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Abstract

Pulmonary Function Tests (PFTs) play a critical role in assessing lung health and performance, particularly in
athletes exposed to unique respiratory challenges due to intense training and environmental stressors. This review
synthesizes recent findings on the application of PFTs in athletic populations. It highlights variations in test outcomes
based on sport type, gender, training intensity, and environmental exposure. Furthermore, it explores how PFTs aid in
diagnosing exercise-induced bronchoconstriction (EIB), asthma, and other respiratory conditions, while discussing
emerging diagnostic tools such as specific airway conductance (SGaw), eucapnic voluntary hyperpnoea (EVH), and
oscillometry. The paper also outlines clinical implications including treatment monitoring, athlete screening, and anti-
doping compliance. Collectively, the findings reinforce the value of PFTs in enhancing respiratory care and optimizing

athletic performance.
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1. Introduction:

Athletes frequently exhibit lung function profiles
that deviate from general population norms due to chronic
high-intensity training and specific environmental
exposures.(Crapo et al.,2025) These differences can
signify either adaptive physiological changes or
underlying respiratory disorders.(Stensrud et al., 2010)
For instance, elite athletes may experience symptoms such
as dyspnea or wheezing, which may be attributed to
conditions like asthma or  exercise-induced
bronchoconstriction (EIB), or merely reflect normal
adaptation.(Smith et al., 2002) As subjective symptoms
are often unreliable, PFTs provide objective and
measurable data critical to evaluating respiratory health in
athletes.(Parsons et al., 2005) This review examines the
diagnostic utility of Pulmonary Function Tests (PFTs)
across diverse athlete demographics and sports
disciplines.(Hiemstra et al., 2018)

2. Overview of Pulmonary Function Tests

PFTs assess various aspects of lung function,
including airflow, volume, and gas exchange. Spirometry,
the most widely used test, evaluates key parameters such
as forced expiratory volume in one second (FEV1), forced
vital capacity (FVC), and the FEV1/FVC ratio. Additional

techniques include:

* Plethysmography: Measures static lung volumes and
airway resistance.(Stensrud et al., 2010, Smith et a.,
2002)

« DLCO (Diffusing Capacity of Lung for Carbon
Monoxide) : Assesses the lungs’ ability to transfer
gases into the bloodstream.(Smith et a., 2002, Parsons
et al., 2005)

* SGaw (specific airway conductance): Indicates
airway openness and is sensitive to early
obstruction.(Parsons et al., 2005)

* EVH (Eucapnic Voluntary Hyperpnoea) and
Broncho provocation tests: Particularly valuable in
diagnosing EIB when spirometry is
inconclusive.(Hiemstra et al., 2018)

Environmental conditions, recent physical exertion,
time of day, and baseline lung capacity all influence
results and should be carefully controlled or accounted for
in testing protocols.

*Corresponding Author
E-mail address: perrypatel101@gmail.com

m ©University Journal of Research, 6(2), 2024 published by Ganpat University. All rights reserved.



Peryben Y. Patel/ University Journal of Research Vol. 06, Issue 02 (2024) Online ISSN: 2455-1724

| oLco ¢B

( EVH and Broncho Provocation
Tests

Gas Transfer EIB Diagnosis
[ Influencing Factors ?f' 5 ] @ Spirometry
Environmental Conditions FEV1
Physical Exertion Pulmonary FvC
Function
Time of Day Tests FEV1/FVC Ratio

Baseline Lung Capacity

[ Plethysmography &.{

Static Lung Volumes

Airway Resistance

Airway Openness
Early Obstruction

Figure — 1 Pulmonary Function Tests (PFT) — Techniques and influencing factors

3. How PFTs Help Identify Respiratory Conditions
3.1 Exercise-Induced Bronchoconstriction (EIB)

EIB is characterized by a temporary narrowing of
the airways following exercise and is especially prevalent
among endurance athletes. Diagnosis typically involves
identifying a 10-15% decrease in FEV1 after exercise.
Since symptoms may not correlate with actual
bronchoconstriction, post-exercise spirometry and EVH
are more reliable diagnostic tools.(Dempsey et al., 1999,
Madigan et al., 2002)

3.2 Distinguishing Asthma from EIB

Asthma is a chronic inflammatory condition,
whereas EIB is a transient phenomenon. Baseline
spirometry in asthma often shows obstruction reversible
with bronchodilators.(Andreotta et al., 2018) In contrast,
athletes with isolated EIB may have normal baseline
values but exhibit airway narrowing only after exercise or
during challenge testing. Differentiating the two is
essential for effective management and treatment
planning. (Boulet, 2012)

3.3 Obstructive vs. Restrictive Patterns

Endurance athletes, such as long-distance runners,
may exhibit obstructive patterns due to airway
remodelling. Strength athletes may show restrictive
patterns due to increased thoracic musculature.
Comparative studies indicate endurance athletes typically
have higher ventilatory capacity and gas diffusion
efficiency, while strength athletes demonstrate greater
inspiratory pressure but reduced airflow rates.(Mahler et
al.,1993, Randolph et al., 2013)

3.4 Environmental Factors

Environmental exposures significantly impact
respiratory health. Cold air, airborne pollutants, allergens,
and chlorinated pool environments can provoke airway
irritation. Skiers and hockey players often experience EIB
due to cold air inhalation, while swimmers may develop
chlorine-induced airway inflammation. Testing under
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sport-specific ~ environmental  conditions  improves
diagnostic accuracy. (Kitzmiiller et al., 2011, Tiller et al.,
2019)

3.5 Use of Advanced Testing

Advanced diagnostic modalities are becoming more
prevalent in sports medicine:

e SGaw (specific airway conductance): More sensitive
than spirometry in detecting airway obstruction.

e Oscillometry: Provides information on small airway
function with minimal effort.

e Flow-volume loops: Useful for identifying inspiratory
limitations and extra thoracic obstruction. These tools
allow for more nuanced and comprehensive
assessment, especially in elite and symptomatic
athletes.(Randolph, 2013)
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Figure 2 — Respiratory Conditions In athletes

4. Comparison by Sport, Gender,
Intensity

Age, and

Athletic discipline significantly influences lung
function profiles. Endurance sports like swimming and
cycling typically enhance lung volume and efficiency,
while team sports involving intermittent effort may result
in more variable patterns. (Krafczyk et al., 2011)

Gender Differences: Female athletes generally have
smaller airway diameters and lung volumes, increasing
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their susceptibility to respiratory symptoms. Hormonal
fluctuations may further influence airway
reactivity.(Mckenzie et al.,2011)

Age-Related Variability: Adolescent athletes may
be underdiagnosed due to incomplete lung development.
Older athletes often experience natural declines in lung
function, which must be considered in test
interpretation.(Constantinou et al., 2010)

Training  Altitude: High-altitude  training
temporarily enhances oxygen diffusion but may reduce
lung volumes over time. These variables must be
contextualized in  performance and  diagnostic
evaluations.(Wilcox et al., 200
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Figure 3 — Comparison by Various outcomes
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Figure 4 — Factors Influencing Lung Function In athletes
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5. Challenges and Limitations

While PFTs are indispensable tools, they come with
inherent limitations:

* Environmental Simulation: Laboratory conditions
may not mimic real sport scenarios, resulting in false
negatives.(Storms et al., 1997)

¢ Resource Limitations: Broncho provocation tests
require specialized settings and personnel.(Ludyga et
al., 2022)

* Reference Standards: There is a lack of sport-specific
normative values for interpreting results.

Suggested strategies include field-based portable
spirometry, athlete-specific baseline comparisons, and the
use of complementary tools such as symptom checklists,
training logs, and inflammation biomarkers (e.g., exhaled
nitric  oxide). A multidisciplinary team ensures

comprehensive assessment and appropriate intervention.
(Storms et al., 1997, Ludyga et al., 2022)

6. Clinical Use and Athlete Care

Baseline PFTs are beneficial for early detection and
tracking of respiratory issues. They serve as important
references for evaluating treatment outcomes or illness
recovery. Personalized management plans may include
tailored  medications, =~ warm-up  protocols,  or
environmental adjustments. Repeated testing helps
monitor therapy efficacy. (Chan et al., 2020)

PFTs also play a critical role in ensuring athletes’
compliance with anti-doping regulations. Medications
such as inhaled corticosteroids or beta-agonists are
permitted under documented medical need. Accurate
diagnostic data provides essential justification and
safeguards athletes' health and careers.(Cox et al., 2014)

7. Future Developments

Advancements in technology promise transformative
improvements in respiratory monitoring:

e Wearable spirometry devices enable real-time lung
function tracking during training.

o Artificial intelligence supports automated
interpretation and trend analysis.
More research is needed to  address

underrepresented groups, including female, para-athletes,
and those in extreme environments. Longitudinal studies
on post-career respiratory health may inform future
prevention and care models.(Ralalage et al., 2023,
Needham et al., 2022, Wu et al., 2025)

8. Conclusion

Pulmonary Function Tests are foundational in the
assessment and management of respiratory health in
athletes. They enable accurate diagnosis, inform treatment
strategies, and support optimal performance. As sport
science evolves, integrating advanced diagnostics and
individualized approaches will be key to safeguarding and
enhancing athletic health.

m ©University Journal of Research, 6(2), 2024 published by Ganpat University. All rights reserved.



Peryben Y. Patel/ University Journal of Research Vol. 06, Issue 02 (2024) Online ISSN: 2455-1724

References

>

Crapo, R. O., Casaburi, R., Coates, A. L., Enright, P.
L., Hankinson, J. L., Irvin, C. G., Maclntyre, N. R.,
McKay, R. T., Wanger, J. S., Anderson, S. D.,
Cockceroft, D. W., Fish, J. E., & Sterk, P. J. (2000).
Guidelines for Methacholine and Exercise Challenge
Testing—1999. American Journal of Respiratory and
Critical Care  Medicine, 161(1), 309-329.
https://doi.org/10.1164/ajrccm.161.1.ats11-99

Stensrud, S., Myklebust, G., Kristianslund, E., Bahr,
R., & Krosshaug, T. (2010). Correlation between two-
dimensional video analysis and subjective assessment
in evaluating knee control among elite female team
handball players. British Journal of Sports Medicine,
45(7), 589-595.
https://doi.org/10.1136/bjsm.2010.078287

Smith, D. J., Norris, S. R., & Hogg, J. M. (2002).
Performance evaluation of swimmers. Sports
Medicine, 32(9), 539-554.
https://doi.org/10.2165/00007256-200232090-00001

Parsons, J. P., Marsh, C. B., & Mastronarde, J. G.
(2005). WERNICKE’S ENCEPHALOPATHY IN a
PATIENT AFTER GASTRIC BYPASS SURGERY.
CHEST Journal, 128(4), 4538S.
https://doi.org/10.1378/chest.128.6.3966

Hiemstra, J. A., Veteto, A. B., Lambert, M. D., Olver,
T. D., Ferguson, B. S., McDonald, K. S., Emter, C. A.,
& Domeier, T. L. (2018). Chronic low-intensity
exercise  attenuates  cardiomyocyte  contractile
dysfunction and impaired adrenergic responsiveness
in aortic-banded mini-swine. Journal of Applied
Physiology, 124(4), 1034-1044.
https://doi.org/10.1152/japplphysiol.00840.2017

Dempsey, J. A., & Wagner, P. D. (1999). Exercise-
induced arterial hypoxemia. Journal of Applied
Physiology, 87(6), 1997-2006.
https://doi.org/10.1152/jappl.1999.87.6.1997

Madigan, M. L., & Pidcoe, P. E. (2002). A muscle
temperature compensation technique for EMG fatigue
measures. Medicine & Science in Sports & Exercise,
34(5), 780-784. https://doi.org/10.1097/00005768-
200205000-00009

Andreotta, P. W., Arold, S., Kenyon, J., Spicer, D.,
Woodman, P., Berry, E., Brogan, T., Kong, S.,
Okerholm, P., Russell, V., Clarke, R. W., & Hava, D.
L. (2018). Inhaled calcium salts inhibit tobacco
smoke-induced  inflammation by  modulating
expression of chemokines and cytokines. Pulmonary
Pharmacology &  Therapeutics, 53, 86-99.
https://doi.org/10.1016/j.pupt.2018.10.004

Boulet, L.-P. (2012). Cough and upper airway
disorders in elite athletes: a critical review. British
Journal of Sports Medicine, 46(6), 417-421.
https://doi.org/10.1136/bjsports-2011-090812

Mabhler, D. A. (1993). Exercise-induced asthma.
Medicine and Science in Sports and Exercise, 25(5),
554-561.

Randolph, C. (2013). Pediatric Exercise-Induced
Bronchoconstriction: Contemporary Developments in
Epidemiology, Pathogenesis, Presentation, Diagnosis,
and Therapy. Current Allergy and Asthma Reports,
13(6), 662—671. https://doi.org/10.1007/s11882-013-
0380-x

Kitzmiiller, C., Nagl, B., Deifl, S., Walterskirchen, C.,
Jahn-Schmid, B., Zlabinger, G. J., & Bohle, B. (2011).
Human blood basophils do not act as
antigen-presenting cells for the major birch pollen
allergen Bet v 1. Allergy, 67(5), 593-600.
https://doi.org/10.1111/j.1398-9995.2011.02764.x

Tiller, N. B. (2019). Pulmonary and Respiratory
Muscle Function in Response to Marathon and Ultra-
Marathon Running: A Review. Sports Medicine,
49(7), 1031-1041. https://doi.org/10.1007/s40279-
019-01105-w

Eisenmann, J. C., & Malina, R. M. (2002). Growth
status and estimated growth rate of young distance
runners. International Journal of Sports Medicine,
23(3), 168—173. https://doi.org/10.1055/s-2002-23174

Krafczyk, M. A., & Asplund, C. A. (2011). Exercise-
induced  bronchoconstriction: diagnosis  and
management. American Family Physician, 84(4),
427-434.

Mckenzie, D. C., & Fitch, K. (2011). The Asthmatic
Athlete: Inhaled Beta-2 Agonists, Sport Performance,
and Doping. Clinical Journal of Sport Medicine, 21,
46-50. https://doi.org/10.1097/IAE.0b013¢318203cOef

Constantinou, D. (2010). Exercise-induced
bronchoconstriction: Current update and implications
for treating athletes, Current Allergy and Clinical
Immunology, 23, 64—70.

Wilcox, P, Road, J., & Altalag, A. (2009). Pulmonary
Function Tests in Clinical Practice. Springer London.
https://doi.org/10.1007/978-1-84882-231-3

Storms, W. W., & Joyner, D. M. (1997). Update on
Exercise-Induced Asthma: A Report of the Olympic
Exercise Asthma Summit Conference. The Physician
and Sportsmedicine, 25(3), 45-55.
https://doi.org/10.1080/00913847.1997.11440200

Ludyga, S., Hanke, M., Leuenberger, R., Bruggisser,
F., Piihse, U., Gerber, M., Lemola, S., Capone-Mori,
A., Keutler, C., Brotzmann, M., & Weber, P. (2022).
Martial Arts and Cognitive Control in Children with
Attention-Deficit Hyperactivity Disorder and Children
Born Very Preterm: A Combined Analysis of Two
Randomized Controlled Trials. Medicine & Science in
Sports & Exercise, 55(5), 777-786.
https://doi.org/10.1249/mss.0000000000003110

©University Journal of Research, 6(2), 2024 published by Ganpat University. All rights reserved.



Peryben Y. Patel/ University Journal of Research Vol. 06, Issue 02 (2024) Online ISSN: 2455-1724

>

Chan, E. S., Dinakar, C., Gonzales-Reyes, E., Green,
T. D., Gupta, R., Jones, D., Wang, J., Winders, T., &
Greenhawt, M. (2020). Unmet needs of children with
peanut allergy. Annals of Allergy Asthma &
Immunology, 124(5), 479-486.
https://doi.org/10.1016/j.anai.2020.01.016

Cox, D. W.,, & Souéf, P. N. L. (2014). Human
rhinovirus C and asthma in childhood. Clinical
Pulmonary Medicine, 21(3), 107-112.
https://doi.org/10.1097/cpm.0000000000000036

Ralalage, D. D., & Hurst, J. R. (2023). Chronic
obstructive pulmonary disease: aetiology, pathology,
physiology and outcome. Medicine, 51(10), 737-741.
https://doi.org/10.1016/j.mpmed.2023.07.008

» Needham, R. S., Sharpe, G. R., Williams, N. C.,

Lester, P. A., & Johnson, M. A. (2022). Exercise-
induced bronchoconstriction in university field hockey
athletes: Prevalence, sex differences, and associations
with dyspnea symptoms. Frontiers in Allergy, 3,
994947. https://doi.org/10.3389/falgy.2022.994947

Wu, X., Zhou, R., Zhong, Q., Wu, X.-Y., Chen, H.,
Wei, Y.-F., Xiong, L., & Wu, X.-X. (2025). Lung
function, proteomic signatures, and risk of metabolic
dysfunction-associated  steatotic  liver  disease.
https://doi.org/10.21203/rs.3.1s-6381296/v1

©University Journal of Research, 6(2), 2024 published by Ganpat University. All rights reserved.



