
Asthma is a complex disease with a phenotype that has been
clinically difficult to define. Associated phenotypes including
bronchial hyperresponsiveness and atopy have provided useful
objective alternatives in genetic and epidemiologic studies.
Although asthma genes have not yet been identified, much
progress has been made toward this goal. Genetic studies indi-
cate that multiple genes are involved in the pathogenesis of this
disease, and chromosomal regions likely to harbor asthma sus-
ceptibility genes have been replicated in several studies. Envi-
ronmental factors, including smoking, diet, and viral respira-
tory infections, have also been implicated in the etiology of
asthma. Directly linking these exposures as causes of asthma,
however, has also proved difficult. Furthermore, interaction
between susceptibility genes and environmental factors is
probable and is a challenge currently being pursued by investi-
gators worldwide. Understanding the fundamental gene-envi-
ronmental interactions in the development of asthma should
lead to earlier identification of susceptible individuals and
more effective approaches for disease prevention. (J Allergy
Clin Immunol 1999;104:895-901.)
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Asthma is the most common chronic disease of child-
hood, affecting approximately 4.8 million children, and a
total of about 14.6 million individuals in the United
States.1 Epidemiologic studies conducted during the last
few decades indicate a striking variation in the occur-
rence of disease across nations and an overall rising
prevalence rate in many developed countries.2

Although the etiology of asthma has not yet been fully
delineated, it is generally believed that this disease
results from exposure to environmental factors in geneti-
cally susceptible individuals. Failure to consider both
environmental and genetic risk factors as well as the

probable interaction between the two will likely lead to
biased interpretations of risk factors and to inaccurate
estimates of disease risk for a given individual. This arti-
cle will review the current understanding of the genetic
basis of asthma, some known environmental risk factors,
and potential gene-environment interactions. Before
exploring these issues, however, the clinical expression
and heterogeneity of asthma and asthma-related subphe-
notypes will be examined.

PHENOTYPE DEFINITION

Asthma is an increasingly common disease that is
characterized by variable airway obstruction and
bronchial hyperresponsiveness (BHR) and is caused by
acute and chronic bronchial inflammation.3,4 Clearly
defining the disease phenotype is a central issue in genet-
ic studies, where it may be necessary to evaluate family
members who have not been previously evaluated or
diagnosed. Current definitions of asthma describe its
pathophysiologic basis, emphasizing the importance of
inflammatory mechanisms.5 However, these descriptions
are not helpful in differential diagnosis or early disease
identification because noninvasive measures of inflam-
mation are not readily available or well validated.
Because one uniform phenotypic definition of asthma
does not exist, investigators have used various approach-
es, including a reported physician’s diagnosis of asthma,
questionnaire data on relevant symptoms, the presence of
BHR, or combinations of the above.6 Reliance on only
historical information such as a prior physician’s diagno-
sis of asthma appears to underestimate the prevalence of
asthma and allergy in family and epidemiologic studies.7

To investigate the genetic basis of asthma, it is useful
to evaluate phenotypes associated with the disease, such
as BHR and total serum IgE levels, because these can be
measured objectively in all individuals in a family. BHR
is associated with asthma and atopy, as observed by the
close association of serum IgE levels, BHR, and asthma
in asymptomatic children.8 Because many asthmatic

Current reviews of allergy and clinical immunology
(Supported by a grant from Astra Pharmaceuticals, Westborough, Mass)

Series editor: Harold S. Nelson, MD

Genetics of asthma

Denise G. Wiesch, PhD, Deborah A. Meyers, PhD, and Eugene R. Bleecker, MD 

Baltimore, Md

895

From the Center for the Genetics of Asthma and Complex Diseases, Univer-
sity of Maryland, Baltimore, Md.

Supported by National Institutes of Health grants No. R01-HL48341 and U01
HL/AI49602.

Received for publication Aug 25, 1999; revised Sept 1, 1999; accepted for
publication Sept 1, 1999.

Reprint requests: Eugene R. Bleecker, MD, Center for the Genetics of Asth-
ma and Complex Diseases, University of Maryland, Baltimore, 108 N
Greene St, Suite 119, Baltimore, MD 21201.

Copyright © 1999 by Mosby, Inc.
0091-6749/99 $8.00 + 0 1/1/102654

Abbreviations used
BHR: Bronchial hyperresponsiveness

CSGA: Collaborative Study of the Genetics of Asthma



896 Wiesch, Meyers, and Bleecker J ALLERGY CLIN IMMUNOL

NOVEMBER 1999

patients are atopic, it is appropriate to study other mea-
sures of the allergic phenotype, such as total serum
eosinophil counts, skin test responses to common aller-
gens, and specific IgE measures in addition to BHR and
total serum IgE levels.

GENETIC STUDIES OF ASTHMA

Evidence for a genetic component in complex diseases
to eventual identification of disease genes generally pro-
gresses through several types of genetic studies (Fig 1).
The following paragraphs will discuss evidence for a
genetic component for asthma, chromosomal regions
believed to harbor asthma susceptibility disease genes,
association or candidate gene studies, and recent tech-
nology to identify multiple functional consequences of
genetic variation (functional genomics).

Familial aggregation and twin studies

Familial aggregation and twin studies are useful initial
steps in determining whether a trait has a measurable
genetic component. Significant familial aggregation of
asthma and associated phenotypes such as BHR and total
serum IgE levels has been described in numerous stud-
ies.9-13 In addition, the presence of familial aggregation
for asthma has been supported by studies reporting that
an asthma phenotype is present in approximately 25% of
the offspring of a parent with asthma.7

Higher concordance for a disease phenotype in
monozygotic twins (who share 100% of their genes)
compared with dizygotic twins (who share on average
50% of their genes as do other siblings) also provides
important evidence of a genetic component. An increased
correlation of total serum IgE levels14 and a higher con-
cordance of asthma was seen in monozygotic twins com-
pared with dizygotic twins.15,16

Segregation analysis

Although it has limitations in complex disorders,17

segregation analysis is useful for genetic modeling. In
multiple studies evidence for recessive inheritance of
“high” total serum IgE levels has been found with differ-
ent estimates for gene frequency and for mean levels in
the “low” and “high” phenotypes. For example, in a
northern Dutch population elevated total serum IgE lev-
els appear to be inherited in a recessive pattern, with
additional evidence supporting a 2-locus model.18,19 In a
large study of Hispanic families and non-Hispanic white
families, Martinez et al20 reported evidence for a codom-
inant mode of inheritance in both ethnic groups, suggest-
ing that it is possible to distinguish “gene carriers” from
“unaffected” family members despite the substantial
overlap in distribution of total IgE levels.

There have been a few segregation analysis studies of
other measures of the allergic or asthmatic phenotype.
For bronchial responsiveness to methacholine, Townley
et al21 were unable to exclude genetic or environmental
models and concluded that the bimodal distribution of
the bronchial response was not the result of segregation
at a single autosomal locus. However, in our Dutch pop-
ulation studies evidence for dominant inheritance was
observed after covarying for total serum IgE levels.22 For
asthma, Martinez and Holberg23 have reported that there
is a strong familial polygenic component to asthma, sug-
gesting the presence of several major genes.

Linkage studies—Genome-wide screens

Five recent genome-wide screens in different human
populations have contributed significantly to the map-
ping of allergy and asthma genes. The first study by
Daniels et al24 was performed on families recruited from
Western Australia and included phenotypic data on asth-

FIG 1. Overview of genetic studies.
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ma, BHR, total serum IgE, and serum eosinophil counts.
A second screen by the Collaborative Study on the
Genetics of Asthma25 included 4 study centers in the
United States that collected families from 3 ethnic
groups (African Americans, Caucasians, Hispanics). The
third genome screen was performed on families with
asthma from the inbred Hutterite population.26 The
fourth screen was of asthma families ascertained from
the Netherlands27 and the fifth genome screen was per-
formed in German and Swedish asthma families.28

Except for the study of Daniels et al,24 which used a 20
cM screening map, maps at approximately 10 cM were
used in each of these studies.

Evidence for linkage to multiple chromosomal regions
was reported in each study. Perhaps most interesting are
those regions showing evidence for linkage by multiple
groups (“replicated” regions), which include chromo-
somes 5q, 6p, 11q, 12q, and 13q. However, there are
other regions that have been reported in at least 2 popu-
lations (1, 2q, 3, 14, 9, 16, and 17q). “Novel” locations
observed only in one study so far include chromosomes
7p, 10q, 19, 20, and 21.

Chromosome 5q. Linkage to chromosome 5q was
reported initially with use of a candidate gene approach
because there are multiple genes on 5q that may be
important in the regulation of IgE and the development
or progression of inflammation associated with allergy
and asthma. Linkage to 5q has been observed in the
Dutch population for a range of phenotypes from asthma
and BHR to total serum IgE levels.29-32 In the inbred and
genetically isolated Amish population, linkage to 5q in
the region of several of the cytokines was observed for
regulation of total serum IgE levels.30 In the Collabora-
tive Study of the Genetics of Asthma (CSGA) Caucasian
families, evidence for linkage to this region of 5q was
observed for the asthma phenotype.25 Strong evidence
for linkage to 5q (D5S1480) was also seen in the Hut-
terites for the “loose” definition of asthma, which includ-
ed subjects with asthma, BHR, or asthma symptoms.26

Chromosome 11. Evidence for linkage of a broadly
defined allergic phenotype to markers on chromosome
11q was detected at the early stages of a genome-wide
screen.33 These investigators later postulated that
sequence variants in the high-affinity IgE receptor
(FcεR) gene may increase the risk for development of
allergy and possibly even asthma.34 The postulated
sequence variant (Leu181) has not been observed in sev-
eral other studies, including the Dutch population.35

However, from genome-wide screens there is continued
evidence for linkage of the atopic phenotype to this
region24 and for the asthma phenotype in the CSGA
African Americans.25

Chromosome 12q. Evidence for linkage to 12q for
phenotypes ranging from BHR to allergy was first
observed with use of a candidate gene36 and a genome
screen approach.25 Evidence for linkage for both asthma
and total IgE levels was reported in an Afro-Caribbean
population and for total IgE levels in the Amish popula-
tion.36 In the CSGA, evidence for linkage was observed

for the asthma phenotype in Caucasians and Hispanics
but not in African Americans.25 In an additional candi-
date gene study that used randomly ascertained families
and a sample of multiplex families ascertained for asth-
ma, evidence for linkage was observed for both asthma
and allergic phenotypes.37 Several candidate genes map
to this wide region, including IFN-γ, nitric oxide syn-
thase, and mast cell growth factor, but variants in these
genes have not been fully evaluated.

Chromosome 13. For the asthma phenotype, evidence
for linkage was observed to 13q21.3-qter from the
genome screen in the CSGA Caucasian families.25 Evi-
dence for linkage of the atopic phenotype (but not BHR)
was reported by Daniels et al.24

There are multiple regions of the genome likely to
contain susceptibility genes, as seen from studies in dif-
ferent populations. However, the evidence for any given
linkage varies across populations, probably because of
founder effects, admixture, and possibly varying envi-
ronmental influences. In addition, new linkages are being
reported and need to be confirmed in additional popula-
tions. It is clear from these studies, however, that there
are multiple susceptibility genes for asthma and allergy.

Candidate Gene Association Studies

Although linkage studies are performed in families,
association studies are generally performed in samples of
unrelated individuals (affected and unaffected). They
may be performed to determine the increased risk of dis-
ease as a result of the presence of a susceptibility allele
or to investigate the possible role of a “severity” allele
that may affect progression of the disease or even
response to treatment. The choice of controls is often dif-
ficult because the subjects need to be matched for any
variable that may influence the results, for example, age,
sex, and ethnic background.17 It is important to deter-
mine a priori the rationale for performing such an asso-
ciation study because there are many potential candidate
genes for common disorders. Candidate genes may be
positional in nature (in a linked region) or functional
where there is a known effect of the gene on biologic
function.

An example of a candidate gene that may affect sever-
ity and where there are known functional variants is the
β2-adrenergic receptor on 5q. It has been reported that
individuals who are homozygous for Gly16 are more
likely to have more severe asthma (corticosteroid depen-
dent or with nocturnal symptoms).38 In addition, a recent
study suggests that polymorphisms in the β2-adrenergic
receptor gene may be important in specific responses to
therapy (pharmacogenetics).39 Additional studies where
individuals are genotyped before treatment so that well-
matched groups are included is important in pharmaco-
genetic investigations.

Another example of association studies are 2 recent
studies of the IL-4 receptor and 2 functional polymor-
phisms. In the first study an association with atopy
defined as an elevation in total serum IgE levels and a
gain of function mutation was observed.40 In the second
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study an association was observed with atopic asthma
and a different polymorphism in the gene.41 Polymor-
phisms within a gene are often in linkage disequilibrium
because of close physical spacing and it is difficult to
determine which polymorphism(s) in a candidate is
responsible for a modest effect that may be seen.

Functional genomics

Along with association studies and positional cloning,
functional genomics represents another type of genetic
approach with the potential for identifying asthma dis-
ease genes. This recent advance in molecular technology
permits the identification of thousands of genes simulta-
neously and quantification of specific differential expres-
sion under varying physiologic conditions or between
cases and controls. For example, studies are now under-
way comparing genes that are differentially expressed in
allergic individuals before and after allergen challenge
with the hope of pinpointing potential disease genes. 

ENVIRONMENTAL RISK FACTORS FOR

ASTHMA

An environmental component in the pathogenesis of
asthma is well accepted, as is the potential for gene-envi-
ronment interaction. The following is a review of some of
the important environmental risk factors believed to con-
tribute the asthma phenotype.

Diet

Several epidemiologic studies have investigated diet
as a potential risk factor for asthma, although results have
been inconsistent. Breast-feeding has been shown to be
both protective and to increase the risk of asthma in dif-
ferent studies.42-44 Dietary intake of vitamin C was
shown to be protective in studies where reduced plasma
levels of vitamin C were observed in asthmatic
patients.45-47 In addition, fatty acid composition of the
diet, in particular the relative amounts n-3 and n-6
polyunsaturated fatty acids found in fish oil, may be
associated with asthma.48 Other epidemiologic studies
have also found an association between fish consumption
and asthma, BHR, and chronic nonspecific lung dis-
ease.49-51 Dietary sodium has been shown to relate to
increased bronchial responsiveness to histamine chal-
lenge.52-54 However, other epidemiologic studies have
not shown a relationship between urinary sodium levels
and methacholine airway responsiveness.55-57

Viral respiratory infections

Viral respiratory infections occur frequently in child-
hood and are known to provoke wheezing in asthmatic as
well as nonasthmatic children.58 It has been hypothe-
sized that viral infections enhance airway inflammation58

and airway hyperresponsiveness,59 and follow-up studies
of children suggest that these illnesses may predispose to
the development of asthma.60-63

The role of viral antigens in the etiology of asthma is
uncertain, and opposing hypotheses exist relating to T-

helper lymphocytes, which are classified as TH1 or TH2
cells depending on the cytokines they produce.64 Some
postulate that the rising prevalence of asthma seen in
developed countries may actually be a result of the over-
all decrease in viral infections in childhood because of
improved immunization efforts.3,65,66 Because viral anti-
gens have been shown to stimulate the TH1 inflammato-
ry response in airways and asthma has been associated
with the TH2 profile, decline in childhood respiratory
infections may cause activation of TH2 cells and suscep-
tibility to asthma.

Smoking

There are substantial data showing that tobacco smok-
ing increases airway responsiveness, perhaps by induc-
ing airway inflammation,67,68 although it has not been
directly linked to asthma as a cause. Smokers also tend to
report wheezing more frequently than nonsmokers do,
and wheezing tends to decline after cessation. The
increased airway responsiveness in active smokers also
tends to abate after smoking cessation.69

Maternal smoking

There is also evidence suggesting that in utero expo-
sure to tobacco smoke components may affect airway
responsiveness after birth. On the basis of histamine
challenge data from 63 healthy infants at a mean age of
4.5 weeks, parental smoking and a family history of asth-
ma were associated with an increased level of airway
responsiveness.70 In a similar prospective study, children
whose mothers smoked during pregnancy had decreased
pulmonary function shortly after birth.71

Maternal-fetal interactions

Clinically and historically, pregnancy is considered to
be a state of altered maternal cellular immunity. These
changes in cellular immunity are felt to be necessary for
the mother to tolerate a naturally occurring allograft, a
fetus expressing foreign paternal MHC molecules.
Although it is speculated that an “immunologic barrier”
protects the fetus from rejection by maternal lympho-
cytes, the mechanism of this protection is largely
unknown and the subject of recent research.

The depression of maternal cellular immunity (or TH1
immune responses) has led to the hypothesis that a
switch to an up-regulated TH2 immune response occurs
during pregnancy and represents an “allergic” pheno-
type.72 A pregnant woman with allergy or asthma may
influence the expression of these traits in her offspring by
the transmission of susceptibility genes as well as by pro-
viding further upregulation of the allergic TH2 phenotype
during gestation.73 In addition, environmental exposures
to allergens and tobacco smoke may amplify allergic
responses in both the mother and child.

GENE-ENVIRONMENT INTERACTIONS

Current concepts of asthma pathogenesis postulate
that onset of the disease and its clinical course are deter-
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mined by gene-environment interactions, that is, those
persons in whom asthma develops are both genetically
susceptible and receive an appropriate environmental
stimulus. Across the range of asthmatics in the popula-
tion, the relative influence of genes and environmental
factors probably varies. Gene-environment interactions
can be assessed in case-control and cohort studies as well
as in family-based genetic studies. The underlying
hypothesis is that individuals with different asthma-relat-
ed genotypes will have different sensitivities to environ-
mental exposures. Khoury et al74 suggested several pos-
sible patterns for gene-environment interaction (Fig 2).
One is that both the presence of a given asthma suscepti-

bility gene and an environmental exposure are necessary
to produce excess risk of disease. The second pattern is
that an environmental factor could produce an increased
risk of disease in all individuals but a much greater risk
in individuals with the susceptible genotype. The third
possible pattern of gene-environment interaction is that
the environmental exposure alone will not produce
increased risk, but in individuals with the susceptible
genotype the presence of the environmental factor will
increase the risk of asthma more than the genotype alone.
The fourth pattern is that both the genotype and the envi-
ronmental exposure produce increased risk. The fifth and
sixth patterns occur when there is an opposite effect of

FIG 2. Potential models of gene-environment interaction.

FIG 3. Public health significance of genetics studies of asthma.
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the genotype, depending on whether the environmental
factor is present.74 As underlying asthma susceptibility
genes are discovered, interactions with environmental
factors known to be associated with asthma can be
assessed.

CONCLUSION

Susceptibility to development of asthma is the result of
multiple environmental risk factors and multiple genes.
Genetic studies of asthma continue to provide insight into
the pathophysiologic mechanisms of the disease. This
should ultimately lead to new and more effective thera-
peutic interventions, new diagnostic methods for presymp-
tomatic diagnosis, the development of strategies for dis-
ease prevention in susceptible individuals, and delineation
of the interaction between genotype and the response to
specific treatments (pharmacogenetics) (Fig 3). Family
studies have already provided insight on disease expres-
sion and characterization of the asthmatic phenotype.

Several environmental factors have been implicated in
the etiology of asthma, including active and passive
exposure to tobacco smoke, viral respiratory infections in
childhood, and dietary constituents. In addition, a fetus
may be predisposed to disease not only by transmission
of susceptibility genes but also by the maternal immuno-
logic environment of an asthmatic or allergic mother dur-
ing gestation.

Although asthma susceptibility genes have yet to be
reported, a great deal of progress has been made in recent
years. Moreover, molecular advances including comple-
tion of the human genome sequence, identification of
vast numbers of sequence variants, and new techniques
to identify multiple functional consequences of genetic
variation offer promising new avenues for unraveling the
genetic and environmental factors that are important in
the pathogenesis of common diseases such as asthma.
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