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ABSTRACT: The aim of the present study was to examine the genetic and environmental

contributions to the individual differences in susceptibility to asthma, eczema and rhinitis in

childhood and their role in the association among these conditions.

Information on asthma, eczema and rhinitis was obtained by parental report. Parents were

asked whether a physician had ever diagnosed the condition. Complete data were available for

8,633 5-yr-old twin pairs born between 1986 and 1998.

The frequency of parentally reported asthma, eczema and rhinitis was 8.7, 16.8 and 4.4%,

respectively, and was higher in males than females. Genetic factors accounted for ,90% of the

variance in the susceptibility to asthma, eczema and rhinitis. The magnitude of genetic factors did

not differ between males and females. The remaining part of the variance was explained by

environmental factors not shared by family members. The phenotypic correlations between

parentally reported asthma, eczema and rhinitis were moderate and mainly mediated by the same

genetic factors.

The high heritability and the limited influence of shared environmental factors may point to gene

x environment interactions. Future research should focus on this type of interaction processes.
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O
ver recent decades the prevalence of
asthma and allergic diseases has
increased substantially [1]. These dis-

eases often start in childhood, have a chronic
character and can have a considerable impact on
the quality of life and well-being of children [2].
Although many twin studies showed that genetic
factors play an important role in the development
of asthma [3], several issues remain worthy of
study. First, most studies reported on the genetics
of asthma, but the genetics of eczema and rhinitis
are less well studied. Secondly, most twin studies
were carried out in adolescents and adults.
Thirdly, the aetiology of the association between
asthma, eczema and rhinitis in very young
children has not previously been studied.

To derive the genetic and environmental con-
tribution to complex diseases, the twin design is
powerful [4]. The general result from twin
studies is that asthma is a highly heritable trait.
Approximately 70% of the variance in liability to
asthma is explained by genetic factors [5–11]. If
there were sex differences in genetic factors, then
the influence of genetic factors was usually lower
for females than males. Another consistent find-
ing from twin studies is that the environment
shared by family members does not contribute to
the variation in susceptibility to asthma. Only

environmental influences not shared by family
members play a role. In the light of the increasing
rate of asthma during recent decades, this minor
role of environmental factors seems remarkable,
as the time period of two decades is simply too
short for changes to occur in allele frequencies in
genes that could account for the increasing rate of
asthma.

In contrast to asthma, the heritability of hay fever
and eczema has not often been studied. In a
sample of Norwegian twins aged 18–35 yrs,
genetic factors accounted for ,72 and 68% of
the variance in liability to eczema and hay fever,
respectively [10]. In a Finnish sample of adoles-
cent twins, genetic factors accounted for 74–82%
of the variance in liability to hay fever [12]. In
children aged 7–9 yrs, the heritability for hay
fever was 0.33 for males and 0.70 for females, and
the heritability for eczema was ,70% for both
boys and girls [9].

Several studies provided evidence that asthma
and related diseases tend to cluster within families
and that overlapping genes may play a major role
in this clustering of diseases [5, 9, 13, 14].
However, only a few studies have used structural
equation modelling to estimate the extent to which
the same genes contribute to association between
asthma and related diseases [5, 9].
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In the present study, susceptibility to asthma, eczema and
rhinitis was assessed by parental report in a large sample of 5-
yr-old Dutch twin pairs. The first aim was to examine the
genetic and environmental contributions to variance in
susceptibility to parentally reported asthma, eczema and
rhinitis. The second aim was to estimate the extent that shared
genes and/or environments contribute to the comorbidity of
asthma, eczema and rhinitis.

METHOD
Participants and measures
The data presented in the current paper come from a
longitudinal study, which examines the genetic and environ-
mental influences on the development of behavioural and
emotional problems in twins from birth onwards. The twin
families are volunteer members of the Netherlands Twin
Register (NTR), established by the Dept of Biological
Psychology at the Free University in Amsterdam
(Amsterdam, The Netherlands) [15]. From 1987 onwards, the
NTR has recruited families with twins a few weeks or months
after birth. Currently, 40–50% of all multiple births are
registered by the NTR. For the present study, data were
included that were obtained by questionnaires mailed to
parents of 5-yr-old twin pairs born between 1986 and 1997.

Parents were asked to report (yes/no) whether a physician had
ever diagnosed the following conditions: asthma, eczema, hay
fever or rhinitis. A child was defined as affected by one of the
specific conditions when the item was positively answered.
Children with hay fever or allergic rhinitis were considered as
cases for ‘‘rhinitis’’.

For 1,218 same-sex twin pairs, zygosity was based on blood
(n5407) or DNA (n5811) group polymorphisms. For the
remaining twins, zygosity was determined by questionnaire
items about physical similarity and frequency of confusion of
the twins by family and strangers [16]. If zygosity was missing,
the zygosity status was determined by items from surveys sent
on other ages. This left 16 twin pairs without information on
zygosity. Complete data were available for 1,349 monozygotic
(MZ) male twin pairs, 1,461 dizygotic (DZ) male twin pairs,
1,592 MZ female twin pairs, 1,387 DZ female twin pairs and
2,844 opposite-sex (OS) twin pairs.

Data analysis
Prevalence
Prevalence rates were estimated using Mx [17], a structural
equation modelling package, in order to obtain unbiased
estimates for data assessed in family members. Likelihood-
ratio Chi-squared tests were used to examine the significance
of sex and zygosity on differences in prevalence.

Genetic analysis
The relative contribution of genetic and environmental factors
to variance in susceptibility to complex diseases, such as
asthma, can be inferred with data from genetically related
subjects, such as MZ and DZ twins. The twin method
compares the resemblance for a certain trait in MZ twin pairs,
who are genetically identical, with the resemblance in DZ
pairs, who share on average 50% of their segregating genes.
The twin method assumes that MZ and DZ twin pairs share
their family environment to the same extent. If the MZ

resemblance, often expressed in correlations, is twice as large
as the DZ resemblance, the trait is influenced by genetic factors
since the only difference between the two zygosity groups is in
genetic relatedness. If the DZ correlation is the same as or
larger than half the MZ correlation, then a trait is influenced by
shared environmental factors. Shared environmental factors
include experiences due to growing up in the same family (e.g.
exposure to the same smoking behaviour of parents) but also
due to in utero experiences. Any true differences, free from
measurement error, between MZ twins are attributable to their
non-shared environment. Non-shared environmental influ-
ences denote experiences that affect only one of the twins.

For dichotomous variables, tetrachoric correlations can be used
to index twin similarity. This is the correlation between twins
for an underlying, continuously distributed trait that is often
called the ‘‘liability’’ or ‘‘susceptibility’’ to disease. It is
assumed that many genes and environmental influences affect
susceptibility, resulting in its normal distribution. A threshold
on the susceptibility distribution divides the population into
affected and unaffected subjects [17, 18]. The threshold,
expressed as a z-value of the normal distribution, is inferred
from the prevalence of the disease in the sample.

With structural equation modelling, the influence of additive
genetic effects (A), dominant genetic factors (D), shared or
common environment effects (C) and non-shared environ-
mental (E) factors [4] on variation in susceptibility can be
estimated. The modelling procedure starts with a model with
A, C and E factors (ACE full model) or A, D and E factors
(ADE full model). The significance of A, D, C or E can be tested
by omitting them from the model. A significant decrease in
goodness-of-fit implies that the omission is not allowed and
the factor contributed significantly to the variance of the trait.
Sex differences in genetic architecture were tested by con-
straining the parameters that represent the influence of A, D, C
or E to be equal across sex. Again, if the goodness-of-fit
deteriorates significantly then the constraint is not allowed and
there are significant sex differences in genetic and/or
environmental influences. Goodness-of-fit statistics obtained
for the different models were compared with likelihood-ratio
Chi-squared tests. Mx jobs for the genetic analyses were
obtained from the Mx library [19].

To estimate the genetic and environmental influences on the
association of asthma, eczema and rhinitis, cross-twin, cross-
trait correlations (e.g. asthma in one twin and allergy in the
other twin) in MZ and DZ twin pairs were used. If there is an
overlap of genes for asthma and eczema, it is expected that the
cross-trait, cross-twin MZ correlation will be higher than the
cross-trait, cross-twin DZ correlation. Shared environmental
influences to the co-occurrence of diseases are suggested if the
DZ correlation is larger than half the MZ correlation. To
estimate the genetic and environment influences on the
association between asthma, eczema and rhinitis, a bivariate
genetic model was applied to the data [20]. The model
provides estimates of the extent to which shared genetic
factors and/or environmental factors contribute to the pheno-
typic correlation. If the genetic correlation (r(g)) is 1, then the
same genes influence both diseases. A correlation of 0 indicates
that each disease is affected by a different set of genes. To
estimate what proportion of the phenotypic correlation
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between asthma, eczema and rhinitis is due to genetic factors,
the genetic correlation was weighted by the square roots of the
heritabilities of the traits and divided by the phenotypic
correlation.

RESULTS
Prevalence
Table 1 provides a summary of the characteristics of the
sample according to sex and birth cohort. The prevalence of
asthma, eczema, and rhinitis was higher for males than females
(asthma: DChi-squared549.62, D degrees of freedom (d.f.)51,
p,0.001; eczema: DChi-squared512.97, Dd.f.51, p,0.001;
allergy: DChi-squared532.90, Dd.f.51, p,0.001). Within each
sex, the frequency of asthma, eczema and rhinitis was not
different in MZ and DZ twins (asthma: DChi-squared51.90,
Dd.f.52, p50.39; eczema: DChi-squared53.79, Dd.f.52,
p50.15; allergy: DChi-squared50.07, Dd.f.52, p50.96).

Genetic analysis
The present authors first explored whether the twin correla-
tions for asthma, eczema and rhinitis were different among
full-term born twins (o37 weeks), pre-term born twins (o32
and ,37 weeks) and very pre-term born twins (,32 weeks).
As prevalence differences were observed for asthma between
very pre-term twins (15.5%) and full-term twins (7.2%), it is
possible that the aetiology explaining the variance in suscep-
tibility to asthma differs across these groups. A different
pattern of MZ and DZ correlations may point to a different
underlying aetiology. As shown in table 2, the difference
between MZ and DZ twin correlations of asthma and rhinitis
in the very pre-term group was smaller than the difference
between the MZ and DZ correlations in the pre-term and full-
term twins. Constraining the DZ correlation to be equal in the
very pre-term to that of the twins born after 32 weeks resulted
in a significant deterioration of the fit for asthma (DChi-
squared53.94; Dd.f.51; p50.047) but not for rhinitis (DChi-
squared51.93; Dd.f.51; p50.165). These results could indicate
that for the very pre-term twins, both C and A factors
contribute to variance in susceptibility to asthma, while for
twins born after 32 weeks only genetic influences are
suggested. However, structural equating modelling did not
demonstrate the significance of C in the very pre-term group.
The detection of C in the classical twin design requires large

samples and it is likely that the number of twins was too small
to draw any firm conclusion about C. Since the present study is
ongoing, it is hoped that its sample size can be extended in the
future, which may lead to a decisive answer to the question
whether the genetic and environmental contribution to asthma
and rhinitis is different in very pre-term children. For the
present analyses, the very pre-term twins were excluded
(n5363) from further genetic analyses.

Table 3 gives the phenotypic correlations between asthma,
eczema and rhinitis, the twin correlations, and the cross-twin,
cross-trait correlations. For all three conditions, the MZ
correlations were higher than the DZ correlations, suggesting
genetic influences. The results of the univariate genetic
analyses are presented in table 4. The analyses revealed no
sex differences in genetic influences for asthma, eczema and
rhinitis. Additive genetic factors accounted for the most part of
the variance in liability to asthma (h2595%) and to rhinitis
(h2591%). Heritability (h2) refers to the percentage of variance
explained by genetic differences between individuals. The
remaining part of the variance was explained by non-shared
environmental factors. For eczema, an ADE model was the best
fitting model; this indicated that a large part of the variance in
susceptibility of eczema could be explained by genetic factors
(84%), but that both additive (35%) and dominant (49%)
genetic factors were important.

Based on the univariate results, which suggested no sex
differences in heritability and no evidence for shared environ-
mental effects, bivariate analyses were performed without sex
differences in estimates for A and E; shared environmental
factors were not included in the analyses. For eczema, a genetic
dominance factor was included in the model. The phenotypic
correlation of the first born twin (with the correlation for the
second born twin in parentheses) between asthma and eczema
was 0.348 (0.357); between asthma and rhinitis, 0.517 (0.475);
and between eczema and rhinitis, 0.375 (0.391). The structural
equation modelling revealed that both genetic and environ-
mental factors contributed to the phenotypic correlations of
asthma, eczema and rhinitis. The extent to which the same
genes contribute to phenotypic correlation was estimated at
0.55 for asthma and eczema, at 0.47 for asthma and rhinitis,

TABLE 1 Distribution of asthma, eczema and rhinitis
across males and females and across birth
cohort

Cohort Asthma Eczema Rhinitis

Males Females Males Females Males Females

Subjects n 8807 9135 8781 9152 8665 9035

1986–1989 6.5 4.0 16.4 14.8 6.6 4.5

1990–1992 8.9 7.3 17.1 16.7 5.3 3.4

1993–1995 12.9 8.0 18.6 15.4 5.9 3.6

1996–1998 11.7 9.0 18.5 16.6 4.5 3.7

Total 10.2 7.2 17.7 15.9 5.6 3.8

Data are presented as %, unless otherwise stated.

TABLE 2 Twin correlations separately for very pre-term,
pre-term and full-term pregnancies

MZ DZ

Very pre-term (,32 weeks) n 146 217

Asthma 0.92 0.65

Eczema 0.88 0.36

Rhinitis 0.97 0.74

Pre-term (o32 weeks and ,37 weeks) n 1089 1806

Asthma 0.91 0.36

Eczema 0.86 0.21

Rhinitis 0.97 0.52

Full-term (o37 weeks) n 1706 3669

Asthma 0.91 0.43

Eczema 0.83 0.33

Rhinitis 0.93 0.53
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and at 0.62 for eczema and rhinitis. These correlations also
emphasised the importance of unique genetic factors for each
condition. The extent to which the same environmental factors
overlap was estimated at 0.18 for asthma and eczema, 0.73 for
asthma and rhinitis, and 0.39 for eczema and rhinitis. The last
two entries of table 4 show the proportion of the phenotypic
correlation that is due to same genetic and same environmental
factors. It shows that the phenotypic correlation between
asthma–eczema, asthma–rhinitis and eczema–rhinitis was
mediated mainly by genetic factors.

DISCUSSION
In the present study, the genetic effects of parentally reported
asthma, eczema and rhinitis have been explored in a large
group of 5-yr-old children covering birth cohorts from 1986–
1998. The prevalence of asthma, eczema and rhinitis was 10.2,
17.7 and 5.6%, respectively, for males and 7.2, 15.9 and 3.8%,
respectively, for females. Genetic factors accounted for a
large part of the variance in susceptibility to asthma, eczema
and rhinitis, and the influence of these factors were of the
same magnitude for males and females. The influence of
environmental factors was small (6–14%) and factors were
non-shared between twins. The phenotypic correlations
among the three diseases were moderate and the overlap
between the diseases was mainly due to overlapping genes.
Before the findings of the present study are further interpreted,
it should be mentioned that the parental report of asthma and
related conditions, and not a clinical assessment, is relied

upon. The present findings should be seen in the light of this
limitation.

The parentally reported frequency of asthma (10.2% for males
and 7.2% for females) was higher than the prevalence of
asthma obtained by registration of the general practitioners in
the Netherlands (6% for males and 4.2% for females) [21]. In
the light of this findings, it could be questioned whether the
twins are representative for the general population. However,
several explanations are possible to account for these prev-
alence differences. In the present study, the frequency of
asthma, eczema and rhinitis was based on parental report, in
which the question asked was: ‘‘Had the child ever had doctor-
diagnosed asthma since birth?’’ Thus, the question involved
a larger time span than the 1 single year in which the
registration by the physician is based. In addition, it is a
consistent finding that the prevalence of asthma and related
conditions obtained by self-report is higher than the prev-
alence reported by the physicians [22]. The prevalence of
asthma and eczema in the present study are comparable to
other studies based on parental reports of asthma in 4–6-yr-old
Dutch children [23], with a prevalence aged 17.7% for skin rash
ever in life reported for Dutch children aged 7–12 yrs [24].
Nevertheless, that twins may form a special population
cannot be excluded. The percentage of pre-term births is
higher in twin than in singleton births. In addition, it is known
that babies who are born prematurely may have an increased
risk for lung damage, which in turn may increase the
sensitivity of developing asthma [25]. Conversely, there also
is evidence that the prevalence rate of asthma may simply be
lower in twins than in singletons since growing up with a co-
twin increases the chance of exposure to infections in early life,
which in turn protects against the development of allergic
diseases [26, 27].

In the present study, the authors obtained a heritability of
,90% for parentally reported asthma, eczema and rhinitis.
This high heritability corresponds to the general finding of
large genetic influences for asthma, but the heritability is
somewhat higher than the general finding of 70%. The fact that
most research of asthma is carried out in adolescents and
adults may explain this difference. Adolescents and adults
may be exposed to a wider range of environments than young
twins and, as a result, the relative environmental influences
may be larger in adolescents. A high heritability could also be
the result of violation of the assumption of equal environment
for MZ and DZ twins. If MZ twins experience more equal
environments than DZ twins, then the influence of genetic
factors could be overestimated. It seems unlikely that the
exposition to risk factors is more similar for MZ than for DZ
twins in 5-yr-old twin pairs who grow up in the same home.
The influence of genetic factors may be overestimated as a
result of the parents’ expectations regarding the MZ twin’s
resemblance. If this expectancy effect plays a role, then it
would be expected that the twin correlations will be different
between twins who were correctly classified as MZ twins and
who where misclassified. The present findings do not suggest
any parental bias. In a group of 214 MZ twin pairs
misclassified by their parents, the twin correlations for asthma,
eczema and rhinitis were also very high (0.86, 0.77 and 0.92,
respectively, for asthma, eczema and rhinitis).

TABLE 3 Twin correlations, cross-trait correlations and
cross-trait, cross-twin correlations for asthma,
eczema and rhinitis across zygosity and sex
groups

MZM DZM MZF DZF OS-mf OS-fm

Twin pairs n 1286 1394 1509 1343 1392 1346

Twin correlations

Asthma 0.89 0.37 0.92 0.47 0.40 0.44

Eczema 0.83 0.27 0.85 0.32 0.24 0.36

Rhinitis 0.93 0.55 0.97 0.37 0.61 0.54

Within-twin,

cross-trait

correlations

Asthma–eczema 0.45 0.34 0.37 0.33 0.35 0.28

Asthma–rhinitis 0.48 0.48 0.49 0.52 0.44 0.52

Eczema–rhinitis 0.38 0.43 0.37 0.35 0.32 0.41

Cross-trait,

cross-twin

correlations

Asthma–eczema 0.43 0.05 0.34 0.18 0.09 0.06

Asthma–rhinitis 0.38 0.21 0.43 0.28 0.19 0.18

Eczema–rhinitis 0.35 0.17 0.35 0.15 0.25 0.15

MZM: monozygotic male twin pairs; DZM: dizygotic male twin pairs; MZF:

monozygotic female twin pairs; DZF: dizygotic female twin pairs; OS-mf:

opposite sex twin pairs, with male as the first born and female as the second

born; OS-fm: opposite sex twin pairs, with female as the first born and male as

the second born.
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In agreement with other twin studies of asthma, the present
results do not provide evidence for the influence of shared
environmental factors. Thus, the fact that twins grow up in the
same house and experience the same environmental risk
factors does not seem to contribute to the variance in
susceptibility to asthma. These findings seem to be in conflict
with studies that suggested environmental risk factors, such as
parental smoking, number of siblings and air pollution, for the
increase of asthma during recent decades.

The lack of evidence for shared environmental factors could be
explained by gene–environment interactions. It is likely that
environmental risk factors trigger asthma only in persons with
a larger genetic susceptibility for allergic and asthmatic
diseases [28]. In a twin design, it is not possible to distinguish
an interaction between genotype and shared environmental
factors from genetic effects. There is some evidence for the
possibility of gene–environment interactions for asthma and
related diseases [29, 30]. These studies reported that the
linkage results depended on the kind of environment to which
the patient was exposed as a child. Evidence for linkage
between certain chromosomes and asthma were only found for
persons who where exposed to cigarette smoke in early
childhood. Thus, certain genes may be expressed only when
the person is exposed to certain risk factors. These results

clearly show the need for inclusion of the environmental
information in genetic studies of asthma and related diseases.

An important question posed in the present study was to what
extent the same genes play a role in asthma, eczema and
rhinitis. The genetic correlations ranged from 0.47 (asthma–
rhinitis) to 0.62 (rhinitis–eczema), meaning that some common
genes play a role in more than one disease. It is noteworthy
that the genetic correlations were ,1; thus, there were also
genetic influences unique to each disease. These results of the
present study agree with those of LICHTENSTEIN and
SVAERTENGREN [9], who examined asthma, eczema and hay
fever in 7–9-yr-old twins. In their study, the genetic correlation
between asthma and hay fever was 0.90; between asthma and
eczema, 0.35; and between hay fever and eczema, 0.73.
Although the sizes of the genetic correlations differ from the
present study’s correlations, in both studies the phenotypic
correlations were found to be mainly genetically mediated.

In conclusion, the present study has shown that additive
genetic factors contributed to the variance of susceptibility to
asthma, eczema and allergy in 5-yr-old twins. The lack of
shared environmental influences on the variability of asthma
and allergic diseases may point to the importance of gene–
environment interactions. Therefore, future studies should

TABLE 4 Model fitting results of genetic analyses#

Asthma Eczema Rhinitis

Full model ACE ADE ADE

Single trait analyses

DChi-squared value

Sex differences" 1.386 0.408 0.905

Drop C (D)+,1 0 18.627e 0

Parameter estimates % (95% CI)

A2 91 (82–93) 35 (13–57) 95 (78–97)

D2 49 (26–72 )

E2 9 (6–13) 16 (13–20) 5 (3–8)

Bivariate trait analyses

Asthma and eczema

rg 0.55

re 0.18

Asthma and rhinitis

rg 0.47

re 0.73

Eczema and rhinitis

rg 0.62

re 0.38

Phenotypic correlation explained by genetic and environmental

factors %

Genetic 82 88 96

Environmental 18 12 4

#: the genetic model includes additive genetic factors (A), common environment (C), genetic dominance (D) and unique environmental (E) influences on liability to

asthma, eczema and rhinitis. CI: confidence interval; a2, d2 and e2: estimates giving the percentages of variance explained by additive genetic, dominant genetic and

unique environmental influences; rg and re: parameter estimates giving the genetic and environmental correlation between two traits. ": D degrees of freedom (d.f.)52; +:

Dd.f.51; +: the AE model omits C or D from the model (if the increase in Chi-squared value is significant, this indicates the significance of this parameter); e: significant

increase in Chi-squared value.
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focus on the importance of the interplay between genetic and
environmental factors.
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