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Abstract

Asthma is the most common chronic condition in Western countries. Affecting 1 in 7 children and 

1 in 12 adults, asthma is responsible for >350,000 avoidable deaths every year. While most 

children who develop symptoms of asthma are <5 years of age, the disease is frequently 

misdiagnosed or not suspected in infants and toddlers. In addition, the prevalence of asthma is 

different in males and females throughout their lifespan. While boys are more likely to develop 

asthma than girls, this pattern is reversed after puberty. This indicates that sex-specific factors, 

such as fluctuations in hormone levels, play a role in the disease’s pathogenesis. In this review, the 

authors discuss recent advances in diagnostic tools for asthma in both adults and children, as well 

as the influences of BMI, environmental exposures, socioeconomic factors, and sex hormones in 

the disease’s pathogenesis. The review will show that both experimental and epidemiological 

evidence suggest that circulating sex hormone levels are important contributors to asthma 

symptoms in post-pubertal females, while their role in males and children has not been yet 

established. In addition, the mechanisms associated with these hormonal influences on airway 

inflammation and hyper-reactivity have not been yet elucidated. The authors conclude that 

different factors affect asthma rates and severity in children and adults, and that more research 

needs to be conducted to identify the specific contributions of sex hormones. These will allow the 

development of more personalised asthma treatment strategies for men and women at different 

stages of life.
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INTRODUCTION

Asthma is a chronic inflammatory disorder of the airways, characterised by obstruction of 

airflow, excessive mucus production, and airway hyper-reactivity. While asthma may 

commence at any point in life, most symptoms begin in early childhood. The pathogenesis 

of the disease involves a number of mechanisms in different cell types, most of which 
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remain understudied. Inflammation is a key component of asthma and involves early and late 

phase responses, which are characterised by the recruitment of specific immune cells.

During puberty, asthma symptoms can ameliorate or worsen, depending on a number of 

factors.1 The observed sex differences of asthma incidence in children <18 years of age in 

the USA (9.2% in boys versus 7.2% in girls) and in adults (6.2% in men versus 10.4% in 

women)2 suggest that hormonal changes occurring during puberty may contribute to the 

increased incidence in adult women. This is further supported by studies indicating variation 

in the severity and frequency of asthma symptoms throughout the menstrual cycle.3

PAEDIATRIC ASTHMA: DIAGNOSIS AND MANAGEMENT

A large number of children who develop symptoms of asthma are <5 years of age.2 Despite 

this, the disease is frequently misdiagnosed or not suspected in infants and toddlers.4 

Establishing the diagnosis of paediatric asthma involves a careful process of history taking, 

physical examination, and diagnostic studies. Coughing and wheezing are some of the most 

common symptoms in childhood, but shortness of breath, chest tightness, chest pressure, and 

chest pain are also reported. In addition, poor school performance and fatigue may also 

present as a result of sleep deprivation from nocturnal symptoms.

Effective asthma management in children requires preventive and proactive approaches.4 

Currently, most asthma-related visits are for urgent care. Routine follow-up visits for 

patients with active asthma are recommended every 1–6 months depending on the severity of 

asthma and management strategies, which are determined based on age group and 

symptoms.4 Once the severity of asthma has been assessed, treatment is initiated and efforts 

are made to keep the asthma in the well-controlled category. Step-wise treatments are 

effective in most patients: if the symptoms aggravate, therapy is stepped up, and vice versa if 

symptoms improve.5

Clinicians use a variety of tools to diagnose asthma; for example, measurement of peak 

expiratory flow rate is a useful indicator of airflow obstruction, the hallmark symptom of 

asthma. Spirometry, which additionally measures forced expiratory volume in one second 

(FEV1) and forced vital capacity (FVC), can also be used to document airflow obstruction. 

Spirometry can detect airflow obstruction in the presence of normal peak expiratory flow. 

These tests are useful tools when diagnosing asthma in adults, but the situation is different 

when it comes to dealing with asthma in children. In children, parents have to look out for 

symptoms like unresolved chronic cough, wheeze, poor sleep, irritation, and/or being 

restless. Thus, the first step in diagnosis is compiling a proper patient history. This is only 

possible if parents monitor symptoms and visit their primary care physician to get their child 

checked and if attention is being paid to additional factors that can accompany traditional 

asthma symptoms. In this regard, a number of studies have explored a variety of factors that 

can influence asthma diagnosis in children. These studies are summarised in Table 1.6–13

Recently, studies were conducted to determine if parents of asthmatic children had 

satisfactory levels of knowledge when it comes to their child’s condition.6 The results 

revealed that most parents had an unsatisfactory level of knowledge about asthma, and 
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suggested that changes should be made in public asthma management programmes to 

improve parents’ awareness of their child’s condition, therefore allowing them to 

appropriately manage their child’s care. It was also noted that, even after asthma was 

diagnosed in children, the disease was not well controlled, partly due to non-adherence. On 

the contrary, adherence was significantly associated with well-controlled asthma, and 

adherence to proper medication regimens was found to be necessary for obtaining maximum 

therapeutic benefits.6

These results further support the notion that parents should be well aware of all aspects of 

asthma health care. In addition, the naturally non-cooperative attitude of children can affect 

asthma treatment efficacy. Recently, a study of cooperation in children aged 6–47 months 

was conducted.7 The study found that poor cooperation among young children with asthma 

was associated with poor prognosis. However, the study also revealed that cooperation could 

also be improved using various techniques, such as music, toys to distract children, and 

animated cartoons, which increased cooperation up to 97%. On the contrary, cooperation 

and adherence in adults was not found to be a major issue in this report.7

Because asthma in children presents with various nonspecific symptoms, it is difficult to 

assess if a child has asthma. A recent report showed that ventilation inhomogeneity is 

present in clinically stable infants with recurrent wheezing, and their spectrum curve indices 

indicated bronchodilation may be useful for the assessment of bronchial reversibility in 

children with asthma.8

In one recent study, the early-onset persistent bronchial hyper-responsiveness (BHR) 

phenotype in school-aged children was found to be associated with high atopic burden and 

increased risk of newly diagnosed asthma, whereas the late-onset BHR phenotype was 

related to later sensitisation and allergic rhinitis symptoms.9 Some studies have also given 

their input on diagnostic criteria for asthma, which can be very helpful in children in whom 

spirometry cannot be performed accurately, including the use of potential biomarkers.14 In 

some children with asthma attacks, circulating levels of 25-(OH) vitamin D were decreased, 

which was associated with the inflammatory mediators IL-6 and TNF-α as well as altered 

pulmonary function.10 This study showed that patients with allergic asthma had distinctively 

reduced vitamin D levels, suggesting that 25-(OH) vitamin D could be considered a 

biomarker for the prevention and control of childhood asthma. However, the use of vitamin 

D as a biomarker for asthma remains controversial and has not been established or validated 

in the field.15

PAEDIATRIC VERSUS ADULT ASTHMA

Many risk factors for the development of paediatric asthma are different to those found in 

adults. These differences will call for alternative preventive measures in both patient groups. 

For example, prevention of occupational exposures, smoking, and allergens/pollutants can 

help in adults, whereas avoiding certain foods and environmental exposures, such as second-

hand smoking (SHS), can help in children. In both cases, asthma is mostly triggered by 

allergens and air pollutants. Thus, whenever a child presents to the clinic with unexplained 

chronic cough or wheeze, questions regarding these triggers must be asked.
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A study analysing dose–response relationships of asthma and SHS in children indicated 

increasing odds of asthma outcomes related with increasing exposure to cotinine, even at 

cotinine levels associated with light SHS exposure.11 A recent review of environmental 

tobacco exposure and the effect of this exposure on asthma and allergy in children indicated 

that oxidative stress imbalance resulting from tobacco smoke exposure can lead to mucosal 

inflammation and increased expression of inflammatory cytokines.12 In addition, direct 

cellular effects of environmental tobacco smoke (ETS) on epithelial cells resulted in 

increased permeability of mucous membranes, mucus overproduction, impaired mucociliary 

clearance, increased pro-inflammatory cytokine and chemokine secretion, enhanced 

recruitment of macrophages and neutrophils, and disturbed lymphocyte balance towards 

Th2.12 These mechanisms could play a major part in the pathogenesis of asthma and allergy 

in children; therefore, avoiding passive smoke exposure is a good preventive measure. Other 

factors contributing to the increased risk for asthma in children are previous asthma attacks, 

persistent asthma/allergy symptoms, ethnicity, and poor access to care.16 In this regard, a 

recent review of six databases found a moderately increased risk for asthma as a result of 

suboptimal drug regimen, comorbid atopic/allergic disease, African–American ethnicity, 

poverty level, and vitamin D deficiency.13 Moreover, ETS exposure, younger age, obesity, 

and low parental education were also found associated with slightly increased risk of asthma 

in children.13

Exposure to both indoor and outdoor air pollutants has also been associated with asthma in 

both children and adults.17 For example, cooking behaviours, especially in underdeveloped 

nations, may contribute to the burden of particulate matter exposure in the homes of children 

with asthma and thus to asthma symptoms.18 A recent study suggested that these act by 

altering molecular pathways, resulting in both respiratory and cardiovascular disease.19 In 

clinical studies using ozone exposures, investigators found varied responses in both children 

and adults, and many studies were also reviewed to see if ozone exposure contribute towards 

asthma pathogenesis.20 For adult-onset asthma, long-term ozone exposure was found to be 

associated with varied increased risk in men versus women; however, the mechanisms of 

action have not been explored in detail.21

Genetic risk factors have also been proposed to play a role in asthma development. 

Accordingly, genetic contributions to asthma have been studied in various populations that 

identified specific gene associations and epigenetic markers associated with asthma 

development when the patients are <18 years of age.22,23 One example is a study evaluating 

potential candidate gene environment interactions in allergic symptoms and childhood acute 

lymphoid leukaemia, which found an inverse relationship between these two phenotypes.24 

The authors suggested that this inverse association between acute lymphoid leukaemia and 

asthma could be limited to children carrying certain genetic polymorphisms.24 However, 

none of these genes have been shown to play a role in the development of asthma in adults 

alone. While adult lung function-related genetic variants were associated with childhood 

lung function, studies revealed that there was also an environmental component.25 In this 

regard, some of the factors that modified the observed effects were maternal atopy, smoking 

during pregnancy, cigarette smoke exposure during childhood, and birth weight.25 With 

regard to allergic and immune factors, a study found that children who had higher IgE levels 

at birth were naturally more prone to developing asthma.26 Also, patients with monovalent 
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IgE allergies to moulds were also found to have higher risk for asthma than patients with 

other allergies.26 Their asthma was often found to be more intense and less controlled 

compared with that of patients with other types of allergies.

Regarding maternal factors, studies evaluating the mother’s immune status during 

pregnancy,27 maternal exposures,28 perinatal exposures,29 and the microbiome30 suggest 

that the process of asthma development begins in utero and is independent of allergy. 

Accordingly, developmental exposure to endocrine disruptors, such as bisphenol A, can also 

alter immune function and contribute to the development of allergy and asthma, together 

with other diseases, such as Type 2 diabetes mellitus and cancer.31 Thus, preventing 

exposure to bisphenol A may prove fruitful in avoiding the development of asthma in 

children, but its role in the adult population has not been studied in detail.

While many patients experience changes in asthma throughout life, asthma does not end at a 

certain age bracket, resulting in long term consequences in different age groups. Children 

with frequent asthma attacks and allergies, especially those who become adult smokers, are 

the most vulnerable group to show a decline in lung function when compared to normal non 

asthmatic patients. Recently, the association between asthma and other chronic obstructive 

diseases in the adult and paediatric population was studied in 12,594 adults.32 When chronic 

obstructive pulmonary disease and lung function were studied in a cohort of 53-year-old 

patients and correlated with childhood lung function, asthma, and smoking, it was evident 

that active asthma in adults is a dominant mediator in associations between childhood 

asthma-related risk profiles and middle-age lung function/chronic obstructive pulmonary 

disease.33 Thus, appropriate interventions at a younger age may prevent patients from 

developing more severe obstructive respiratory disease in adulthood.

SEX DIFFERENCES IN CHILDHOOD AND ADULT ASTHMA

From the above discussion, it is obvious that differences exist in the incidence, risk factors, 

preventative measures, pathogenesis, presentation, prognosis, and treatment of asthma 

among children and adult populations. It is clear that a significant amount of work has been 

done to uncover the root cause of these differences to tailor preventive and treatment options 

for children and adults; however, little has been done to explain the differences observed in 

asthma incidence and presentation between male and female individuals. In the next section, 

the authors summarise the available literature describing this phenomenon and the potential 

mechanisms associated with it. The causes for the observed sex differences in both the 

paediatric and adult groups remain unknown.

Data on asthma prevalence from the U.S. Centers for Disease Control and Prevention (CDC) 

indicated that in 2016 about 11.2% of the USA ‘young teen’ population (aged 12–14 years) 

had asthma.2 A recent population study in children and adolescents reported that the 

prevalence of asthma (‘asthma ever’ and ‘wheezing in the past 12 months’) in middle school 

children (aged 13–14 years) was significantly higher than that in elementary school children 

(aged 6–7 years).34 This study also found that the severity of asthma in girls was higher than 

that in boys aged 13–14 years.34 One factor affecting these statistics is obesity and BMI; 

however, studies on this topic remain controversial. A study linking BMI and asthma 
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prevalence in children aged 7–14 years showed that higher BMI increases the risk for asthma 

in females, whereas the inverse was true for males.35 A similar study in adults showed that 

obese women had significantly higher rates of asthma than obese men and that these rates 

were affected by smoking status.36 When lung function parameters were compared in 

children and teens with varied BMI, a lower mean FEV1/FVC was observed among students 

with asthma and high BMI, which was more pronounced in boys than in girls, indicating that 

BMI increases the risk for asthma in boys at a younger age.37 Together, these studies 

highlight the importance of BMI in paediatric and adult populations when assessing asthma, 

and the need for additional research in these areas to address discrepancies among studies. 

These data also underscore the potential role of obesity and smoking as modifiable asthma 

risk factors that most strongly affect adolescent women.

With regard to asthma control and quality of life, a study conducted in a Chinese cohort 

showed that only a minority of asthmatic adolescents reported well-controlled asthma and 

that poor asthma control and female sex were risk factors for low health-related quality of 

life.38 In addition, this study reported different rates for asthma attacks and hospitalisations 

in elderly, middle aged, and young groups, but in all cases women were more prevalent and 

significantly more likely to have a positive allergen test than men.38 A study focussed on the 

unequal prevalence of asthma in men and women showed that both the male predominance 

prevalence before puberty and the ‘sex-shift’ towards females after puberty onset were 

stronger in multimorbid patients who had asthma and allergic rhinitis concurrently.39 Other 

studies of asthma comorbidities found adverse associations between cardiovascular disease 

vulnerability and the timing of asthma onset in adolescent boys.40

ROLE OF SEX HORMONES IN ASTHMA

Studies in animal models have suggested the involvement of sex hormones in mechanisms of 

lung inflammation and asthma.41 In particular, recent studies using tamoxifen in equine 

asthma models have highlighted the contributions of the oestrogen receptor in lung immune 

cells and airway smooth muscle cell proliferation.42 Studies in mouse models of asthma 

have also shown that male and female hormones can affect mechanisms of inflammation 

involving macrophage polarisation.43,44 One study found that female lungs harbour greater 

numbers of type 2 innate lymphoid cells and more specifically a major subset of these cells 

lacking a killer-cell lectin like receptor G1, a population largely absent in male lungs and 

able to produce type 2 cytokines after sexual maturity.45 Experiments in gonadectomised 

mice with hormone replacement and mice bearing either global or lymphocyte-restricted 

oestrogen receptor α deficiency showed that androgens rather than oestrogens regulate the 

number of killer-cell lectin-like receptor G1 type 2 innate lymphoid cells subset and their 

functional capacity.45 Other studies have shown that Th2-mediated airway inflammation is 

increased by oestrogen and decreased by testosterone, and that females have increased 

IL-17A-mediated airway inflammation and increased dendritic cell and alveolar macrophage 

numbers and function when compared to males.46 Finally, studies in human cells obtained 

from asthmatic patients have found the effects of oestrogen to be mediated by oestrogen 

receptor β activation in airway smooth muscle proliferation and signalling pathways, which 

may point to a novel potential target for blunting airway remodeling.47 Together, these 

studies indicate that changes in oestrogen and androgen circulating levels might be the 
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reason why asthma is more prevalent in females after reaching puberty. Overall, ovarian 

hormones have been found to increase, and testosterone to decrease, airway inflammation in 

asthma, but the mechanisms remain unclear.

When the effects of circulating sex hormone levels were studied in asthmatic children aged 

6–18 years, both beneficial effects of androgens on lung function and symptom control, and 

weak deleterious effects of oestradiol on lung function, were observed.48 Starting at puberty, 

asthma symptoms increase in girls compared to boys, and fluctuations in hormones during 

menstruation are associated with changes in asthma symptoms.49 After puberty, sex 

hormones have also been found to regulate asthma symptoms during menstruation, 

pregnancy, and menopause,49 but studies on this topic are inconsistent and the mechanisms 

involved are not as clear. With regard to sensitisation and allergic responses, a recent review 

on immunological processes associated with IgE sensitisation concluded that female sex 

hormones are more likely to enhance immunological responses and exaggerated disease, 

whereas male hormones tend to dampen the same responses, thus increasing the risk of 

allergic diseases in adult females. However, these studies are controversial because female 

patients have also been shown to have lower IgE levels and sensitisation rates than males.50 

The observed discrepancies among studies, particularly between the results of 

epidemiological and experimental studies, strongly suggest that more research needs to be 

done to reveal the mechanisms by which sex hormones contribute to allergy and asthma in 

children, adolescents, and adults.

CONCLUSION

It is clear from the studies presented above that differences exist in risk factors, incidence, 

and progression of asthma in the paediatric and adult population. In children, challenges 

remain in diagnostic strategies, particularly those associated with parental education to 

detect symptoms. In adults, environmental exposures, socioeconomic factors, and disease 

comorbidities have presented challenges establishing associations that can help identify 

asthma risks factors. In addition, the observed sex differences in asthma incidence and 

severity throughout life, with asthma affecting more boys than girls before puberty, and 

more women than men in the reproductive years, suggest that sex hormones play important 

roles in the development and progression of asthma. To study the specific effects of 

hormones in the paediatric and adult populations, studies in children and adolescents have 

been conducted to address the switch in the asthma prevalence ratio but have presented with 

conflicting results and identified comorbidities, such as obesity and allergy, as well as 

environmental and genetic factors. In adults, experimental evidence from human cells and 

animal studies have revealed pro-inflammatory effects of oestrogen and anti-inflammatory 

actions of androgens. Additional findings in women presenting with variable asthma 

symptoms throughout the menstrual cycle have supported the hypothesis that circulating 

oestrogen levels influence asthma in women. Despite this evidence, the specific mechanisms 

of action for sex hormones to promote or prevent asthma remain unclear. More research 

aimed at understanding the contributions of male and female hormones, and their receptors 

and signalling pathways, in both lung immune and structural cells may help to identify 

therapeutic targets that can be used to treat asthma in male and female patients at different 

moments of their reproductive life.

Naeem and Silveyra Page 7

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Subbarao P et al. Asthma: Epidemiology, etiology and risk factors. CMAJ. 2009;181(9):E181–90. 
[PubMed: 19752106] 

2. Centers for Disease Control and Prevention. Most recent asthma data. 2018 Available at: https://
www.cdc.gov/asthma/most_recent_data.htm. Last accessed: 28 January 2019.

3. Graziottin A, Serafini A. Perimenstrual asthma: From pathophysiology to treatment strategies. 
Multidiscip Respir Med. 2016;11:30. [PubMed: 27482380] 

4. Moral L et al. Asthma diagnosis in infants and preschool children: A systematic review of clinical 
guidelines. Allergol Immunopathol (Madr). 2018 [Epub ahead of print].

5. Lenney W et al. Improving the global diagnosis and management of asthma in children. Thorax. 
2018;73(7):662–9.

6. Roncada C et al. Levels of knowledge about asthma of parents of asthmatic children. Einstein (Sao 
Paulo). 2018;16(2):eAO4204. [PubMed: 29898088] 

7. Frémont A et al. Cartoons to improve young children’s cooperationwith inhaled corticosteroids: A 
preliminary study. Pediatr Pulmonol. 2018;53(9):1193–9. [PubMed: 29893057] 

8. Lu Z et al. Ventilation inhomogeneity in infants with recurrent wheezing. Thorax. 2018;73(10):936–
41. [PubMed: 29907664] 

9. Lee E et al. Clinical phenotypes of bronchial hyperresponsiveness in school-aged children. Ann 
Allergy Asthma Immunol. 2018;121(4):434–43. [PubMed: 29886267] 

10. Wang S et al. Relationship between 25-hydroxyvitamin D levels and inflammatory factors in 
children with asthma attack. Exp Ther Med. 2018;15(6):4743–8. [PubMed: 29904394] 

11. Neophytou AM et al. Secondhand smoke exposure and asthma outcomes among African-American 
and Latino children with asthma. Thorax. 2018;73(11):1041–8. [PubMed: 29899038] 

12. Strzelak A et al. Tobacco smoke induces and alters immune responses in the lung triggering 
inflammation, allergy, asthma and other lung diseases: A mechanistic review. Int J Environ Res 
Public Health. 2018;15(5).

13. Buelo A et al. At-risk children with asthma (ARC): A systematic review. Thorax. 2018;73(9):813–
24. [PubMed: 29871982] 

14. Licari A et al. Asthma endotyping and biomarkers in childhood asthma. Pediatr Allergy Immunol 
Pulmonol. 2018;31(2):44–55. [PubMed: 30069422] 

15. Licari A et al. Vitamin D3 in children with allergic asthma in clinical practice. Pediatr Pulmonol. 
2019 [Epub ahead of print].

16. Moraes TJ et al. Epidemiology of asthma and influence of ethnicity. Semin Respir Crit Care Med. 
2018;39(1):3–11. [PubMed: 29427980] 

17. Sweileh WM et al. Outdoor air pollution and respiratory health: A bibliometric analysis of 
publications in peer-reviewed journals (1900–2017). Multidiscip Respir Med. 2018;13:15. 
[PubMed: 29881545] 

18. Holm SM et al. Cooking behaviors are related to household particulate matter exposure in children 
with asthma in the urban East Bay Area of Northern California. PLoS One. 2018;13(6):e0197199. 
[PubMed: 29874253] 

19. Jeong A et al. Perturbation of metabolic pathways mediates the association of air pollutants with 
asthma and cardiovascular diseases. Environ Int. 2018;119:334–45. [PubMed: 29990954] 

20. Zu K et al. Critical review of long-term ozone exposure and asthma development. Inhal Toxicol. 
2018;30(3):99–113. [PubMed: 29869579] 

21. Glad JA et al. The relationship of ambient ozone and PM(2.5) levels and asthma emergency 
department visits: Possible influence of gender and ethnicity. Arch Environ Occup Health. 
2012;67(2):103–8. [PubMed: 22524651] 

22. Mukherjee N et al. DNA methylation and genetic polymorphisms of the Leptin gene interact to 
influence lung function outcomes and asthma at18 years of age. Int J Mol Epidemiol Genet. 
2016;7(1):1–17. [PubMed: 27186323] 

23. Kelly RS et al. An integrative transcriptomic and metabolomic study of lung function in asthmatic 
children. Chest. 2018;154(2):335–48. [PubMed: 29908154] 

Naeem and Silveyra Page 8

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/asthma/most_recent_data.htm
https://www.cdc.gov/asthma/most_recent_data.htm


24. Bonaventure A et al. Genetic polymorphisms of Th2 interleukins, history of asthma or eczemaand 
childhood acute lymphoid leukaemia: Findings from the ESCALE study (SFCE). Cancer 
Epidemiol. 2018;55:96–103. [PubMed: 29883839] 

25. Shagiwal S et al. Influence of genetic variants on childhood lung function The Generation R Study. 
Pediatr Allergy Immunol. 2018;29(6):589–95. [PubMed: 29882296] 

26. Kołodziejczyk K et al. The clinical differences of asthma in patients with molds allergy. 
Pneumonol Alergol Pol. 2016;84(2):81–6. [PubMed: 27238165] 

27. Rothers J et al. Maternal cytokine profiles during pregnancy predict asthma in children of 
nonasthmatic mothers. Am J Respir Cell Mol Biol. 2018;59(5):592–600. [PubMed: 29863910] 

28. Zhou A et al. Prenatal exposure to bisphenol A and risk of allergic diseases in early life. Pediatr 
Res. 2017;81(6):851–6. [PubMed: 28141789] 

29. Silveyra P, Zeldin DC. It all begins in utero: Cord blood bacterial dna and t cell immunity. Am J 
Respir Cell Mol Biol. 2017;57(4):379–80. [PubMed: 28960102] 

30. Vuillermin PJ et al. The maternal microbiome during pregnancy and allergic disease in the 
offspring. Semin Immunopathol. 2017;39(6):669–75. [PubMed: 29038841] 

31. Xu J et al. Developmental bisphenol a exposure modulates immune-related diseases. Toxics. 
2016;4(4).pii:E23. [PubMed: 29051427] 

32. Wheaton AG et al. Gender and asthma-chronic obstructive pulmonary disease overlap syndrome. J 
Asthma. 2016;53(7):720–31. [PubMed: 27043854] 

33. van Gemert F et al. Socio-economic factors, gender and smoking as determinants of COPD in a 
low-income country of sub-Saharan Africa: FRESH AIR Uganda. NPJ Prim Care Respir Med. 
2016;26:16050. [PubMed: 27597659] 

34. Mehravar F et al. Prevalence of asthma symptoms in Golestan schoolchildren aged 6–7 and 13–14 
years in Northeast Iran. Front Med. 2016;10(3):345–50. [PubMed: 27527365] 

35. Ulrik CS et al. BMI at school age and incident asthma admissions in early adulthood: A 
prospective studyof 310,211 children. Clin Epidemiol. 2018;10:605–12. [PubMed: 29872349] 

36. Greenblatt R et al. Gender-specific determinants of asthma among U.S. adults. Asthma Res Pract. 
2017;3:2. [PubMed: 28138394] 

37. Chen YC et al. Gender differences in effects of obesity and asthma on adolescent lung function: 
Results from a population-based study. J Asthma. 2017;54(3):279–85. [PubMed: 27435689] 

38. Mao D et al. Prevalence trends in the characteristics of patients with allergic asthma in Beijing, 
1994to 2014. Medicine (Baltimore). 2017;96(22):e7077. [PubMed: 28562576] 

39. Keller T et al. The sex-shift in single disease and multimorbid asthma and rhinitis during puberty - 
A study by MeDALL. Allergy. 2018;73(3):602–14. [PubMed: 28960325] 

40. Dratva J et al. Is there a gender-specific association between asthma and carotid intima media 
thickness in Swiss adolescents? Eur J Pediatr. 2018;177(5):699–707. [PubMed: 29411143] 

41. Yung JA et al. Hormones, sex, and asthma. Ann Allergy Asthma Immunol. 2018;120(5):488–94. 
[PubMed: 29410216] 

42. Olave C et al. Tamoxifen induces apoptotic neutrophil efferocytosis in horses. Vet Res Commun. 
2018;42(1):57–63. [PubMed: 29297134] 

43. Becerra-Díaz M et al. Androgen and androgen receptor as enhancersof M2 macrophage 
polarization in allergic lung inflammation. J Immunol. 2018;201(10):2923–33. [PubMed: 
30305328] 

44. Keselman A et al. Estrogen signaling contributes to sex differences in macrophage polarization 
during asthma. J Immunol. 2017;199(5):1573–83. [PubMed: 28760880] 

45. Kadel S et al. A major population of functional KLRG1-ILC2s in female lungs contributes to a sex 
bias in ILC2 numbers. Immunohorizons. 2018;2(2):74–86. [PubMed: 29568816] 

46. Fuseini H, Newcomb DC. Mechanisms driving gender differences in asthma. Curr Allergy Asthma 
Rep. 2017;17(3):19. [PubMed: 28332107] 

47. Ambhore NS et al. Estrogen receptor beta signaling inhibits PDGF induced human airway smooth 
muscle proliferation. Mol Cell Endocrinol. 2018;476:37–47. [PubMed: 29680290] 

48. DeBoer MD et al. Effects of endogenous sex hormones on lung function and symptom control in 
adolescents with asthma. BMC Pulm Med. 2018;18(1):58. [PubMed: 29631584] 

Naeem and Silveyra Page 9

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



49. Shah R, Newcomb DC. Sex bias in asthma prevalence and pathogenesis. Front Immunol. 
2018;9:2997. [PubMed: 30619350] 

50. Leffler J et al. Immunological processes driving ige sensitisation and disease development in males 
and females. Int J Mol Sci. 2018;19(6).

Naeem and Silveyra Page 10

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Naeem and Silveyra Page 11

Ta
b

le
 1

:

C
lin

ic
al

 s
tu

di
es

 o
n 

pa
ed

ia
tr

ic
 a

st
hm

a 
ri

sk
 a

nd
 m

an
ag

em
en

t.

R
ef

er
en

ce
St

ud
y 

ty
pe

Sa
m

pl
e

M
et

ho
d

R
es

ul
ts

C
on

cl
us

io
n

R
on

ca
da

 e
t a

l.,
6  

20
18

C
ro

ss
-s

ec
tio

na
l s

tu
dy

15
4 

pa
re

nt
s 

of
 c

hi
ld

re
n 

w
ith

 a
st

hm
a.

 P
ar

en
ts

 o
f 

ch
ild

re
n 

w
ith

 a
st

hm
a 

in
 

re
m

is
si

on
 a

nd
 h

ea
lth

y 
ch

ild
re

n 
w

er
e 

al
so

 
se

le
ct

ed
 (

co
nt

ro
l 

gr
ou

p)
.

T
he

 N
A

K
Q

 w
as

 a
pp

lie
d 

to
 a

ss
es

s 
th

e 
le

ve
l o

f 
kn

ow
le

dg
e 

of
 p

ar
en

ts
.

O
nl

y 
30

.5
%

 o
f 

pa
re

nt
s 

ha
d 

ac
ce

pt
ab

le
 

le
ve

ls
 o

f 
kn

ow
le

dg
e 

ab
ou

t a
st

hm
a.

 T
he

 
m

ea
n 

sc
or

e 
in

 N
A

K
Q

 w
as

 h
ig

he
r 

in
 th

e 
as

th
m

a 
gr

ou
p.

 S
ur

pr
is

in
gl

y,
 th

e 
pa

re
nt

s 
w

ith
 m

ild
 a

nd
 m

od
er

at
e 

as
th

m
at

ic
 

ch
ild

re
n 

sc
or

ed
 h

ig
he

r 
th

an
 th

os
e 

of
 

ch
ild

re
n 

w
ith

 s
ev

er
e 

as
th

m
a 

(p
=

0.
02

).

Pa
re

nt
s 

of
 a

st
hm

at
ic

 c
hi

ld
re

n 
ha

ve
 m

ed
io

cr
e 

kn
ow

le
dg

e 
ab

ou
t 

as
th

m
a,

 w
hi

ch
 r

ei
nf

or
ce

s 
th

e 
ne

ed
 f

or
 c

ha
ng

es
 in

 p
ub

lic
 

as
th

m
a 

ed
uc

at
io

n 
an

d 
m

an
ag

em
en

t p
ro

gr
am

m
es

.

Fr
ém

on
t e

t a
l.,

7  
20

18
Pr

os
pe

ct
iv

e 
cr

os
s-

ov
er

 r
an

do
m

is
ed

11
3 

ba
bi

es
 a

ge
d 

6–
47

 
m

on
th

s 
tr

ea
te

d 
w

ith
 a

n 
IC

S 
th

er
ap

y.
 P

ar
en

ts
 

w
ho

 c
la

im
ed

 th
at

 th
ei

r 
ch

ild
 w

as
 n

ot
 

co
m

pl
yi

ng
 d

ur
in

g 
th

er
ap

y 
w

er
e 

as
ke

d 
to

 
pa

rt
ic

ip
at

e.

C
hi

ld
re

n 
w

er
e 

ob
se

rv
ed

 d
ur

in
g 

th
e 

de
liv

er
y 

of
 I

C
S 

w
ith

 e
ith

er
 a

n 
an

im
at

ed
 c

ar
to

on
 o

r 
a 

bl
ac

k 
sc

re
en

 
vi

de
o.

 T
he

 m
ed

ia
n 

pe
rc

en
ta

ge
 o

f 
tim

e 
of

 n
on

-c
oo

pe
ra

tio
n 

w
as

 
co

m
pa

re
d.

Pa
re

nt
s 

of
 4

4%
 c

hi
ld

re
n 

re
po

rt
ed

 u
n-

co
op

er
at

iv
e 

ch
ild

re
n 

du
ri

ng
 tr

ea
tm

en
t 

de
liv

er
y.

 T
he

 m
ed

ia
n 

pe
rc

en
ta

ge
s 

of
 

tim
e 

of
 n

on
-c

oo
pe

ra
tio

n 
w

er
e 

si
gn

if
ic

an
tly

 lo
w

er
 d

ur
in

g 
th

e 
di

st
ra

ct
io

n 
pe

ri
od

s 
(p

=
0.

00
8)

.

U
n-

co
op

er
at

iv
e 

at
tit

ud
e 

am
on

g 
yo

un
g 

as
th

m
at

ic
 c

hi
ld

re
n 

ca
n 

be
 

am
en

de
d 

us
in

g 
an

im
at

ed
 

ca
rt

oo
ns

, w
hi

ch
 c

an
 in

cr
ea

se
 

co
op

er
at

io
n 

up
 to

 9
7%

.

L
u 

et
 a

l.,
8 

20
18

C
as

e 
co

nt
ro

l s
tu

dy
37

 in
fa

nt
s 

w
ith

 
re

cu
rr

en
t w

he
ez

in
g 

ga
th

er
ed

 f
ro

m
 

ou
tp

at
ie

nt
 c

lin
ic

s,
 a

nd
 

11
3 

he
al

th
y 

in
fa

nt
s 

fr
om

 a
 lo

ng
itu

di
na

l 
bi

rt
h 

co
ho

rt
.

In
fa

nt
s 

un
de

rw
en

t m
ul

tip
le

 b
re

at
h 

w
as

ho
ut

, f
or

ce
d 

ex
pi

ra
to

ry
 f

lo
w

s,
 

an
d 

bo
dy

 p
le

th
ys

m
og

ra
ph

y 
w

he
n 

th
ey

 w
er

e 
cl

in
ic

al
ly

 s
ta

bl
e.

L
C

I 
z-

sc
or

es
 w

er
e 

hi
gh

er
 in

 in
fa

nt
s 

w
ith

 
re

cu
rr

en
t w

he
ez

e 
ve

rs
us

 h
ea

lth
y 

in
fa

nt
s 

(p
<

0.
00

1)
. 1

9%
 o

f 
re

cu
rr

en
tly

 w
he

ez
in

g 
in

fa
nt

s 
ha

d 
L

C
I 

va
lu

es
 th

at
 w

er
e 

ab
ov

e 
th

e 
up

pe
r 

lim
it 

of
 n

or
m

al
.

C
lin

ic
al

ly
 s

ta
bl

e 
in

fa
nt

s 
w

ith
 

re
cu

rr
en

t w
he

ez
in

g 
ca

n 
ha

ve
 

ve
nt

ila
tio

n 
in

ho
m

og
en

ei
ty

.

L
ee

 e
t a

l.,
9 

20
18

Pr
os

pe
ct

iv
e 

st
ud

y
1,

30
5 

el
em

en
ta

ry
 

sc
ho

ol
 c

hi
ld

re
n 

fr
om

 
th

e 
C

H
E

E
R

 s
tu

dy
.

A
 4

-y
ea

r 
pr

os
pe

ct
iv

e 
fo

llo
w

-u
p 

st
ud

y 
w

ith
 2

-y
ea

r 
in

te
rv

al
s.

 T
ot

al
 

se
ru

m
 I

gE
 a

nd
 p

er
ce

nt
ag

e 
of

 b
lo

od
 

eo
si

no
ph

ils
 w

er
e 

m
ea

su
re

d,
 a

nd
 

al
le

rg
y 

w
or

k-
up

 in
cl

ud
in

g 
m

et
ha

ch
ol

in
e 

ch
al

le
ng

e 
te

st
s 

an
d 

qu
es

tio
nn

ai
re

s 
w

er
e 

pe
rf

or
m

ed
 a

t 
ea

ch
 s

ur
ve

y.

E
ar

ly
 o

ns
et

 B
H

R
 p

he
no

ty
pe

s 
w

er
e 

as
so

ci
at

ed
 w

ith
 in

cr
ea

se
d 

ri
sk

 o
f 

ne
w

ly
 

di
ag

no
se

d 
as

th
m

a.
 L

at
e-

on
se

t B
H

R
 

ph
en

ot
yp

e 
w

as
 a

ss
oc

ia
te

d 
w

ith
 in

cr
ea

se
d 

ri
sk

s 
of

 a
lle

rg
ic

 r
hi

ni
tis

 s
ym

pt
om

s 
at

 
ba

se
lin

e 
an

d 
la

te
r 

se
ns

iti
sa

tio
n 

ag
ai

ns
t 

in
ha

la
nt

 a
lle

rg
en

s.

H
ig

h 
at

op
ic

 b
ur

de
n 

as
so

ci
at

es
 

w
ith

 e
ar

ly
-o

ns
et

 p
er

si
st

en
t B

H
R

 
ph

en
ot

yp
es

 in
 s

ch
oo

l-
ag

ed
 

ch
ild

re
n.

W
an

g 
et

 a
l.10

 

20
18

O
bs

er
va

tio
na

l s
tu

dy
60

 c
hi

ld
re

n 
ad

m
itt

ed
 

an
d 

tr
ea

te
d 

in
 a

 s
in

gl
e 

ho
sp

ita
l f

or
 a

st
hm

a 
at

ta
ck

s.

C
om

pa
ri

so
ns

 a
m

on
g 

as
th

m
a 

pa
tie

nt
s 

w
ith

 h
ig

h/
lo

w
 2

5-
(O

H
)D

 
le

ve
ls

 a
nd

 h
ea

lth
y 

ch
ild

re
n 

w
er

e 
pe

rf
or

m
ed

 b
as

ed
 o

n 
bi

oc
he

m
ic

al
 

in
de

xe
s,

 h
um

or
al

 im
m

un
ity

, T
N

F-
α
 

an
d 

IL
-6

 le
ve

ls
, a

nd
 p

ul
m

on
ar

y 
fu

nc
tio

n 
in

de
xe

s.

Se
ru

m
 I

L
-6

 a
nd

 T
N

F-
α

 le
ve

ls
 in

 th
e 

hi
gh

 2
5-

(O
H

)D
 g

ro
up

 w
er

e 
lo

w
er

 th
an

 
th

os
e 

in
 th

e 
lo

w
 2

5-
(O

H
)D

 g
ro

up
 a

t 3
 

da
ys

 a
ft

er
 tr

ea
tm

en
t (

p<
0.

05
).

 2
5-

(O
H

)D
 

ha
d 

a 
po

si
tiv

e 
co

rr
el

at
io

n 
w

ith
 

pu
lm

on
ar

y 
fu

nc
tio

n 
in

de
xe

s 
(p

<
0.

05
),

 
w

hi
le

 T
N

F-
α

 a
nd

 I
L

-6
 w

er
e 

ne
ga

tiv
el

y 
as

so
ci

at
ed

 w
ith

 p
ul

m
on

ar
y 

fu
nc

tio
n 

in
de

xe
s 

(p
<

0.
05

).
 S

er
um

 2
5-

(O
H

)D
 

le
ve

ls
 in

 a
st

hm
at

ic
 c

hi
ld

re
n 

w
er

e 
ne

ga
tiv

el
y 

as
so

ci
at

ed
 w

ith
 T

N
F-

α
 a

nd
 

IL
-6

 le
ve

ls
.

C
hi

ld
re

n 
w

ith
 a

st
hm

a 
at

ta
ck

s 
ha

ve
 lo

w
er

 le
ve

ls
 o

f 
25

-(
O

H
)D

, 
w

hi
ch

 is
 a

ss
oc

ia
te

d 
w

ith
 

in
fl

am
m

at
or

y 
m

ed
ia

to
rs

 le
ve

ls
 

as
 w

el
l a

s 
pu

lm
on

ar
y 

fu
nc

tio
n 

in
de

x.
 T

hu
s,

 2
5-

(O
H

)D
 c

ou
ld

 b
e 

us
ed

 a
s 

a 
te

st
 in

di
ca

to
r 

fo
r 

pr
ev

en
tio

n 
an

d 
co

nt
ro

l o
f 

ch
ild

ho
od

 a
st

hm
a.

N
eo

ph
yt

ou
 e

t 
al

.,11
 2

01
8

O
bs

er
va

tio
na

l s
tu

dy
1,

17
2 

H
is

pa
ni

c 
an

d 
A

fr
ic

an
-A

m
er

ic
an

 
ch

ild
re

n 
w

ith
 a

st
hm

a 

A
ss

oc
ia

tio
n 

of
 c

ot
in

in
e 

le
ve

ls
 

≥0
.0

5n
g/

m
L

 w
ith

 a
st

hm
a 

C
ha

nc
es

 o
f 

as
th

m
a 

ex
ac

er
ba

tio
n 

w
er

e 
hi

gh
er

 in
 c

hi
ld

re
n 

w
he

n 
ex

po
se

d 
to

 
SH

S.

T
he

 d
os

e-
re

sp
on

se
s 

ob
se

rv
ed

 
sh

ow
 th

at
 o

dd
s 

of
 a

st
hm

a 
ex

ac
er

ba
tio

n 
m

ou
nt

s 
w

ith
 

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Naeem and Silveyra Page 12

R
ef

er
en

ce
St

ud
y 

ty
pe

Sa
m

pl
e

M
et

ho
d

R
es

ul
ts

C
on

cl
us

io
n

fr
om

 th
e 

m
ai

nl
an

d 
U

SA
 a

nd
 P

ue
rt

o 
R

ic
o.

ex
ac

er
ba

tio
ns

 w
er

e 
an

al
ys

ed
 v

ia
 

lo
gi

st
ic

 r
eg

re
ss

io
n 

an
al

ys
is

.
in

cr
ea

si
ng

 e
xp

os
ur

e,
 e

ve
n 

at
 

co
tin

in
e 

le
ve

ls
 a

ss
oc

ia
te

d 
w

ith
 

lig
ht

 S
H

S 
ex

po
su

re
.

St
rz

el
ak

 e
t a

l.,
12

 2
01

8
R

ev
ie

w
 a

rt
ic

le
E

T
S 

ex
po

su
re

 
as

so
ci

at
io

ns
 w

ith
 

as
th

m
a 

an
d 

al
le

rg
y 

in
 

ch
ild

re
n.

M
ol

ec
ul

ar
 m

ec
ha

ni
sm

s 
as

so
ci

at
ed

 
w

ith
 in

fl
am

m
at

or
y 

pr
of

ile
s 

ag
gr

av
at

in
g 

in
fl

am
m

at
io

n,
 

pr
om

ot
in

g 
in

fe
ct

io
n,

 in
du

ci
ng

 
tis

su
e 

da
m

ag
e 

an
d 

pr
om

ot
in

g 
al

le
rg

y 
in

 s
ub

je
ct

s 
w

ith
 E

T
S 

ex
po

su
re

 a
re

 d
is

cu
ss

ed
 in

 th
e 

re
vi

ew
.

O
xi

da
tiv

e 
st

re
ss

 is
 r

es
po

ns
ib

le
 f

or
 

in
cr

ea
se

d 
m

uc
os

al
 in

fl
am

m
at

io
n 

an
d 

ex
pr

es
si

on
 o

f 
in

fl
am

m
at

or
y 

cy
to

ki
ne

s 
(I

L
-8

, I
L

-6
, a

nd
 T

N
F-

α
).

 E
T

S 
ex

po
su

re
 

di
st

ur
bs

 th
e 

ox
id

an
t/a

nt
io

xi
da

nt
 b

al
an

ce
, 

w
hi

ch
 r

es
ul

ts
 in

 o
xi

da
tiv

e 
st

re
ss

.

E
T

S 
af

fe
ct

s 
ep

ith
el

ia
l c

el
ls

 b
y 

in
cr

ea
si

ng
 p

er
m

ea
bi

lit
y,

 m
uc

us
 

ov
er

pr
od

uc
tio

n,
 im

pa
ir

ed
 

m
uc

oc
ili

ar
y 

cl
ea

ra
nc

e,
 in

cr
ea

se
d 

pr
o-

in
fl

am
m

at
or

y 
cy

to
ki

ne
s,

 
en

ha
nc

ed
 r

ec
ru

itm
en

t o
f 

m
ac

ro
ph

ag
es

 a
nd

 n
eu

tr
op

hi
ls

, 
an

d 
ly

m
ph

oc
yt

e 
im

ba
la

nc
e 

to
w

ar
ds

 T
h2

.

B
ue

lo
 e

t a
l.13

 

20
18

R
ev

ie
w

 a
rt

ic
le

D
at

a 
fr

om
 s

ix
 d

at
ab

as
es

 
(o

ve
r 

16
,0

00
 r

ec
or

ds
, 

in
cl

ud
in

g 
68

 p
ap

er
s 

[2
8 

co
ho

rt
, 4

 c
as

e-
co

nt
ro

l, 
an

d 
36

 c
ro

ss
-s

ec
tio

na
l 

st
ud

ie
s]

).

Tw
o 

re
vi

ew
er

s 
in

de
pe

nd
en

tly
 

se
le

ct
ed

 s
tu

di
es

 a
nd

 e
xt

ra
ct

ed
 d

at
a 

to
 p

er
fo

rm
 a

 h
et

er
og

en
ei

ty
 

pr
ec

lu
de

d 
m

et
a-

an
al

ys
is

. W
ei

gh
tin

g 
w

as
 u

nd
er

ta
ke

n 
by

 a
n 

ex
pe

rt
 p

an
el

 
w

ho
 in

de
pe

nd
en

tly
 a

ss
es

se
d 

ea
ch

 
va

ri
ab

le
 f

or
 d

eg
re

e 
of

 r
is

k 
an

d 
co

nf
id

en
ce

 a
nd

 th
en

 a
ch

ie
ve

d 
co

ns
en

su
s 

by
 d

is
cu

ss
io

n.

T
he

 r
is

k 
fo

r 
as

th
m

a 
w

as
 f

ou
nd

 g
re

at
ly

 
in

cr
ea

se
d 

w
ith

 p
re

vi
ou

s 
as

th
m

a 
at

ta
ck

s,
 

pe
rs

is
te

nt
 s

ym
pt

om
s,

 a
nd

 p
oo

r 
ac

ce
ss

 to
 

ca
re

; m
od

er
at

el
y 

in
cr

ea
se

d 
w

ith
 

su
bo

pt
im

al
 d

ru
g 

re
gi

m
en

, c
om

or
bi

d 
at

op
ic

/a
lle

rg
ic

 d
is

ea
se

, A
fr

ic
an

-
A

m
er

ic
an

 e
th

ni
ci

ty
, p

ov
er

ty
 le

ve
l, 

an
d 

vi
ta

m
in

 D
 d

ef
ic

ie
nc

y.
 E

T
S 

ex
po

su
re

, 
yo

un
ge

r 
ag

e,
 o

be
si

ty
, a

nd
 lo

w
 p

ar
en

ta
l 

ed
uc

at
io

n 
w

er
e 

as
so

ci
at

ed
 w

ith
 s

lig
ht

ly
 

in
cr

ea
se

d 
ri

sk
.

C
lin

ic
al

, d
em

og
ra

ph
ic

, a
nd

 
po

pu
la

tio
n 

le
ve

l f
ac

to
rs

 m
ay

 
he

lp
 c

lin
ic

ia
ns

 ta
ilo

r 
m

an
ag

em
en

t s
tr

at
eg

ie
s 

fo
r 

in
di

vi
du

al
 p

at
ie

nt
s,

 a
s 

w
el

l a
s 

he
al

th
 s

er
vi

ce
 p

ro
fe

ss
io

na
ls

 a
nd

 
po

lic
ym

ak
er

s 
ta

rg
et

 h
ea

lth
ca

re
 

in
iti

at
iv

es
 c

on
si

de
ri

ng
 

po
pu

la
tio

n 
ri

sk
 f

ac
to

rs
.

B
H

R
: b

ro
nc

hi
al

 h
yp

er
-r

es
po

ns
iv

en
es

s;
 E

T
S:

 e
nv

ir
on

m
en

ta
l t

ob
ac

co
 s

m
ok

e;
 I

C
S:

 in
ha

le
d 

co
rt

ic
os

te
ro

id
; L

C
I:

 lu
ng

 c
le

ar
an

ce
 in

de
x;

 N
A

K
Q

: N
ew

ca
st

le
 A

st
hm

a 
K

no
w

le
dg

e 
Q

ue
st

io
nn

ai
re

; S
H

S:
 s

ec
on

d 
ha

nd
 

sm
ok

in
g.

Eur Med J (Chelmsf). Author manuscript; available in PMC 2019 July 19.


	Abstract
	INTRODUCTION
	PAEDIATRIC ASTHMA: DIAGNOSIS AND MANAGEMENT
	PAEDIATRIC VERSUS ADULT ASTHMA
	SEX DIFFERENCES IN CHILDHOOD AND ADULT ASTHMA
	ROLE OF SEX HORMONES IN ASTHMA
	CONCLUSION
	References
	Table 1:

