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Who gets asthma, and why?

Asthma occurs when the normal development 
or function of the respiratory and immune 
systems are disturbed by environmental 

exposures that interact with genetic or biological 
predispositions. The developmental and early life 
origins of asthma are increasingly recognised, from 
the prenatal period through to critical windows in 
childhood. However, the asthma journey is not the 
same for all people, and a diagnosis can be made at 
any age; about 50% of cases are classified as early-
onset asthma, 50% as late-onset asthma.1 A person 
diagnosed with asthma during childhood may 
experience symptoms throughout their life, or may 
have none during adulthood; yet others might have no 
symptoms during childhood but are diagnosed with 
asthma as adults. It is unclear whether asthma can 
actually turn on and off throughout life, or whether it 
persists in asymptomatic form. But what determines 
when symptomatic asthma appears? The development 
and presentation of asthma is complex, involving 
the interplay of potentially harmful exposures and 
underlying disease susceptibility. The CURE Asthma 
initiative was launched in Australia in 2024 as a 
collaborative, scientific, and systematic approach to 
finding a cure for asthma.2 In searching for a CURE, it 
is essential to consider the factors that determine who 
develops asthma, and why.

Exposures and insults: a matter of timing?

The timing and frequency of exposures and insults 
play critical roles in asthma development. Numerous 
risk factors during the different life stages have been 
identified (Box 1). Many adults with asthma report that 
their symptoms first appeared during infancy or early 
childhood, suggesting it is a crucial developmental 
window. As both the respiratory and immune systems 
mature during the first years of life, it is unsurprising 
that exposures and insults during fetal development 
and early life can lead to asthma development. Viral 
infections appear to play a key role during this critical 
period, particularly infections of the lower airway 
and those associated with wheeze or fever.3-5 People 
with early signs of atopy (such as eczema) as well 
as pre-school wheeze are at particularly high risk of 
asthma. Environmental exposure at any point in life 
can be beneficial or detrimental, and it is important to 
consider an individual’s exposome; that is, the number 
and types of exposures during a life period (prenatal 
to adulthood). Detrimental environmental exposures 
can increase asthma risk for children (Box 2). The 
effects of such exposures can be exacerbated by 
poverty, poor nutrition or obesity, and lower socio-
economic status, poor quality housing, maternal stress, 
and adverse life events. For example, overcrowding is 
more frequent in low income households and facilitates 
transmission of infections, which in turn can increase 
the risk of asthma.

Individual exposures can have additive effects if 
experienced repeatedly or in succession, and can 
further disrupt underlying biological responses 

(Box 3). Reducing exposure to known risk factors 
throughout life is therefore one component of asthma 
management. Increasing protection against viral 
infections through vaccination, preventing allergic 
sensitisation, and public health campaigns to reduce 
smoking can reduce the prevalence of asthma 
symptoms.6,7 However, it is unrealistic to expect 
complete avoidance of all exposures; further, not all 
exposures during early life are detrimental. Children 
who spend their early years in farm environments, 
especially during their fetal development, are 
probably exposed to a greater diversity of microbes 
than other children, but their lifetime risk of asthma 
is lower.8

Further, there is no clear evidence that exposure to 
any single insult definitively results in asthma. Most 
children experience viral respiratory infections; young 
children have a mean of six to twelve viral infections 
each year.9,10 Most children experience mild symptoms, 
such as fever or cough; some have severe symptoms, 
including wheezing or breathing difficulties, but few 
children who experience viral-induced wheeze later 
develop asthma. Similarly, not every adult exposed 
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1  Key insults and exposures associated with higher 
risk of asthma throughout life

Life stage Exposures and insults linked to asthma

Prenatal and 
perinatal 
periods

•	 Mother’s characteristics, including smoking 
during pregnancy, antibiotic use, gestational 
diabetes, and asthma

•	 Caesarean delivery

•	 Low birth weight and intrauterine growth 
restriction

•	 Preterm birth

Early life and 
childhood

•	 Lower respiratory tract viral infection

•	 Low socio-economic status, and associated 
factors such as poor diet, crowded households, 
traffic pollution, and household mould

•	 Second- and third-hand smoke and e-cigarette 
exposure

•	 Environmental pollutants, such as air pollution 
(man-made or natural sources), bushfires, and 
microplastics

•	 Exposure to environmental chemicals can 
impair lung growth and increase asthma risk

•	 Exposure to allergens, such as dust mites, 
can lead to atopy, allergic sensitisation, and 
subsequent asthma; low dose exposure 
favours sensitisation, high dose exposure 
favours tolerance

Adulthood •	 Workplace or environmental exposure to fine 
particles, inhaled irritants, chemicals, or gases 
can lead to development of asthma

•	 Lifestyle factors can also influence asthma in 
adults; obesity, tobacco smoking, and poor diet 
are linked with adult-onset asthma
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to fine particles at work or elsewhere will develop 
asthma. Whether an exposure causes harm and 
leads to asthma depends on the complex interplay of 
personal and environmental factors, including the 
timing of exposure, individual susceptibility, and the 
biological responses. This leaves the question: how 
does exposure lead to disease?

Asthma susceptibility and key drivers: what lies 
beneath the surface?

The multiple hit hypothesis of asthma posits that 
it develops when a person with an underlying 
susceptibility is subjected to repeated insults or 
exposures. Underlying biological changes, both 
systemic and specifically in the lung, can alter the 
way in which the body encounters and responds to 
the surrounding environment, setting the foundation 
for asthma development. Several key mechanisms are 
associated with asthma.

Genetics and individual susceptibility

A genetic component of asthma has long been 
recognised; children are more likely to develop 
asthma if one of their parents has asthma.11 Genome-
wide association studies have identified several 
genes associated with increased risk of asthma 
development.12 However, the findings of twin 

cohort studies indicate that asthma is not a purely 
genetic disease, as asthma can develop in just one 
of two identical twins.13 Individual susceptibility 
to exposures has not been well characterised by 
genome-wide association studies, and may be better 
reflected by examining mechanistic pathways and 
how gene variations affect these pathways. Epigenetic 
modifications or epigenetic reprogramming, which 
alter gene expression without altering the genes 
themselves, are caused by changes in the environment 
or behaviour, and their important role in the 
pathogenesis of asthma is increasingly recognised.14 
These modifications, which can be inherited, modify 
gene expression and orchestrate downstream 
processes, such as immune and epithelial cell 
responses. The plasticity and potential reversibility of 
the epigenome not only provide a potential target for 
interventions, but the finding that epigenetic changes 
are strongly linked with early life events could explain 
why the timing of exposures is critical.15

Immune responses that predispose people to allergy 
during development

Type 2-biased immune responses16 — that is, immune 
responses primarily involving T-helper cell type 2 
(Th2) and type 2 innate lymphoid cells (ILC2) — are 
dominant during fetal development and early life. 
Exposures and insults after birth can either dampen 
(eg, microbes) or augment these responses (eg, 
allergens). Delayed immune maturation during early 
life increases the risk of more severe lower respiratory 
viral infections that can prolong the type 2 bias of the 
infant immune system, which can increase the risk of 
allergic sensitisation during early life.17,18

IgE, atopy, and increased asthma risk

Atopy, the predisposition to exaggerated IgE responses, 
is associated with greater risk of asthma. People with 

2  Environmental exposures that can contribute to the 
exposome for an individual and are linked with 
asthma development

Type Source

Air pollution •	 Man-made air pollution

•	 Traffic-related air pollution

•	 Industrial/indoor sources, using biomass 
fuel, coal, petroleum products

•	 Natural gas for cooking and heating

•	 Natural air pollution

•	 Bushfires/wildfires/landscape fires

Chemicals •	 Household chemicals

•	 Personal care products

•	 Plastics/plasticisers

•	 Industrial chemicals

Allergens •	 House dust mites

•	 Cockroaches

•	 Peanuts

•	 Bioaerosols

Infections •	 Lower respiratory tract viral infections

•	 Virus-bacterial interactions in the upper 
airway

Workplace 
exposures

•	 Construction products

•	 Chemicals

•	 Salon products

3  The exposures and insults, and biological responses 
involved in the development of asthma. The timing 
and combination of exposures at different life stages 
(represented by lightning bolts) play major roles in 
its development
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atopy who are exposed to environmental insults, such 
as allergens, viruses, bacteria, and pollution, produce 
unusually high levels of specific IgE antibodies to 
these otherwise innocuous stimuli. Antigen-specific 
IgE responses induce mast cell degranulation, high-
affinity IgE receptor (FCeR1) expression on mast cells, 
eosinophils, and basophils, polyclonal B and T cell 
activation, NK cell activation, and oxidative stress, 
each of which is implicated in the pathogenesis of 
asthma.17,19

Immune responses in asthma

Clinical, epidemiological, and experimental evidence 
indicates that specific exposures and insults can alter 
immune responses to promote asthma development, 
and altered immune responses can increase disease 
severity in people with established asthma.20,21 Asthma 
can be subtyped according to the inflammatory cell 
count in induced sputum, reflecting their numbers 
in the airways (eosinophilic, non-eosinophilic, 
neutrophilic, paucigranulocytic asthma), and these 
subtypes can be underpinned by a spectrum of both 
innate and adaptive (including those involving Th2, 
Th1, and Th17) immune responses.17

Immune responses in the lung microenvironment 
are important for the coordination, activation, and 
chemoattraction of immune cells from systemic sites, 
including the bone marrow. Recent studies have 
found that systemic immune responses, such as those 
detected in the blood, parallel local lung immune 
responses in people with asthma,22 indicating that 
these responses should be considered potentially 
modifiable targets for interventions.

Oxidative stress

Oxidative stress, the local imbalance between oxidants 
(such as reactive oxygen species: hydrogen peroxide, 
superoxide anion, hydroxyl radical) and antioxidants, 
is a key feature of asthma and is associated with 
increased inflammation (type 1 and type 2 immune 
responses and elevated proinflammatory cytokine 
levels) and greater disease severity. In asthma, 
mutations in genes associated with oxidative stress 
(eg, glutathione S-transferase genes GSTM1, GSTP1, 
GSTT1) have been identified in genome-wide 
association studies;11 further, many relevant exposures 
and insults (Box 2) cause oxidative stress.11 However, 
the degree to which asthma is explained by individual 
susceptibility to oxidative stress is unknown.

Altered lung structure

The airway epithelium is the first point of contact for 
inhaled substances and is an important modulator 
of the immune system. The airway epithelium is 
abnormal in asthma, with reported changes including 
reduced barrier integrity, delayed repair, goblet cell 
hyperplasia, and altered production of inflammatory 
mediators.23 Such defects can increase the vulnerability 
to external insults and exposures. Additionally, the 
epithelium of people with asthma does not respond to 
viruses in the same manner as do healthy epithelial 
cells,24,25 and exposures can therefore further damage 
the epithelium. A vicious cycle of injury and altered 

repair and responses can ensue, ultimately leading to 
epithelial remodelling.

The airway smooth muscle is fundamentally different 
in people with asthma and can contribute to airway 
narrowing, remodelling, and inflammation. These 
changes can include hypertrophy or hyperplasia 
(remodelling); changes in its intrinsic, structural, 
or mechanical properties; and altered interactions 
with the surrounding lung structure.26 While the 
basic mechanisms underlying airway smooth muscle 
changes in asthma are known, when they develop 
during life and whether they are contributors to the 
pathogenesis of asthma or consequences of asthma is 
less well established.

The microbiome

Microbiome diversity is reduced in people with 
asthma, and their bacterial load increased.27 Microbial 
diversity in early life is of fundamental importance for 
the maturation of the immune system, and dysbiosis 
can tip the balance between the innate and adaptive 
immune responses, leading to sensitisation and 
inflammation. Dysbiosis can promote environments 
that facilitate the migration of infectious pathogens 
from the upper to lower airway, increasing the 
risk of asthma.28 The maternal microbiome is also 
important, as it plays a major role in shaping the 
developing immune system and microbiome of the 
infant. Exposures experienced by the mother during 
pregnancy, including to antibiotics, can induce 
inflammation and oxidative stress, leading to altered 
immune priming of the fetus.29 The transmission of 
vaginal or gut microbes from the mother to the baby 
during birth also plays a critical role in the maturation 
of the baby’s immune system.

Asthma in First Nations Australians

It is unclear whether repeated exposures modify 
biological factors in people who develop asthma, 
or biological factors increase the risk of repeated 
exposures. A combination of functional deficits 
and ongoing exposures probably leads to a self-
perpetuating cycle that leads to asthma. Further 
research is needed to determine how these factors 
interact to cause disease, and whether exposures and 
biological factors differ between certain groups of 
people.

Asthma in First Nations Australians, in particular, 
requires more investigation. Asthma-related mortality 
among First Nations Australians is almost double 
that for other Australians (2.5 v 1.3 deaths per 100 000 
people).30 The prevalence of asthma among First 
Nations Australians is slightly higher than for other 
Australians, but varies from 6.1% in Central Australia 
to 31.2% in Victoria.31 Its prevalence increases with 
age, from 12% in children to 26% of people over 55 
years of age.30 The risk factors are similar to those 
for all Australians, but rates of smoking, obesity, and 
physical inactivity are higher among First Nations 
Australians.30 The role played by atopy is unclear, 
especially in very remote communities, and very little 
is known about other biological factors. Determining 
the major risk factors and their mechanisms should 
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be a priority given the high mortality and burden 
of disease associated with asthma in First Nations 
Australians.

Using our knowledge of exposures and 
mechanisms to find a CURE

Many questions about the development of asthma 
remain (Box 4). We still do not know the mechanisms 
by which prenatal and early life exposures affect 
immune system development, including the role of 
the maternal microbiome, and whether it is possible to 
prevent or reverse asthma development in susceptible 
people. Although numerous risk factors have been 
identified, we still do not know which combination or 
timing of exposures poses the greatest risk for people 
susceptible to asthma. The complex interplay between 
exposures, insults, and biological factors makes it 
difficult to identify specific mechanisms that cause 
asthma, but it also suggests several possibilities for 
intervention and cure, including:

•	 Early life: many children have recurring wheeze in 
early life, about 30% of whom develop persistent 
asthma. Intervention during early life could 
prevent permanent structural remodelling and 
improve long term lung function development. 
Early identification of allergic triggers and 
immunomodulatory strategies that advance 
immune maturation could be particularly helpful, 
and successful immunomodulation would have 
lifelong benefits.

•	 Childhood and adolescence: asthma during 
childhood is most closely linked with allergy 
and type 2 inflammation. The optimal use of 
conventional asthma medications, together with 
strategies to limit inflammation caused by allergen 
and environmental exposures, could be helpful.

•	 Adulthood: many adults have mild asthma that 
could be controlled by optimal use of conventional 
asthma medications. Whether there is a role 
for immunomodulatory agents and strategies 
that limit inflammation caused by allergen and 
environmental exposures is unknown.

Conclusions

The concept of combination therapy for treating 
cancer has taken centre stage as the most effective 
approach. Treatments work in a synergistic manner 
to optimise efficacy, effectively targeting the disease 

from a variety of directions. Many asthma medications 
are already combination therapies, but they require 
continued use to maintain their benefits and do not 
cure the disorder. A combine-to-cure approach will be 
essential for curing asthma, simultaneously preventing 
harmful exposures and directed at the underlying 
biological mechanisms. Responding to the problem 
from multiple angles, using new approaches (such 
as antioxidant therapy to reduce oxidative stress and 
selective immunomodulation to prevent infection), 
in addition to personalised treatment regimens, will 
be central to moving forward. A successful CURE 
will hinge on our ability to define and describe 
distinct interactions between exposures and biological 
mechanisms, and how these interactions contribute to 
asthma. In order to reverse the damage, we must first 
learn how and why the damage occurs. Building on 
these relationships and the interplay between biology 
and environment will provide the platform needed to 
pursue curative treatments.
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