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Many environmental factors and a large number of genetic poly-
morphisms have been reported to be associated with asthma risk
in different locales and at different ages. It seems that what we
call asthma is a heterogeneous set of conditions for which the only
common feature is recurrent airway obstruction that is at least
partially responsive to usual asthma therapy. Recent studies in
which environmental factors and genetic variants were studied con-
comitantly have suggested a potential unifying concept for the
disease. It seems that asthma is a genetically mediated development
dysregulation of diverse immune and airway responses to a variety
of specific and nonspecific exposures. It thus seems improbable
that most genetic variants associated with asthma influence the
disease regardless of which environmental factors trigger it and
at which lifetime phase they are present. More likely, the most
important gene variants for asthma are polymorphisms that exert
their influence on the network system controlling biological re-
sponses to asthma-related exposures.
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Understanding what causes complex diseases such as asthma is
fraught with what often seem to be overwhelming difficulties.
Cross-sectional studies of the phenotypic characteristics of sub-
jects who have symptoms compatible with a diagnosis of asthma
invariably underscore its heterogeneity to the point that the only
feature that seems common to all patients with asthma are the
symptoms themselves and their responsiveness to usual therapy.
In the last decades, researchers have proposed hundreds of mole-
cules and dozens of cells as crucially involved in asthma patho-
genesis. These claims were sometimes based on findings in hu-
mans, but more often they relied exclusively on animal models
that imitate the pathophysiology of asthma but that are seldom
(if ever) the defining feature of the disease (i.e., its symptoms).
Successive cells, genes, or molecules were touted as the central
players in causing the disease to be replaced by more fashionable
rivals shortly thereafter. Trials of products designed to counter-
act what seemed to be the most likely protagonists of the asthma
drama (interleukin [IL]-4, IL-5, and eosinophils) have been un-
successful. Exceptions are antileukotrienes and more recently
anti-IgE antibodies, but the role and effectiveness of these medi-
cines in asthma therapeutics remains to be determined. The two
main kinds of medicines available for the treatment of asthma,
glucocorticosteroids and �2-adrenergic agonists, are sophisti-
cated variants of the extracts of adrenal glands that were already
in use in the early 20th century.

This situation is by no means exclusive to asthma. A recent
editorial in the Journal of Clinical Investigation lamented the
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status of our understanding of the pathogenesis of rheumatoid
arthritis (1). After having described as a “great success” the way
in which “researchers have dismantled the pathogenic subunits
of rheumatoid arthritis, adding gene to gene, molecule to mole-
cule, and pathway to pathway in an ever more complex scheme
of dysfunction,” the authors acknowledge that “the complexity
of the emerging disease model leaves us speechless.” Based on
the idea that “true understanding of a natural phenomenon is
reached when it can be expressed as a simple formula,” they
“yearn for a theory that would fit it all together, under one
formula, one idea, one mechanism.” Otherwise, they conclude,
“autoimmune diseases may be just a mess, lacking a unifying
disease concept and representing nothing more than an over-
whelming conglomerate of defective cells, mediators, and
pathways.”

THE CENTRALITY OF ENVIRONMENTAL EXPOSURES AS
A UNIFYING THEORY FOR ASTHMA

There have been recent unifying theories to explain the majority
of cases of asthma. In the 1980s, the theory that exposure to
house dust mites and other allergens was an important worldwide
cause of the disease was espoused by many scientists and experts
(2, 3). This theory was based on strong evidence suggesting that,
in regions where indoor exposure to one of the main house dust
mite allergens (Der p I) was high, more children were sensitized
to house dust mites, and these children had significantly more
airway hyperresponsiveness and recent wheeze (4). It was also
reported that the risk of house dust mite–sensitized children
having current asthma doubled with every doubling of Der p I
level (4). Strong evidence against this theory has emerged in
recent years, in part generated by the same scientist who initially
supported it. For example, and contrary to what should have
been expected based on the theory, the prevalence of asthma
in geographic regions with high levels of exposure was reported
to be similar to that observed in regions of low or very low
exposure to house dust mites in Sweden and the United States
(5, 6). In the latter regions, other allergens (e.g., molds) seem
to take the place of mites (7, 8). Perhaps the most decisive
evidence against the theory that the level of exposure to allergens
is causally related to asthma comes from interventional studies.
In these studies, measures were taken to decisively decrease
exposure to house dust mites during the first years of life in
areas of the United Kingdom (9) and Australia (10) where the
association between mites and asthma is the strongest. These
prospective, randomized studies have shown that decreasing ex-
posure to mites from birth has no effect on asthma incidence,
that is, on the development of new cases of asthma during the
first years of life.

The idea that exposure to specific allergens causes asthma
had a great impact on the type of experimental animal models
used to study the potential role of different molecular mecha-
nisms in the pathogenesis of the disease. Indeed, most of these
models are based on timed exposures to allergens (mostly oval-
bumin) (11). However, in the light of the recent negative find-
ings of randomized avoidance trials described previously, the



Martinez: Gene–Environment Interactions in Asthma 27

relevance of these models for human asthma remains to be
determined.

The house dust mite theory is one example of the many
unifying environmental causes of asthma that have been pro-
posed in recent years. Others include the possibility that cock-
roaches may be the cause of the high prevalence of asthma in
inner cities in the United States (12), that viral infections may
trigger the asthma process in early life (13), and that air pollution
may be an important cause of asthma in the modern world (14).
Not all of these theories have been scrutinized or tested as
thoroughly or as rigorously as the mite theory, but it is unlikely
that any of them may be the basis for that “single formula” that
will “fit it all together.”

THE CENTRALITY OF GENES AS A UNIFYING THEORY
FOR ASTHMA

That genetic factors play a major role in determining susceptibil-
ity to asthma is undisputed. There is strong evidence suggesting
higher concordance for asthma among monozygotic than among
dizygotic twins (15), and the study of the familiar aggregation
and segregation of asthma is clearly suggestive of a heritable
component (16). One of the most remarkable successes in genetic
and genomic sciences since the description of the structure of
DNA in the 1950s has been the identification of thousands of
mutations in genes that cause monogenic disease. Prompted by
these successes and by the recent development of reliable new
technologies to screen the whole human genome for genetic
variants, many geneticists proposed a next frontier for genetic
research: the discovery of the genetic variants that cause complex
diseases. Two mains approaches were undertaken: linkage and
association studies. A few studies reported on genome-wide link-
age scans using sib pairs or other family-based approaches (17).
These studies resulted in many suggestive and a few highly sug-
gestive linkage signals, and in four such cases, genetic variants
in genes located close to the linkage signals were identified as
potentially explaining them by positional cloning (18). On the
other hand, hundreds of studies of the association of asthma,
variably defined, and asthma-related traits to polymorphisms in
tens of candidate genes have been published (19). A recent,
thorough review of the results of these studies and of attempts
to replicate them provides a sobering scenario: In the great
majority of cases, including those derived from genome-wide
searches, the association was not replicated, and when it was
replicated, it was often with a different allele for the same poly-
morphism, with a different polymorphism within the same gene,
or with an asthma-related phenotype that was different from
the one reported in the original study that was being replicated
(19). The most consistent feature of the studies of the genetics
of asthma is their remarkable inconsistency.

Not all genetic (or environmental) studies are of similar, high
quality, and the possibility that these inconsistencies may be due
to methodologic flaws should be seriously considered. There is
little doubt that, when first reporting their results, researchers
tend to stress their positive findings and often fail to report their
concomitant negative ones, thus increasing the possibility of
a type I error (20). It is also possible that studies attempting
replication may be too small or may define the phenotype in
less restrictive ways than that of the original report, thus falling
generally into type II errors. For example, the original publica-
tion of the discovery of ADAM33 as a gene for asthma (21) was
based on a subset of the original families in which asthma was
defined as having symptoms of the disease and bronchial hyper-
responsiveness (BHR). Replication of this finding among sub-
jects with asthma, defined regardless of BHR, would require a
much larger number of subjects because those without BHR

would dilute the signal. Thus, it is possible that the difficulty in
reproducing results of the genetics of asthma may be in part
attributable to the kind of methodologic flaws that can plague
these types of studies (22).

Results of a recent report using a large general population
sample from the United Kingdom have provided new insights
into this issue. Maier and coworkers (23) chose an easily defin-
able phenotype strongly associated with asthma and repeatedly
shown in the past to have a strong genetic component: total
serum IgE levels. They genotyped several single nucleotide poly-
morphisms previously reported to be associated with total serum
IgE in over 4,000 subjects. For only one of these polymorphisms
(IL-13/�1112, in the promoter region of IL-13) was the associa-
tion replicated, and the polymorphism explained less than 1% of
total serum IgE variance in the population. Maier and coworkers
embraced one of the potential conclusions that could be derived
from these results: Genetic studies should be limited to very
large samples; otherwise, false-positive results will be obtained.
The implication was that the findings of most of the previous
studies (with the exception perhaps of those for the IL-13 gene)
were spurious.

Before such a conclusion can be accepted at face value, the
undeclared assumption on which association studies, such as
that by Maier and coworkers, are based needs to be thoroughly
discussed. Engaging in such a discussion is not a useless “philo-
sophical” diversion but is a necessary step that allows us to
develop more potent strategies to identity asthma-related genes.

ASSUMPTIONS OF DIRECT STUDIES OF THE GENETIC
ASSOCIATIONS IN ASTHMA

The most important assumption of studies of marginal genetic
effects (i.e., of direct effects of genetic variants, independent of
context) in asthma is what can be called the theory of the low-
hanging fruits: the complexity of the determination of the disease
was acknowledged, but the costs and difficulties implicit in as-
sessing the contexts and the ready accessibility of modern geno-
typing technologies prompted researchers (the author included)
to surmise that there are genetic variants in the human genome
that show strong, unidirectional, and consistent relations with
asthma (or related traits) regardless of the phenotypic or envi-
ronmental background in which they are present. In almost all
cases, we are referring to common variants. There are few (if
any) available datasets that can reasonably expect to detect even
strong and nonrecessive associations with variants of frequencies
of less than 5%.

The assumption that there are common genetic variants that
increase susceptibility to asthma independent of other influences
is legitimate and plausible. This assumption would require that,
along human evolution, a genetic variant would have been se-
lected (or at least would not have been selected against) that
makes people have recurrent airway obstruction and hunger
for air independent of any other genetic variants and of the
environmental context in which the individual was raised. This
seems unlikely, unless the variant protected against some other
outcome that markedly decreased the individual’s fitness. For
example, it is possible that a polymorphism that consistently
increases the likelihood of having asthma may improve immune
responses against an infection or infestation. This may be the
case of IL-13/�1112, which has been extensively replicated as
a determinant of higher total serum IgE levels and has been
shown to protect against parasitic infections (24). There is also
evidence of selective pressure in and around the IL-13 locus
(25). Other polymorphisms in genes involved in T-helper 2–like
responses, such as IL-13, may show similar, highly replicable
associations with asthma-related traits. An example could be



28 PROCEEDINGS OF THE AMERICAN THORACIC SOCIETY VOL 4 2007

the gene for the IL-4� receptor chain. Polymorphisms in this
gene have been found to be associated with asthma-related traits
in isolation (26) and through interactive (“epistatic”) effects with
IL-13/�1112 (27).

Thus, the search for polymorphisms that may consistently
increase the likelihood of having asthma or asthma-related traits
is legitimate and is supported by replicated findings. What is
implausible is to surmise that all, or even most, polymorphisms
associated with complex traits invariably behave in this manner.

OPPOSITE EFFECTS OF THE SAME POLYMORPHISMS
IN DIFFERENT POPULATIONS

A good example of a situation in which this may not be the case
is our recent report of the association between polymorphisms
in the defensin-�1 (DEFB1) gene and asthma (28). DEFB1
encodes for a protein belonging to a group of antimicrobial
peptides with broad spectrum of activity against gram-positive
and gram-negative bacteria and fungal species (29). DEFB1 is
constitutively expressed in airway epithelium (30) and is believed
to play an important role in mucosal immunity in the lung (31).
Thus, it is a potential candidate gene for asthma, given the
importance of innate immunity in the development of the dis-
ease. We therefore screened the gene for common polymor-
phisms and reported on results obtained by genotyping four of
these polymorphisms (i.e., those that correctly classified 80% of
the total haplotype diversity among European Americans) in
two samples: a nested case-control study of over 1,000 partici-
pants in the Nurses’ Health Study (32) and a family-based study
of over 400 participants in the Childhood Asthma Management
Program and their nuclear families (33). We found that a haplo-
type based on the different alleles (A, C, T, and A) for the
four polymorphisms studied (at cDNA positions �1,905, �1,816,
�390, and �692, respectively) was associated with increase likeli-
hood of having asthma in the Nurses’ Health Study sample (all
females) but with decreased risk for asthma in girls, but not
in boys, enrolled in CAMP. Thus, there were two sources of
heterogeneity in these studies: (1) adult female nurses were
protected against asthma by the same alleles that increased this
risk in girls of the same ethnic group and (2) boys showed no
association between asthma and DEFB1.

What causes these evident discrepancies? It is possible that
what is called asthma in childhood is not the same disease that
is called asthma in adults and that DEFB1 may play opposite
roles in both illnesses. In order for DEFB1 to do so, genetic,
developmental, and environmental factors need to influence the
functional effects that the polymorphisms under study have on
the causal pathway that leads to recurrent airway obstruction.
In other words, the expression of the genotype is strictly depen-
dent on the context in which it acts and this context may even
have an antagonistic interaction with the genotype: the same
allele that increases risk in one context may decrease it in a
different one. The fact that the sex of the child determines if
the polymorphism will increase the risk of asthma suggests that
sex may act as a kind of “internal environment” (34) that modu-
lates the association between genes and phenotypes.

GENETICS OF RESPONSES TO ENVIRONMENTAL
EXPOSURES: THE REACTION NORM

Important insights into the manner in which genetic polymor-
phisms and environmental influences may jointly determine sus-
ceptibility to complex phenotypes such as asthma is offered by
a commonplace observation: an almost invariable feature of
responses to any exposure by a biological system is the presence
of reproducible interindividual variability. This can be expressed

Figure 1. Schematic representation of the “reaction norms” for two
genotypes. Genotype A shows a strong dose–response effect between
an environmental exposure and the phenotype. Genotype B shows no
phenotypic response to the same exposure.

graphically in the so-called reaction norms: measured phenotypic
responses of different groups of individuals (e.g., those with
different genotypes for a certain gene locus) are plotted against
the extent (or dose) of an environmental exposure (Figure 1).
The group identified as “genotype A” shows a clear dose–
response relationship between the exposure and the phenotype
(this responsiveness is called phenotypic plasticity), whereas “ge-
notype B” is unresponsive. In this situation, if the association
between the genotype and the phenotype were to be studied
without knowledge of the exposure, completely different conclu-
sions would be reached by investigators studying this association
at the two extremes of the exposure spectrum: those studying it
at high exposure would conclude that the locus is strongly related
to the outcome, whereas those studying at low levels of exposure
would conclude that it is not. It is evident from Figure 1 that
both would be right. Similarly, if investigators interested in the
biological effects of exposure studied this phenomenon in a
population in which most subjects were of genotype A, they
would reach a very different conclusion from another set of
investigators studying it in persons of predominant genotype B.

GENE–ENVIRONMENT INTERACTIONS IN ASTHMA
AND ATOPY

There are several reported cases of this type of gene–
environment interaction in asthma. McIntire and coworkers first

Figure 2. Schematic representation of the association between allergy-
related phenotypes and exposure to endotoxin for three genotypes of
CD14/�159 (51–53).



Martinez: Gene–Environment Interactions in Asthma 29

observed, using an animal model of allergy, that the gene that
encodes for the receptor for the hepatitis A virus (HAV), TIM-1,
is a regulator of T-helper cell differentiation (35). They next
identified three coding polymorphisms in the TIM-1 gene in
humans, one of which resulted in a 6–amino-acid insertion at
residue 157, dubbed 157insMTTTVP (36). In over 300 individu-
als, they tested sera for evidence of past infection with HAV
and allergic sensitization (atopy). They found that subjects with
a previous HAV infection were less likely to be sensitized but
only if they had the 157insMTTTVP variant (36). They con-
cluded that, for the protective effect of the variant or HAV to
occur, both needed to be present. Several other groups have
studied the association between this same variant and atopy but
without assessing concomitantly evidence for previous infection
with HAV. Noguchi and colleagues (37) found no association
between polymorphisms in TIM1 and atopic asthma and sug-
gested that this discrepancy may be due to a low frequency of
HAV in the young generation in Japan. In a Korean case-control
study, Chae and colleagues (38) reported a decreased risk for
atopic dermatitis but not for asthma with the insertion. In our
own work using children enrolled in the Tucson Children’s Re-
spiratory Study (39), we found that the insertion was significantly
but positively related to atopy (relative risk [RR], 1.24; 95%
confidence interval [CI], 1.07–1.45) and borderline significantly
with eczema (RR, 1.43; 95% CI 1.01–2.01) but not with asthma
(RR, 0.95; 95% CI, 0.68–1.33). Taken as whole, these apparently
contradictory results suggest that, much as it was true for
DEFB1, the nature and even the direction of the association
between the TIM1 insertion variant and atopy may vary de-
pending on the genetic and environmental background in which
the association is studied.

A similar type of gene–environment interaction was observed
by Eder and colleagues (40) in studies of children living in central
Europe on farms or in the same rural communities but away
from farms. These researchers had previously reported that the
children of farmers were significantly less likely to have atopic
asthma, allergic rhinitis, and atopy than their nonfarming coun-
terparts (41). Eder and colleagues hypothesized that these pro-
tective effects could be modulated by genetic variants in the
Toll-like receptors (TLRs) and genotyped these populations for
known polymorphisms in the genes for TLR2 and TLR4. They
found that a farming environment was associated with less asthma
and atopy but only among carriers of one of the two alleles of a
single nucleotide polymorphism (SNP) in the TLR2 gene. Much
like was the case for HAV and TIM1, the protective TLR2 allele
and the farming environment needed to be present for the children
to be at less risk of having asthma and related traits.

Similarly, Hoffjan and colleagues (42) studied several SNPs
in genes that had been previously reported to be associated with
asthma and atopy and assessed the relation between these SNPs
and early-life immune phenotypes (ascertained in peripheral
blood cells and also suspected to be associated with asthma risk)
in infants who were taken to day care and in those who were
not. Day care attendance in infancy has been reported to protect
against the development of asthma and atopy during the school
years (43), and the authors reasoned that this could happen
because day care attendance influenced the development of im-
mune responses in early life in susceptible children. They found
that, for several of these SNPs (i.e., those in IL-4R and in nitric
oxide synthase 3), strong antagonistic interactions were observed
with day care attendance as determinants of the immune pheno-
types under study. This means that carriers of certain alleles for
these genes showed increases in the likelihood of having higher
values of these phenotypes if taken to day care and decreases
in the same phenotypes if not taken to day care.

CD14, ASTHMA, ATOPY, AND ENDOTOXIN EXPOSURE

The examples provided previously are indicative of how complex
the genotype–phenotype mapping functions may be and of the
need to better understand the biological mechanisms that under-
lie the interactions described. However, many of these interac-
tions have not been replicated in studies done in different envi-
ronments and at different levels of exposure for the same
environmental factor.

The exception to this last caveat is provided by CD14. Poly-
morphisms in this gene are among the most widely studied, not
only in relation to asthma and atopy but also to many other
diseases and conditions known or suspected to be associated
with exposure to endotoxin or to its main biologically active
component, lipopolysaccharide (LPS). CD14 is indeed a crucial
component of the innate immune response, acting as a coadju-
vant that allows activation of TLR4, the receptor for LPS, at
fentomolar concentrations of LPS, thus enhancing the subse-
quent triggering of the intracellular signaling mechanism. Be-
cause the protective effect of the farming environment was attrib-
uted to exposure to environmental endotoxin (44), it was natural
to surmise that SNPs in CD14 could regulate this protective
influence. Our group first described several SNPs in CD14
(45, 46), and we reported that the T allele for one such SNP, a
C-to-T conversion at position �159 from the transcription start
site (�260 from the translation start site), was associated with
elevated serum sCD14 levels and decreased number of positive
skin tests in atopic subjects raised in Tucson, Arizona (45). These
findings suggested that, in an environment of generally low
exposure to endotoxin (surmised but not directly measured),
the T allele of CD14/�159, by increasing the availability of
CD14 receptor, made children more sensitive to the purported
protective influence of endotoxin. Two subsequent reports
seemed to support this hypothesis: functional studies revealed
that the T allele was associated with increased CD14 transcrip-
tion rates (47), and investigators studying the same SNP in the
Netherlands replicated our finding of a protective effect of the
T allele with respect to allergic sensitization (48). However, as
has happened for many other polymorphisms, other researchers
were unable to reproduce our findings (49), and, among the Hutter-
ites living in rural communities in the midwestern United States,
the T allele was found to increase the risk for the development of
allergic sensitization (50). Although endotoxin exposure was not
measured among the Hutterites, the assumption was made that
they could be high and therefore that the direction of the association
could depend on the level of exposure to the CD14 ligand.

Important contributions to the understanding of these issues
have been made by more recent studies in which the concentra-
tions of endotoxin in dust from homes were measured, and,
concomitantly, subjects living in those homes were genotyped
for CD14/�159 (51–53). The results of these studies have been
consistent and convincing (Figure 2): among subjects exposed
to low levels of endotoxin, the T allele for CD14/�159 was
protective against asthma or atopy; at high levels of exposure,
the opposite was observed, whereby the C allele was protective
as compared with the T allele. At intermediate levels, no clear
trends were observed.

The biological bases for this pattern are not well understood.
However, some indications have been given by studies of healthy
human subjects exposed to aerosolized endotoxin (Le Van and
colleagues, unpublished data). These studies suggest that, although
at baseline carriers of the CD14/�159 TT genotype have higher
sCD14 circulating levels, carriers of the CC genotype show in-
creased sCD14 levels when exposed to endotoxin, whereas carriers
of the T allele show no such responses. This observation is compat-
ible with the reaction norms depicted in Figure 2: carriers of the
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C allele show the greatest degree of phenotypic plasticity when
exposed to different doses of endotoxin, whereas the dose–
response curve seems to be much flatter among carriers of the
T allele.

A UNIFYING DISEASE CONCEPT FOR ASTHMA:
GENE–ENVIRONMENT INTERACTIONS

In contrast to other complex diseases, the heterogeneous pheno-
typic expressions of asthma have one, almost invariable common
feature: environmental factors can be identified (or at least sus-
pected) that may initiate the disease process and that can trigger
asthma exacerbations and periods of loss of asthma control. The
latter (e.g., viral infection, allergens, aspirin, cold air, pollution,
hormones, chemicals) can vary from patient to patient and within
patients at different times or ages, but it is rare to find a patient
with the disease who cannot identify any such triggers. Equally,
environmental factors (e.g., exposure to a farm [41] or to day care
[43]) may be able to determine or protect against the inception of
the disease, especially during the first years of life. Because
asthma is also known to have a strong heritable component, a
unifying disease concept seems to emerge from all these observa-
tions: asthma is a genetically mediated, developmental dysregu-
lation of diverse immune and airway responses to a variety of
specific and nonspecific (usually airborne) exposures, all re-
sulting in the final common pathway of recurrent, partially re-
versible bronchial obstruction. Given the multiplicity of environ-
mental factors for which asthma symptoms are the final common
pathway, it seems improbable that most genetic variants associ-
ated with asthma influence the disease regardless of which those
environmental factors may be and at which lifetime phase they
are present. More likely, the most important gene variants for
asthma are polymorphisms that exert their influence on the net-
work systems controlling biological responses to asthma-related
exposures.

Thanks to major recent advances in evolutionary biology, we
are beginning to understand the fundamental nature of these
response systems (54), but given their complexity, the discussion
of these advances goes beyond the scope of this article. Neverthe-
less, a central, emerging feature of these response systems is
that they arise from weak linkages between a small number of
highly conserved core regulatory processes (55). This essentially
means that, apart from these core processes—the genes for which
are highly conserved along evolution (e.g., those for metabolism,
gene expression, signaling between cells)—all other systems
are highly flexible and establish indirect, undemanding, low-
information regulatory connections between them and with the
core processes. As a consequence, a specific protein may exert
opposite effects when participating in coordinated responses to
different external stimuli, and therefore, a genetic variant that
increases transcription of that protein may enhance an “asthma-
tic” response to one exposure and hinder an “asthmatic” re-
sponse to a different exposure. The specific role of any element
of the response system is thus determined not only by its intrinsic
characteristics but also by the biological context in which it is
expressed.

This novel approach to the etiology of asthma necessarily
implies that a better understanding of its causes will come from
unraveling the heterogeneous response systems that are involved
in its pathogenesis. Therefore, and contrary to monogenic condi-
tions in which what is diseased is directly the gene responsible
for the disease, in asthma what is altered are the airway/immune
response systems that are activated against the different external
stimuli that may initiate or trigger the disease. Whether a genetic
variation contributes to the development of asthma depends on
the role that the gene product influenced by the variation plays

in each response system. For example, in the case of DEFB1,
Levy and colleagues speculated that DEFB1 may play opposite
roles in asthma triggered by viral infection, which is predominant
in children, with respect to asthma triggered by other factors in
adults (28). In that same case, the fact that the association was
observed in female subjects but not in male subjects suggests
that different response systems may be influenced differentially
by sexual hormones and other sex-related factors.

This view of asthma is much more complex and is thus perhaps
less parsimonious and attractive (in Ockham’s razor sense that
the simplest explanation is likely to be the correct one) than the
original hope that genetic tests would allow us to identify who
is at risk of which complex disease, regardless of any other
influences. On the other hand, this view seems more in tone
with the degree of heterogeneity and unpredictability of the
expression of the disease that is evident in any asthma clinic.
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