira B. Muscle Oxygenation
Measured With Near-Infrared Spectroscopy Following Different Intermittent Training
Protocols in a World-Class Kayaker—A Case Study. Sensors 2022;22:8238.
https://doi.org/10.3390/s22218238.

[76] Cusack H, Hewlings S. The Impact of Iron Supplementation on Athletic Performance
in Elite-Level Female Athletes—A Systematic Review. Strength and Conditioning
2022;45:342-53. https://doi.org/10.1519/ss¢.0000000000000742.

21



[77] Pasricha S, Low M, Thompson J, Farrell A, De-Regil L-M. Iron Supplementation
Benefits Physical Performance in Women of Reproductive Age: A Systematic Review and
Meta-Analysis. Journal of Nutrition 2014;144:906—14. https://doi.org/10.3945/jn.113.189589.
[78] Semenova EA, Miyamoto-Mikami E, AkumoB Eb, Al-Khelaifi F, Murakami H, Zempo
H, et al. The Association of HFE Gene H63D Polymorphism With Endurance Athlete Status
and Aerobic Capacity: Novel Findings and a Meta-Analysis. European Journal of Applied
Physiology 2020;120:665-73. https://doi.org/10.1007/s00421-020-04306-8.

[79] Miiller DC, Boeno FP, Izquierdo M, Aagaard P, Teodoro JL, Grazioli R, et al. Effects
of High-Intensity Interval Training Combined With Traditional Strength or Power Training on
Functionality and Physical Fitness in Healthy Older Men: A Randomized Controlled Trial.
Experimental Gerontology 2021;149:111321. https://doi.org/10.1016/j.exger.2021.111321.
[80] Wu Z, Zhu-ying W, Gao H-E, Zhou X-F, Li F. The Impact of Interval Training on
Cardiorespiratory Fitness, Body Composition, Physical Fitness, and Metabolic Parameters in
Older Adults: A Systematic Review and Meta-Analysis 2020.
https://doi.org/10.21203/rs.2.23869/v]1.

[81] Seco-Calvo J, Inchaurregui LCA, Echevarria E, Barbero I, Torres-Unda J, Pérez VR,
et al. A Long-Term Physical Activity Training Program Increases Strength and Flexibility, and
Improves Balance in Older Adults. Rehabilitation Nursing 2013;38:37-47.
https://doi.org/10.1002/rnj.64.

[82] Moraes K, Fernandes M, Carvalho VO. Interval Exercise Training in Adult Heart
Transplant ~ Recipients. = American  Journal of  Transplantation  2013;13:526.
https://doi.org/10.1111/ajt.12051.

[83] Harpham C, Gunn H, Marsden J, Connolly L. The Feasibility, Safety, Physiological
and Clinical Effects of High-Intensity Interval Training for People With Parkinson’s: A
Systematic Review and Meta-Analysis. Aging Clinical and Experimental Research
2023;35:497-523. https://doi.org/10.1007/s40520-022-02330-6.

[84] Metcalfe RS, Atef H, Mackintosh KA, McNarry MA, Ryde GC, Hill DM, et al. Time-
Efficient and Computer-Guided Sprint Interval Exercise Training for Improving Health in the
Workplace: A Randomised Mixed-Methods Feasibility Study in Office-Based Employees.
BMC Public Health 2020;20. https://doi.org/10.1186/s12889-020-8444-z.

[85] Mwaniki J. Investigating the Impact of Exercise Intensity on Cardiovascular Health

Parameters in Kenya. Ajps 2024;2:24-38. https://doi.org/10.47604/ajps.2670.

22



[86] Larsen LH, Lauritzen MH, Gangstad SW, Kjer TW. The Use of Small Electronic
Devices and Health: Feasibility of Interventions for a Forthcoming Crossover Design. Jmir
Formative Research 2021;5:€20410. https://doi.org/10.2196/20410.

[87] Burtscher J, Millet GP, Burtscher M. Celebrating 100 Years of VO2max. QJM
2023;116:809-8009. https://doi.org/10.1093/qjmed/hcad082.

[88] Kumar A, Gupta M, Kohat AK, Agrawal A, Varshney AC, Chugh A, et al. Impact of
High-Intensity Interval Training (HIIT) on Patient Recovery After Myocardial Infarction and
Stroke: A Fast Track to Fitness. Cureus 2024. https://doi.org/10.7759/cureus.73910.

[89] Modena R, Impellizzeri FM, Fornasiero A, Schena F. Effects of Low vs. Moderate
Dose of Recreational Football on Cardiovascular Risk Factors. European Journal of Sport
Science 2022;23:1047-55. https://doi.org/10.1080/17461391.2022.2086488.

[90] Séanchez OA, Hesse AS, Betker MR, Lundstrom CJ, Conroy WE, Gao Z.
Cardiovascular Fitness and Associated Comorbidities in an Executive Health Program.
Exercise Medicine 2022;6:5. https://doi.org/10.26644/em.2022.005.

[91] Beato M, Coratella G, Schena F, Impellizzeri FM. Effects of Recreational Football
Performed Once a Week (1 h Per 12 Weeks) on Cardiovascular Risk Factors in Middle-Aged
Sedentary Men. Science and Medicine in Football 2017;1:171-7.
https://doi.org/10.1080/24733938.2017.1325966.

[92] Lee B-A. Effects of Regular Aerobic Exercise on Cardiovascular Health Factors and
Heart Function in Sedentary Male Office Workers. The Asian Journal of Kinesiology
2024;26:30-8. https://doi.org/10.15758/ajk.2024.26.1.30.

[93] Imboden MT, Harber MP, Whaley MH, Finch WH, Bishop DA, Fleenor BS, et al. The
Influence of Change in Cardiorespiratory Fitness With Short-Term Exercise Training on
Mortality Risk From the Ball State Adult Fitness Longitudinal Lifestyle Study. Mayo Clinic
Proceedings 2019;94:1406—14. https://doi.org/10.1016/j.mayocp.2019.01.049.

[94] Chilton R. Beyond the Myocardium: Sodium-glucose Co-transporter-2 Inhibitors in
Heart Failure. Diabetes Obesity and Metabolism 2021;23:1215-8.
https://doi.org/10.1111/dom.14320.

[95] Jafarnezhadgero A, Mamashli E, Granacher U. An Endurance-Dominated Exercise
Program Improves Maximum Oxygen Consumption, Ground Reaction Forces, and Muscle
Activities in Patients With Moderate Diabetic Neuropathy. Frontiers in Physiology 2021;12.
https://doi.org/10.3389/fphys.2021.654755.

23



[96] Chakkera HA, Angadi SS, Heilman RL, Kaplan B, Scott RL, Bollempalli H, et al.
Cardiorespiratory Fitness (Peak Oxygen Uptake): Safe and Effective Measure for
Cardiovascular Screening Before Kidney Transplant. Journal of the American Heart
Association 2018;7. https://doi.org/10.1161/jaha.118.008662.

[97] Meer Sv.d., Zwerink M, Brussel M v., Valk P v. d., Wajon EM, Palen J v. d. Effect of
Outpatient Exercise Training Programmes in Patients With Chronic Heart Failure: A
Systematic Review. European Journal of Preventive Cardiology 2011;19:795-803.
https://doi.org/10.1177/1741826711410516.

[98] Piepoli M. Confronting the Reality of COVID. European Journal of Preventive
Cardiology 2020;27:787-8. https://doi.org/10.1177/2047487320926774.

[99] Geng A, Ugok K, Sener U, Koyuncu T, Akar O, Celik S, et al. Association Analyses of
Oxidative Stress, Aerobic Capacity, Daily Physical Activity, and Body Composition
Parameters in Patients With Mild to Moderate COPD. Turkish Journal of Medical Sciences
2014;44:972-9. https://doi.org/10.3906/sag-1308-65.

[100] Charususin N, Gosselink R, Decramer M, McConnell A, Saey D, Maltais F, et al.
Inspiratory Muscle Training Protocol for Patients With Chronic Obstructive Pulmonary
Disease (IMTCO Study): A Multicentre Randomised Controlled Trial. BMJ Open
2013;3:e003101. https://doi.org/10.1136/bmjopen-2013-003101.

[101] Sawyer A, Cavalheri V, Hill K. Effects of High Intensity Interval Training on Exercise
Capacity in People With Chronic Pulmonary Conditions: A Narrative Review. BMC Sports
Science Medicine and Rehabilitation 2020;12. https://doi.org/10.1186/s13102-020-00167-y.
[102] Ramos P d. S, Claudio Gil Soares de Aratjo. Cardiorespiratory Optimal Point During
Exercise Testing as a Predictor of All-Cause Mortality. Revista Portuguesa De Cardiologia
(English Edition) 2017;36:261-9. https://doi.org/10.1016/j.repce.2016.09.011.

24



	The impact of maximal oxygen uptake (VO₂max) on at
	Abstract
	Introduction
	Aim
	Materials and methods
	Review and discussion
	Determinants of VO₂max: The Interplay of Physiolog
	Assessing VO₂max: Methods, Limitations, and Innova
	Improving VO₂max: Evidence-Based Training and Nutr
	VO₂max and Health: A Marker for Longevity and Dise

	Conclusions


