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Findings on the atopic triad from a Danish twin registry
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SUMMARY

OBJECTIVE: To estimate to what extent the same genetic
and environmental risk factors influence asthma, hay
fever and eczema.

DESIGN: From the nationwide Danish Twin Registry, twin
cohorts born between 1953 and 1982 were contacted
for a questionnaire survey, and a total of 29 183 twin
individuals (86%) responded. Subjects were classified
as cases when responding affirmatively to three questions
about the lifetime occurrence of asthma, hay fever and
eczema. Variance components twin analysis was conducted
using maximum likelihood methods.

RESULTS: The phenotypic (within-subject) correlations in
liability between the different diseases were 0.57 (95%CI
0.54-0.59) for asthma and hay fever, 0.40 (95%CI 0.36-

0.42) for asthma and eczema, and 0.33 (95%CI 0.29-
0.36) for hay fever and eczema. Decomposition of these
correlations into their genetic and environmental con-
tributions showed that shared genes explained between
70% and 85% of the correlation between the differ-
ent diseases. The remaining parts were explained by
environmental factors shared between the diseases.
CONCLUSION: To a large extent, atopic diseases share a
common genetic background, although disease-specific
genes also play a considerable role. These results can prove
informative when counselling families with atopy, and
may furthermore be used to guide the search for pleio-
tropic genes of importance for these diseases.
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ASTHMA, hay fever and atopic dermatitis (eczema)
often occur simultaneously. In particular, a history of
eczema is a well-established risk factor for both hay
fever and asthma.! Varying with the severity of dis-
ease, up to 50% of subjects who suffer from eczema
in childhood go on to develop asthma and/or hay fever
later in life.2 Furthermore, hay fever is often associ-
ated with asthma.3 Long-term follow-up of individ-
uals with hay fever has shown that their risk of asthma
is increased by up to ten times.*

Co-morbidity between these diseases can poten-
tially be caused by common aetiological relationships,
i.e., a common genetic or environmental background.
For example, it is likely that eczema and hay fever are
precursors for asthma because they share a common
aetiology.’ However, previous studies—most promi-
nently the European Community Respiratory Health
Survey (ECRHS) and the International Study of Asthma
and Allergies in Childhood (ISAAC)—have shown
that these relationships vary considerably between
different geographical regions.5” This diversity must
be kept in mind when comparing results because a

substantial variation in genetic and environmental risk
factors between different populations may influence
their generalisability.

The classical twin study is a powerful way to exam-
ine the aetiological relationships underlying common
diseases.8 The rationale behind the classical twin study
is that identical twins share not only all their genes,
but also their upbringing and early environment. On
the other hand, besides their upbringing and early envi-
ronment, fraternal twins share only 50% of their genes.
Hence, if identical twins resemble each other more
than fraternal twins in terms of disease, genetic factors
are assumed to contribute to the development of that
disease.8 The classical twin study can be extended to
include two or more diseases simultaneously. The infor-
mation obtained from such a study can be used to es-
timate to what extent the same genetic (pleiotropy) and
environmental factors influence these diseases.8 We
studied a large population-based sample of Danish
young adult twins and used the classical twin study to
estimate to what extent the same genetic and environ-
mental factors influence asthma, hay fever and eczema.
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METHODS

Sample

The study population was recruited from the nation-
wide Danish Twin Registry and comprised twin co-
horts born between 1953 and 1982.° In these cohorts,
zygosity was established in 1991 using four questions
of similarity and mistaken identity, which have a fre-
quency of misclassification of less than 4%.10 In
1994, a total of 34076 twin individuals were sent a
questionnaire with items aimed at identifying multi-
ple phenotypes including asthma, hay fever and ec-
zema. Affected subjects were identified on the basis of
affirmative responses to the questions ‘Do you have,
or have you ever had, asthma?’ ‘Do you have, or have
you ever had, hay fever?’ and ‘Do you have, or have
you ever had, eczema in the folds of your elbows or
knees?’.!! The participation rate was 86 %, compris-
ing 29 183 subjects (12 356 twin pairs and 4471 sin-
gle responders). Among these, a total of 11231 twin
pairs had complete data on zygosity and atopic sta-
tus: 3563 identical twin pairs, 4159 fraternal twin
pairs of the same sex, and 3509 fraternal twin pairs of
opposite sex.

Statistical analysis

Odds ratios (ORs) were calculated to obtain measures
of the increased risk of a particular atopic disease in a
subject given the presence of either the same or an-
other disease within the subject, or in the subject’s twin.
These estimates can be used to crudely assess, for ex-
ample, what a subject’s own risk of asthma would be
if the subject’s twin brother or sister had hay fever,
relative to when the brother/sister is unaffected. Ac-
cording to biometrical genetic theory, a higher cross-
disease risk in identical twins compared with fraternal
twins signals, but is not proof of, a genetic relation-
ship between the diseases.8

Correlations in liability between twin pairs for the
different diseases were calculated under the assump-
tion of the multifactorial threshold model. This model
assumes that: 1) many factors (genetic and environ-
mental) contribute to the development of the disease;
2) each member of a twin pair is assumed to have in-
dividual liability, the pair of liabilities for a twin pair
being assumed to be normally distributed; and 3) as
the number of causal factors for the disorder increases
in an individual, the liability for the disease increases.
When a threshold is reached, the burden of liability
becomes so great that disease results.8 The threshold
then represents the population prevalence of that
disease and is equivalent to a Z value of the (stan-
dard) normal distribution.!? Age and sex were incor-
porated into the threshold model, allowing them to
impact on the liability thresholds according to their
degree and direction of association with the different
atopic diseases.

Latent factor models of genetic and environmental

effects were fitted to the observed data. These models
assumed that the individual susceptibility to develop-
ing the different diseases was a linear function of ge-
netic and environmental influences. Genetic influences
were partitioned into additive genetic effects (loci con-
tributing additively to disease risk, A) and non-additive
genetic effects (interacting alleles, either from the same
locus, genetic dominance, or from separate loci, epista-
sis, D). Environmental influences were divided into
shared environmental effects (environmental factors
that increase the resemblance between members of
the same family, C) and non-shared, random environ-
mental effects (influences unique to an individual, E).8
For most human traits, it is reasonable to assume that
all four sources of variance (A, D, C and E) act simul-
taneously. However, components C and D are not iden-
tified under the same model in studies that include only
twins reared together.!3 Therefore, the likelihood of
the data was determined under two different saturated
models that included components A, C and E or A, D
and E.

According to biometrical genetic theory, compo-
nents A and D are correlated 1.0 in identical twins and
respectively 0.5 and 0.25 in fraternal twins. The C
component is by definition correlated 1.0 across both
identical and fraternal twin pairs, whereas the E com-
ponent is uncorrelated between twins.8 Fixing the ap-
propriate variance components to 0 subsequently fit
nested sub-models. The difference in log-likelihood
between the saturated and the nested models pro-
vided an estimate of the significance of the contribu-
tion of the individual variance components to disease
susceptibility. As components C and D turned out not
to contribute significantly to the individual suscepti-
bility to disease, models that included only compo-
nents A and E were used to estimate the magnitude of
genetic and environmental sharing between the dis-
eases. These parameters were expressed as respectively
genetic and environmental correlations between dis-
eases, and were estimated as the additive genetic or the

Table 1 Prevalence of atopic diseases in a sample of 11231
twin pairs aged 12-41 years
Pairs  Age  Asthma Hay fever Eczema
Zygosity n years n (%) n (%) n (%)
MZ 3563 25.1 394(5.5) 788(11.1) 528(7.4)
Males 1626 253 174 (5.4) 348 (10.7) 179(5.5)
Females 1937 25.0 220(5.7) 440(11.4) 349(9.0)
DZ-ss 4159 26.8 424(5.1) 943(11.3) 532(6.4)
Males 2050 26.8 204(5.00 478(11.7) 198 (4.8)
Females 2109 269 220(5.2) 465(11.0) 334(7.9)
DZ-os 3509 273 409(5.8) 825(11.8) 451(6.4)
Males 199 (5.7) 405(11.5) 161 (4.6)
Females 210(6.0) 420(12.0) 290 (8.3)
All DZ 7668 27.1 833(5.4) 1768(11.5) 983 (6.4)
Total 11231 26.4 1227 (5.5) 2556(11.4) 1511 (6.7)

MZ = identical twins; DZ-ss = fraternal, same sex twins; DZ-os = fraternal
opposite sex twins.
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Table 2 Risk of a particular atopic disease in a co-twin of an affected twin relative to a

co-twin of an unaffected twin

Asthma
OR (95%Cl)

Eczema
OR (95%Cl)

Hay fever
OR (95%Cl)

Identical twins

Asthma 20.69 (15.08-28.38)
Hay fever 4.30 (3.20-5.56)
Eczema 3.81(2.72-5.32)

Fraternal twins

Asthma 4.24 (2.97-6.06)
Hay fever 2.00 (1.46-2.73)
Eczema 1.73(1.16-2.58)

14.28 (11.40-17.90)

2.87 (2.17-3.78) 32.98 (24.66-44.11)

3.10 (2.49-3.85)
1.4

2.49-3.
0(1.02-1.93) 5.63 (4.20-7.56)

OR = odds ratio; Cl = confidence interval.

random environmental covariance between two dis-
eases divided by the square root of the product of the
additive genetic or the random environmental vari-
ances of those two diseases, respectively.!2

A P value <0.05 was considered statistically signif-
icant. The statistical package Mx was used for the anal-
yses.1* The protocol was evaluated and approved by the
Danish National Committee on Biomedical Research
Ethics.

RESULTS

The mean age of the population was 26.4 years (range
12-41) and 52% were females. The overall cuamulative
prevalence of the three diseases was: asthma (5.5%),
hay fever (11.4%) and eczema (6.7%) (Table 1).

The diseases were significantly associated within
the same individual: asthma-hay fever, OR 8.81 (95%
confidence interval [CI] 7.58-10.23), asthma-eczema,
OR 4.82 (95%CI 4.01-5.79), and hay fever-eczema,
OR 3.25 (95%CI 2.79-3.78). The risk of a particular
atopic disease was dramatically increased in a subject
if the subject’s twin brother or sister was affected,
either by the same disease or by another. The effect
was more pronounced in identical twins compared
with fraternal twins, indicating that the three diseases
were genetically related (Table 2).

Univariate variance components analysis showed
that additive genetic factors accounted for 71% of in-
dividual susceptibility to asthma, 71% of susceptibil-

Table 3 Correlations between atopic diseases

ity to hay fever and 82% of susceptibility to eczema,
whereas the rest was ascribable to non-shared envi-
ronment. In both males and females, the same genes
influenced susceptibility to each of the three diseases
(asthma P = 0.18, hay fever P = 0.08 and eczema P =
0.63).

The results of bivariate variance components anal-
ysis are shown in Table 3. In particular, asthma was
more strongly correlated with hay fever than with
eczema, whereas hay fever and eczema were least
alike. Phenotypic (within-subject) correlations between
the different diseases were 0.57 (95%CI 0.54-0.59)
for asthma and hay fever, 0.40 (95%CI 0.36-0.42) for
asthma and eczema and 0.33 (95%CI 0.29-0.36)
for hay fever and eczema. Decomposition of these cor-
relations into their genetic and environmental contri-
butions showed that shared genes explained between
70% and 85% of the correlation between the differ-
ent diseases, whereas the remaining parts were ex-
plained by environmental factors shared between the
diseases.

DISCUSSION

This study showed that the risk of a particular atopic
disease was higher in a subject if the subject’s sibling
already had a history of any other atopic disease. Bi-
ometrical analysis indicated that these observations
were to a large extent ascribable to genetic pleiotropy,
whereas environmental risk factors shared between

Proportion of phenotypic
correlation due to$

Genetic  Environmental
Correlation* PA pet factors factors
OR (95%Cl) OR (95%Cl) OR (95%Cl) % %
Asthma-hay fever  0.57 (0.54-0.59) 0.57 (0.54-0.63) 0.58 (0.54-0.65) 70 30
Asthma-eczema 0.40(0.36-0.42) 0.43(0.36-0.50) 0.33(0.23-0.49) 81 19
Hay fever-eczema 0.33(0.29-0.36) 0.37(0.31-0.42) 0.22(0.14-0.32) 85 15

* Phenotypic (within-subject) correlation.
t Additive genetic correlation.
* Environmental correlation.

§ Percentage of the phenotypic correlation attributable to genetic and environmental factors, respectively, shared

between the diseases.
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the diseases also played a role. In particular, around
three quarters of the correlation in liability between
asthma, hay fever and eczema was attributable to the
same genetic background, while the rest was due to
environment sharing.

These results expand upon two earlier twin studies,
one in children and one in adults, which have found
that genetic susceptibility to one atopic disease is highly
shared with genetic susceptibility to another.!516 In
particular, a Swedish study of 7- to 9-year-old twins
found that genetic factors were strongly correlated
between asthma, hay fever and eczema, but that the
overlap between environmental risk factors was small.15
An Australian study of adults reported comparable
findings for asthma and hay fever.16

The genetic architecture underlying atopic diseases
is complex. In particular, the combined action of mul-
tiple genes plus environmental factors makes the pre-
diction of disease state for a given genotype difficult.
This complexity has previously been underlined in
that a number of genes seem to be important for each
of the atopic conditions, whereas other genes are as-
sociated with atopic disease or inflammation in gen-
eral.!” Our study showed that pleiotropy is important
in atopy. This information can be used to enhance gene-
mapping efforts. In particular, disregarding such in-
formation about genetic covariation between differ-
ent diseases can lead to loss of power in detecting ge-
netic linkage.!8 Multivariate genetic linkage analysis
of twin data will undoubtedly provide an attractive
means by which to study the genetics of atopy.?

Self-reported measures of disease have some inher-
ent difficulties. For example, in this study we rely partly
on recollection of past episodes of disease, which may
bias prevalence estimates downwards.2® This is impor-
tant if disease episodes lie primarily in early childhood
or if episodes are mild. However, the question regard-
ing asthma has proven to have a high specificity, and
is hence suitable for excluding false-positive cases.2!
Although this may apply, at least partly, to hay fever
and eczema, it must be kept in mind that objective
verification of disease is lacking in this study. We never-
theless believe that the increased power provided by
the large sample size is preferable in this setting com-
pared with a more precise study of a smaller sample.

Critics argue that several assumptions of twin studies
are unjustified and that results are therefore mislead-
ing.22.23 In particular, twins are said to be ‘special’, in
terms of both their intrauterine environment and their
upbringing, which means that results from twin studies
cannot be generalised to the population as a whole.22.23
Furthermore, the power of the classical twin study to
detect effects of shared environment is usually low, es-
pecially when studying small sample sizes.2* For this
reason, results of twin studies can be erroneously taken
as evidence that genetic factors alone can explain fa-
milial aggregation of disease.2’ This is particularly
important as studies from recent decades have sug-

gested that the worldwide increase in the prevalence
of atopic disease is due mainly to environmental influ-
ences.26 Lastly, variance components twin analysis usu-
ally assumes that genetic and environmental sources
of variance act additively to produce phenotypic vari-
ance,? i.e., one assumes no interaction or correlation
between genes and the environment. Ignoring these
effects, if they are in fact present, can lead to biased
estimates. However, it is important to note that our
finding of a substantial genetic impact on the suscepti-
bility to atopic disease does not preclude considerable
geographical differences in genetic and environmen-
tal risk factors, nor that environmental risk factors are
important for the overall increase in the prevalence of
atopic disease over the last decades.

In conclusion, this study indicates that to a large ex-
tent the different atopic diseases share a common ge-
netic background, although disease-specific genes also
play a considerable role. Relatives with a high degree
of genetic similarity resemble each other more than do
relatives who have a smaller proportion of their genes
in common for the different atopic diseases. These re-
sults can prove informative when counselling families
with atopy, and may also be used to guide the search
for pleiotropic genes of importance for these diseases.
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RESUME

OBJECTIF: Estimer dans quelle mesure ce sont les mémes
facteurs de risque génétiques et environnementaux qui
influencent I’asthme, le rhume des foins et ’eczéma.
SCHEMA : Deux cohortes provenant du Registre National
Danois des Jumeaux, constituées de jumeaux nés entre
1953 et 1982, ont été contactées pour une enquéte par
questionnaire et au total 29 183 jumeaux (86%) y ont ré-
pondu. Les sujets ont été classifiés comme cas lorsqu’ils
répondaient de maniere affirmative aux trois questions
concernant la survenue d’asthme, de rhume des foins ou
d’eczéma pendant ’ensemble de leur vie. On a mené une
analyse des variances des composantes des jumeaux en
utilisant les méthodes de vraisemblance maximale.
RESULTATS : Les corrélations phénotypiques (au sein de
chaque sujet) concernant le risque entre les différentes ma-
ladies a été de 0,57 (IC95% 0,54-0,59) entre I’asthme et
le rhume des foins, de 0,40 (IC95% 0,36-0,42) entre

I’asthme et ’eczéma et de 0,33 (IC95% 0,29-0,36) entre
le rhume des foins et ’eczéma. La décomposition de ces
corrélations entre leurs composantes génétiques et envi-
ronnementales a montré que les génes communs expli-
quaient de 70% a 85% de la corrélation entre les diffé-
rentes maladies. Les fractions résiduelles ont été expliquées
par des facteurs environnementaux partagés entre les
maladies.

CONCLUSION : Les maladies atopiques partagent dans
une large mesure un arriére-plan génétique commun, bien
que des genes spécifiques a chaque maladie jouent égale-
ment un rdle considérable. Ces résultats peuvent fournir
des informations lorsque ’on accompagne des familles
atteintes d’atopie et de plus, peuvent étre utilisées pour
guider la recherche de génes pleiotropiques importants
pour ces maladies.

RESUMEN

OBJETIVO : Evaluar en qué medida los mismos factores
de riesgo genéticos y medioambientales influyen sobre el
asma, la fiebre del heno y el eccema.

METODOS : Se contactaron cohortes de gemelos nacidos
entre 1953 y 1982 del registro nacional danés de geme-
los para una encuesta y se obtuvo respuesta al cuestio-
nario de un total de 29183 personas (86%). Los indi-
viduos se clasificaron como casos cuando respondieron
afirmativamente a tres preguntas sobre la aparicion de
episodios de asma, fiebre del heno o eccema durante la
vida. Los componentes de varianza del analisis de los ge-
melos se estudiaron mediante los métodos de maxima
verosimilitud.

RESULTADOS : Las asociaciones fenotipicas (dentro de
cada individuo) de predisposicion entre las diferentes en-
fermedades fueron 0,57 (IC95% 0,54 a 0,59) para asma

y fiebre del heno, 0,40 (IC95% 0,36 a 0,42) para asma'y
eccemay 0,33 (IC95% 0,29 a 0,36) para fiebre del heno
y eccema. La descomposicion de estas relaciones en sus
componentes genéticos y medioambientales demostro
que genes comunes explicaban entre el 70% y el 85% de
la relacion entre las enfermedades. La proporcion res-
tante se explicO mediante factores medioambientales
compartidos por las enfermedades.

CONCLUSION : Las enfermedades atopicas comparten en
gran medida un patrimonio genético comun, aunque tam-
bién cumplen una funcién considerable genes especificos
de cada enfermedad. Estos resultados pueden resultar
atiles en la orientacion de las familias con atopia y pueden
ademas utilizarse a fin de dirigir la busqueda de genes
pleétropos, importantes para estas enfermedades.




