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Asthma: epidemiology, risk factors, and opportunities for 
prevention and treatment
Shamanthi M Jayasooriya, Graham Devereux, Joan B Soriano, Nishtha Singh, Refiloe Masekela, Kevin Mortimer, Peter Burney

Asthma is characterised by variable airflow obstruction and is associated with symptoms of cough, wheeze, and 
dyspnoea, and with airway inflammation and hyperresponsiveness. There are approximately 300 million people with 
asthma worldwide. Despite a current plateau, the burden of this disease is likely to increase due to population growth, 
urbanisation, and ageing. Disease onset is associated with low birthweight, preterm birth, viral infections, in-utero 
passive smoke exposure, urbanisation, and occupational exposures. Obesity is associated with increased incidence 
and severity of asthma, whereas exposure to small allergen particles leads to severe disease. In adults and adolescents, 
inhaled corticosteroids in combination with formoterol (as anti-inflammatory reliever or as maintenance and anti-
inflammatory reliever therapy) are widely recommended to control the symptoms of asthma. For children, low-dose 
inhaled corticosteroid is the preferred first-line treatment. Monotherapy with short-acting β-agonists is strongly 
discouraged. The WHO Global Action Plan for the Prevention and Control of Non-communicable Diseases includes 
availability of affordable combination inhalers for asthma. Co-ordinated national asthma policies, ensuring access to 
inhalers, have resulted in fewer hospitalisations and school and work absences. Future asthma prevalence could be 
reduced by good maternal and infant care, with reduction in premature births and reduction in infant respiratory 
infections, and by reduction in obesity at all ages.

Introduction
Asthma is the second most common chronic respiratory 
disease globally after chronic obstructive pulmonary 
disease (COPD), and the most common chronic disease 
in children. The condition affects individuals of all 
ages, with a highly variable geographical distribution 
worldwide.1 The population and individual burden of 
asthma is substantial, in terms of both morbidity and 
mortality. There is no gold standard for the diagnosis of 
asthma, and this is ultimately a clinical decision. Several 
phy siological mea surements and biomarkers are asso-
ciated with asthma, but none is pathognomonic of 
the con dition.2 Underdiagnosis and misdiagnosis are 
com mon, leading to undertreatment of the disease.3

The population burden of asthma has been 
determined by landmark studies that have used 
standardised protocols to explore the distribution of 
asthma and related conditions by sex, age, and other 
determi nants. Three macro-studies on asthma and 
allergic disorders (eczema and rhinitis) have shaped our 
under standing of these conditions: the International 
Study of Asthma and Allergies in Childhood (ISAAC) in 
children,4 the European Community Respiratory Health 
Survey (ECRHS) in adults,5 and the Global Asthma 
Network (GAN) in child ren and adults.6 These studies 
are summarised in panel 1. 

Global burden of disease
ISAAC, ECRHS, and GAN have contributed to our 
understanding of asthma epidemiology, risk factors, 
and management practices on both regional and 
global levels.14–16 European adults born between 1946 and 
1970 have, over the last 20 years, experienced less wheeze, 

largely due to reduced smok  ing, but have been more 
likely to report asthma attacks, use of asthma medication, 
and hay fever.17

Globally, approximately one in ten children and one in 
20 adults have asthma. Between one in eight and 
one in ten adults and children have rhinoconjunctivitis 
or eczema. Approximately 300 million people worldwide 
have asthma—a burden that is expected to increase in 
the 21st century due to population growth, increased 
urban isation, and ageing of the population.

Asthma prevalence (unadjusted for age) varies by 
coun try, ranging from 1% to 18%, with particularly high 
rates in the USA, the UK, and Portugal (figure 1). In 
contrast, mortality rates from asthma are the highest in 
Nepal, India, Bangladesh, Myanmar, and Indonesia 

Key messages 

• Asthma is a common condition, with an estimated 
300 million cases worldwide, for which underdiagnosis 
and misdiagnosis is a global problem

• Asthma is associated with urbanisation
• Asthma is partly preventable with good mother and child 

health services, prevention of early-life respiratory tract 
infections, control of tobacco smoking, reduction in 
obesity, reduction in traffic-related and other outdoor 
and indoor air pollution, and control of occupational and 
home exposure to asthmagens

• Most asthma is manageable at relatively low cost, but 
treatment is often still unaffordable for families with low 
incomes; sociocultural factors play a role in accessing 
treatment
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For more on the ISAAC see 
https://isaac.auckland.ac.nz

For more on the ECRHS see 
https://www.ecrhs.org

For more on the GAN see https://
www.globalasthmanetwork.org

(figure 2). Although mortality rates in sub-Saharan 
Africa are lower than in south and southeast Asia, they 
remain high relative to the region’s low prevalence 
rates. Differences in the within-country asthma 
prevalence distribution are even greater than the 
differences between countries.

Africa
The burden of asthma in Africa is substantially under-
reported due to scarce epidemiological data and local 
diagnostic challenges due to limited resources.18–21 
Available studies indicate prevalence rates ranging from 
4% to 20%, with higher rates in urban areas. Access to 
health care and asthma medications is often constrained, 

leading to increased morbidity and mortality rates.21,22 

Demographic changes including natural population 
growth, ageing, and urbanisation will lead to more 
asthma cases in the coming decades.23

America 
The US Centers for Disease Control and Prevention 
reports that more than 27 million people in the USA have 
asthma.24 Although this figure has remained stable over 
the last decade, great statal and county disparities exist 
among different ethnic groups. African Americans and 
Hispanic populations have higher rates of asthma and 
asthma-related mortality compared with non-Hispanic 
white Americans. In Latin America, both in adults and 

Panel 1: International epidemiological studies on asthma and allergic disorders

The International Study of Asthma and Allergies in 
Childhood (ISAAC)
• ISAAC determined the prevalence of asthma, allergies, and 

eczema in school-aged children. The study used written 
and video questionnaires; exercise-induced asthma was 
measured by means of peak flow.4 Standardised 
questionnaires gathered data from children and 
adolescents on asthma symptoms and associated risk 
factors.

• ISAAC involved more than 100 countries and nearly 
2 million children. The standardised methodology enabled 
between-country comparisons and estimates of changes 
over time in some regions.

• The first ISAAC results, in 1992–93, showed 20-times to 
60-times differences between centres in the prevalence of 
asthma symptoms, allergic rhinoconjunctivitis, and atopic 
eczema. The highest rates of asthma were observed in 
centres in the UK, Australia, New Zealand, and Ireland; the 
lowest rates were in centres in eastern European countries, 
Indonesia, Greece, China, Taiwan, Uzbekistan, India, and 
Ethiopia, with an 8-times variation seen between the 10th 
and 90th percentiles (3·9–30·6%).5 The geographical 
distribution showed weak to moderate consistency in the 
prevalence rates of asthma, allergic rhinoconjunctivitis, and 
atopic eczema.

• Limitations included reliance on self-reported symptoms, 
sampling that excluded individuals not in school, and the 
potential for variability in interpretation of questions across 
different cultural contexts and languages.

The European Community Respiratory Health Survey (ECRHS)
• ECRHS determined the prevalence and distribution of 

asthma in young adults aged 20-44 years.7 The survey was 
conducted in multiple European countries, plus other 
selected international centres. ECRHS employed a multi-
stage stratified random sampling approach to select 
participants from the general population.

• The ECRHS collected detailed information through 
questionnaires, lung function tests including 
methacholine challenge, and skin prick tests to assess 

allergic sensitisation. Some centres also followed up 
participants over time to track changes in respiratory 
health.

• The first ECRHS results, 1990–92, showed that the 
prevalence of asthma symptoms varied widely, being 
generally lower in northern, central, and southern Europe 
and higher in the British Isles, New Zealand, Australia, and 
the USA; wide variations were observed even within some 
countries.8 The prevalence of nasal allergy, bronchial 
responsiveness, and atopy showed a similar distribution to 
asthma. Strengths of ECRHS included its large scale, 
rigorous population-based sampling methods, inclusion of 
objective measures such as lung function tests and 
bronchial responsiveness, and longitudinal design providing 
insights into the natural history of asthma and the 
development of persistent airflow limitation due to 
remodelling (a process distinct from the development of 
chronic obstructive pulmonary disease).9,10

• Limitations were the survey’s focus on European 
populations, with limited generalisability of results to other 
regions.

The Global Asthma Network (GAN)
• GAN,11 formed as a collaboration between ISAAC and the 

International Union Against Tuberculosis and Lung Disease 
(The Union), collected data from a range of countries 
worldwide, by collaborating with national and regional 
centres to conduct surveys with the use of a standardised 
protocol.

• GAN gathered data on asthma prevalence, severity, and 
management in children, adolescents, and adults in 
schools and households.12,13 The network promotes 
capacity building in asthma surveillance in low-income 
and middle-income countries, and its standardised 
methodology facilitates comparisons across regions. 
GAN relies on collaboration with local centres and there 
are potential variations in data collection methods and 
quality across different countries.
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children, a high burden of symptoms and use of health 
services have been identified by GAN and ISAAC, with 
prevalences of asthma ranging from 5% to 15% in 
different countries; Chile, Argentina, Cuba, and Costa Rica 
report some of the highest prevalence rates of the 
condition in the region. Socioeconomic disparities, 
urbanisation, and environmental pollution contribute to 
the high burden of asthma from Mexico to the tip of 

South America. Additionally, less than ideal access to 
health care and medications exacerbates the effect of 
asthma on quality of life and increases health-care costs.

Asia
Asia presents a diverse picture of asthma prevalence. In 
countries such as Japan and South Korea, asthma 
prevalence is relatively low, at about 2–5%. In contrast, 

Figure 1: Estimates of asthma prevalence for all ages and both sexes, according to GBD 2021
Figure adapted from: Institute for Health Metrics and Evaluation. GBD Compare data visualization. Seattle, WA: IHME, University of Washington, 2024 (accessed 
Nov 7, 2024). GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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Figure 2: WHO estimates of annual asthma deaths per 100 000 population. All ages and both sexes.
Figure adapted from: Institute for Health Metrics and Evaluation. GBD Compare data visualization. Seattle, WA: IHME, University of Washington, 2024 (accessed 
Nov 7, 2024). GBD=Global Burden of Diseases, Injuries, and Risk Factors Study.
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For more on GBD Compare 
data visualization see http://
vizhub.healthdata.org/gbd-
compare

For more on GBD Compare 
data visualization see http://
vizhub.healthdata.org/gbd-
compare
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urban areas of China and India report very high 
prevalence rates, particularly among children. In India, 
between ISAAC phase 3 and GAN phase 1, there was 
a substantial decrease in the prevalence of current 
wheeze among both children and adolescents between 
2009 and 2022. Of people with current wheeze, 75–82% 
remained clinically undiagnosed. Among individuals 
with current wheeze who had no diagnosis, less than 
1% took a daily inhaled corticosteroid. In people with 
current wheeze who were clinically diagnosed with 
asthma, use of daily inhaled corticosteroid increased to 
2–8% in different age groups.25 In South-East Asia, 
mortality rates have been consistently high at about 
13 in 100 000 per year; this high rate might reflect low 
access to inhaled corticosteroids in some areas.

Europe
Asthma prevalence in Europe shows considerable 
variation, with rates25 ranging from 1% to 16% across 
different countries (as shown by ISAAC and ECRHS). 
Northern and western European countries, such as 
the UK, Sweden, and Finland, report higher prevalence 
rates, whereas eastern and southern European countries 
have lower prevalence rates. Portugal, Greenland, and 
Poland also have high prevalences of the condition. 
Despite the high figures, asthma prevalence continues to 
decrease.

Middle East
Asthma prevalence in the Middle East varies widely, with 
rates between 5% and 15%. The region faces unique 
challenges, including high levels of air pollution, 
sandstorms, growing obesity rates, and rapidly changing 
lifestyles.26 In countries such as Saudi Arabia, Kuwait, 
and the United Arab Emirates, the prevalence of asthma 
has been increasing, particularly among children and 
adolescents. Asthma management strategies and public 
health interventions in the Middle East region must be 
improved.27 Mortality rates have been falling steadily.

Oceania
The first available studies, done in Oceania in the 1960s,28 
identified Australia and New Zealand as having among 
the highest rates of asthma worldwide. More than 10% of 
the general population of all ages and 20–30% (or more) 
of children were determined to be affected. Additionally, 
socioeconomic disparities, particularly among Indigenous 
populations, such as the M#ori and Pacific Islanders in 
New Zealand, were associated with poorer asthma 
management and outcomes due to poor access to health-
care resources and education. Factors including high 
rates of smoking, cannabis use, and obesity further 
compounded the problem, making asthma control 
challenging and leading to increased hospitalisations and 
health-care costs among Maori and Pacific Islanders. 
In Melanesia (Fiji, Papua New Guinea, Solomon Islands, 
and Vanuatu) and Micronesia (Federated States of 

Micronesia and Kiribati), available information on the 
burden of asthma is more limited.29

Recent trends 
Crude asthma prevalence rates have been decreasing 
in most WHO regions, although rates have plateaued 
since 2000 (figure 3). Asthma prevalence was consistently 
the highest in the Americas and Europe. The rate plateaued 
in the Americas from the early 2000s at 6%. In Europe, 
a steady decrease was observed until 2015, but the rate also 
plateaued for the last decade at about 4·5%. Africa has had 
a steady decrease from 5·4% in 1990, to 3·8% in 2021, 
which was parallelled by a decrease from 4·1% to 2·7% in 
the eastern Mediterranean region; Western Pacific and 
South-East Asia regions have similar low prevalences of 
asthma aand have also plateaued, at about 2·2% since 2015.

Crude mortality rates from asthma have also been 
decreasing steadily in most regions except for South-East 
Asia, where mortality rates have been consistently high 
at about 13 per 100 000 (figure 4). Mortality rates in both 
the Eastern Mediterranean and African regions have 
consistently decreased from more than eight deaths per 
100 000 in 1990, to 4·6 in 2021. Asthma mortality in 
Europe decreased sharply from 1995 to 2005, and has 
plateaued since 2010 at 1·7 deaths per 100 000. 2·8 deaths 
per 100 000 are reported in the Western Pacific, whereas 
the lowest mortality of 1·2 deaths per 100 000 is reported 
in the Americas.

Aetiology
Genetics and atopy
Asthma is known to be heritable. A child has 
about a 25% chance of having asthma if one parent has the 
condition and 50% if both have the ilness.30 A meta-analysis 
of worldwide genome association studies of asthma has 
identified 14 genes associated with the condition, 
implicating disordered immunological or airway 
epithelium-mediated inflammatory processes in asthma 
pathogenesis.31 Atopy is the genetic predisposition to form 
immunoglobulin E (IgE) antibodies on exposure 
to allergens. A personal or family history of atopy is 
a strong risk factor for asthma. In the UK, for instance, 
approximately 30% of the population are atopic,32 of whom 
about 20% will develop asthma;33 70–90% of children with 
asthma and 50% of adults with asthma are atopic.

Urbanisation
The world is becoming increasingly urbanised. In 1950, 
30% of the world’s population lived in urban areas. By 2018, 
this ratio had risen to 55% and by 2050 an estimated 68% 
of the world’s population will live in urban environments.34 
From the 1970s onwards, consistent differences were 
noted between the prevalence of asthma in poor rural 
communities and the prevalence among migrants in 
slightly more a$uent urban areas.35–39 Although this 
difference in environment was was not paralleled by 
differences in allergen-specific IgE,40 it was linked to 
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differences in skin tests to specific allergens.41,42 These 
differences between positive sensitisation defined by 
specific IgE and negative skin tests were related to 
differences in BMI,43 and to qualitative differences in diet 
between urban and rural populations.44 At an ecological 
level, the prevalence of wheeze with a positive skin test is 
weaker in countries with a very low per capita gross 
national income, whereas wheeze with no atopic features 
is equally distributed between high-income and low-
income countries.45 The same is true for eczema46 and 
bronchial response to exercise (figure 5).47 In Germany 
before unification, there was lower prevalence in the east;48 
this difference reduced after the country’s unification.

In Europe and North America, there are also 
urban–rural differences, with asthma and atopy being 
far less common in individuals brought up on farms and 
in rural areas.49–52 In 1989, Strachan noted that children 
with more siblings were less likely to complain of 
allergic rhinitis;52 research suggested that increas-
ing hygiene was leading to high rates of allergic 
sensitisation—the so-called hygiene hypothesis. This 
hypothesis was extended to explain the reduced levels of 
sensitisation in individuals brought up on farms and in 
the countryside. Also, a case has been made for greater 
microbial (bacterial and fungal) diversity being the 
common protective component.53 In addition to farm life 
and the presence of siblings, going to school at a young 
age if there are no siblings,54 bedroom sharing, and pet 
ownership in childhood also reduce the chance of having 
specific IgE to common allergens in adulthood.55

There are two important caveats in relation to the 
hygiene hypothesis. First, as noted by Strachan,52 this 
hypothesis relates to rhinitis and sensitisation to allergen 
but not to asthma or wheeze.56 This paradoxical finding is 
confirmed by a randomised controlled trial57 in which 
infants were randomly assigned to a thorough cleaning 
of the house to reduce allergen exposure as far as 
possible. Contrary to the expectation of the trialists, but 
as predicted by the hygiene hypothesis, house cleaning 
was associated with an increase in sen sitisation, but also, 
paradoxically, improved lung function at the age of 
3 years. Second, exposure to the countryside in childhood 
appears to suppress the development of allergen specific 
IgE in Europe,55 but not in Africa.40,41,58

Allergen exposure alone does not determine the 
prevalence of allergy as su%cient allergen to induce 
allergy in some susceptible individuals exists in most 
environments. However, some evidence suggests that 
low exposures to individual allergens in early life can be 
associated with lower rates of sensitisation in later life. 
Paradoxically, evidence is also mounting for the fact that 
heavy exposure to peanut allergen in early life might 
prevent sensitisation to it.59–61

Early life
The origins of asthma start very early in life; in high-
income countries, associations have been reported 

Figure 3: Asthma prevalence for all ages and both sexes by WHO region and 
year
Figure adapted from: Institute for Health Metrics and Evaluation. GBD compare 
data visualization. Seattle, WA: IHME, University of Washington, 2024. GBD 
Compare data visualization (accessed Nov 7, 2024). GBD=Global Burden of 
Diseases, Injuries, and Risk Factors Study.

Figure 4: Asthma deaths for all ages and both sexes by WHO region and year
Figure adapted from: Institute for Health Metrics and Evaluation. GBD compare 
data visualization. Seattle, WA: IHME, University of Washington, 2024.GBD 
Compare data visualization (accessed Nov 7, 2024). GBD=Global Burden of 
Diseases, Injuries, and Risk Factors Study.
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between childhood wheezing and asthma and fetal 
ultrasound measurements, low birthweight, premature 
birth, perinatal lung function, and infant weight gain.62–70 
Similar findings have been reported in LMICs71 and 
might be pertinent to asthma aetiology in these 
countries given that about 70% of low birthweight births 
and 65% of premature births are in southern Asia and 
sub-Saharan Africa, with minimal improvement in 
birthweight in recent decades. The WHO antenatal care 
recommendations provide guidance on how to reduce 
the two underlying causes of low birthweight—preterm 
birth and intrauterine growth restriction.72 Self-care 
recommendations for pregnant women include a healthy 
balanced diet, keeping physically active, and avoidance 
of nicotine, caffeine, alcohol, and substance use. The 
recommendations include guidance on the organisa-
tion and delivery of antenatal care (eg, a minimum of 
eight contacts with health professionals throughout 
pregnancy; screening for anaemia, bacteriuria, HIV, and 
pre-eclampsia; and fetal monitoring). The increased risk 
of asthma and low gestational age at birth is detectable in 
infants born 1 or 2 weeks early, suggesting that this is 
unlikely to be due to bronchopulmonary dysplasia 
associated with preterm birth.68

Late-onset asthma
Due to increasing multimorbidity and people often 
developing multiple age-related conditions, the differential 
for breathlessness often broadens in later life.73 In addition, 

there are varying levels of symptom tolerance based on, 
sometimes erroneous, assumptions that symptoms are 
due to normal ageing. This increased di%culty in making 
a differential diagnosis of asthma is also further affected by 
age-related cognitive changes. All of these factors increase 
the likelihood of misdiagnosis and under diagnosis of 
asthma.74 Asthma mortality increases with age.75 The needs 
of older adults diagnosed with asthma are variable as, in 
addition to increased multimorbidity, these individuals are 
more likely to be isolated and suffer from age-related 
physical impairments. Personalised care recog nising the 
aforementioned factors should be adopted. Consideration 
should be given to the use of integrated respiratory care 
alongside virtual ward-based care outside the hospital, 
with robust support from primary care to address the 
additional needs of this patient group.

Infections
Evidence suggests that lower respiratory tract infections, 
particularly if repeated, severe, and occurring in early life, 
reduce childhood lung function.76–79 Viral respiratory tract 
infections are common in young children. Early-life 
viral respiratory tract infections with human rhinovirus 
and respiratory syncytial virus (RSV), especially when 
accompanied by wheezing, are associated with 
subsequent recurrent wheeze, diagnosis of asthma, and 
reduced lung function.76–78,80,81 These associations are 
particularly strong for wheezing episodes occurring in 
the first year of life, more frequent episodes, severe 
infections requiring hos pitalisation, and concurrent 
atopy. The interactions between these viruses and the 
innate and adaptive immune systems are the most likely 
mechanisms under lying these associations.82 However, 
whether early-life viral respiratory tract infections 
manifesting as wheez ing episodes cause asthma or 
identify children who are predisposed to develop asthma 
remains unknown. The advent of RSV monoclonal 
antibody prophylaxis and RSV vaccination provides 
an opportunity to investigate this important issue. 
A system atic review and meta-analysis83 of monoclonal 
antibody prophylaxis against RSV bronchiolitis published 
in 2020 did not identify an overall statistically significant 
reduction in recurrent wheeze or asthma; however, 
a subgroup analysis excluding studies at high risk of bias 
did identify a statistically significant benefit.83

Tobacco smoking
Tobacco use is on the decrease in all regions of the world. 
Currently, about 22% of the world’s population uses 
tobacco products. This rate has decreased from 
33% in 2000 and is predicted to decrease to 18% in 2030.84 
Passive exposure to tobacco smoking either in utero or 
during childhood is associated with a 20–70% increased 
risk of developing childhood asthma.85 Children are 
also more likely to develop asthma if their maternal 
grandmother smoked during pregnancy, independent of 
the mother’s asthma and smoking status.86,87 Maternal 

Figure 5: Prevalence of wheeze, rhinitis, and eczema by ISAAC site, by atopy and by gross national income45-47

Prevalence (percentage of population) in children at ISAAC sites, presented by atopy and by gross national income 
($US). The prevalence is plotted on a logarithmic scale. Data from Weinmayr and colleagues,45 Flohr and 
colleagues,46 and Büchele and colleagues.47 ISAAC=International Study of Asthma and Allergies in Childhood.
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smoking during pregnancy has been associated with 
altered cord blood immunology and reduced early-life 
lung function.88,89 The adverse effects of maternal 
smoking on fetal airway development appear to be 
predominantly caused by nicotine, in part by inducing 
epigenetic modifications to DNA.90 The recognition that 
nicotine is a causative factor for asthma has obvious 
implications for the safety of nicotine-containing 
e-cigarette vaping products, the use of which has 
substantially increased among young adults in England91 
and the USA92 in the last 10 years. Use of these products 
has also been linked to new-onset asthma in adolescents.93

Air pollution
Evidence suggests that long-term exposure to air 
pollution, most notably nitrogen dioxide and particulate 
matter from tra%c air pollution, is associated with the 
development of asthma. This evidence is restricted to 
children.94,95 Potential mechanisms include effects on 
airway and alveolar development and promotion of 
immunological and airway epithelial cell inflammatory 
pathways.94 Changes in particulate matter and nitrogen 
dioxide exposures are complex. Over the last two decades, 
global exposures appear to have decreased due to 
improvements in air quality in North America, Europe, 
China, and Japan, but exposures have been increasing 
(in line with increasing economic activity) in the Middle 
East, south Asia, and sub-Saharan Africa.96,97

Occupation
Specific occupations with distinctive inhalational expo-
sures are well documented but often under-recognised 
causes of asthma. In high-income countries, an estimated 
15–20% of new-onset asthma in working-age adults is 
likely to be occupational in origin;98 much less is known 
about the incidence of occupational asthma in LMICs 
because occupational asthma surveillance programmes 
are less well developed in those countries.99,100 More than 
400 causes of occupational asthma have been described 
and categorised into high-molecular-weight (eg, animal 
urine or proteins, cereal grains or flour, and enzymes) and 
low-molecular-weight sensitisers (eg, acid anhydrides, 
biocides, colophony, and di-isocyanates).101 The main risk 
factor for occupational asthma is exposure to the 
asthmagen (allergens and other chemicals that can induce 
asthma), as well as the level and duration of exposure. 
Atopic status, smoking, and genetic susceptibility might 
modify risk.98 The prevention of occupational asthma 
can be achieved by controlling workplace exposure to 
occupational asthmagens by, for example, replacement of 
the hazardous substance with less harmful materials, use 
of engineering controls preventing exposure, and 
provision of personal protective equipment for workers.

Obesity
The prevalence of obesity is increasing globally and, 
by 2035, more than half the world’s population is 

predicted become overweight.102 The reasons for the 
increase in obesity prevalence are complex, but probably 
reflect interactions between genetic susceptibility, envi-
ronmental factors, and psychosocial factors resulting 
in energy intake (diet) chronically exceeding energy 
expenditure (physical activity), with ultra-processed 
convenience foods contributing to the problem.102 Once 
considered a problem of high-income countries, obesity 
is now increasing in LMICs.102 Evidence confirms that 
overweight and obese children and adults are at 
an increased risk of developing asthma.103,104 Obesity also 
appears to be associated with increased severity of 
asthma.105,106 Evidence also suggests that children and 
adults with asthma are more likely to become obese, 
possibly because of inactivity, corticosteroid exposure, or 
factors that influence both asthma and weight.107,108 The 
mechanisms underlying the association between obesity 
and increased asthma risk are incompletely under stood, 
but altered pulmonary mechanics, systemic inflamma-
tion, altered microbiome, and increased susceptibility to 
air pollution have been implicated.109

Insufficient exercise
Physical inactivity (not meeting the WHO global 
recommendations on physical activity) and sedentary 
behaviour (sitting or lying down for long periods) are 
lifestyle factors110 that have been implicated in asthma 
aetiology. Addressing these factors is recommended in 
Global Initiative for Asthma (GINA) treatment guidelines 
to improve the general health, exercise capacity, and 
quality of life of people with asthma.111 Globally, about 
31% of adults were physically inactive in 2022— 
an increase of nearly 8% from 2000.112 Physical inactivity 
appears to be even higher in adolescents, with 81% of 
the world’s adolescents (aged 11–17 years) fulfilling the 
criteria for physical inactivity.113

Cross-sectional studies of children and adults have 
reported that physical inactivity and a sedentary 
lifestyle are associated with asthma, bronchial hyper-
responsiveness, and reduced lung function.114,115 However, 
such studies are limited by the potential for reverse 
causation (ambivalence as to whether asthma restricts 
exercise or absence of exercise leads to asthma). Although 
some longitudinal studies have reported that physical 
inactivity and a sedentary lifestyle are associated with 
new-onset asthma and reduced lung function, many 
other longitudinal studies have reported no such 
association.116–122 A systematic review of longi tudinal 
studies in children relating physical activity measure-
ments to subsequent new-onset asthma and lung 
function outcomes,concluded that the results were 
highly inconsistent, with insu%cient evidence to suggest 
that physical activity influences the risk of new-onset 
asthma or improves lung function in children.123 Any 
potential benefits of physical activity in asthma aetiology 
and established asthma likely reflect the modulatory 
effects of exercise on inflammatory and immune 
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processes in asthma.124 Although the effects of exercise 
on these processes are unlikely to be as potent as 
pharmacological interventions, further studies are 
needed to establish whether specific asthma endotypes 
respond preferentially to tailored exercise regimes. This 
research might be particularly useful in LMIC settings 
where affordability and availability issues with 
conventional treatments exist.

Allergen exposure
For individuals who are sensitised, ample evidence exists 
that exposure to an allergen is a potent trigger for allergic 
symptoms. Pollen grains are relatively large and settle on 
the mucous membranes of the conjunctiva, nose, and 
pharynx, causing the symptoms of hay fever. However, 
smaller particles of an allergen, including grass allergens 
released from pollen grains during thunderstorms, 
can enter the airways and cause asthma attacks. These 
particles might trigger major outbreaks of acute severe 
asthma.125–127 Mould spores are also small enough to enter 
the lower airway and can cause clusters of asthma 
attacks.128,129 Allergens might also explain some 
associations between asthma events and increases in air 
pollution, as air pollution itself does not appear to have 
a consistent association with such events.130 Sensitisation 
to small-particle allergens, including those from 
moulds131 and cockroaches,132 is associated with severe 
asthma. The main strategies to reduce the incidence of 
asthma are summarised in panel 2.

Access to care
Most children, adolescents, and adults with asthma have 
a disease type that is responsive to currently available 
treatments. The GINA strategy sets an evidence-based 
standard for international best practice in asthma 
management. GINA recommends that in adolescents 
and adults with asthma, the first step of treatment 
should be a combination inhaler containing an inhaled 
corticosteroid and formoterol (a long-acting β2-agonist 
with a rapid onset of action) used as needed to provide 
anti-inflammatory reliever therapy. In case maintenance 
therapy is also needed, the same combination inhaler 
can be used for both maintenance and relief as 
maintenance and reliever therapy (MART). This 
recommendation is based on substantial evidence 
showing fewer exacer bations and hospitalisations when 
inhaled corticosteroid–formoterol is used.111,133–135 In 
younger children, low-dose inhaled corticosteroid still 
forms the backbone of asthma therapy. A strong rec-
ommendation against the use of short-acting β2-agonist 
monotherapy in asthma exists.

In high-income countries, use of relatively costly 
monoclonal antibody biologics targeting specific 
proinflammatory molecules (eg, anti-IgE, anti-
interleukin(IL)-4, anti-IL-5, and anti-thymic stromal 
lymphoprotein) is transforming asthma care for the 
patients whose asthma cannot be adequately con-
trolled  on inhaled corticosteroid–formoterol and other 
non-biological therapies. In high-income countries, 
biologics have been shown to improve quality of life, 
reduce asthma exacerbations, and reduce the need for 
long-term oral corticosteroids, and are well described 
elsewhere, including in the guidelines of the GINA 
strategy. However, the use of biologics in LMICs is 
likely to be restricted by affordability and high incidence 
of some parasitic worm infections, which would need 
to be excluded or treated before initiation of biologics 
and monitored over the course of the treatment.111,136,137 
Unfortunately, access to affordable GINA-recommended 
asthma care is limited even for basic preparations.138–141 
The GAN phase 1 study found that inhaled corticosteroid 
is not used by 60% of adolescents and 56% of adults 
with asthma even among individuals with frequent 
severe symptoms. Use of inhaled corticosteroid was the 
greatest in high-income countries. A 2023 survey of the 
availability, cost, and affordability of WHO essential 
asthma medicines across 60 LMICs found that inhaled 
short-acting β-agonist was the most available and 
affordable, followed by inhaled corticosteroid, with low 
availability and affordability of the combination inhaled 
corticosteroid–formoterol.138,142 In keeping with the GAN 
phase 1 study data, there was an association between 
availability and affordability of inhaled corticosteroid-
containing inhalers and socioeconomic status of the 
LMIC. Inhaled corticosteroid–formoterol is the core 
component of GINA track I recommendations across 
all steps of treatment (anti-inflammatory reliever and 

Panel 2: Prevention of asthma

No evidence-based primary prevention programme for 
asthma exists, but several key public health and clinical 
interventions are considered likely to reduce asthma 
incidence. These interventions include:
• Comprehensive maternity and child health services that 

offer lifestyle recommendations for pregnant women: 
a healthy balanced diet; keeping physically active; and 
avoidance of nicotine, caffeine, alcohol, and substance 
use.

• Organisation and delivery of antenatal care: a minimum 
of eight contacts with health professionals throughout 
pregnancy; screening for anaemia, bacteriuria, HIV, and 
pre-eclampsia; and fetal monitoring.

• Probiotics and omega-3 fatty acid supplementation 
during pregnancy and early childhood, which might lower 
the incidence of asthma.

• Maternal and infant vaccination.
• Prevention of tobacco smoking, particularly among young 

parents and adolescents.
• Prevention and control of obesity, physical inactivity, and 

sedentary lifestyles.
• Control of traffic-related air pollution.
• Control of exposure to asthmagens  in the workplace and 

at home (including moulds).
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MART); therefore, the low availability and affordability 
of this therapy is a source of great concern.111,143 Basic 
effective initial treatment with the use of inhaled 
corticosteroid is key to the delivery of affordable asthma 
care and the minimisation of treatment-related adverse 
effects, including adverse effects associated with 
systemic corticosteroids. Use of oral corticosteroids for 
the management of asthma outside exacerbations is 
strongly discouraged due to their high toxicity and low 
e%cacy.

Other atopic conditions, such as allergic rhinitis and 
food allergies, are increasing in prevalence in LMICs, 
with increasing severity of reported symptoms in these 
settings.144 Allergic rhinitis is a condition commonly 
treated in primary care in high-income settings; over-
the-counter medications, such as oral antihistamines 
and intra-nasal corticosteroids, are often used. However, 
the accessibility of these treat ments in LMICs is 
unknown. It is recognised that in patients with allergic 
asthma, managing allergic rhinitis can improve asthma 
control by reducing inflammation.143

Since 2020, several publications and initiatives have 
sought to highlight the insu%cient access to basic 
asthma care in low-resource settings (mainly in LMICs 
but also affecting underserved populations in high-
income countries).141,143–146 Infras tructure to support 
diagnosis and a secure supply of cost-effective drugs is 
often insu%cient  in LMICs which affects many people 
with chronic non-communicable lung diseases such as 
asthma.147,148 GINA authors have set out the case for the 
widespread adoption of anti-inflammatory reliever and 
MART in LMICs.143 The International Union Against 
Tuberculosis and Lung Disease led a consultation on 
improving access to affordable quality-assured inhaled 
medicines in LMICs and described some of the main 
challenges and suggestions for possible solutions.149 
GAN undertook a Delphi exercise to develop clinical 
standards for the management of asthma in low-
resource LMIC settings, providing practical guidance 
for the reality facing clinicians in these settings, where 
at best only WHO essential medicines might be 
available.145 In some LMICs, such as The Gambia, 
continued use of oral short-acting β-agonist therapy is 
affected by  local beliefs about the harms of inhaled 
medicine. In 2024, GAN held an international 
symposium to build on the network’s work over the last 
decade, including the Global Asthma Report 2022.6 The 
sym posium highlighted the need to improve access to 
affordable asthma medicines for all (figure 6).146 
Testimonies from children, adolescents, and adults 
with asthma were heard and summarised in a 2024 
publication.150

WHO has a mandate to improve access to affordable 
asthma care as part of its non-communicable disease 
(NCD) agenda. The WHO Global Action Plan for the 
Prevention and Control of NCDs (2013–2030) includes 
a (voluntary) target of 80% availability of affordable 

essential medicines for NCDs, including asthma, in 
public and private health-care facilities.151 Inhaled 
medicines for anti-inflammatory reliever and MART are 
included in the WHO Model List of Essential 
Medicines,152 and are therefore covered by this target. 
Achieving this target is relevant to the attainment of 
the 2030 Sustainable Development Goal for health, 
including target 3.4 (NCD prevention and treatment) 
and target 3.8 (universal health coverage and access to 
essential medicines).153

Most of global burden of asthma morbidity and 
mortality discussed earlier in this paper could be 
overcome by improved access to and use of affordable 
inhaled medicines for anti-inflammatory, reliever 
therapy and MART. However, local beliefs about the 
effectiveness and addictive potential of inhaled 
medicines also need to be addressed. This effort requires 
highly effective and safe technology developed several 

Panel 3: Areas of future research into improving the 
understanding of asthma

• Components of urbanisation that lead to increasing rates 
of asthma.

• Dietary determinants of asthma.
• The role of socioeconomic factors, obesity, physical 

inactivity, and sedentary lifestyle in asthma aetiology and 
management.

• Economics of accessible essential asthma medicines.
• Implementation strategies for improving access to 

evidence-based asthma care.
• Establishing and evaluating national asthma programmes.
• The pathophysiology and management of late-onset 

asthma.
• How biological therapies can be made affordable and 

accessible to all who would benefit from them.

The challenge is in conducting this work in countries that have the greatest 
mortality burden from asthma where the potential effect of the interventions is 
greatest.

Figure 6: Visual summary from the Global Asthma Network Symposium 2024146

Adapted from the material of the Global Asthma Network Symposium 2024.
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decades ago to be made universally available to all 
patients who need it. A proactive movement that 
includes representation from people affected by asthma 
is needed to implement this strategy  without further 
delay. The WHO-led Global Alliance Against Chronic 
Respiratory Diseases is well placed to help bring 
individuals and organisations together behind this 
cause. The UN General Assembly High-Level Meeting 
on the Prevention and Control of NCDs in 2025 is 
an opportunity to take some bold steps forward and 
should be prioritised by the UN member states.

Asthma treatment and management has greatly 
improved over the last decades, with substantial 
decreases in mortality and morbidity, aided by the 
continuing development and dissemination of 
international guidelines. Case studies, such as the 
Finnish Asthma Programme (1994–2004),154 show that 
national programmes focusing on both risk factors 
(eg, tobacco smoking) and interventions to improve 
both assessment and management of asthma have led 
to a three-times increase in the number of patients 
diagnosed with asthma, increased treatment rates, and 
substantial cost reductions per person (table 1). 
Treatment costs per person decreased by 50% in this 
study, largely due to a fall in hospital and outpatient 
costs, and indirect costs decreased by 86%—a highly 
relevant decrease with important implications for 
patients in many LMICs, where medication costs come 
from out-of-pocket expenses.

Availability of the most appropriate treatment at 
an affordable price and widespread knowl edge of best 
practices remain low. Table 2 shows results from 
a 2024 report from an international survey of LMICs,155 
including the median cost of a month’s supply of inhaled 
corticosteroid-formoterol (200/6 μg) and the equivalent 
number of days’ wages it would cost the lowest-paid 
government employee. The median cost in a central 
medical store was US$7·1 (equivalent to 1·5 days’ wages), 
$18·4 in a health-care facility, (3·5 days’ wages), and 
$19·2 in a pharmacy (4·1 days’ wages). What could 
feasibly be achieved is given by what was achieved by 
25% of outlets, which for pharmacies is less than $10 
(2 days wages) for a month’s supply. For working people, 
these costs are likely to be within reach given that 60% of 
workers with moderately severe uncontrolled asthma are 
likely to lose at least a day a week from work. However, 
only 54% of pharmacies, 38% of health-care facilities, 
and 20% of central medical stores held the medication. 
This rate is far short of the objective from the WHO 
Global Action Plan for the Prevention and Control of 
NCDs 2013–20 for 80% of pharmacies and health-care 
facilities to hold the most effective treatments at 
affordable prices.

Conclusions
Asthma and other allergic diseases are the most common 
chronic conditions of childhood and an important cause 
of disability in adult life. The number of individuals with 
asthma is likely to increase in the coming years due 
to the growing population, ageing, and increasing 
urbanisation.

Improved maternal and child health services could 
help to reduce the effect of premature delivery, low 
birthweight, and early respiratory infections. Control of 
tobacco consumption, prevention of obesity, measures to 
address physical inactivity, and strategies to control RSV 
including maternal and infant vaccines could also reduce 
the asthma burden.

Cost per 
patient in 
1987 (€)

Total cost in 
1987 (€)

Cost per 
patient in 
2013 (€)

Total cost in 
2013 (€)

Costs in 2013 as 
a  proportion of 
cost in 1987 (%) 

Hospitalisation 364 30 207 488 32 7 930 223 9%

Outpatient care 310 25 506 513 119 29 486 153 38%

Medication 409 33 984 973 394 97 569 000 96%

Total direct costs 1081 89 698 974 545 133 985 376 50%

Indirect costs 1589 131 907 761 226 55 939 337 14%

Total costs 2670 221 606 735 771 189 924 713 29%

The number of registered patients with asthma in 1987 was 83 000, and in 2013 the number was 247 583. Data from 
Haahtela and colleagues.154

Table 1: Comparison of costs (€) due to asthma in Finland in 1987 and 2013

ICS–LABA (200/6 μg per dose)

Pharmacy

Availability 31 (54%) of 57 

Median cost per month’s supply (US$) 19·2 (IQR 9·7–27·4)

Median days of work required* 4·1 (IQR 1·9–6·9)

Health-care facility

Availability 21 (38%) of 56 

Median cost per month’s supply ($) 18·4 (IQR 11·3–24·5)

Median days of work required* 3·5 (IQR 1·5–6·1)

Central medical store

Availability 9 (20%) of 46 

Median cost per month’s supply ($) 7·1 (IQR 3·9–8·1)

Median days of work required* 1·52 (IQR 0·7–2·6)

ICS=inhaled corticosteroid. LABA=long-acting β-agonist. Data from Stolbrink and 
colleagues.155 *Days of work required for lowest-paid government worker to pay 
for one month’s treatment.

Table 2: Availability and costs ($US) of fICS–formoterol (200/6 μg per 
dose) in selected low-income and middle-income countries

Search strategy and selection criteria

No formal literature search was done for this Series paper. 
Studies included were identified by the authors based on their 
knowledge of asthma. The studies included and referenced 
were selected by the authors up to the date of submission of 
the first draft of the manuscript (Aug 13, 2024), based on 
expert opinion, to provide a comprehensive review of each 
topic. There were no restrictions with regard to dates of 
publication.
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Improving the understanding of asthma management 
by all stakeholders and increasing the availability (to at 
least 80% of pharmacies and health-care facilities) and 
affordability of the most effective treatments are 
achievable goals. Finding ways of further reducing 
treatment costs, particularly for children, individuals 
without paid employment, and other vulnerable groups, 
should be a further priority.
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