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“Will this child with persistent asthma outgrow his/her 

disease?’’ 

‘‘If so, what can be done to help this?”



N Engl J Med 1995;332:133-8



Am J Respir Crit Care Med Vol 172. pp 1253–1258, 2005

Healthy infants were enrolled at birth

Tucson Children’s Respiratory Study in Tucson, Arizona (n=1,246)

≥1 physician-diagnosed wheezing lower respiratory illness (LRI) in the first 3 

years of life

≥1 one episode of “parent reported wheeze during the past year for the child at 

age 6”



Am J Respir Crit Care Med Vol 172. pp 1253–1258, 2005

Wheeze Phenotype



Risk Factor of Transient Early Wheezing

N Engl J Med 1995;332:133-8



N Engl J Med 1995;332:133-8

Risk Factor of Late Onset Wheezing



Risk Factor of Persistent Wheezing

N Engl J Med 1995;332:133-8



Maximal Exp. Flow at 6 years old 

N Engl J Med 1995;332:133-8

Sixty percent of children with wheezing in the first three years of life had no wheezing 

at six years of age. But…



N Engl J Med 1995;332:133-8

Serum IgE at 9mo & Persistent Wheezing



Difference in Transient Early & Late Wheezing

N Engl J Med 1995;332:133-8



N Engl J Med 1995;332:133-8

Serum IgE, positive skin test at 6 years old



Wheeze phenotype established at 6yrs old 

Am J Respir Crit Care Med Vol 172. pp 1253–1258, 2005



Lancet. 2008 September 20; 372(9643): 1058–1064

Healthy newborns (n=1246) in the Tucson Children's Respiratory Study

6years old; Parental characteristics early life wheezing phenotypes, 

Airway function and bronchial hyperresponsiveness to cold dry air 

Sensitization to Alternaria

22years old: Physician diagnosed asthma

Both chronic and newly diagnosed 

Airway function



Lancet. 2008 September 20; 372(9643): 1058–1064



Lancet. 2008 September 20; 372(9643): 1058–1064

Lung Function Declines in Current Asthma



BHR was already noted at age 6 in newly diagnosed asthma at age 22

Lancet. 2008 September 20; 372(9643): 1058–1064



J Allergy Clin Immunol 1996;9&48-54.

Under 5 years of age at enrollment and 

A parent-administered mail survey instrument 

Every 1 to 2 years for 3 to 11 years



J Allergy Clin Immunol 1996(9)48-54.

No respiratory symptom before the age of 1 year was predictive



J Allergy Clin Immunol 1996(9)48-54.

Some respiratory symptoms of the age of 1~2 year was predictive



J Allergy Clin Immunol 1996(9)48-54.

More respiratory symptoms of the age of 3~4 year was predictive



Symptoms of 3~4 year old increased risk for asthma (5~11 yrs old)

J Allergy Clin Immunol 1996(9)48-54.



Eur Respir J 2008; 32: 585–592

441명 13세까지 F/U

MAS 출생코호트1,314명

Early Wheezer
(첫3년 wheezing)

Early nonwheezer
(첫3년 wheezing없음)

Never Wheezers

Late Wheezers
(start 3~6yrs)

Very Late Wheezers
(start 6~yrs)

Early remittent wheezers
(no wheeze 4-13yrs)

Early Intermittent 
Wheezer (not every year)

Early Persistent 
Wheezer

Dusseldorf

Berlin

Mainz

Freiburg
Gaisach



Eur Respir J 2008; 32: 585–592

Wheezing decreases over years



Eur Respir J 2008; 32: 585–592

Risk Factors: Wheezing at age 11-13 years 



AmJ Med. 2002;112:44–48

A cohort of 13,671 patients in Saskatchewan, 

Canada, 

Initially 5 and 44 years. 

Followed prospectively, 

The intensity of asthma therapy was measured 

during successive 12-month periods.



Treatment waned over time

a cohort of 13,671 patients in Saskatchewan, Canada

5~44 years old 

Am J Med. 2002;112:44–48



AmJ Med. 2002;112:44–48

Symptom decreased during five-year follow up



J Allergy Clin Immunol 2016;138:1561-8

a prospective prebirth cohort study

2128 singleton live-born infants

in-person visits and on mailed questionnaires, 

mothers were invited to respond to a questionnaire about the child’s health at 

birth, 6 months and 1 year of age, and approximately 1-year intervals thereafter



J Allergy Clin Immunol 2016;138:1561-8

Never Wheeze (74%)

Persistent Wheeze (13%)

Early Transient Wheeze(13%)



Wheezing decreases over years

J Allergy Clin Immunol 2016;138:1561-8



J Allergy Clin Immunol 2016;138:1561-8

Risk Factor: Parental Asthma, Bronchiolitis before 1yr old



Pediatrics 2013;132:e435–e442

Of 205 subjects at age 19, 

43 (21%): remission,

78 (38%): periodic asthma,

84 (41%) persistent asthma.

3 municipalities in northern Sweden

Current

Asthma

1996

7~8yrs

Clinical Exam

Lung Fnction

SPT, IgE

BHR-test

Questionnaire

Lung Function

SPT, IgE

2005

16~17yrs

2006/07

19yrs



Phenotype at age 7~8yrs to progress persistent Asthma at 19yrs

Pediatrics 2013;132:e435–e442



Severity and Skin Prick Tests decides the Prognosis

Pediatrics 2013;132:e435–e442



Positive SPT to animal was associated with Persistence

Pediatrics 2013;132:e435–e442



High-titer IgE to animals were strongly associated with asthma

J Allergy Clin Immunol 2016;138:1582-90

3 municipalities in northern Sweden



J Allergy Clin Immunol 2007;119:1156-63

The TENOR study

A prospective, observational, 3-year study (2001-2004) 

Patients with severe or difficult-to-treat asthma who received care from 

either an allergist or a pulmonologist.

6~17 years old



Health care utilization by long term controller in Severe Asthma

J Allergy Clin Immunol 2007;119:1156-63



Multiple Medication in Severe Asthma 

J Allergy Clin Immunol 2007;119:1156-63



Lung Function Decline despite of multiple treatment

J Allergy Clin Immunol 2007;119:1156-63

Pre BD 

FEV1/FVC

Post BD 

FEV1/FVC



Thorax 2004;59:925–929

119 allergic asthmatic children

outpatient clinic of the pediatric pulmonology department of the University 

Hospital of Groningen

1. 1966 ~1969 (visit 1, age 5–14 years)

2. 1983 ~1986 (visit 2, age 21–33 years)

3. 1995 and 1996 (visit 3, age 32–42 years)

Complete Remission 

Sx (-), no ICS use, normal lung function (FEV1>90%), no BHR (PC10>16mg/ml)



Thorax 2004;59:925–929

Complete remission 22%, Clinical Remission 30%



Thorax 2004;59:925–929

Good Lung Function and Lung Function Improvement

FEV1%pred visit 1

(per 10%)

FEV1% pred

visit 2 – visit 1 

(per 10%)



J Allergy Clin Immunol 2002; 109:189

- Randomly selected from the Melbourne 

community at the age of 7 years in 1964

- These subjects have been followed prospectively 

at 7-year intervals, with the last review in 1999, 

when their average age was 42 years



• Control group: 105 children who had never wheezed;

• Mild wheezy bronchitis group: 74 children with fewer than 5 episodes of 

wheezing associated with bronchitis or respiratory tract infection;

• Wheezy bronchitis group: 104 children with 5 or more episodes of wheezing 

associated with bronchitis or respiratory tract infection;

• Asthma group: 113 children with wheezing unassociated with respiratory tract 

infection

• Severe asthma group: 83 children with onset of symptoms before 3 years of 

age, persistent symptoms at 10 years of age, barrel-chest deformity, reduction of 

FEV1/forced vital capacity to 50% or less, or some combination of these factors.

J Allergy Clin Immunol 2002; 109:189



Asthma begins in the first 7 years

J Allergy Clin Immunol 2002; 109:189

Persistent Asthma

Frequent Episodic Asthma

infrequent episodic asthma

no recent asthma

Mild 

wheezy 

bronchitis

Wheezy 

bronchitis

Asthma Severe

Asthma 



Wheezing >1 / week in the previous 3 mo

No wheeze

Wheeze, but not in prev. 3mo. 

Wheeze < 1/week in prev. 3mo. 

Melbourne study: Lung Function Decline according to wheezing frequency

AM REV RESPIR DIS 1988; 138:26-30



Asthma begins in the first 7 years

J Allergy Clin Immunol 2002; 109:189



J Allergy Clin Immunol 2014;133:1572-8

A group of children with a history of wheezing

Randomly selected after a survey of 30,000 grade 2 Melbourne primary 

school children in 1963 to 1964 at the age of 7 years 

A further group of children with severe wheezing was selected from the 

same birth cohort at the age of 10 years. 

In total, 401 subjects were originally recruited and a further 83 with severe

asthma were added to the group. 

Reports of wheezing were collected by self report by the parent at 

recruitment. 



J Allergy Clin Immunol 2014;133:1572-8

Asthma Remission according to Severity



Lung Function by Classification at recruitment

J Allergy Clin Immunol 2014;133:1572-8



Lung Function Decline of age 21~50 years old 

J Allergy Clin Immunol 2014;133:1572-8



J Allergy Clin Immunol 2006;118:1040-7

A total of 1041 children with mild to moderate asthma from the Childhood 

Asthma Management Program (CAMP)

Denver, CO

5415 children without asthma from the Harvard Six Cities Study (H6CS)



J Allergy Clin Immunol 2006;118:1040-7

Asthma

Asthma

Asthma

Asthma

Lung Function Development in mild to moderate Asthma

Asthma
Asthma



Participants with FEV1/FVC < LLN

J Allergy Clin Immunol 2006;118:1040-7



J Allergy Clin Immunol 2010; 125:359

The Childhood Asthma Management Program (CAMP)

1041 children, 5 ~12 years old, 1993 ~ 1995

4.3-year randomized, double-masked, multicenter trial in children with mild to 

moderate persistent asthma

Compared continuous therapy with either budesonide or nedocromil, each to 

placebo, followed by a 4-year observational follow-up period

Remitting asthma: no asthma activity in the last year

Persistent asthma: asthma activity in every quarter

Periodic asthma: neither remitting nor persistent



J Allergy Clin Immunol 2010; 125:359

Complete remission is infrequent



J Allergy Clin Immunol 2010; 125:359

No effect noted from earlier anti-inflammatory treatment



J Allergy Clin Immunol 2010; 125:359

Baseline Characteristics to Progress to Persistent Asthma



J Allergy Clin Immunol 2010; 125:359

Severe Phenotype in Persistent Asthma

Persistent Asthma

Persistent Asthma

Persistent Asthma
Persistent Asthma



Am J Respir Crit Care Med Vol 178. pp 325–331, 2008

A total of 1,041 children

Aged 5–12 years

Mild to moderate persistent asthma 

Enrolled in the Childhood Asthma Management Program (CAMP)



Am J Respir Crit Care Med Vol 178. pp 325–331, 2008

Boys have greater increase after age 11 years than girls

Boy

Girl



Am J Respir Crit Care Med Vol 178. pp 325–331, 2008

Postpubertal girls had greater airway responsiveness

Boy

Girl



Follow-up study of CAMP:  4 trajectories

N Engl J Med 2016;374:1842-52



Follow-up study of CAMP:  4 trajectories

N Engl J Med 2016;374:1842-52



Am J Respir Crit Care Med Vol 178. pp 325–331, 2008

A longitudinal epidemiologic study of the general population 

Danish, Copenhagen

Adults with self-reported asthma and adults without asthma. 

The study was conducted between 1976 and 1994

Three measurements of lung function were obtained over a 15-year 

period. 

The final data set consisted of measurements from 17,506 subjects 

(8136 men and 9370 women), of whom 1095 had asthma.



Substantially greater declines in Asthma

N Engl J Med 1998;339:1194-200



Substantially greater declines in Asthma

N Engl J Med 1998;339:1194-200



Summary

- Asthma phenotype was decided around 6 years old. 

- Severity, Parental Asthma History and Allergic Phenotype (IgE, 

Skin test, Eczema) predict persistent asthma. 

- Lung function cannot come into full bloom, if persists. 

- No definite therapy to remit asthma. 


