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Exercise-induced bronchoconstriction (EIB) is a common complication of athletes and individuals who exercise

regularly. It is estimated that about 90% of patients with underlying asthma (a sexually dimorphic disease)

experience EIB; however, sex differences in EIB have not been studied extensively. With the goal of better

understanding the prevalence of EIB in males and females, and because atopy has been reported to occur at

higher rates in athletes, in this study, we investigated sex differences in EIB and atopy in athletes. A systematic

literature review identified 60 studies evaluating EIB and/or atopy in post-pubertal adult athletes (n = 7501).

Collectively, these studies reported: (1) a 23% prevalence of EIB in athletes; (2) a higher prevalence of atopy in

male vs. female athletes; (3) a higher prevalence of atopy in athletes with EIB; (4) a significantly higher rate of

atopic EIB in male vs. female athletes. Our analysis indicates that the physiological changes that occur during

exercise may differentially affect male and female athletes, and suggest an interaction between male sex, exercise,

and atopic status in the course of EIB. Understanding these sex differences is important to provide personalized

management plans to athletes with underlying asthma and/or atopy.

asthma  exercise  sex  gender

1. Introduction 

Asthma is one of the most common chronic non-communicable diseases of the airways, affecting about 339 million

people worldwide . The global prevalence of self-reported and physician-diagnosed asthma in adults is 4.3%

(95% CI 4.2–4.4), with wide variation among countries . Asthma is generally characterized by airway smooth

muscle constriction (bronchospasm), excessive inflammation of the airway, and increased mucus production,

although it presents in a variety of phenotypes and endotypes, ranging from mild and intermittent to severe and

uncontrolled . The diagnosis of asthma is determined by the history of respiratory symptoms, such as wheezing,

shortness of breath, chest tightness, and cough, that vary over time and in intensity, together with variable

expiratory airflow limitations .

Asthma is a heterogeneous disease, usually characterized by chronic inflammation. The clinical course of asthma

is influenced by several factors, including genetics , environmental and occupational exposures , sex and

gender , and hormones . Atopy is also frequently associated with asthma . Different from an allergy (i.e., the

exaggerated immune response to a foreign antigen regardless of mechanism), atopy is characterized by an

exaggerated IgE-mediated response to an allergen. Worldwide, 80% of childhood asthma and over 50% of adult

asthma has been reported to be atopic . In the United States, 56.3% of asthma cases have been attributed to

atopy, a percentage that is greater among male patients than female patients .
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Exercise and physical exertion are some of the most common triggers of bronchospasm in patients with asthma 

. Bronchial hyperreactivity, a basic feature of bronchial asthma, occurs more often in athletes than non-athletes,

especially in swimmers and winter sports athletes . Exercise-induced respiratory symptoms usually involve

acute narrowing of the airways that occurs during or after exercise and include exercise-induced

bronchoconstriction (EIB) .

EIB is defined as the acute onset of bronchoconstriction occurring during or immediately after exercise .

Although EIB has been estimated to occur in up to 90% of patients with underlying asthma, it also occurs in

subjects with no prior history of asthma and no symptoms outside of exercise . Similarly, there is a subset of

patients who have only exercise-induced asthma, but not chronic daily asthma . Overall, while the epidemiology

of asthma has been widely reported and studied worldwide, the epidemiology of exercise-induced asthma and EIB

has not been well described.

Sex and gender differences in the incidence, prevalence, and severity of lung diseases have been noted for years

. The terms "sex" and "gender" are oftentimes used interchangeably in research studies, although they

represent different concepts. "Sex" refers to the underlying biological differences between males and females,

including sex organs, XY chromosomes, and expression of endogenous hormones, while "gender" is a social

construct that imparts roles and behaviors as masculine or feminine within the framework of historical or cultural

contexts. The recent implementation of regulations and policies encouraging the incorporation of sex as a

biological variable in research studies has permitted the identification and characterization of sex-specific

mechanisms of lung diseases, including asthma, across the lifespan. Among children, the prevalence of asthma is

higher in males than in females . However, after puberty, the prevalence is about 20% higher in females than

males, indicating a potential contribution of sex hormones . Regarding the response to exercise, research

studies evaluating sex differences have reported that the male and female body differ in cardiovascular, respiratory,

thermoregulatory, metabolic, and neuromuscular responses that have clear implications for understanding sex-

specific adaptations to exercise for athletic performance and overall health . Gender, on the other hand, can

potentially influence an individual's behavior or preference towards a specific sport or physical depending on

societal beliefs.

Although asthma has been widely reported to be more prevalent and severe in adult females than males ,

very few studies to date have addressed sex differences in EIB and/or the overall effects of exercise in male and

female patients with asthma. One study reported that female adolescents, but not males, with EIB experience a

lower health-related quality of life and poorer lung function than those without EIB . Others reported that female

athletes exhibit more severe symptoms of EIB than males, especially in the luteal phase of the menstrual cycle .

However, there is still no consensus in the literature on an established sexual dimorphism for EIB, nor studies

addressing the mechanisms underlying potential sex differences in EIB prevalence and/or severity. Because

minute ventilation rises with exercise , EIB likely results from changes in airway physiology triggered by the

large volume of relatively cool, dry air inhaled during vigorous activity . This is supported by research findings

concluding that the main determinant of the occurrence and degree of bronchoconstriction is not the type of

exercise, but rather the ventilation demand and humidity of the inspired air during exercise .

[13]

[14]

[15][16]

[17]

[18]

[19]

[18]

[20]

[21]

[22]

[23]

[21][22]

[24]

[25]

[14]

[26]

[27][28][29]



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 3/11

2. Discussion

Exercise-induced bronchoconstriction occurs in the presence or absence of clinically recognized asthma. A sex

disparity exists in individuals suffering from asthma throughout life, calling for the question of whether sex also

influences EIB. In this review, we studied the prevalence of EIB in adult professional and recreational athletes and

its relationship with atopic status in males and females enrolled in 60 studies. Our analysis of the literature

confirmed the previously described positive association of atopy and EIB in athletes  and showed that while the

prevalence of EIB does not display an overall sex dimorphism, atopy is more prevalent in male athletes than in

female athletes. Moreover, our analysis indicates that male athletes are twice as likely to present with atopic EIB

than females. These results indicate that potential sex-specific mechanisms exist in the inflammatory and

physiological changes triggered by exercise in athletes.

One of the major triggers for bronchoconstriction in a vulnerable subject is water loss during periods of high

ventilation. Strenuous exercise creates a hyperosmolar environment by introducing dry air into the airway with

compensatory water loss, leading to transient osmotic changes in the airway surface. This hyperosmolar

environment leads to mast cell degranulation and eosinophil activation with consequent release of inflammatory

mediators, including leukotrienes. This process triggers bronchoconstriction and inflammation of the airway, as well

as stimulation of sensory nerves and release of neurokinin and mucins . Prior studies in animal models and

human cells have reported sex differences in mast cell functionality and suggested a potential regulation by sex

hormones . Mast cells expressing estrogen, progesterone, and androgen receptors have also been

identified in the human upper airway and nasal polyps, indicating that this may be a major route for the involvement

of sex hormones in exercise-induced airway inflammation . Similarly, studies have suggested a relationship

between mast cell-derived mediators, sex hormones, and the development of asthma and allergic lung disease .

The biosynthesis of leukotrienes and other pro-inflammatory eicosanoids and prostaglandins by mast cells is also

sex-biased and has been shown to be mediated by androgens . At the neural level, sex differences in

neurokinins and their receptors have been reported in adults , and sex hormones have been shown to

regulate neurokinin-dependent activation of airway smooth muscle in allergic asthma . Together, these

studies illustrate the complexity of mechanisms involved in EIB in males and females and suggest a potential

regulation by sex steroids at the immune and neural level.

Compared to the general population, elite athletes have a higher prevalence of EIB that varies with the intensity of

exercise and the environment . Increased bronchial responsiveness and asthma are strongly associated with

atopic disposition and its severity in elite athletes , and atopic diseases are overall more common in athletes .

Our analysis of the literature revealed that 23% of the athlete population studied presented with EIB. Interestingly,

the severity and prevalence of EIB was even higher (30.3%) in studies that reported sex differences. Our data also

concur with prior research reporting a greater prevalence of EIB in high-performance athletes than in the general

population. These studies suggested that prolonged inhalation of cold, dry air, and airborne pollutants are some of

the factors influencing the high prevalence of EIB in athletes . Other studies have reported a prevalence of EIB

between 30–70% among elite or Olympic-level athletes , as opposed to 5–20% in the general population 

. While EIB is frequently documented with asthma and reflects insufficient control of underlying asthma, few
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epidemiological studies of EIB have categorized participants by asthma status. Thus, the true prevalence of EIB

within the non-asthmatic general population has not been fully established, preventing researchers from evaluating

and quantifying sex and/or gender differences as well. In this regard, a sex disparity in EIB and airway

hyperresponsiveness (AHR) has been reported in young adults, with lower rates of mild AHR in males vs. females

but higher rates of moderate AHR and atopy in males . In the United States, 56.3% of asthma cases are

attributable to atopy, a percentage that is greater among males than females . Repeated and strong exposure

to pollen and other allergens causes bronchial and upper respiratory symptoms in athletes, although very few

studies have investigated the occurrence of atopic status in athletes . Our analysis revealed that male sex and

atopic status are potential risk factors for EIB in athletes. We also identified a 2:1 ratio of atopic EIB in male vs.

female athletes. However, female athletes were overall underrepresented in studies assessing EIB, as is the case

for studies in many lung diseases .

Estimating the prevalence of EIB has also been problematic due to the lack of a gold standard for diagnosis. Since

2016, a joint task force (JTF) including the American Academy of Allergy, Asthma and Immunology, the American

College of Allergy, Asthma and Immunology, and the Joint Council of Allergy, Asthma, and Immunology  has

recommended that the diagnosis of EIB should rely on performing a standardized bronchoprovocation challenge

(exercise or a surrogate), because the presentation of EIB will vary with the type of challenge and the conditions

under which the challenge is performed. In our review of the literature, we found that 43% of the selected papers

used an exercise challenge alone as a diagnostic tool, whereas 14.2% used it in combination with a bronchial

provocation test, such as mannitol or methacholine. While we do not know the exact conditions in which these tests

were performed, there is a possibility that a sex bias exists in their ability to serve as EIB diagnostic tools. In this

regard, 9% of the studies included used self-reporting data via questionnaires. The JTF recommends that a

diagnosis of EIB is confirmed by demonstration of airway reversibility or challenge in association with a history

consistent with EIB because self-reported symptoms are not always accurate .

Our study has several limitations. First, while we took measures to minimize bias, there is a risk of bias

assessment associated with the protocols used to retrieve and select the literature, including selective reporting of

findings in abstracts, and variations in the nomenclature and definitions used in studies . Furthermore, the

analysis conducted in this report showed an overall higher rate of self-reporting EIB asthma-like symptoms in

females than males, indicating that the sex differences observed in atopic EIB in athletes may be even more

striking due to the underreporting of symptoms by male athletes. Moreover, none of the studies accounted for the

menstrual phase of female participants, nor for oral contraceptive use at the time they were surveyed. This

represents a limitation since hormonal status has been shown to potentially alter self-reported asthma-like

symptoms in women . Another limitation of the current analysis is that the protocols for determining the

presence and magnitude of EIB were not consistent among the studies included. While there are no reports

comparing the accuracy of these methods in diagnosing EIB in males and females, it is possible that variations in

EIB prevalence across studies are a result of variability in these measurements' validity. Our analysis also

incorporated data from studies enrolling both professional and recreational athletes who exercised at a specific

frequency and intensity, according to our inclusion criteria. While sports medicine experts still have not reached a

consensus on a defined nomenclature to describe training intensity, regularity, and/or competitiveness level in
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athletes and non-athletes , it is possible that combining all regular exercisers in our analysis led to missing

potential differences in EIB/atopy prevalence in men and women who are professional athletes vs. recreational

exercisers.

Recent studies have yielded significant advances in our understanding of how intrinsic and extrinsic factors can

impact airway function in athletes. Extrinsic factors include environmental exposure to temperature, humidity,

aeroallergens, irritants, and pollution. Intrinsic factors include atopy, allergic rhinitis, asthma, body mass index, and

airway anatomy. These factors can affect both the athlete's quality of life and athletic performance, but also

contribute to sex differences in exercise physiology and EIB . In this regard, the menstrual cycle phase is an

important determinant of EIB severity in female athletes with mild atopic asthma . An estimated 33–52% of

females with asthma report a premenstrual worsening of asthma symptoms, and an additional 22% report asthma

that is worse during menses . However, the temporal correlation between asthma symptoms and steroid levels

does not provide a simple answer as to whether estrogen and/or progesterone improve or worsen asthma. Female

sex steroid hormones could affect exercise capacity and performance through numerous psychologic mechanisms,

including substrate metabolism, cardiorespiratory function, and thermoregulation . Thus, hormone level

changes may lead to either improved or decreased performance at various times throughout the menstrual cycle

. It is also possible that the reduction in estrogen levels and other menstrual cycle disturbances that occur

with exercise is associated with the lower prevalence of atopic EIB observed in female athletes . Overall, the

relationship between exercise and the menstrual cycle is an important variable to consider when analyzing sex

differences in EIB and atopy. Future research studies in animal models and human subjects should assess the

factors predisposing athletes to develop concurrent atopy and EIB, as well as the mechanisms underlying different

outcomes in males vs. females. Overall, more research that accounts for sex as a biological variable and

incorporates anatomical and/or physiological factors (e.g., lung volumes, hormone fluctuations) is needed to better

understand sex-specific mechanisms of EIB, and potentially develop sex-specific therapeutics to prevent and treat

EIB and other pulmonary conditions .

3. Conclusions

In conclusion, we show here that a relationship exists between male sex and atopic status in the course of EIB in

athletes. Understanding sex differences in EIB and atopy in athletes could lead to the development of better-

personalized training and disease management plans for athletes with these underlying conditions.

References

1. Soriano, J.B.; Kendrick, P.J.; Paulson, K.R.; Gupta, V.; Abrams, E.M.; Adedoyin, R.A.; Adhikari,
T.B.; Advani, S.M.; Agrawal, A.; Ahmadian, E.; et al. Prevalence and attributable health burden of
chronic respiratory diseases, 1990–2017: A systematic analysis for the Global Burden of Disease
Study 2017. Lancet Respir. Med. 2020, 8, 585–596.

[59]

[60]

[61]

[61]

[62][63][64][65]

[66][67]

[26][68]

[69]



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 6/11

2. Papi, A.; Brightling, C.; Pedersen, S.E.; Reddel, H.K. Asthma. Lancet 2018, 391, 783–800.

3. Wenzel, S.E. Severe asthma: From characteristics to phenotypes to endotypes. Clin. Exp. Allergy
2012, 42, 650–658.

4. Moral, L.; Vizmanos, G.; Torres-Borrego, J.; Praena-Crespo, M.; Tortajada-Girbés, M.; Pellegrini,
F.J.; Asensio, Ó. Asthma diagnosis in infants and preschool children: A systematic review of
clinical guidelines. Allergol. Immunopathol. 2019, 47, 107–121, doi:10.1016/j.aller.2018.05.002.

5. Ray, A.; Raundhal, M.; Oriss, T.B.; Ray, P.; Wenzel, S.E. Current concepts of severe asthma. J.
Clin. Investig. 2016, 126, 2394–2403.

6. Toskala, E.; Kennedy, D.W. Asthma risk factors. Int. Forum Allergy Rhinol. 2015, 5, S11–S16.

7. Chambers, L.; Finch, J.; Edwards, K.; Jeanjean, A.; Leigh, R.; Gonem, S. Effects of personal air
pollution exposure on asthma symptoms, lung function and airway inflammation. Clin. Exp. Allergy
2018, 48, 798–805.

8. Shah, R.; Newcomb, D.C. Sex Bias in Asthma Prevalence and Pathogenesis. Front. Immunol.
2018, 9, 2997.

9. Yung, J.A.; Fuseini, H.; Newcomb, D.C. Hormones, sex, and asthma. Ann. Allergy Asthma
Immunol. 2018, 120, 488–494.

10. Di Cicco, M.; D’Elios, S.; Peroni, D.G.; Comberiati, P. The role of atopy in asthma development
and persistence. Curr. Opin. Allergy Clin. Immunol. 2020, 20, 131–137.

11. Johansson, S.G.; Bieber, T.; Dahl, R.; Friedmann, P.S.; Lanier, B.Q.; Lockey, R.F.; Motala, C.;
Ortega Martell, J.A.; Platts-Mills, T.A.; Ring, J.; et al. Revised nomenclature for allergy for global
use: Report of the Nomenclature Review Committee of the World Allergy Organization, October
2003. J. Allergy Clin. Immunol. 2004, 113, 832–836.

12. Arbes, S.J.; Gergen, P.J.; Vaughn, B.; Zeldin, D.C. Asthma cases attributable to atopy: Results
from the Third National Health and Nutrition Examination Survey. J. Allergy Clin. Immunol. 2007,
120, 1139–1145.

13. Abbasi, A.; Vieira, R.P.; Northoff, H. Letter to the editor: The evidence of exercise-induced
bronchoconstriction in endurance runners; genetic basis and gender differences. Exerc. Immunol.
Rev. 2015, 21, 186–188.

14. Krafczyk, M.A.; Asplund, C.A. Exercise-induced bronchoconstriction: Diagnosis and management.
Am. Fam. Physician 2011, 84, 427–434.

15. Sue-Chu, M. Winter sports athletes: Long-term effects of cold air exposure. Br. J. Sports Med.
2012, 46, 397–401.



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 7/11

16. Langdeau, J.B.; Turcotte, H.; Bowie, D.M.; Jobin, J.; Desgagné, P.; Boulet, L.P. Airway
hyperresponsiveness in elite athletes. Am. J. Respir. Crit. Care. Med. 2000, 161,1479–1484.

17. Gawlik, R.; Kurowski, M.; Kowalski, M.; Ziętkowski, Z.; Pokrywka, A.; Krysztofiak, H.; Krzywański,
J.; Bugajski, A.; Bartuzi, Z. Asthma and exercise-induced respiratory disorders in athletes. The
position paper of the Polish Society of Allergology and Polish Society of Sports Medicine. Postepy
Dermatol Allergol. 2019, 36, 1–10, doi:10.5114/ada.2019.82820.

18. Storms, W.W. Asthma associated with exercise. Immunol. Allergy Clin. North. Am. 2005, 25, 31–
43.

19. Weiler, J.M.; Bonini, S.; Coifman, R.; Craig, T.; Delgado, L.; Capão-Filipe, M.; Passali, D.;
Randolph, C.; Storms, W; Ad Hoc Committee of Sports Medicine Committee. American Academy
of Allergy, Asthma & Immunology Work Group report: Exercise-induced asthma. J. Allergy Clin.
Immunol. 2007, 119, 1349–1358, doi: 10.1016/j.jaci.2007.02.041.

20. Han, M.K.; Arteaga-Solis, E.; Blenis, J.; Bourjeily, G.; Clegg, D.J.; DeMeo, D.; Duffy, J.; Gaston,
B.; Heller, N.M.; Hemnes, A.; et al. Female Sex and Gender in Lung/Sleep Health and Disease.
Increased Understanding of Basic Biological, Pathophysiological, and Behavioral Mechanisms
Leading to Better Health for Female Patients with Lung Disease. Am. J. Respir. Crit. Care Med.
2018, 198, 850–858.

21. Zein, J.G.; Erzurum, S.C. Asthma is Different in Women. Curr. Allergy Asthma Rep. 2015, 15, 28.

22. Fuseini, H.; Newcomb, D.C. Mechanisms Driving Gender Differences in Asthma. Curr. Allergy
Asthma Rep. 2017, 17, 19.

23. Sheel, A.W.; Richards, J.C.; Foster, G.E.; Guenette, J.A. Sex differences in respiratory exercise
physiology. Sports Med. 2004, 34, 567–579, doi:10.2165/00007256-200434090-00002.

24. Johansson, H.; Norlander, K.; Janson, C.; Malinovschi, A.; Nordang, L.; Emtner, M. The
relationship between exercise induced bronchial obstruction and health related quality of life in
female and male adolescents from a general population. BMC Pulm. Med. 2016, 16: 63,
doi:10.1186/s12890-016-0226-0.

25. Northoff, H.; Symons, S.; Zieker, D.; Schaible, E.V.; Schäfer, K.; Thoma, S.; Löffler, M.; Abbasi, A.;
Simon, P.; Niess, A.M.; et al. Gender- and menstrual phase dependent regulation of inflammatory
gene expression in response to aerobic exercise. Exerc. Immunol. Rev. 2008, 14, 86–103.

26. Stanford, K.I.; Mickleborough, T.D.; Ray, S.; Lindley, M.R.; Koceja, D.M.; Stager, J.M. Influence of
menstrual cycle phase on pulmonary function in asthmatic athletes. Eur. J. Appl. Physiol. 2006,
96, 703–710.

27. Anderson, S.D.; Schoeffel, R.E.; Black, J.L.; Daviskas, E. Airway cooling as the stimulus to
exercise-induced asthma—a re-evaluation. Eur. J. Respir. Dis. 1985, 67, 20–30.



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 8/11

28. Deal, E.C.; McFadden, E.R.; Ingram, R.H.; Strauss, R.H.; Jaeger, J.J. Role of respiratory heat
exchange in production of exercise-induced asthma. J. Appl. Physiol. 1979, 46, 467–475.

29. Kallings, L.V.; Emtner, M.; Bäcklund, L. Exercise-induced bronchoconstriction in adults with
asthma; Comparison between running and cycling and between cycling at different air conditions.
Upsala J. Med. Sci. 1999, 104, 191–198.

30. Teixeira, R.N.; Teixeira, L.R.; Costa, L.A.; Martins, M.A.; Mickleborough, T.D.; Carvalho, C.R.
Exercise-induced bronchoconstriction in elite long-distance runners in Brazil. J. Bras. Pneumol.
2012, 38, 292–298.

31. Rundell, K.W.; Anderson, S.D.; Spiering, B.A.; Judelson, D.A. Field exercise vs laboratory
eucapnic voluntary hyperventilation to identify airway hyperresponsiveness in elite cold weather
athletes. Chest 2004, 125, 909–915.

32. Vliagoftis, H.; Dimitriadou, V.; Boucher, W.; Rozniecki, J.J.; Correia, I.; Raam, S.; Theoharides,
T.C. Estradiol augments while tamoxifen inhibits rat mast cell secretion. Int. Arch. Allergy
Immunol. 1992, 98, 398–409.

33. Kim, M.S.; Chae, H.J.; Shin, T.Y.; Kim, H.M.; Kim, H.R. Estrogen regulates cytokine release in
human mast cells. Immunopharmacol. Immunotoxicol. 2001, 23, 495–504.

34. Vasiadi, M.; Kempuraj, D.; Boucher, W.; Kalogeromitros, D.; Theoharides, T.C. Progesterone
inhibits mast cell secretion. Int. J. Immunopathol. Pharmacol. 2006, 19, 787–794.

35. Muñoz-Cruz, S.; Mendoza-Rodríguez, Y.; Nava-Castro, K.E.; Yepez-Mulia, L.; Morales-Montor, J.
Gender-related effects of sex steroids on histamine release and FcεRI expression in rat peritoneal
mast cells. J. Immunol. Res. 2015, 2015, 351829.

36. Zierau, O.; Zenclussen, A.C.; Jensen, F. Role of female sex hormones, estradiol and
progesterone, in mast cell behavior. Front. Immunol. 2012, 3, 169.

37. Shirasaki, H.; Watanabe, K.; Kanaizumi, E.; Konno, N.; Sato, J.; Narita, S.; Himi, T. Expression
and localization of steroid receptors in human nasal mucosa. Acta Otolaryngol. 2004, 124, 958–
963.

38. Chen, W.; Mempel, M.; Schober, W.; Behrendt, H.; Ring, J. Gender difference, sex hormones, and
immediate type hypersensitivity reactions. Allergy 2008, 63, 1418–1427.

39. Zaitsu, M.; Narita, S.; Lambert, K.C.; Grady, J.J.; Estes, D.M.; Curran, E.M.; Brooks, E.G.;
Watson, C.S.; Goldblum, R.M.; Midoro-Horiuti, T. Estradiol activates mast cells via a non-genomic
estrogen receptor-alpha and calcium influx. Mol. Immunol. 2007, 44, 1977–1985.

40. Pace, S.; Pergola, C.; Dehm, F.; Rossi, A.; Gerstmeier, J.; Troisi, F.; Pein, H.; Schaible, A.M.;
Weinigel, C.; Rummler, S.; et al. Androgen-mediated sex bias impairs efficiency of leukotriene
biosynthesis inhibitors in males. J. Clin. Investig. 2017, 127, 3167–3176.



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 9/11

41. Guhl, S.; Artuc, M.; Zuberbier, T.; Babina, M. Testosterone exerts selective anti-inflammatory
effects on human skin mast cells in a cell subset dependent manner. Exp. Dermatol. 2012, 21,
878–880.

42. Pace, S.; Sautebin, L.; Werz, O. Sex-biased eicosanoid biology: Impact for sex differences in
inflammation and consequences for pharmacotherapy. Biochem. Pharmacol. 2017, 145, 1–11.

43. Nyman, M.J.; Eskola, O.; Kajander, J.; Vahlberg, T.; Sanabria, S.; Burns, D.; Hargreaves, R.;
Solin, O.; Hietala, J. Gender and age affect NK1 receptors in the human brain—a positron
emission tomography study with [18F]SPA-RQ. Int. J. Neuropsychopharmacol. 2007, 10, 219–
229.

44. Taziaux, M.; Swaab, D.F.; Bakker, J. Sex differences in the neurokinin B system in the human
infundibular nucleus. J. Clin. Endocrinol Metab. 2012, 97, E2210–E2220.

45. Matsubara, S.; Swasey, C.H.; Loader, J.E.; Dakhama, A.; Joetham, A.; Ohnishi, H.; Balhorn, A.;
Miyahara, N.; Takeda, K.; Gelfand, E.W. Estrogen determines sex differences in airway
responsiveness after allergen exposure. Am. J. Respir. Cell Mol. Biol. 2008, 38, 501–508.

46. Sathish, V.; Martin, Y.N.; Prakash, Y.S. Sex steroid signaling: Implications for lung diseases.
Pharmacol. Ther. 2015, 150, 94–108.

47. Behan, M.; Wenninger, J.M. Sex steroidal hormones and respiratory control. Respir. Physiol.
Neurobiol. 2008, 164, 213–221.

48. Helenius, I.J.; Tikkanen, H.O.; Sarna, S.; Haahtela, T. Asthma and increased bronchial
responsiveness in elite athletes: Atopy and sport event as risk factors. J. Allergy Clin. Immunol.
1998, 101, 646–652.

49. Didier, A.; Mazieres, J.; Kouevijin, G.; Tetu, L.; Rivière, D. [Sport and atopy] [article in French].
Revue Maladies Respiratoires 2003, 20, 727–734.

50. Parsons, J.P.; Cosmar, D.; Phillips, G.; Kaeding, C.; Best, T.M.; Mastronarde, J.G. Screening for
exercise-induced bronchoconstriction in college athletes. J. Asthma 2012, 49, 153–157.

51. Aggarwal, B.; Mulgirigama, A.; Berend, N. Exercise-induced bronchoconstriction: Prevalence,
pathophysiology, patient impact, diagnosis and management. NPJ Prim. Care Respir. Med. 2018,
28, 31.

52. PausJenssen, E.S.; Cockcroft, D.W. Sex differences in asthma, atopy, and airway
hyperresponsiveness in a university population. Ann. Allergy Asthma Immunol. 2003, 91, 34–37.

53. Carey, M.A.; Card, J.W.; Voltz, J.W.; Arbes, S.J.; Germolec, D.R.; Korach, K.S.; Zeldin, D.C. It’s all
about sex: Gender, lung development and lung disease. Trends Endocrinol. Metab. 2007, 18,
308–313.



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 10/11

54. Weiler, J.M.; Brannan, J.D.; Randolph, C.C.; Hallstrand, T.S.; Parsons, J.; Silvers, W.; Storms, W.;
Zeiger, J.; Bernstein, D.I.; Blessing-Moore, J.; et al. Exercise-induced bronchoconstriction update-
2016. J. Allergy Clin. Immunol. 2016, 138, 1292–1295.

55. Koper, I.; Hufnagl, K.; Ehmann, R. Gender aspects and influence of hormones on bronchial
asthma—Secondary publication and update. World Allergy Organ. J. 2017, 10, 46.

56. Simpson, A.J.; Romer, L.M.; Kippelen, P. Self-reported Symptoms after Induced and Inhibited
Bronchoconstriction in Athletes. Med. Sci. Sports Exerc. 2015, 47, 2005–2013.

57. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. Int. J. Surg. 2010, 8, 336–341.

58. Mirdal, G.M.; Petersson, B.; Weeke, B.; Vibits, A. Asthma and menstruation: The relationship
between psychological and bronchial hyperreactivity. Br. J. Med. Psychol. 1998, 71, 47–55.

59. Araújo, C.G.; Scharhag, J. Athlete: A working definition for medical and health sciences research.
Scand. J. Med. Sci. Sports 2016, 26, 4–7, doi:10.1111/sms.12632.

60. Sacha, J.J.; Quinn, J.M. The environment, the airway, and the athlete. Ann. Allergy Asthma
Immunol. 2011, 106, 81–87, doi: 10.1016/j.anai.2010.06.004.

61. Chhabra, S.K. Premenstrual asthma. Indian J. Chest Dis. Allied Sci. 2005, 47, 109–116.

62. Giersch, G.E.W.; Morrissey, M.C.; Katch, R.K.; Colburn, A.T.; Sims, S.T.; Stachenfeld, N.S.; Casa,
D.J. Menstrual cycle and thermoregulation during exercise in the heat: A systematic review and
meta-analysis. J. Sci. Med. Sport 2020, doi:10.1016/j.jsams.2020.05.014.

63. Lei, T.H.; Cotter, J.D.; Schlader, Z.J.; Stannard, S.R.; Perry, B.G.; Barnes, M.J.; Mündel, T. On
exercise thermoregulation in females: Interaction of endogenous and exogenous ovarian
hormones. J. Physiol. 2019, 597, 71–88.

64. Zhang, S.; Osumi, H.; Uchizawa, A.; Hamada, H.; Park, I.; Suzuki, Y.; Tanaka, Y.; Ishihara, A.;
Yajima, K.; Seol, J.; et al. Changes in sleeping energy metabolism and thermoregulation during
menstrual cycle. Physiol. Rep. 2020, 8, e14353.

65. Constantini, N.W.; Dubnov, G.; Lebrun, C.M. The menstrual cycle and sport performance. Clin.
Sports Med. 2005, 24, e51–e82.

66. Freemas, J.A.; Baranauskas, M.N.; Constantini, K.; Constantini, N.; Greenshields, J.T.;
Mickleborough, T.D.; Raglin, J.S.; Schlader, Z.J. Exercise Performance is Impaired during the
Mid-Luteal Phase of the Menstrual Cycle. Med. Sci. Sports Exerc. 2020,
doi:10.1249/mss.0000000000002464.

67. Kossman, D.A.; Williams, N.I.; Domchek, S.M.; Kurzer, M.S.; Stopfer, J.E.; Schmitz, K.H. Exercise
lowers estrogen and progesterone levels in premenopausal women at high risk of breast cancer.
J. Appl. Physiol. 2011, 111, 1687–1693.



Sex, Asthma and Exercise | Encyclopedia.pub

https://encyclopedia.pub/entry/2562 11/11

68. De Souza, M.J.; Toombs, R.J.; Scheid, J.L.; O’Donnell, E.; West, S.L.; Williams, N.I. High
prevalence of subtle and severe menstrual disturbances in exercising women: Confirmation using
daily hormone measures. Hum. Reprod. 2010, 25, 491–503.

69. Osman, M. Therapeutic implications of sex differences in asthma and atopy. Arch. Dis. Child.
2003, 88, 587–590.

Retrieved from https://encyclopedia.pub/entry/history/show/34751


