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Asthma Progression

From childhood
• Tucson Children’s Respiratory Health Study in US (n=1,246)

Stein et al. Thorax 1997



51% (never wheezed) vs 49% (wheezed)

34%, at least one wheezing illness before age 3 years
• 14%, continued to have wheezing at age 6 years

→ Persistent wheezer
• 20%, wheezing episodes before age 3 years 

▪ Transient and resolved before the age of 6 years
→ Transient early wheezer

15%, presented with late-onset wheezing after age 3-6 years
→ Late onset wheezer

Stein et al. Thorax 1997; Taussig et al. J Allergy Clin Immunol 2003

Persistent or late-onset wheeze 
• Wheeze later in life and eventually developing clinical 

asthma

From childhood
• Tucson Children’s Respiratory Health Study (TCRS) in US (n=1,246)



Stein et al. Thorax 1997; Taussig et al. J Allergy Clin Immunol 2003

Location, subjects Follow-up duration Clinical course 

Australia, 401 
(enrolled at 7yr) 

28 yr Severe asthma in later life (OR) 
Eczema (1.66),hay fever (1.39), skin test reactivity (2.25)

UK, 11,486 (from birth) 10 yr Persistent 50% (asthma), 20% (wheezy bronchitis, WB)

Scotland, 455 (9~15yr) 25 yr Current wheeze (OR): 
Wheeze only in cold (WB) 3.79,  asthma 14.39

UK, 67 (5yr) 6 yr Wheeze before (persistent 24%)/after 2yrs (persistent 81%)

UK, 63 (from birth) 22 yr Persistent (+BHR) 25%, remission ↓with age

UK, 1,335 (from birth) 35 yr Persistent 43% from asthma or WB at 0-7yr
(7yr→50%, 16-23yr→19%, 33yr→27%)

Finland, 108 (15yr) 9 yr Persistent 22% vs remission 28%

New Zealand,1037 (9yr) 23 yr Persistent/relapse: 14.5%/12.4% vs remission 15%

Natural history of childhood asthma 

Persistent rate 



From childhood
• Congenital reduced lung function as risk factor for future asthma, TCRS (n=169)

Sánchez-Solís M. Front Pediatr 2019; Stern et al. Lancet 2007; Martinez et al. Am Rev Respir Dis 1991

wheezing during the first 3 years of life



From childhood
• Loss in lung function due to asthma Itself, COPSAC (n=367)

Hallas, et al. PLoS One 2019; Martinez et al. Am Rev Respir Dis 1991



Sears et al. N Engl J Med 2003

From childhood
• Dunedin multidisciplinary health and development study in New Zealand (n=613)



Strunk et al. J Allergy Clin Immunol 2006

From childhood
• Childhood Asthma Management Program (CAMP) study in US (n=6,456)



Martinez et al. N Engl J Med 2016; Martinez et al. Lancet 2013

From childhood
• Literature review



Wasti et al. Oxid Med Cell Longev 2021

From childhood
• Female predominance after puberty 



Asthma Progression

From adulthood 
• Late-onset asthma

Rackeman. Am J Med. 1947 Johansson SG et al. Allergy. 2001 Miranda et al. J Allergy Clin Immunol. 2004

“intrinsic” asthma → “non-allergic” asthma

“extrinsic”→ “allergic” 



Comorbid conditions 

- Rhinitis and rhinosinusitis/polyp
- SE-IgE sensitization
- Obesity (+female hormone)
- Smoking
- Depression/stress
- Respiratory infection
- Senile lung change 

Clinical course

- Long-standing asthma  
- Late-onset asthma 
- Remitting childhood asthma 

that recurs at a later age

Immunosenescence
& aging lung

Altered 
- Airway inflammation
- Immune response to antigen

or irritants
- Pathogen clearance
- Elasticity & Airspace size
- Respiratory muscle strength

Underdiagnosis and Undertreatment

Dunn et al. Allergy 2017; Song et al. Allergy Asthma Immunol Res 2015; Busse et al. J Allergy Clin Immunol  2010

From adulthood 
• Heterogeneity of adult asthma



Marco et al. J Allergy Clin Immunol  2002; Pakkasela et al. BMC Pulmonary Medicine 2020

Allergy and atopic diseases 

From adulthood 
• European Community Respiratory Health Survey (ECRHS I & II) in 14 countries(n=6,461)
• Postal questionnaire study in Finland (n=3,967)



Amelink et al. Clin Exp Allergy 2012; Ulrik et al. Am J Respir Crit Care Med 1994

Airflow limitation and rapid decline in lung function

From adulthood 
• Cross-sectional study in Netherlands (n=88), prospective cardiopulmonary study in Denmark (n=10,952)



ten Brinke  et al. Am J Respir Crit Care Med 2001

Persistent airflow limitation in severe asthma

From adulthood 
• Cross-sectional study in Netherlands (n=136)



Wu et al. Respiration 2015

SABA, ICS and health care use

From adulthood 
• Cross-sectional study in Taiwan (n=21,057)



de Marco et al. J Allergy Clin Immunol  2002

Probability curves of remission

From adulthood 
• European Community Respiratory Health Survey (ECRHS II) in Italy (n=25,969)



Kaur et al. J Allergy Clin Immunol  2019; de Nijs SB et al. Eur Respir Rev 2013

Several different asthma phenotypes

• Mild-to-severe early-onset allergic disease
• Severe late-onset nonallergic asthma with eosinophils
• Non-allergic non-eosinophilic severe asthma with irreversible airway obstruction

▪ Higher medication requirements, OCS dependence, frequent asthma exacerbations, persistent airflow limitation

From adulthood 
• Literature review



within 12 months

Ekström  et al. J Allergy Clin Immunol Pract 2021

From adulthood 
• Population-based registry in Sweden (n=15,691)

Readmission 



Hasegawa et al. Chest 2016

6~7 days

Within 30 days

From adulthood 
• Population-based registry in US (n=301,164)

Readmission 



Remission and Changes in Severity of Asthma

Remission 
• Tasmanian longitudinal health study in Australia (n=1,811)

Burgess et al. Thorax 2011

Remission until 46 years



Tuomisto et al. Respir Med 2015

20-59 years at asthma onset, 70 months f/u,  Sweden (n=203)

Remission 
• Systematic review (7 article from 1950 to 2013)



Panhuysen et al. Am J Respir Crit Care Med 1997; Ulrik et al. Am J Respir Crit Care Med 1994

0-39 years at asthma onset, 
25 years f/u of outpatients, Netherlands (n=181)

Location, subjects f/u 
duration

Remission rates 

US,1,303, General population 6 yr 58-75%

US,2,300, General population 9.4 yr 22%

Israel, 107,636, Armed forces 7 yr 38%

Denmark,10,952, General population 5 yr 20-31%

US, 1,601, college students 23 yr 50%

Remission 
• Systematic review (7 article from 1950 to 2013)

Remission rate 



Chen et al. JACI in Pract 2018

Changes in asthma severity
• Administrative health data in Canada (n=70,829)

Transition to 
moderate (6.7%) or 
severe asthma (1.7%)



Bucchieri et al. Diagnostics 2021

Location, subjects f/u duration Control Asthma 

US,1,303, General population 6 yr 6-6.3 mL/yr 24.0-24.3 mL/yr

US,72, General population 10 yr 70 mL/yr (emphysema) 5 mL/yr

Australia,278, General population 18 yr 35 mL/yr 50 mL/yr

Australia,9,275, General population 29yr 24.5-36.0 mL/yr 28.4-39.7 mL/yr

Netherlands, 71, Outpatients 2 yr 21 mL/yr 94 mL/yr

Denmark, 343, Outpatients 7 yr 51-57 mL/yr

Denmark, 383, Outpatients 10 yr 23 mL/yr (extrinsic) 50 mL/yr (intrinsic)

Denmark, 10,952, General population 5 yr 11-39 mL/yr

Denmark, 17,506, General population 15 yr 23 mL/yr 38 mL/yr

Canada, 391, General population 8 yr 12.3 mL/yr(new wheeze) 42.6 mL/yr

Annual decline in FEV1
• Literature review 



Tan et al. Eur Respir Rev 2021

The long-term effects of ICS on lung function in asthma
• Meta-review (24 articles to 2019)



O’Byrne et al. Eur Respir J 2019

The long-term effects of biologics on lung function in asthma
• Literature review 



Ebmeier et al. Lancet 2017

ICS

Alteration of the natural history of asthma in adults
• WHO Mortality database from 46 countries



Guilbert et al. N Engl J Med 2006; Lemanske et al. JAMA 2001

Alteration of the natural history of asthma in adults
• RCT in preschool children (n=285) and adults (n=167)



Asthma Mortality 

Risk of death compared to the healthy individuals

Lange et al. Lancet 1996

• Copenhagen city heart study in Denmark (n=13,540)



Risk of death compared to the healthy individuals
• Health administrative data in Canada (per 100,000 population)

To et al. Ann Am Thorac Soc 2014



Ebmeier et al. Lancet 2017

Crude asthma mortality rates for the 5–34-year age group

East Asia: Korea, Hong Kong, Japan, Singapore

WHO Mortality Database from 46 countries



at the age of 12 years or older 

Lee et al. Allergy Asthma Immunol Res 2020

NHISS database in Korea
• Asthma-associated death: Asthma (J45–J46) + at least one of Inhaler and oral medication before all-cause deaths
• Asthma-contributing death: Asthma  + at least one of medication before deaths from respiratory disease (J00–J99)



Lee et al. Allergy Asthma Immunol Res 2020

NHISS database in Korea
• Asthma-associated death: Asthma (J45–J46) + at least one of Inhaler and oral medication before all-cause deaths
• Asthma-contributing death: Asthma  + at least one of medication before deaths from respiratory disease (J00–J99)





Ernst et al. JAMA 1992 ; Alvarez et al. Can Respir J 2005

OCS use
• Meta-review (27 articles from 1960 to 2004)

Not currently using ICS
• Nested case-control study in Canada (n=794)

Risk factors of asthma-related death



Alvarez et al. Can Respir J 2005

Mechanical ventilations
• Meta-review (27 articles from 1960 to 2004) 

Hospital admissions

Risk factors of asthma-related death



Over-use SABA
• Population-based registry in Sweden (n=365,324)

Nwaru et al. Eur Respir J 2020

Risk factors of asthma-related death



Poor adherence, psychiatric and psychosocial problem
• Case-control study in UK (n=1,066)

Sturdy  et al. Thorax 2002

Risk factors of asthma-related death



Roberts et al. . J Allergy Clin Immunol 2003

Food allergy
• Case-control study in UK (n=39, Children aged 1 to 16 years)

Risk factors of asthma-related death



Chang  et al. NPJ Prim Care Respir Med 2020

Several comorbidities including pneumonia, diabetes and arrhythmias
• Nested case–control study in Taiwan (n=1,302)

Risk factors of asthma-related death



Lange et al. Lancet Respir Med 2016

Combined with COPD
• Copenhagen city heart study in Denmark (n=8,382)

Risk factors of asthma-related death



Eosinophilia, decreased FEV 1, reversibility, non-allergic asthma
• Case control study in Denmark (n=2,150)

Silverstein et al. N Engl J Med 1994; Ali et al. Chest 2013

Late-onset asthma
• Population based cohort study in US (n=2,499)

Risk factors of asthma-related death



Summary 

• The natural history of asthma is variable and difficult to predict for a particular individual. 

• For most children, wheezing before the age of six years is probably a benign condition. A 
subgroup of children with wheezing before age six will have persistence of symptoms and will 
eventually develop clinical asthma. Deficits in lung function that are established by six to seven 
years often persist into adult life.

• Asthma in adulthood has its origin including long-standing asthma, recurrence from childhood 
asthma, and  late-onset asthma. Compared to childhood-onset asthma, adult-onset asthma has 
worse prognosis and poorer response to standard asthma treatment. 

• Asthma mortality rates have declined in many high-income countries, but people still die of 
asthma currently. Especially elderly patients with asthma have highest rates of mortality from 
their disease although the incidence of asthma is highest in childhood.

• There is still an unmet need to identify newer modalities for changing the natural history of 
asthma.


