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Determinants of asthma and its clinical course
Bradley E. Chipps, MD

Objective: To examine factors that influence the natural history of asthma, such as genetics, atopy, air pollution and
environmental tobacco smoke, gastroesophageal reflux, and infection, to promote early identification and treatment of patients
at risk for persistent asthma.

Data Sources: Journal articles published in English involving human subjects with asthma.
Study Selection: Studies were selected for their relevance to the discussion of asthma and the factors that contribute to its

persistence. Epidemiologic studies were favored in assessing the natural history of asthma from childhood to adulthood.
Results: Major factors that can influence the severity and persistence of asthma are genetics, atopy, pollution, environmental

tobacco smoke, gastroesophageal reflux, and respiratory infections. Epidemiologic studies reveal that factors strongly linked to
the persistence of childhood asthma into adult life are early age of disease onset with more severe symptoms, atopy, and level
of allergen exposure.

Conclusions: Although there is still much research to be done, epidemiologic studies have repeatedly proven that the natural
history of asthma is in some ways predictable. Early identification of patients at risk for persistent asthma, combined with early
institution of pharmacologic and nonpharmacologic intervention strategies, may lead to better outcomes.
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INTRODUCTION
Asthma is a complex genetic disease. Variable phenotypic
expressions lead to a genetic predisposition to develop
asthma, and a wide range of allergic and nonallergic factors
can modify its persistence and severity (Fig 1). The natural
history of asthma thus depends on the interaction between
genetic bases and environmental factors and on both the
magnitude and timing of exposure to those factors. This
review examines the persistence of asthma as determined by
genetics, atopy, air pollution and environmental tobacco
smoke (ETS), and infection to promote early identification
and treatment of patients at risk for persistent asthma. Journal
articles published in English involving human subjects with
asthma were searched. Studies were selected for their rele-
vance to the discussion of asthma and the factors that con-

tribute to its persistence. Epidemiologic studies were favored
in assessing the natural history of asthma from childhood to
adulthood.

GENETICS
Multiple candidate genes have been implicated in the devel-
opment of persistent asthma. Bronchial hyperresponsiveness
(BHR) progressively increases with increasing total serum
IgE levels.1–4 In multiple studies, the genetic regulation of
IgE production has been linked to chromosome 5q.5 In addi-
tion to chromosome 5, other chromosomes have been linked
to positive skin prick test (SPT) results, blood eosinophilia,
total serum IgE level, and BHR. These include chromosomes
4 (BHR), 6 (IgE, eosinophilia), 7 (IgE, eosinophilia, BHR),
11 (IgE, SPT), 13 (SPT), and 16 (IgE, BHR).6

Furthermore, pharmacogenetic studies of polymorphisms
of the �2-adrenergic receptor (�2-AR), 5-lipoxegenese pro-
moter region (5-LO), and glucocorticoid receptors have
shown the influence of genetics on disease severity and
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response to therapy. Israel et al7 studied 190 asthmatic pa-
tients to determine the effects of regular or as needed albu-
terol use on peak expiratory flow for more than 16 weeks.
Patients homozygous for �2-AR arginine 16 (Arg16) poly-
morphism who used albuterol, 180 �g, in a metered-dose
inhaler 4 times daily had morning peak expiratory flow
values of 30.5 � 12.1 L/min lower than patients with the
same genotype who used albuterol only on an as needed basis
(Fig 2). In a separate study, Taylor et al8 found that patients
homozygous for �2-AR Arg16 polymorphism had a higher
frequency of asthma exacerbation per year: 3.57 for regular
treatment with albuterol, 1.9 for placebo treatment, and 0.64
for salmeterol (Fig 3). These data are important, because
homozygous �2-AR Arg16 polymorphism is found in approx-
imately 15% of the population.7 In addition, glucocorticoid
receptor �–positive cells are more prevalent in patients who
exhibit less sensitivity to steroid treatment.9 Alteration of the
GRC gene may also be linked to fatal asthma.10 Finally, a
polymorphism in the promoter region of 5-LO expression has

been linked to a reduced response to 5-LO inhibitor thera-
py.11,12 As this area of research expands, we hope to be able
to predict therapy response and regulate doses of pharmaco-
logic agents to obviate adverse effects.

ATOPY
The connection between IgE-mediated sensitivity and asthma
is especially strong in asthmatic children, among whom more
than 85% show positive SPT results to airborne allergens.13

Sensitivity to indoor allergens, such as house dust mites,
cockroach, and warm-blooded domestic animals, has been
shown to be a risk factor in the development of asthma.14

In the homes of 311 adults (mean age, 42 years; age range,
10–62 years; average forced expiratory volume in 1 second
[FEV1], 88%; FEV1 range, 25%–131% predicted), Langley et
al15 tested concentrations of house dust mite (Der p 1), cat
(Fel d 1), and dog (Can f 1) in the living room, carpet, and
mattress. In patients with the highest level of sensitivity and
exposure to these allergens, the FEV1 was significantly lower
(83.7% vs 89.3% predicted). These patients also showed
higher levels of exhaled nitric oxide (12.8 vs 8.7 ppb) and
more severe BHR (provocative dose of methacholine causing
a 20% fall in FEV1 [PD20], 0.25 vs 0.73 mg) compared with
those patients not sensitized or exposed.

In an epidemiologic study performed on the Isle of Wight,
Kurukulaaratchy et al16 followed up 1,456 infants for 10
years. Of this group, 169 (21%) demonstrated BHR at the age
of 10 years; 56% of these patients had current wheeze. BHR
at 10 years of age (PD20, �4 mg) was associated with atopy
(positive SPT result) at 4 years (odds ratio [OR], 4.75) and 10
years (OR, 9.83). Also associated with BHR was a history of
maternal asthma (OR, 7.58).

Wolfe et al17 studied a cohort of 378 asthmatic Australian
children from the age of 7 years to 35 years at 7-year
intervals. The presence of atopy in childhood as defined by
positive SPT results to house dust mite or rye grass was a
significant risk factor for moderate-to-severe asthma in later

Figure 1. Gene-environment interactions in the development of asthma.
Courtesy of E. R. Bleeker, MD.

Figure 2. Comparison of response to regular or as needed albuterol use
by genotype. AM PEFR indicates morning peak expiratory flow rate; PRN
Arg/Arg, patients homozygous for �2-adrenergic receptor arginine 16 poly-
morphism who used albuterol as need; Reg Arg/Arg, patients homozygous
for �2-adrenergic receptor arginine 16 polymorphism who used albuterol
regularly; and Reg Gly/Gly, patients homozygous for �2-adrenergic receptor
glycine 16 polymorphism who used albuterol regularly. Reprinted with
permission from Israel et al.7

Figure 3. Influence of �2-adrenergic receptor polymorphisms on asthma
exacerbations. Arg/Arg indicates patients homozygous for arginine at codon
16 of the �2-adrenergic receptor; Gly/Arg, patients heterozygous for arginine
and glycine at codon 16 of the �2-adrenergic receptor; and Gly/Gly, patients
homozygous for glycine at codon 16 of the �2-adrenergic receptor. Reprinted
with permission from Taylor et al.8
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life (OR, 1.66). The findings of this study show the extent to
which asthma is associated with childhood atopic conditions.

The acquisition of IgE-mediated sensitivity to both indoor
and outdoor allergens is a major risk factor for the persistence
and severity of asthmatic symptoms. Continued research is
needed to determine the potential contributions to disease
management of specific allergy immunotherapy and treat-
ment with monoclonal anti-IgE antibody.

AIR POLLUTION AND ETS
Air pollution has been shown to increase symptoms in pa-
tients with asthma.18,19 In early studies, sources of air pollu-
tion were primarily identified as sulfur dioxide and particu-
lates generated by coal and oil combustion. These pollutants
were shown to cause cough and bronchitis.20 More recent
studies have shown increased levels of nitrogen dioxide
(NO2) from sources such as power plants and motor vehicles.
This phenomenon has contributed to elevated ozone levels,
which result from the action of sunlight on hydrocarbons and
NO2.21 Exposure to high ozone levels can cause cough, chest
pain, and increased BHR.22 Additionally, diesel exhaust is an
important airborne particulate matter, particularly in urban
areas. In patients exposed to high levels of diesel exhaust,
exaggerated IgE responses may occur.23

Various studies performed in the United States have eval-
uated ozone, particulate matter less than 2.5 �m in diameter
(PM2.5), NO2, and organic carbon (OC; a result of emissions
from gasoline and diesel vehicles). A New England study, in
which 271 children younger than 12 years were followed up
for 6 months (April to September 2001), showed that ozone
levels but not PM2.5 were significantly associated with respi-
ratory symptoms and rescue medication use among asthmatic
children using maintenance medication.24 In Southern Cali-
fornia, a cohort of 3,535 children (9–16 years old) with no
history of asthma was studied from 1996 to 1999. Ozone,
NO2, particulate matter less than 10 �m in diameter, and OC
in 12 Southern California areas were monitored for 4 years.
There was no overall increased risk of asthma development in
either the high- or low-pollution areas. However, in areas
with the highest ozone levels, children were more likely to
develop asthma if they participated in 3 or more team sports
(OR, 3.3).25 Also, McConnell et al26 studied 475 asthmatic
children in the same 12 Southern California areas and found
a correlation between increase in symptoms and higher con-
centrations of OC and NO2.

A study performed in Munich, Germany, involved a cohort
of 7,509 school-aged children (5–7 years old and 9–11 years
old) enrolled in the International Study of Asthma and Aller-
gies in Children. The children underwent SPTs, radioaller-
gosorbent tests, pulmonary function tests, and 4.5% hyperos-
molar saline challenge. The city’s traffic patterns were then
analyzed. Daily traffic counts were performed for all streets
where it was estimated that more than 4,000 vehicles per day
traveled. Additionally, pollutants, including benzene, soot,
and NO2, were measured in 18 heavy traffic sites and 16
low-to-medium traffic sites. To estimate pollution exposure,

a computer program was then used to calculate the total
amount of traffic and pollution within a distance of 50 m from
each subject’s home. The study found that increased cough
was associated with higher levels of benzene, soot, and NO2,
current asthma with soot and benzene, and current wheeze
with benzene and NO2. Also, in patients exposed to both high
traffic volumes and ETS, there was an increased incidence of
positive SPT results.27

ETS during pregnancy has been associated with a higher
incidence of physician-diagnosed asthma in the offspring.28,29

A recent analysis of 51 publications estimated that ETS
exposure increases the risk of acquiring asthma before 6 years
of age by 37% and after 6 years of age by 13%.30 In addition,
the effects of cigarette smoke—increased elastolysis, airway
inflammation, and parenchymal lung damage—may be aug-
mented by increased incidence of allergic diathesis seen in
selected subjects exposed to ETS.27

INFECTION
The relationship between infection and the development of
childhood asthma is still a matter of hypothesis. Various
studies have shown that exposure to respiratory syncytial
virus (RSV), a common infection during the first year of life,
increases the risk of development of asthma later in child-
hood. For example, Pullen and Hey31 studied 130 children
who had been admitted to the hospital with RSV bronchiolitis
during infancy and compared them to a control group. During
the first 4 years of life, the RSV group showed a higher
incidence of wheeze than the control group (38% vs 15%). At
the age of 10 years, 6.2% of the RSV group were wheezing
compared with 4.5% of the control group. Sigurs et al32

reported similar findings, concluding that RSV bronchiolitis
in infancy severe enough to cause hospitalization was highly
associated with the development of asthma by the age of 71⁄2
years (OR, 12.7). Other studies have shown that although
exposure to early infection is linked to onset of wheezing
during early childhood, its effects decline by approximately
the age of 13 years. In the Tucson Children’s Respiratory
Study (TCRS), RSV infection predicted a 4-fold increased
risk of persistent wheeze at the age of 6 years, which de-
creased to no increased relative risk by the age of 13 years.
Also in the TCRS, children with either early attendance at
day care (beginning at younger than 6 months) or more than
2 siblings at home were found to have a higher incidence of
wheezing associated with early viral infection compared with
children who had less exposure to other children. However,
the relative risk of wheezing decreased significantly after 3
years of age (Fig 4).33

On the other hand, recent studies have shown that an
inverse relationship between respiratory infections and
asthma may in fact exist. In a study performed in Boston,
MA, Celedón et al34 identified 453 children with a family
history of atopy, 238 of whom attended daycare during the
first year of life. In children with a maternal history of
asthma, daycare in early life increased risk of asthma and
recurrent wheeze during the first 6 years of life (Fig 5C).
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However, in children without a maternal history of asthma,
day care in early life was instead associated with a decreased
risk of wheezing at 6 years of age (Fig 5B). Other studies
have likewise reported a more complex and potentially pro-
tective effect of infections.20,35,36

EPIDEMIOLOGIC STUDIES
A review of a few important epidemiologic studies will help
to examine the factors involved in the persistence of asth-
matic symptoms or abnormalities in pulmonary function over
time. In the Melbourne Asthma Study, Phelan et al37 followed
up a group of 7-year-old children with a history of wheezing
at 7-year intervals beginning in 1964. The children were
grouped as follows: (1) control: no history of wheezing (n �
105); (2) mild wheezy bronchitis: fewer than 5 episodes of
wheeze associated with infection (n � 74); (3) wheezy bron-
chitis: 5 or more episodes of wheezing associated with infec-
tion (n � 104); (4) asthma: wheezing unassociated with
respiratory infection (n � 113); and (5) severe asthma:
wheezing that began before 3 years of age, persistent symp-
toms at 10 years of age, barrel chest, and/or reduction of
FEV1/forced vital capacity less than 50% (n � 83). The
patients were reviewed at ages 10, 14, 21, 28, 35, and 42
years. At the last review, 87% of the patients who were alive
participated. During the study, there were 15 deaths, with 1
attributed to asthma. During the first 25 years of the study,
anti-inflammatory therapy using inhaled corticosteroids was
not routinely emphasized in the care of persistent asthma.

Most children who had only a few episodes of wheezing
associated with infection ceased to wheeze by adult life; those
who continued to wheeze did so infrequently and were little
troubled by their symptoms. Children with persistent asthma

continued wheezing significantly into adult life. There was no
significant loss of lung function in those with mild childhood
asthma, whereas children with severe asthma had a reduced
lung function by 14 years of age, which persisted into adult
life but did not continue to deteriorate. Also of note is the
male-female ratio of the different groups at age 42 years: 1:1
for infrequent wheezing, 2:1 for frequent wheezing, and 4:1
for persistent asthma.37

Figure 4. Risk of wheezing in children with 2 or more older siblings or
who attended day care during the first year of life. Relative risks were
adjusted for sex, history of asthma in the mother or father, the mother’s
smoking status during the prenatal period, breastfeeding status, the race of
the parents, and the mother’s level of education. Error bars indicate 95%
confidence intervals. The P values are for the comparisons between the
children with greater exposure to others at home or at day care and those with
less exposure. The adjusted relative risks are shown on a natural-log scale.
Reprinted with permission from Taussig et al.33

Figure 5. A, Adjusted risk ratio of wheezing between the ages of 1 and 6
years among children who attended day care in the first year of life compared
with children without exposure to day care in the first year of life. B,
Adjusted risk ratio of wheezing between the ages of 1 and 6 years among
children without a maternal history of asthma who attended day care in the
first year of life compared with children without a maternal history of asthma
without exposure to day care in the first year of life. C, Adjusted risk ratio
of wheezing between the ages of 1 and 6 years among children with a
maternal history of asthma who attended day care in the first year of life
compared with children with a maternal history of asthma without exposure
to day care in the first year of life. All risk ratios were adjusted for sex,
household income, having a least 1 physician-diagnosed lower respiratory
tract illness in the first year of life, and maternal smoking during pregnancy.
Error bars indicate 95% confidence intervals. Reprinted with permission
from Celedón et al.34
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In Dunedin, New Zealand, Sears et al38 studied a cohort of
613 children (52% male) from the age of 9 to 26 years. The
patients were seen every 2 years from 3 to 15 years of age and
then at 18, 21, and 26 years of age. During the study, 51.4%
of the patients reported wheezing for at least 1 study visit.
Eighty-nine (15.5%) wheezed persistently from the age of 9
to 26 years; 168 (27.4%) had remission, but 76 (12.4%)
relapsed by the age of 26 years. Risk factors that predicted
persistent symptoms or relapse included sensitivity to house
dust mite, BHR, female sex, smoking, and early age of onset.
As in the Melbourne study (Fig 6), pulmonary function test
results were consistently lower in patients with persistent or
relapsing wheezing than in those with infrequent wheeze.

The TCRS that began in 1980 has followed up 1,246
subjects for 24 years, with a 78% (n � 974) retention rate. At
the age of 6 years, 48.5% had had at least 1 episode of
wheezing, 19.9% had transient wheeze, 15% had late wheeze
(onset after 3 years of age), and 13.7% had persistent wheeze.
The TCRS subsequently developed an Asthma Predictive
Index, which can be used to predict the risk of asthma
development in 2- and 3-year-old patients experiencing fre-
quent wheezing episodes (Fig 7). The study found that 75%

of patients who had 1 major criterion or 2 minor criteria had
active asthma between 6 and 13 years of age, whereas 68% of
patients with a negative index never had asthmatic symptoms
during the school years.33

In the Isle of Wight study, 71% of the original cohort of
1,456 patients attended all 4 study visits. These 1,034 patients
were categorized at 10 years of age into 4 groups: (1) non-
wheezers; (2) early transient wheezers (wheezing onset be-
fore 4 years, which ceased by 10 years); (3) persistent
wheezers; and (4) late-onset wheezers (wheezing onset after
5 years and present at 10 years). Of those categorized, 417
(40.3%) had wheezing of some form: 211 had early transient
wheezing, 125 had persistent wheezing, and 81 had late-onset
wheezing. Major risk factors that predicted wheezing were
family history of asthma, positive SPT result at 4 years, and
recurrent chest infections at 2 years. Conversely, a signifi-
cantly reduced risk of wheezing was found in patients with
recurrent nasal symptoms at 1 year. These 4 factors were used
to create a risk score (0 to 4) for asthma persistence. Of the
patients with a risk score of 4, 83% had persistent disease,
whereas 80% of those scoring 0 or 1 had only transient
disease.39

In the German Multicenter Allergy Study, which began in
1990, Lau et al40 have followed up 1,314 children from birth

Figure 6. Asthma and wheezing from 7 to 35 years (Melbourne Asthma
Study). FEV1 indicates forced expiratory volume in 1 second. Reprinted with
permission from Phelan et al.37

Table 1. Multivariate Likelihood Ratios (LRs) for Childhood Characteristics Predicting Outcomes in Adulthood*

Childhood characteristics

Asthma symptoms Troublesome asthma

With
characteristic, %

LR (95% CI)
With

characteristic, %
LR (95% CI)

Atopy 36.7 2.02 (1.54–2.66) 47.6 2.56 (1.77–3.72)
AHR 19.6 2.56 (1.78–3.67)
Wheeze in last 12 months 19.5 1.92 (1.46–2.53)
Obstructive spirometry 5.5 2.88 (1.27–6.53) 8.5 4.36 (1.72–11.04)
Female 53.0 1.29 (0.78–2.13) 62.2 1.69 (0.96–2.89)
Hayfever 45.6 2.14 (1.59–2.89)

Abbreviations: AHR, airway hyperresponsiveness; CI, confidence interval.
* Reprinted with permission from Toelle et al.41

Figure 7. A clinical index to define risk of asthma at years 2 and 3.
Reprinted with permission from Castro-Rodriguez JA, Holberg CJ, Wright
AL, Martinez FD. A clinical index to define risk of asthma in young children
with recurrent wheezing. Am J Respir Crit Care Med. 2000;162:1403–1406.
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onward. Annual assessments include physical examination
and radioallergosorbent tests for food and inhalant allergens.
Lung function was measured at 7 years in 800 subjects. At the
most recent annual visit, current wheeze (at least 1 episode of
wheezing in the past 12 months) was strongly associated with
reduced lung function at 7 years. Current wheezers had a
higher incidence of sensitization to indoor allergens, atopic
family history, and elevated cord blood IgE levels. Transient
wheezers showed a slightly reduced expiratory flow at 50%
forced vital capacity (98.9% � 24.2% vs 103.2% � 22.8% in
nonwheezers). In this group, lower respiratory tract infections
and maternal smoking were associated with reduced FEV1.

Toelle et al41 studied a cohort of 575 children in New South
Wales, recruited at the age of 8 to 10 years and then reeval-
uated 15 to 17 years later. At the follow-up visit, asthma
symptoms were defined as wheeze, sleep disturbance from
asthma, or inhaled corticosteroid use during the previous
year. Patients described as having “troublesome asthma
symptoms” had urgent physician visits, hospitalization, ac-
tivity limitation, or sleep disturbance due to asthma during
the previous year. The likelihood ratios for asthma symptoms
and troublesome asthma in adulthood as determined by child-
hood characteristics are given in Table 1. The strongest
predictors of asthma in adulthood were female sex and the
presence, during childhood, of atopy, airway hyperrespon-
siveness, airway obstruction, and persistent wheeze. In pa-
tients with all 5 characteristics, the likelihood ratio of the
persistence of childhood asthma into adult life was 36.9.

CONCLUSION
The studies mentioned herein have found that numerous
factors can play a role in predicting the persistence of asthma.
Although female sex appears in many studies as a predictive
variable of asthma, it has yet to be found that female sex is
significantly linked to disease persistence. Further research is
needed to clarify this point. Factors strongly linked to the
persistence of childhood asthma into adult life are early age
of disease onset with more severe symptoms, atopy, and level
of allergen exposure. Although there is still much research to
be done, epidemiologic studies have repeatedly proven that
the natural history of asthma is in some ways predictable.
Early identification of patients at risk for persistent asthma,
combined with early institution of pharmacologic and non-
pharmacologic intervention strategies, may lead to better
outcomes.
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2. Sunyer J, Antó JM, Sabrià J, et al. Relationship between serum
IgE and airway responsiveness in adults with asthma. J Allergy
Clin Immunol. 1995;95:699–706.

3. Sears MR, Burrows B, Flannery EM, Herbison GP, Hewitt CJ,
Holdaway MD. Relation between airway responsiveness and
serum IgE in children with asthma and apparently normal chil-
dren. N Engl J Med. 1991;325:1067–1071.

4. Kerkhof M, Postma DS, Schouten JP, de Monchy JG. Allergic
sensitization to indoor and outdoor allergens and relevance to
bronchial hyperresponsiveness in younger and older subjects.
Allergy. 2003;58:1261–1267.

5. Xu J, Levitt RC, Panhuysen C, et al. Evidence for two unlinked
loci regulating total serum IgE levels. Am J Hum Gen. 1995;
57:425–430.

6. Daniels SE, Bhattacharrya S, James A, et al. A genome-wide
search for quantitative trait loci underlying asthma. Nature.
1996;383:247–250.

7. Israel E, Drazen JM, Liggett SB, et al. The effect of polymor-
phisms of the �2-adrenergic receptor on the response to regular
use of albuterol in asthma. Am J Respir Crit Care Med. 2000;
162:75–80.

8. Taylor DR, Drazen JM, Herbison GP, Yandava CN, Hancox RJ,
Town GI. Asthma exacerbations during long term � agonist use:
influence of �2 adrenoceptor polymorphism. Thorax. 2000;55:
762–767.

9. Lane SJ, Arm JP, Staynov DZ, Lee TH. Chemical mutational
analysis of the human glucocorticoid receptor-�-expressing
cells in the airways of fatal asthma. Am J Respir Cell Mol Biol.
1994;99:1130–1137.

10. Christodoulopoulos P, Leung DY, Elliott MW, et al. Increased
number of glucocorticoid receptor-�-expressing cells in the
airways in fatal asthma. J Allergy Clin Immunol. 2000;106:
479–484.

11. Drazen JM, Yandava CN, Dube L, et al. Pharmacogenetic
association between ALOX5 promoter genotype and the re-
sponse to anti-asthma treatment. Nat Genet. 1999;22:168–170.

12. In KH, Asano K, Beier D, et al. Naturally occurring mutations
in the human 5-lipoxygenase gene promoter that modify tran-
scription factor binding and reporter gene transcription. J Clin
Invest. 1997;99:1130–1137.

13. Martinez FD, Wright AL, Taussig LM, Holberg CJ, Halonen M,
Morgan WJ. Asthma and wheezing during the first six years of
life. N Engl J Med. 1995;332:133–138.

14. Wahn U, Lau S, Bergmann R, et al. Indoor allergen exposure is
a risk factor for sensitization during the first three years of life.
J Allergy Clin Immunol. 1997;99:763–769.

15. Langley SJ, Goldthorpe S, Craven M, Morris J, Woodcock A,
Custovic A. Exposure and sensitization to indoor allergens:
Association with lung function, bronchial reactivity, and ex-
haled nitric oxide measures in asthma. J Allergy Clin Immunol.
2003;112:362–368.

16. Kurukulaaratchy RJ, Matthews S, Waterhouse L, Arshad SH.
Factors influencing symptom expression in children with bron-
chial hyperresponsiveness at 10 years of age. J Allergy Clin
Immunol. 2003;112:311–316.

17. Wolfe R, Carlin JB, Oswald H, Olinsky A, Phelan PD, Robert-
son CF. Association between allergy and asthma from child-
hood to middle adulthood in an Australian cohort study. Am J
Respir Crit Care Med. 2000;162:2177–2181.

18. Bascom R, Bromberg PA, Costa DA. State of the art: health
effects of outdoor air pollution; part I. Am J Respir Crit Care
Med. 1996;153:3–53.

19. Bascom R, Bromberg PA, Costa DA. State of the art: health
effects of outdoor air pollution; part II. Am J Respir Crit Care

314 ANNALS OF ALLERGY, ASTHMA & IMMUNOLOGY



Med. 1996;153:477–498.
20. von Mutius E, Fritzsch C, Weiland SK, Roll G, Magnussen H.

Prevalence of asthma and allergic disorders among children in
united Germany: a descriptive comparison. BMJ. 1992;305:
1395–1399.

21. Hoek G, Brunekreef B. Effect of photochemical air pollution on
acute respiratory symptoms in Children. Am J Respir Crit Care
Med. 1995;151:27–32.

22. Koenig JQ, Pierson WE, Covert DS, Marshall SG, Morgan MS,
van Belle G. The effects of ozone and nitrogen dioxide on lung
function in healthy and asthmatic adolescents. Res Rep Health
Eff Inst. 1998;14:5–24.

23. Diaz-Sanchez D, Penichet-Garcia M, Saxon A. Diesel exhaust
particles directly induce activated mast cells to degranulate and
increase histamine levels and symptom severity. J Allergy Clin
Immunol. 2000;106:1140–1146.

24. Gent JF, Triche EW, Holford TR, et al. Association of low-level
ozone and fine particles with respiratory symptoms in children
with asthma. JAMA. 2003;290:1859–1919.

25. McConnell R, Berhane K, Gilliland F, et al. Asthma in exer-
cising children exposed to ozone: a cohort study. Lancet. 2002;
359:386–391.

26. McConnell R, Berhane K, Gilliland F, et al. Prospective study
of air pollution and bronchitic symptoms in children with
asthma. Am J Respir Crit Care Med. 2003;168:790–797.

27. Nicolai T, Carr D, Weiland SK, et al. Urban traffic and pollutant
exposure related to respiratory outcomes and atopy in a large
sample of children. Eur Respir J. 2003;21:956–963.

28. Hanrahan JP, Tager IB, Segal MR, Tosteson TD, Castile RG,
Van Vunakis H. The effect of maternal smoking during preg-
nancy on early infant lung function. Am Rev Respir Dis. 1992;
145:1129–1135.

29. Gilliland FD, Li YF, Peters JM. Effects of maternal smoking
during pregnancy and environmental tobacco smoke on asthma
and wheezing in children. Am J Respir Crit Care Med. 2001;
163:429–436.

30. Strachan DP, Cook DG. Health effects of passive smoking 6:
parental smoking and childhood asthma: longitudinal and case-
control studies. Thorax. 1998;53:204–212.

31. Pullen CR, Hey EN. Wheezing, asthma and pulmonary dysfunc-
tion 10 years after infection with respiratory syncytial virus in

infancy. BMJ. 1982;284:1665–1669.
32. Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respira-

tory syncytial virus bronchiolitis in infancy is an important risk
factor for asthma and allergy at age 7. Am J Respir Crit Care
Med. 2000;161:1501–1507.

33. Taussig LM, Wright AL, Holberg CJ, Halonen M, Morgan WJ,
Martinez FD. Tucson Children’s Respiratory Study: 1980 to
present. J Allergy Clin Immunol. 2003;111:661–675.

34. Celedón JC, Wright RJ, Litonjua AA, et al. Day care attendance
in early life, maternal history of asthma, and asthma at the age
of 6 years. Am J Respir Crit Care Med. 2003;167:1239–1243.

35. Ball TM, Castro-Rodriguez JA, Griffith KA, Holberg CJ, Mar-
tinez FD, Wright AL. Siblings, day-care attendance, and the risk
of asthma and wheezing during childhood. N Engl J Med.
2000;343:538–543.

36. Flynn MG. Respiratory symptoms, bronchial responsiveness,
and atopy in Fijian and Indian children. Am J Respir Crit Care
Med. 1994;150:415–420.

37. Phelan PD, Robertson CF, Olinsky A. The Melbourne Asthma
Study: 1964 –1999. J Allergy Clin Immunol. 2002;109:
189–184.

38. Sears MR, Greene JM, Willan AR, et al. A longitudinal, pop-
ulation-based, cohort study of childhood asthma followed to
adulthood. N Engl J Med. 2003;349:1414–1422.

39. Kurukulaaratchy RJ, Matthews S, Holgate ST, Arshad SH.
Predicting persistent disease among children who wheeze dur-
ing early life. Eur Respir J. 2003;22:767–771.

40. Lau S, Illi S, Sommerfeld C, et al. Transient early wheeze is not
associated with impaired lung function in 7-yr-old children. Eur
Respir J. 2003;21:834–841.

41. Toelle BG, Xuan W, Peat JK, Marks GB. Childhood factors that
predict asthma in young adulthood. Eur Respir J. 2004;23:
66–70.

Objectives: After reading this article, participants should be able to demonstrate an increased understanding of their knowledge of allergy/asthma/
immunology clinical treatment and how this new information can be applied to their own practices.

Participants: This program is designed for physicians who are involved in providing patient care and who wish to advance their current knowledge in the
field of allergy/asthma/immunology.

Credits: ACAAI designates each Annals CME Review Article for a maximum of 2 category 1 credits toward the AMA Physician’s Recognition Award. Each
physician should claim only those credits that he/she actually spent in the activity. The American College of Allergy, Asthma and Immunology is accredited
by the Accreditation Council for Continuing Medical Education to sponsor continuing medical education for physicians.

CME Examination
1–5, Chipps BE. 2004;93:309–316.

Self-Assessment Exam Questions

1. The determinants for persistence of asthma include
early life exposure to:
a. respiratory infection

b. household pets
c. high levels of house dust mite
d. all of above

2. Genetically determined responses to classes of pharma-
cologic agents include all but:
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a. antihistamines
b. glucocorticoid
c. leukotriene-modifying agents
d. �-adrenergic stimulants

3. The role of IgE-mediated sensitivity in childhood
asthma occurs in what percentage of patients?
a. 5%
b. 20%
c. 30%
d. 85%

4. A significant factor that causes asthma to remain per-
sistent is:

a. exposure to diesel fumes
b. development of atopic state
c. in utero exposure to tobacco smoke
d. all of the above

5. Abnormalities of pulmonary function in asthma are the
most severe in patients who have:
a. transient wheeze
b. early-onset wheeze with remission
c. persistent wheeze and relapse
d. exercise-induced asthma

Answers found on page 380.
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