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Epidemiologic studies indicate that the prevalence
of asthma and allergic disease has increased in
many countries in recent decades and that the
occurrence differs between countries and regions
(1). For example, there appears to be a higher
prevalence of atopy and asthma in Western than
in Eastern Europe (2, 3). Although hereditary
factors are important for the risk of developing
allergic disease, these results clearly show that
nonhereditary risk factors must play a dominant
role. Epidemiologic tnethodology is one of the key
elements in elucidating the causes of time trends
and geographic differences in the occurrence of
allergy. A better understanding of these causes is
crucial for adequate prevention.

In recent decades, a coherent epiderniologic
methodology has evolved. Tliis has centered on
issues such as study design efficiency in chronic
disease epidemiology, as well as understanding and
controlling bias. Unfortunately, modern epidemio-
logic methodology has been employed in allergy
research only to a lirnited extent, particularly in
comparison with applications in cancer and cardio-
vascular research. The reasons behind this dis-
crepancy remain obscure, but the result has been
wasteful allocation of resources to inefficient and
inappropriate studies, as well as delays in finding
valid explanations for the descriptive data as a basis
for preventive efforts.

There are several methodological challenges iti
epidemiologic allergy research. Here the focus will

be on issues related to analytic epidemiology;
i.e., studies aimed at assessing causes or risk factors
for disease. Primarily, three issues are discussed:
disease classification, tiieasurement of exposure,
and estitiiation of etiologic fraction. Tlie etiologic
fraction, which is sometimes referred to as attribut-
able proportion or attributable risk, denotes the
proportion of disease in a population which is ex-
plicable by (or caused by) a certain risk factor (4).
Consequently, it indicates the proportion of disease
that would not have occurred had the risk factor
been absent. This is a most useful measure for
assessment of the public health impact of various
risk factors atid for prioritizitig of preventive activi-
ties in different populations.

Classification of disease
Disease definition remains a particular probletn in
allergy research. Unlike many other fields, clear
and unifortii diagnostic criteria have long been
lacking. Tlierefore, the successful efforts to coordi-
nate multinational collaborative projects on asthma
in childien and adults constitute an important
achievement (5, 6). Generally, it is not feasible to
assess the occurrence of allergic disease from regis-
ters, such as hospital discharge registers, because
many subjects with tnilder symptoms may not come
into contact with a hospital or a doctor. Instead,
population-based studies are required, often com-
bining traditional questionnaire rnethodology with
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laboratory tests. When time trends are evaluated,
it is essetitial that the methods and criteria for
diagnosis be identical on the different study occa-
sions, even with regard to season (7). For example,
questionnaire surveys performed several years
apart indicate that the prevalence of respiratory
symptoms in children consistent with asthma has
increased in several parts of the world (8-10).
Similar trends have been reported for hospital
admissions (11-13), but the evidence is not con-
sistent (14, 15). Changes in treatment and access
to hospital care complicate the interpretation of
data on hospital admissions (13, 16). Furthermore,
modification of diagnostic criteria can be a problem
for assessment of time trends (17). To enhance
comparability between studies, authors have sug-
gested that asthma be defined as symptomatic
bronchial hyperresponsiveness (18). However, it is
evident that many wheezing children do not show
bronchial hyperresponsiveness to histamine, and
some children do not wheeze but show histamine
bronchial hyperresponsiveness (19).

In designing the instruments to define those with
disease, it should be realized that the requirements
may be quite different in descriptive and analytic
studies. For example, in a descriptive study, it is
often desirable to have a high sensitivity of the
methods to identify subjects with disease. On the
other hand, a poor sensitivity will have no major
impact on the estimate of the association between
exposure and disease, as described with the relative
risk, provided the sensitivity in finding those
with disease is independent of exposure. This is
illustrated in Table 1, with a hypothetic example
assuming different types of disease misclassifi-
cation. The cumulative incidence is 5% in the
unexposed group and 10% in the exposed group.
Without disease misclassification, this gives a rela-
tive risk (rate ratio) of 2. An underdiagnosis (sensi-
tivity 0.5) does not affect the risk estimate.
Unfortunately, a high sensitivity of diagnostic tests
is often accompanied by difficulties in obtaining
high specificity, a situation which implies that false
positives may appear. This will generally have
severe dilution effects on the relative risk estimates.
In the example, only a small drop in specificity to
0.95 results in an observed relative risk of 1.5,
instead of the true risk of 2. Thus, in epidemiologic
studies of etiologic relationships, the specificity of
the methods to identify those with allergic disease
is often more important than the sensitivity.

Exposure assessment
Epidemiologic studies of analytic type often suffer
from problems in obtaining accurate information
on exposure. Imprecise exposure data will generally

Table 1. Effects on relative risk by nondifferential misclassification of disease"

No. of cases

No misclassification

(sensitivity = 1.0, specificity = 1.0)

Underdiagnosis

(sensitivity = 0.5, specificity = 1.0)

Qverdiagnosis

(sensitivity = 1.0, specificity = 0.95)

Exposed

500

250

750

Unexposed

250

125

500

Relative risk

2.0

2.0

1.5

° Cohort size of 10000 is assumed, together with cumuiative incidence of 5%

among unexposed. Relative risk associated with exposure is 2. and 50% of cohort

is exposed.

lead to dilution effects; i.e., the observed associ-
ations are weaker than the true (20). Particular
problems arise when the exposure is variable and
long time periods are of interest, as is often
the case for studies on environmental causes of
allergy. For example, most studies on environ-
mental risk factors and asthma are of cross-
sectional design. This is mainly explained by the
high efficiency of this design for diseases with a low
incidence but comparatively long duration, result-
ing in a high prevalence. If coupled with the ability
to obtain inforrnation on exposure and disease at
the same time, the cost-effectiveness is further
enhanced. The evidence is not wholly consistent
regarding an association between current allergen
levels indoors and sensitization to house-dust mites
and furred animals or symptoms of asthma on an
individual basis (21-24). Dilution of the associ-
ation because of difficulties in assessing long-term
exposure may have contributed to these results.
Obviously, effect modification by other factors,
such as individual susceptibility and exposure to
adjuvants, is also important and must be adequately
controlled to determine the role of allergen expo-
sure.

Biologic markers may sometimes be useful in
estimating exposure. One advantage is the ability
they offer to assess the total exposure from various
sources and environments. For example, exposure
to environmental tobacco smoke can be estimated
via deterrnination of cotinine in blood, saliva, or
urine. Furthermore, this avoids bias from mis-
reporting. A major disadvantage is the difficulty in
assessing long-term exposure with biologic markers.
The half-life of cotinine is only about 20 h (25), and
this means that a single measurement represents
exposure only during the last few days before
samphng. Several studies have shown a clear associ-
ation between urinary cotinine and wheezing bron-
chitis or asthma in children (26-29). However, it
was also indicated that this biologic marker offered
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no major advantage over the traditional question-
naire technique (29).

It tnay sotnetitiies be useful to assess the quality
of the method for acquisition of exposure informa-
tion in a study. Tliis is often feasible in a subsatnple
of the whole study population. When the sensitivity
and specificity of the exposure tneasure are known
or may be estimated, it is possible to adjust the
observed relative risk to account for nondifferen-
tial tTtisclassification of exposure (30). Substantial
efforts have been devoted to assesstnent of the
quality of different methods for estimating dietary
intake and exposure to ionizing radiation (31, 32).
Tliis infortiiation has also been used to adjust
observed measures of association for random errors
in the exposure assessment. With regard to indoor
factors and allergy, the work on residential radon
exposure is of particular interest. A recent report
has suggested that the true risk estimates for lung
cancer related to residential radon exposure were
about 50-100% higher than the observed (33),
although the original epidemiologic study used a
very extensive rnethodology to estimate exposure,
involving retrospective radon measurernents in
homes extending over several decades for more
than 4000 study subjects (34). It is not clear
whether adjustment for exposure misclassification
has been attempted in any studies on environ-
mental risk factors and allergy.

Misclassification of exposure is generally inde-
pendent of disease status in cohort studies - so-
called nondifferential misclassification - indicating
that mainly attenuation of associations between
exposure and health effects should be considered.
However, in cross-sectional studies and case-con-
trol studies, the rnisclassification of exposure may
be differential between those with and without
disease. For example, subjects with allergy may
overreport certain exposures, such as indoor mold
growth (35). A particular probletn may arise in
studies on allergy because avoidance measures
have been taken pritiiarily by subjects with disease
(36). Conscious or subconscious misreporting rnay
also occur even without actual avoidance, such as
misleading information on tobacco smoking and
furred pets in the household, as a result of preven-
tive pressures. Cross-sectional studies are of major
concern in this respect. The information on expo-
sure in such studies is often obtained long after the
onset of disease, with ample time to tnodify expo-
sure. For exarnple, in one study, the reported
prevalence of respiratory allergy and symptorns
was lower among children of current pet owtiers
than among children of parents who did not own
pets (37). However, a different picture emerged
when retrospective infortiiation was taken into
account. Tlie highest prevalence of pet allergy.

lower respiratory symptoms, and doctor-diagnosed
asthma was found in children who had once had
pets, particularly cats, but no lotiger had them. It
may not be sufficient to ask about earlier exposure,
as it has been shown that those who have changed
their behavior tend to report earlier habits as being
more similar to recent habits than had been
reported earlier (38, 39).

It appears prudent to recomtnend that cross-
sectional methodology be avoided in analytic
allergy research unless lotigitudinal recall bias can
be excluded, or exposure is constant and objective
measurements are available. Caution is also neces-
sary in case-control studies, although recall bias
may be less pronounced than in cross-sectional
studies because of a shorter time between acquisi-
tion of exposure information atid disease otiset.
Although resource-consuming, prospective cohort
studies are generally best suited for elucidation of
risk factors for developtiient of allergy (40, 41). A
cornbination of cohort and case-control metho-
dology may be feasible in certain situations, so-
called nested case-control studies. In such studies,
information on exposure is obtained for all study
subjects before disease onset but is analyzed only
for cases and controls. Tliis is particularly efficient
when the costs for analysis are high in cotnparison
to those for storage, as is often the case for
environmental and biologic samples.

Intervention studies are sometimes performed to
elucidate causal relationships in allergy research
(42-45). This has advantages in relation to control
of certaiti types of bias. However, intervention
studies are often characterized by poor efficiency,
and application is primarily restricted to high-risk
groups.

Etiologic fraction
A major advantage of epidemiologic studies is the
opportutiity to estimate the fraction of disease in
the population that is caused by a certain exposure,
the etiologic fraction. One prerequisite, however,
is that the study be population-based. Tliis is often
tiot the case wheti high-risk groups, such as subjects
with atopie heredity, are studied, or when the
recruittiient is hospital-based. High nonresponse
rates may also comprotnise the ability to estitiiate
exposure occurrence in the population, which is
crucial for assessment of the etiologic fraction. On
the other hand, nonresponse in recruitment of
study subjects is of less concern in estitiiating
relative risks; i.e., the risk of disease associated with
a certain exposure in relation to the risk among the
unexposed. This risk may be correctly ascertained
in a study group even if the exposure is not
representative of the whole population. An ana-
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logy can be made with animal experiments. No one
would claim that a group of rats under study must
be representative of rats in general, but rather that
the experimental conditions must be carefully con-
trolled to avoid bias and that all included animals
must be followed up in detail. The situation is
similar in analytic epidemiology. It is more impor-
tant to select a study group where bias can be
rninimized and all individuals followed up than to
strive for representativeness. Obviously, the gener-
alization of epidemiologic findings on disease eti-
ology to other populations tends to be tnuch less
of a problem, even if special groups have been
studied, than when the evidence is based on animal
experiments. However, if the aim is to estimate the
etiologic fraction, information on exposure occur-
rence in the relevant population must also be
obtained. This may done in a separate study based
on a representative sample.

In a population-based epidemiologic study, it is
possible to estimate both the exposure occurrence
in the population and the risks associated with this
exposure. For example, a recent study in Stockholm
enabled estimation of the etiologic fraction associ-
ated with different risk factors for wheezing bron-
chitis or asthma in children up to 4 years of age
(46). Table 2 shows that parental smoking, a brief
period of breast-feeding, and pets in the household
are important risk factors. The results are in general
agreement with other similar studies from the same
area (36, 47). This points to a substantial potential
for primary prevention. It should be noted that the
etiologic fraction for different risk factors cannot
be summarized in a simple manner to get an overall
estimate, primarily because interactions between
risk factors have to be taken into consideration.

Tlie concept of etiologic fraction clearly illus-
trates that risk factors associated with modestly
elevated relative risks may also be important from
a public health point of view if large population
groups are exposed. Iti the interpretation of studies
with modestly elevated relative risks, it is essential
to distinguish between inconclusive and negative
evidence (48). Several criteria have to be met if an

Table 2. Etiologic fraction associated with some risk factors for wheezing bronchitis

or asthma in children up to 4 years of age from Stockholm'

Risk factor

Prevalence of

exposure (%)

Relative Etiologic

risk fraction |%)

Parental smoking

Short breast-feeding period

( < 3 months)

Pets in household''

45

34
27

1.8

1.B
1.4

27

16
10

' Modified from Rylander et al. (46).

' Dog, cat, rodent, or bird.

investigation is to be interpreted as negative. The
observed relative risk should lie close to unity with
a narrow confidence interval, a fact which neces-
sitates a large study size. Furthermore, the expo-
sure information must have a high precision, and
negative confounding effects should be adequately
controlled for. It is difficult to fulfill all these
criteria simultaneously; therefore, conclusively nega-
tive epidemiologic studies are rare. Unfortunately,
we still find that studies of limited size and/or using
crude exposure measures are erroneously regarded
as "negative", because the associations do not
reach statistical significance, when the results
should rather be considered "inconclusive".

Conclusion
There is a great potential for advances in the
understanding of important determinants of allergy
by modern epidemiologic methodology. However,
clear and uniform diagnostic criteria with broad
implementation are needed. In analytic epidemi-
ology, more emphasis should be given to the speci-
ficity of the disease measures thati to the sensitivity.
Longitudinal studies are particularly useful for
elucidation of etiologic relationships. The risks of
differential misclassification of exposure in epidemi-
ologic studies on allergy argue in favor of prospec-
tive designs. Population-based studies are required
to assess the etiologic fraction, which is an impor-
tant measure for setting priorities in prevention.
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