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GINIplus and LISAplus. Design and
selected results of two German birth co-
horts about natural course of atopic dis-
eases and their determinants

The increasing prevalence of asthma, hay
fever, and allergic sensitization in Western
Germany after east-west division in 1949
and their rapid increase in East German chil-
dren after re-unification in 1990 are strong
indications for the role of life-style and/or
environmental factors in the development
of atopic diseases. Obviously, the perinatal
period is crucial for priming the immune sys-
tem. Therefore, explorations of determinants
of atopic diseases need pregnancy or birth
cohorts as the most appropriate epidemiolog-
ical study designs. This review presents the
design and selected results of the two Ger-
man birth cohorts GINIplus and LISAplus.
GINIplus and LISAplus recruited 5.991 and
3.097 healthy, term newborns, respectively,
from Munich, Wesel, Leipzig, and Bad Hon-
nef. Approximately 55% could be followed
for the first 10 years. We analyzed the natu-
ral course of atopic diseases and the role of
life-style, environmental, and genetic factors
for disease onset, intermediate phenotypes,
and genes involved in detoxification and oxi-
dative stress. The results of these two large
birth cohorts contributed substantially to the
understanding of atopic diseases and their
determinants.

Introduction

The development of atopic diseases, such
as eczema, hay fever, and asthma, has been
understood to be the consequence of a com-
plex interaction of environmental factors,
familial or genetic predisposition, and — re-
cently also — epigenetic phenomena. While
it is certainly justified that the genetic com-
ponent be thoroughly investigated, it was
wrong to neglect investigations on the role
of environmental factors, including lifestyle-
dependent factors.

The division and re-unification of Germa-
ny provides a unique setting to illustrate the
outstanding role of lifestyle-dependent fac-
tors for the etiology of allergic diseases. At
the beginning of the 1990s, the prevalence of
asthma, allergic rhinitis, and allergic sensiti-
zation in Western Germany were markedly
higher than in Eastern Germany [1, 2].

This difference could mainly be seen
in people born after 1960, while in people
born before 1955 the prevalence was simi-
lar in both Eastern and Western Germany [3,
4]. As the populations of Eastern and West-
ern Germany are comparable, the higher
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Figure 1.

prevalence in the West was attributed to the
“Western lifestyle” [5, 6]. Indeed, the num-
ber of allergic diseases in Eastern Germany
increased significantly in the years after re-
unification [7, 8]. The difference in the prev-
alence of allergic sensitization and hay fever,
which was significant at the beginning of
the 1990s, had diminished by the year 2000
[9]. 15 years after re-unification, the national
health survey in children and adolescents,
which included almost 18,000 children and
adolescents, showed no differences between
Eastern and Western Germany with regard
to asthma, hay fever, or allergic sensitiza-
tion [10]. The “Western lifestyle” influences
many aspects of daily life, like for example
housing (indoor allergens and chemicals, air
exchange) and living environment (air pollu-
tion due to living near busy streets), nutrition
(breast-feeding, introduction of solid food,
hypoallergenic food, fatty acids in nutrition,
antioxidants), medical care (vaccinations,
increasing numbers of Caesarean sections,
antibiotics), child care (age of onset of group
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Study structure and response of GINIplus (A) and LISAplus (B).

care), traveling (contact with new allergens),
and number of children per family (the more
children per family the more infections; in-
fections brought in by older siblings). These
environmental and lifestyle factors seem to
play a major role in the peri- and post-natal
period when the immune system is develop-
ing [11].

The two large German birth cohorts,
GINIplus and LISAplus, recruited 5,991
and 3,097 children, respectively, in Munich
(West), Leipzig (East), Wesel (West), and
Bad Honnef (West) to investigate various in-
fluences on the development of the immune
system and the etiology of allergic diseases.
The design of these studies and a summary
of selected results are presented here.

Design of GINIplus and
LISAplus

The study design of both studies is al-
most identical. Details are presented in the
following paragraphs.
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Table 1. Spectrum and instruments of investigation of the birth cohorts GINIplus and LISAplus.

Age (years)

0 1 2 (3) 4 6 10 15
Questionnaires
Diseases and symptoms X X X X X X X X
(allergies)
Social factors X X X X X
Vaccinations X X X
Exposure to noxious substances
Passive smoking X X X X X X X X
Indoors X X X X X X X X
Outdoors X X X X
Health-related behavior
Physical activities X X X
Accelerometry X
Nutrition
Breast-feeding X X
List of items X X X X
FFQ X X
Mental deviations X X
SDQ X X
Depression X
Kidscreen X
Medical investigation
Skin X) X) X) X)
Lungs X (X) X
FENO X X
Anthropometry X X X X
BIA X
Blood pressure X X
Dental health (X) (X)
Blood analyses
Total IgE (X) (X) (X) X X X
Specific IgE (X) (X) (X) X X X
IgA X (X)
Viral AB (X)
Vaccination AB (X) X X
T-cell immunity (X) (X) (X) (X)
Lipids X X
Inflammation markers X X
HOMA (fasted blood) (X) (X)
Fatty acids (X) (X) (X) (X)
Genetic analyses X
(allergies and determinants)
Exposure
Air pollutants (LUR model) X X X X X
Noise X X X X X
Use of health service / costs X X

(X): only in partial samples; FFQ: Food Frequency Questionnaire; SDQ: Strength and Difficulties Questionnaire; FENO: Fractionated
Exhaled NO; BIA: bioelectric impedance analysis; AB: antibody; HOMA index: Homeostasis Model Assessment; LUR: Land Use

Regression Model.
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Figure 2. Age-related course of allergic diseases
during the first 10 years of life of 5,991 (GINIplus
cohort) and 3,097 (LISAplus cohort) children.

GINIplus — The German Infant
Study on the Influence of
Nutrition |ntervention plus Air
pollution and Genetics on Allergy
Development

GINIplus is a prospective population-
based birth cohort study. Healthy, mature
newborns with German parents and a birth
weight of more than 2,500 g were recruited
between September 1, 1995 and October
31, 1997 (Munich) or until June 30, 1998
(Wesel) in obstetric hospitals in Munich (10
hospitals) and Wesel (8 hospitals). New-
borns whose mothers suffered from an im-
munologically relevant chronic disease,
like diabetes, HIV, or autoimmune disease,
or who were drug or alcohol addicted, were
excluded. Children whose parents were not

sufficiently capable of the German language
were also not included in the study. Further-
more, newborns were excluded if their fami-
lies lived more than 50 km from the city cen-
ter or planned to move away from the study
region. GINIplus consists of two study arms
with specific aims: “German Infant Nutri-
tional Intervention Study (GINI study)” and
a non-interventional study. Both study arms
are complementary and are based on identi-
cal recruiting of newborns in the same hospi-
tals at the same time.

The interventional arm of the GINIp-
lus study was a double-blind, randomized,
placebo-controlled trial (DBRCT) using hy-
drolyzed formula nutrition and carried out
in children with a family history of allergy
during the first 4 months of life. The design
of this trial and the results are presented in
another article in this issue (von Berg et al. p.
32-43). Children without a family history of
allergic diseases (no asthma, hay fever, ecze-
ma, food allergy or allergic urticaria present
in father, mother, or siblings) and children
with such a family history whose parents did
not want them to participate in the study or
lived outside the studied region and therefore
could not be recruited for the interventional
arm were observed in the non-interventional
study arm. The following study intervals
were used in the GINIplus study: birth, Year
1, 2, 3,4, 6, and 10 as well as the ongoing
15-year follow-up (Figure 1). Of the 5,991
newborns recruited, 3,317 (55.4%) could be
followed until the age of 10 years. The items
investigated in each interval are displayed in
Table 1.

Furthermore, the items investigated in
the ongoing 15-year follow-up can be seen
in detail on the Internet: www.ginistudie.de

LISAplus — Influence of Life-style
factors on Development of the
Immune System and Allergies in
East and West Germany plus Air
Pollution and Genetics on Allergy
Development

3,097 healthy, mature newborns with
German parents and a birth weight > 2,500g
who were born between November 11, 1997
(Munich, Leipzig, Bad Honnef) or July 1,
1998 (Wesel) and January 31, 1999 were
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Figure 3. Age-related increase in allergic sensiti-
zation from the 6t to the 10t year of life in GINIp-
lus and LISAplus children (RAST). Airborne aller-
gens: grass, birch, mugwort, rye, Cladosporium
herbarum, house dust mite, dog, and cat allergens.
Food allergens: egg, cow’s milk, fish, wheat, pea-
nut, soy.

included in the LISAplus study. Exclusion
criteria were the same as in the GINIplus
study. The subjects were recruited in 4 ob-
stetric hospitals in Leipzig (976 children), in
6 hospitals in Munich (1,467), in 3 hospitals
in Wesel (348), and 1 in Bad Honnef (306)
by asking the mothers of the eligible new-
borns after they had given birth. Approxi-
mately 55% of eligible families participated.
The following survey intervals were applied:
birth, 3 months, 6 months, 1 year, 1.5, 2, 4,
6, and 10 years. At the age of 2, 6, and 10
years, the children were medically examined
(Figure 1).

Of the 3,097 recruited newborns, 1,760
(56.8%) children could be followed until the
age of 10 years.

The items investigated are presented in
Table 1.

At birth, pregnancy history, social fac-
tors, and family history of allergic diseases
were collected. As markers of immunocom-

o
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Frequency (%)
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Figure 4. Regional differences in the frequency
of atopic diseases and allergic sensitization in
10-year-old children. Results of the GINIplus and
LISAplus studies (combined).

petence, total immunoglobulin E (IgE), and
in a subgroup also the cytokine production
in the peripheral T-lymphocytes, were de-
termined in the cord blood. In 269 children,
the amount of volatile organic compounds
(VOC) was measured in the first 4 weeks of
life and at the age of 13 months. To deter-
mine the endotoxin and allergen exposure,
dust was collected from the homes of all
Munich and Leipzig participants when the
children were 3 months old, and the housing
situation was assessed.

During the first year of life, the parents
provided monthly protocols to assess the
health-related development and the nutrition
of the children; in addition, every 6 months,
questionnaires were filled in until the child
was 2 years old, followed by further ques-
tionnaires at the age of 4, 6, and 10 years.
The questionnaires assessed data on various
exposure factors, housing situation, nutri-
tion, and contact with pathogens and aller-
gens. Furthermore, data on allergic diseases
and infections were collected. At the age of 2
years, blood was drawn from all participants
to determine specific IgE, 1gG subclasses,
vaccination antibodies, and viral IgG anti-
bodies; in a subgroup of participants, cy-
tokine production of the peripheral T cells
were measured again. At the ages of 6 and
10 years, IgE measurements were repeated,
and blood was drawn for genetic analyses.
In addition, the skin was examined at ages 6
and 10, and if clinical signs of atopic eczema
were detected, a skin prick test was carried
out. At the age of 10, a broad spectrum of
inflammation markers were determined.
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Selected results

Natural course of atopic diseases

Figure 2 shows the courses of asthma,
food allergies, eczema, and hay fever ac-
cording to diagnoses made by physicians
and communicated by the children’s parents.
Eczema and food allergies become less with
increasing age, while asthma and hay fever
are more frequent in older children.

Figure 3 shows a marked increase of al-
lergic sensitization against airborne aller-
gens, but also against food allergens from the
6t to the 10t year of life. At the age of 10,
almost half of the children react positively to
airborne allergens.

Regional differences in atopic
diseases

Figure 4 shows marked regional differ-
ences with regard to the frequency of asthma,
hay fever, eczema, and allergic sensitization
against airborne allergens (sx1) and food al-
lergens (fx5). All atopic diseases and rates of
allergic sensitization are lower in the rather
rural area of Wesel as compared to the urban
study regions. When the two cities Leipzig
(Eastern Germany) and Munich (Western
Germany) are compared today, the differenc-
es are not as pronounced as they were in the
epidemiological studies of the early 1990s
[2]. Similar to the sample of the health sur-
vey in children and adolescents [10], which
is representative for all of Germany, GINIp-
lus and LISAplus do not show differences
between Eastern and Western Germany with
regard to the prevalence of asthma, hay fe-
ver, or allergic sensitization.

Several studies demonstrated that the
prevalence of eczema has slightly different
regional patterns when the Eastern and the
Western parts of Germany are compared.
Eczema was more frequently observed in
Eastern Germany [12, 13, 14]. This was also
reflected in LISAplus: Until their 6 year of
life, children from Leipzig had a higher an-
nual prevalence and cumulative incidences
of eczema than their peers in Western Ger-
many [15]. Among numerous risk factors
with regionally different frequencies, wheth-
er children started nursery school earlier (be-

fore their 2" birthday) could be identified as
an explaining factor for the differences be-
tween the East and the West. In Leipzig, far
more children attended nursery school from
that early age, as compared to the Western
German study locations, and furthermore, at-
tending nursery school was more frequently
associated with eczema in Leipzig. To what
extent this association was causal could not
be answered.

Allergic sensitization in the 15t
year of life is a risk factor for the
development of allergic diseases
later in life

10.9% of GINI children (with family his-
tory of allergy) experienced allergic sensiti-
zation, i.e., IgE against an airborne or food
allergen (mite, cat, timothy grass, birch pol-
len, cow’s milk, egg, soy), during their 15t
year of life. Five years later, these children
were more prone to have allergic diseases
than the other 6-year-olds who had not yet
experienced allergic sensitization. More than
twice as many of the children who were sen-
sitized at the age of 1 had an eczema later
(20.6% vs. 9.4%); for hay fever it was also
more than twice as many (15.4% vs. 7.3%);
and asthma was diagnosed almost 4 times as
often in children who experienced sensitiza-
tion during their 1%t year of life (10.2% vs.
2.6%). Eczema manifested mainly due to
sensitization against cat, milk, or egg. Sen-
sitization against grass pollen was associated
with a high probability of developing asthma
or hay fever later [16]. The joint analysis
of GINIplus and LISAplus data on allergic
sensitization against food allergens in early
childhood showed a statistically significant
increase of the risks of developing asthma
and eczema during the first 10 years of life
[17].

Genetic analyses

Data derived from GINIplus and LISAp-
lus were included in the population-based
evaluation within a large international meta-
analysis comprising 5,606 cases of eczema
and 20,565 controls [18]. This study iden-
tified three new genes (OVOL1, ACTL9,
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KIF3A) that are associated with eczema.
These genes are involved in the regulation of
epidermal proliferation and cell differentia-
tion as well as in cytokine secretion and thus
suggest possible biological mechanisms that
contribute to eczema development.

A genetic variant of the high-affinity re-
ceptor for IgE (FCERI1A) is clearly associ-
ated with total IgE. In GINIplus and LISAp-
lus, we found that this association with IgE
is the same at birth (cord serum) and at the
age of 2, 3, and 6 years [19]. Obviously, the
IgE concentration is regulated by these poly-
morphisms independently of environmental
or lifestyle factors.

In analogy to the “hygiene hypothesis”,
many studies on allergic disease and sensi-
tization observed a protective effect of older
siblings (“sibling effect”) [20]. The “hygiene
hypothesis” interprets these effects as being
the result of a more pronounced exposure to
viral and bacterial germs during early child-
hood and of the correspondingly influenced
immune response due to a shift of the im-
mune situation from THj to TH;. The data on
the “sibling effect” in eczema are less consis-
tent [20, 21, 22]. In GINIplus and LISAplus,
we investigated whether older siblings have
a protective effect on eczema development
and whether mutations in the filaggrin gene
(FLG), which is decisive for an intact skin
barrier, modify the “sibling effect”.

We found that older siblings do not have
a protective effect on eczema development.
On the contrary, children with the filaggrin
mutation had a significantly higher risk of
developing eczema if they lived together
with older brothers or sisters [23].

Introduction of solid food and
development of eczema, asthma,
hay fever, and sensitization at the
age of 6 years

The WHO recommends exclusively
breast-feeding children during their first 6
months of life. It is being discussed whether
or not it is reasonable to exclusively breast-
feed a child after the 4™ month of life. Our
studies could not demonstrate that the de-
layed introduction of solid food beyond
the 4 month of life has a protective effect
against the development of asthma, hay fe-

ver, or sensitization against airborne aller-
gens [24, 25]. For eczema, such a protective
effect cannot be excluded. The type and va-
riety of the solid food after the 6" month did
not have any effects either [25]. These results
have contributed significantly to the simpli-
fied new recommendations on solid food
in the S3 guideline “Allergy prevention”
(AWMF Guideline) [26]. In this context, the
most important finding is that the introduc-
tion of solid food after the 4t month of life
is independent of milk feeding (breast milk
or formula); this applies to children with and
without allergy risk as long as no signs of an
allergic disease are present.

Further nutritional factors

We observed that the risk of developing
eczema is not influenced by full breast-feed-
ing [27]. Nevertheless, it could be shown
that mothers tend to continue full breast-
feeding for a longer period of time if their
child has skin symptoms. Thus, so-called
reverse causation effects cannot be exclud-
ed. Breast-feeding mothers did not differ
from non-breast feeding mothers or mothers
who introduced solid food during the first 4
months with regard to many factors that are
relevant for the development of an allergy,
such as housing situation, smoking habits,
education, household pets, and introduction
of solid food. Even in a prospective cohort
(as in GINIplus and LISAplus), it is very dif-
ficult from a methodological point of view to
evaluate the exact role of breast-feeding in
atopic diseases. Due to ethical reasons it is
not possible to carry out randomized studies
on breast-feeding.

Atthe age of 2 years, children who mainly
eat margarine instead of butter have a higher
risk for atopic eczema and allergic sensitiza-
tion. However, eating margarine seems to be
the manifestation of generally different food
habits and other lifestyle factors (house pets,
smoking, socio-economic status) so that it
remains unclear whether margarine and the
associated increase in omega-6 fatty acids
and linoleic acid is a reason for the develop-
ment of allergic diseases [28].
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Endotoxin exposure and eczema
development

Endotoxin is a constituent of the cell
membrane of Gram-negative bacteria and
can have immunostimulant effects and
cause inflammatory reactions. We measured
endotoxins in dust samples from the mat-
tresses of 2,000 children and their mothers in
Leipzig and Munich when the children were
3 months old. The endotoxin and allergen
concentrations in the mother’s mattresses
correlated with the cord IgE values. Chil-
dren in whose mattresses a high content of
cat allergen and a moderate content of house
dust mite allergen was measured had high-
er cord IgE values, while higher endotoxin
exposures instead led to a reduction of total
IgE in the cord blood [7]. Obviously, endo-
toxins and allergens already influence the
child’s immune system and the disposition
for allergic reactions in utero. Furthermore, a
high exposure to endotoxins during the first
6 months of life reduced the risk of develop-
ing (unspecific) eczema; a relationship with
atopic dermatitis could be demonstrated until
the age of 2 years. Also, a longer observation
period until the age of 6 years did not show
a relationship between the exposure to endo-
toxins and the development of eczema [29].

High endotoxin exposure increases the
risk of respiratory symptoms (wheezing) un-
til the age of 2 years. This effect is already
detectable at the age of 6 months [30, 31].

Dog and cat as household pets

Itis being discussed whether having a dog
or cat as a household pet should be recom-
mended as a preventive measure. Data from
GINIplus and LISAplus show that children
who live together with a dog are less prone
to develop an allergy than other children of
the same age whose family does not own a
dog [32]. A reduced occurrence of allergy
was observed for pollen and airborne aller-
gens, while allergy to dog hair occurs nei-
ther less nor more frequently. However, the
protective effect is limited to children who
actually live with a dog; regular contact with
dogs alone does not suffice. Why having a
dog has a protective effect against allergies
has not yet been fully elucidated. Numerous
factors could be responsible: a dog-friendly

living environment or unknown germs that
are brought in by dogs.

Despite the heterogeneity of the results
derived from the different studies analyzed,
a systematic review, which also included re-
sults from GINIplus and LISAplus, shows
that the risk of developing an allergic disease
is neither increased nor decreased by keep-
ing a pet [33].

Molds

Various cross-sectional studies have
shown that the risk of developing an atopic
disease is increased in children who are ex-
posed to molds at home [34]. The chronol-
ogy of the association between exposure
and the occurrence of an allergic disease can
only be evaluated by prospective longitudi-
nal studies. A pool of European birth cohort
studies aimed at investigating the role of vis-
ible mold infestation in households during
the first 2 years of life with regard to later oc-
currence of asthma, hay fever, and eczema.
Data from GINIplus and LISAplus were also
included. Data derived from a total of 31,742
children from 8 European birth cohorts were
evaluated. It was shown that visible mold
infestation in a household is associated with
a statistically significant increased risk for
asthma and allergic rhinitis in school chil-
dren [35].

Traffic

The analysis of GINIplus and LISAp-
lus data derived from Munich participants
showed a relationship between road traffic
emissions and asthmatic or allergic diseases
as well as between road traffic and allergic
sensitization, particularly against outdoor
airborne allergens like grass or tree pollen
[36]. Asthma and sensitization against pol-
len increased with elevated exposure to fine
dust.

Increased exposure to nitric oxide was

associated with a higher eczema prevalence.
The relationship becomes obvious when al-
lergic diseases are regarded in the context of
the patient’s living environment; in children
who live less than 50 m from a busy street,
the risk of developing asthma, hay fever, ec-
zema, or allergic sensitization is increased by
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up to 50% when compared to their peers who
live in streets with less traffic. An analysis of
the data derived from the first 2 years of life
of children was able to demonstrate a pos-
sible relationship between traffic-related air
pollution and airway disease [36].

LISAplus study results of children from
Wesel show that also in smaller towns, like
Wesel, traffic-related air pollution can pro-
long eczematous diseases. In contrast to the
Munich results (where a higher level of air
pollution is present), no relationship with
asthma, hay fever, or allergic sensitization
could be established [37].

Indoor exposure

Based on the LISAplus results we could,
for the first time, find evidence for the fact
that renovation work during pregnancy can
influence the child’s immune system. On
the basis of immune parameters in the cord
blood, we were able to demonstrate func-
tional alterations in the immune system of
newborns whose parents carried out reno-
vation work during pregnancy and whose
mothers were exposed to increased con-
centrations of volatile organic compounds
(VOC) during pregnancy. The cells that are
particularly affected by these alterations are
T-lymphocytes. The cord blood of these chil-
dren contained reduced amounts of TH; cells
and increased amounts of TH» cells [38, 39].
As this was associated with an increased risk
for the development of atopic eczema during
the first 2 years of life [40], it can be assumed
that the indoor exposure to chemicals during
pregnancy increase the child’s risk of devel-
oping an allergy later.

Skin symptoms during early
childhood and unusual behavior
patterns 10 years later

Several cross-sectional studies have dem-
onstrated an association between eczema and
mental peculiarities. However, the chronol-
ogy could not be clarified. The data from
the two birth cohort studies GINIplus and
LISAplus now make it possible to analyze
the association between eczema/skin symp-
toms during early childhood (first 2 years of
life) and the occurrence of unusual behav-

ior patterns almost 10 years later [41, 42].
Both studies showed an approximately 50%
increased risk for general behavioral devia-
tions, and particularly for emotional prob-
lems, as investigated with a standardized
questionnaire (SDQ). The most interesting
finding was that this association was also de-
tectable in children in whom the eczema was
only present during their first 2 years of life.
It has not been clarified whether this associa-
tion is a causal one because the underlying
biologic mechanisms are still unknown. Cur-
rently, it can only be speculated if psycho-
neuro-endocrine factors could be responsible
for both eczema and mental peculiarities.
Possibly also sleep disturbances due to pru-
ritus and/or the resulting family interaction
play a role in the unusual behavior patterns
observed later in life. In this respect, it is also
possible that particular behavioral patterns of
the parents, which were not investigated in
our studies, play a role in the observed asso-
ciation. If the association with the quality of
sleep was based on a causal relationship, the
successful treatment of atopic eczema during
early childhood would have positive long-
term effects on the child’s mental health.

Prospects

The 15-year follow-up will not only pro-
long the observation period but also give
insight into the very interesting period of
preadolescence and adolescence. During this
period, for example, the male dominance in
asthma frequency is inverted, and the reason
for this is not yet understood. Other possible
health-related impairments, like cardiovas-
cular risks, metabolic parameters, and men-
tal health, become more important and will
therefore be more intensively studied.

References

[11  Nowak D, Heinrich J, Jorres R, Wassmer G, Berg-
er J, Beck E, Boczor S, Claussen M, Wichmann
HE, Magnussen H. Prevalence of respiratory
symptoms, bronchial hyperresponsiveness and
atopy among adults: west and east Germany. Eur
Respir J. 1996; 9: 2541-2552. CrossRef PubMed

[2]  von Mutius E, Martinez FD, Fritzsch C, Nicolai
T, Roell G, Thiemann HH. Prevalence of asthma
and atopy in two areas of West and East Germany.
Am J Respir Crit Care Med. 1994; 149: 358-364.
CrossRef PubMed


https://doi.org/10.1183/09031936.96.09122541
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8980967&dopt=Abstract
https://doi.org/10.1164/ajrccm.149.2.8306030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8306030&dopt=Abstract

Heinrich, Briiske, Cramer, et al.

94

(3]

[10]

[11]

[12]

[13]

[14]

[15]

Heinrich J, Nowak D, Wassmer G, Jorres R, Wjst
M, Berger J, Magnussen H, Wichmann HE. Age-
dependent differences in the prevalence of aller-
gic rhinitis and atopic sensitization between an
eastern and a western German city. Allergy. 1998;
53:89-93. CrossRef PubMed

Nicolai T, Bellach B, Mutius EV, Thefeld W, Hoff-
meister H. Increased prevalence of sensitization
against aeroallergens in adults in West compared
with East Germany. Clin Exp Allergy. 1997; 27:
886-892. CrossRef PubMed

von Mutius E. Environmental factors influenc-
ing the development and progression of pediatric
asthma. J Allergy Clin Immunol. 2002; /09 (Sup-
pl): S525-S532. CrossRef PubMed

Wichmann HE. Possible explanation for the dif-
ferent trends of asthma and allergy in East and
West Germany. Clin Exp Allergy. 1996; 26. 621-
623. CrossRef PubMed

Heinrich J, Bolte G, Holscher B, Douwes J, Lehm-
ann I, Fahlbusch B, Bischof W, Weiss M, Borte M,
Wichmann HE; LISA Study Group. Allergens and
endotoxin on mothers’ mattresses and total im-
munoglobulin E in cord blood of neonates. Eur
Respir J. 2002; 20: 617-623. CrossRef PubMed
von Mutius E, Weiland SK, Fritzsch C, Duhme H,
Keil U. Increasing prevalence of hay fever and
atopy among children in Leipzig, East Germany.
Lancet. 1998; 3517 862-866. CrossRef PubMed
Krdmer U, Oppermann H, Ranft U, Schdfer T,
Ring J, Behrendt H. Differences in allergy trends
between East and West Germany and possible ex-
planations. Clin Exp Allergy. 2010; 40 289-298.
CrossRef PubMed

Schlaud M, Atzpodien K, Thierfelder W. [Allergic
diseases. Results from the German Health Inter-
view and Examination Survey for Children and
Adolescents (KiGGS)]. Bundesgesundheitsblatt
Gesundheitsforschung Gesundheitsschutz. 2007;
50:701-710. CrossRef PubMed

Cramer C, Ranft U, Ring J, Mohrenschlager M,
Behrendt H, Oppermann H, Wilhelm M, Kramer
U. Allergic sensitization and disease in mother-
child pairs from Germany: role of early childhood
environment. Int Arch Allergy Immunol. 2007;
143:282-289. CrossRef PubMed

Krdmer U, Link E, Oppermann H, Ranft U,
Schdfer T, Thriene B, Behrendt H, Ring J. [Study-
ing school beginners in western and eastern
Germany: allergy trends and sensitisations 1991-
2000]. Gesundheitswesen. 2002; 64: 657-663.
PubMed

Schdfer T, Vieluf D, Behrendt H, Krdamer U, Ring
J. Atopic eczema and other manifestations of ato-
py: results of a study in East and West Germany.
Allergy. 1996; 51: 532-539. CrossRef PubMed
Weiland SK, von Mutius E, Hirsch T, Duhme H,
Fritzsch C, Werner B, Hiising A, Stender M, Renz
H, Leupold W, Keil U. Prevalence of respiratory
and atopic disorders among children in the East
and West of Germany five years after unifica-
tion. Eur Respir J. 1999; /4 862-870. CrossRef
PubMed

Cramer C, Link E, Bauer CP, Hoffmann U, von

Berg A, Lehmann I, Herbarth O, Borte M, Schaaf

B, Sausenthaler S, Wichmann HE, Heinrich J,
Krimer U, LISAplus study group. Association
between attendance of day care centres and in-

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

creased prevalence of eczema in the German birth
cohort study LISAplus. Allergy. 2011; 66: 68-75.
CrossRef PubMed

Brockow I, Zutavern A, Hoffimann U, Griibl A,
von Berg A, Koletzko S, Filipiak B, Bauer CP,
Wichmann HE, Reinhardt D, Berdel D, Krimer
U, Heinrich J; GINIplus Study Group. Early al-
lergic sensitizations and their relevance to atopic
diseases in children aged 6 years: results of the
GINI study. J Investig Allergol Clin Immunol.
2009; 19: 180-187. PubMed

Filipiak-Pittroff B, Schnopp C, Berdel D, Nau-
mann A, Sedlmeier S, Onken A, Rodriguez E,
Folster-Holst R, Baurecht H, Ollert M, Ring J,
Cramer C, von Berg A, Bauer CP, Herbarth O,
Lehmann I, Schaaf B, Koletzko S, Wichmann HE,
Heinrich J, et al; GINIplus and LISAplus study
groups. Predictive value of food sensitization and
filaggrin mutations in children with eczema. J Al-
lergy Clin Immunol. 2011; 728: 1235-1241.e5.
CrossRef PubMed

Paternoster L, Standl M, Chen CM, Ramasamy A,
Bonnelykke K, Duijts L, Ferreira MA, Alves AC,
Thyssen JP, Albrecht E, Baurecht H, Feenstra B,
Sleiman PM, Hysi P, Warrington NM, Curjuric I,
Myhre R, Curtin JA, Groen-Blokhuis MM, Kerkhof
M, et al; Australian Asthma Genetics Consortium
(AAGC); Genetics of Overweight Young Adults
(GOYA) Consortium; EArly Genetics & Lifecourse
Epidemiology (EAGLE) Consortium. Meta-analy-
sis of genome-wide association studies identifies
three new risk loci for atopic dermatitis. Nat Genet.
2011; 44: 187-192. CrossRef PubMed

Chen CM, Weidinger S, Klopp N, Sausenthaler
S, Bischof W, Herbarth O, Bauer M, Borte M,
Schaaf B, Lehmann I, Behrendt H, Krdmer U,
Berdel D, von Berg A, Bauer CP, Koletzko S, II-
lig T, Wichmann HE, Heinrich J; LISA and GINI
Study Group. Common variants in FCER1A influ-
ence total serum IgE levels from cord blood up
to six years of life. Allergy. 2009; 64. 1327-1332.
CrossRef PubMed

Karmaus W, Botezan C. Does a higher number of
siblings protect against the development of aller-
gy and asthma? A review. J Epidemiol Communi-
ty Health. 2002; 56: 209-217. CrossRef PubMed
Benn CS, Melbye M, Wohlfahrt J, Bjérkstén B,
Aaby P. Cohort study of sibling effect, infectious
diseases, and risk of atopic dermatitis during first
18 months of life. BMJ. 2004; 328: 1223. Cross-
Ref PubMed

Zutavern A, Hirsch T, Leupold W, Weiland S,
Keil U, von Mutius E. Atopic dermatitis, extrin-
sic atopic dermatitis and the hygiene hypothesis:
results from a cross-sectional study. Clin Exp Al-
lergy. 2005; 35: 1301-1308. CrossRef PubMed
Cramer C, Link E, Horster M, Koletzko S, Bauer
CP, Berdel D, von Berg A, Lehmann I, Herbarth
O, Borte M, Schaaf B, Behrendt H, Chen CM,
Sausenthaler S, 1llig T, Wichmann HE, Heinrich J,
Krdmer U; LISAplus Study Group and the GINIp-
lus Study Group. Elder siblings enhance the effect
of filaggrin mutations on childhood eczema: re-
sults from the 2 birth cohort studies LISAplus and
GINIplus. J Allergy Clin Immunol. 2010; /25:
1254-1260.e5. CrossRef PubMed

Filipiak B, Zutavern A, Koletzko S, von Berg A,
Brockow I, Griibl A, Berdel D, Reinhardt D, Bauer


https://doi.org/10.1111/j.1398-9995.1998.tb03779.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9491235&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.1997.tb01228.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9291284&dopt=Abstract
https://doi.org/10.1067/mai.2002.124565
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12063508&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.1996.tb00587.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8809418&dopt=Abstract
https://doi.org/10.1183/09031936.02.02322001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12358337&dopt=Abstract
https://doi.org/10.1016/S0140-6736(97)10100-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9525363&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.2009.03435.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20210807&dopt=Abstract
https://doi.org/10.1007/s00103-007-0231-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17514454&dopt=Abstract
https://doi.org/10.1159/000100574
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17351327&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.1996.tb04665.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8874656&dopt=Abstract
https://doi.org/10.1034/j.1399-3003.1999.14d23.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10573234&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10573234&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2010.02446.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20716321&dopt=Abstract
https://doi.org/10.1016/j.jaci.2011.09.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22030464&dopt=Abstract
https://doi.org/10.1038/ng.1017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22197932&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2009.02005.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19245427&dopt=Abstract
https://doi.org/10.1136/jech.56.3.209
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11854343&dopt=Abstract
https://doi.org/10.1136/bmj.38069.512245.FE
https://doi.org/10.1136/bmj.38069.512245.FE
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15121716&dopt=Abstract
https://doi.org/10.1111/j.1365-2222.2005.02350.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16238789&dopt=Abstract
https://doi.org/10.1016/j.jaci.2010.03.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20513523&dopt=Abstract

GINIplus and LISAplus

95

[25]

[26]

[27]

(28]

[29]

[30]

(311

[32]

[33]

[34]

CP, Wichmann HE, Heinrich J, GINI-Group. Solid
food introduction in relation to eczema: results
from a four-year prospective birth cohort study. J
Pediatr. 2007; 151: 352-358. CrossRef PubMed
Zutavern A, Brockow I, Schaaf B, von Berg A,
Diez U, Borte M, Kraemer U, Herbarth O, Beh-
rendt H, Wichmann HE, Heinrich J; LISA Study
Group. Timing of solid food introduction in rela-
tion to eczema, asthma, allergic rhinitis, and food
and inhalant sensitization at the age of 6 years:
results from the prospective birth cohort study
LISA. Pediatrics. 2008; 121: e44-¢52. PubMed
Muche-Borowski C., Kopp M., Reese L., Sitter S.,
Werfel T., Schdifer T. Allergiepravention. Deutsche
Gesellschaft fiir Allergologie und klinische Im-
munologie (DGAKI), 2009. AWMF-Leitlinien-
Register Nr. 061/016.

Laubereau B, Brockow I, Zirngibl A, Koletzko S,
Gruebl A, von Berg A, Filipiak-Pittroff B, Berdel
D, Bauer CP, Reinhardt D, Heinrich J, Wichmann
HE; GINI Study Group. Effect of breast-feeding
on the development of atopic dermatitis during
the first 3 years of life--results from the GINI-
birth cohort study. J Pediatr. 2004; /44: 602-607.
CrossRef PubMed

Sausenthaler S, Kompauer I, Borte M, Herbarth
O, Schaaf B, Berg A, Zutavern A, Heinrich J; LISA
Study Group. Margarine and butter consumption,
eczema and allergic sensitization in children. The
LISA birth cohort study. Pediatr Allergy Immu-
nol. 2006; 17: 85-93. CrossRef PubMed

Chen CM, Sausenthaler S, Bischof W, Herbarth
O, Borte M, Behrendt H, Krimer U, Williams HC,
Wichmann HE, Heinrich J, LISA Study Group.
Perinatal exposure to endotoxin and the develop-
ment of eczema during the first 6 years of life.
Clin Exp Dermatol. 2010; 35: 238-244. CrossRef
PubMed

Bolte G, Bischof W, Borte M, Lehmann I, Wich-
mann HE, Heinrich J; LISA Study Group. Early
endotoxin exposure and atopy development in
infants: results of a birth cohort study. Clin Exp
Allergy. 2003; 33: 770-776. CrossRef PubMed
Gehring U, Bolte G, Borte M, Bischof W, Fahl-
busch B, Wichmann HE, Heinrich J, LISA study
group. Lifestyle-Related Factors on the Immune
System and the Development of Allergies in
Childhood. Exposure to endotoxin decreases the
risk of atopic eczema in infancy: a cohort study.
J Allergy Clin Immunol. 2001; /08: 847-854.
CrossRef PubMed

Chen CM, Morgenstern V, Bischof W, Herbarth
O, Borte M, Behrendt H, Krdmer U, von Berg A,
Berdel D, Bauer CP. Koletzko S, Wichmann HE,
Heinrich J; Influences of Lifestyle Related Fac-
tors on the Human Immune System and Develop-
ment of Allergies in Children (LISA) Study Group;
German Infant Nutrition Intervention Programme
(GINI) Study Group. Dog ownership and con-
tact during childhood and later allergy develop-
ment. Eur Respir J. 2008; 3/: 963-973. CrossRef
PubMed

Chen CM, Tischer C, Schnappinger M, Heinrich
J. The role of cats and dogs in asthma and allergy-
-a systematic review. Int J Hyg Environ Health.
2010; 213: 1-31. CrossRef PubMed

Tischer C, Chen CM, Heinrich J. Association be-
tween domestic mould and mould components,

[35]

[36]

[38]

[39]

[40]

[41]

[42]

and asthma and allergy in children: a systematic
review. Eur Respir J. 2011; 38: 812-824. Cross-
Ref PubMed

Tischer CG, Hohmann C, Thiering E, Herbarth
O, Miiller A, Henderson J, Granell R, Fantini MP,
Luciano L, Bergstrom A, Kull I, Link E, von Berg
A, Kuehni CE, Strippoli MP, Gehring U, Wijga
A, Eller E, Bindslev-Jensen C, Keil T, et al; EN-
RIECO consortium. Meta-analysis of mould and
dampness exposure on asthma and allergy in eight
European birth cohorts: an ENRIECO initiative.
Allergy. 2011; 66: 1570-1579. CrossRef PubMed
Morgenstern V, Zutavern A, Cyrys J, Brockow I,
Koletzko S, Krdmer U, Behrendt H, Herbarth O,
von Berg A, Bauer CP, Wichmann HE, Heinrich J;
GINI Study Group; LISA Study Group. Atopic dis-
cases, allergic sensitization, and exposure to traf-
fic-related air pollution in children. Am J Respir
Crit Care Med. 2008; 777: 1331-1337. CrossRef
PubMed

Krédmer U, Sugiri D, Ranft U, Krutmann J, von
Berg A, Berdel D, Behrendt H, Kuhlbusch T, Ho-
chadel M, Wichmann HE, Heinrich J; GINIplus
and LISAplus study groups. Eczema, respiratory
allergies, and traffic-related air pollution in birth
cohorts from small-town areas. J Dermatol Sci.
2009; 56: 99-105. CrossRef PubMed

Lehmann I, Thoelke A, Rehwagen M, Rolle-
Kampczyk U, Schlink U, Schulz R, Borte M, Diez
U, Herbarth O. The influence of maternal expo-
sure to volatile organic compounds on the cyto-
kine secretion profile of neonatal T cells. Environ
Toxicol. 2002; 17: 203-210. CrossRef PubMed
Lehmann I, Thoelke A, Weiss M, Schlink U, Schulz
R, Diez U, Sierig G, Emmrich F, Jacob B, Belcredi
P, Bolte G, Heinrich J, Herbarth O, Wichmann HE,
Borte M. T cell reactivity in neonates from an East
and a West German city--results of the LISA study.
Allergy. 2002; 57: 129-136. CrossRef PubMed
Herberth G, Heinrich J, Roder S, Figl A, Weiss
M, Diez U, Borte M, Herbarth O, Lehmann I,
LISA Study Group. Reduced IFN-gamma- and en-
hanced IL-4-producing CD4+ cord blood T cells
are associated with a higher risk for atopic derma-
titis during the first 2 years of life. Pediatr Allergy
Immunol. 2010; 2/7: 5-13. PubMed

Schmitt J, Apfelbacher C, Chen CM, Romanos M,
Sausenthaler S, Koletzko S, Bauer CP, Hoffmann
U, Krdmer U, Berdel D, von Berg A, Wichmann
HE, Heinrich J; GINI plus Study Group. Infant-
onset eczema in relation to mental health prob-
lems at age 10 years: results from a prospective
birth cohort study. J Allergy Clin Immunol. 2010;
125: 404-410. CrossRef PubMed

Schmitt J, Chen CM, Apfelbacher C, Romanos M,
Lehmann I, Herbarth O, Schaaf B, Kraemer U,
von Berg A, Wichmann HE, Heinrich J; LISA-plus
Study Group. Infant eczema, infant sleeping prob-
lems, and mental health at 10 years of age: the
prospective birth cohort study LISAplus. Allergy.
2011; 66: 404-411. CrossRef PubMed

Dr. J. Heinrich

Institut fiir Epidemiologie I
Helmholtz Zentrum Miinchen
Ingolstédter Landstraf3e 1

85764 Neuherberg
heinrich@helmholtz-muenchen.de


https://doi.org/10.1016/j.jpeds.2007.05.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17889067&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18166543&dopt=Abstract
https://doi.org/10.1016/j.jpeds.2003.12.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15126993&dopt=Abstract
https://doi.org/10.1111/j.1399-3038.2005.00366.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16618357&dopt=Abstract
https://doi.org/10.1111/j.1365-2230.2009.03460.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19874326&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19874326&dopt=Abstract
https://doi.org/10.1046/j.1365-2222.2003.01665.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12801311&dopt=Abstract
https://doi.org/10.1067/mai.2001.119026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11692114&dopt=Abstract
https://doi.org/10.1183/09031936.00092807
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18256062&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18256062&dopt=Abstract
https://doi.org/10.1016/j.ijheh.2009.12.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20053584&dopt=Abstract
https://doi.org/10.1183/09031936.00184010
https://doi.org/10.1183/09031936.00184010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21540311&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2011.02712.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21923669&dopt=Abstract
https://doi.org/10.1164/rccm.200701-036OC
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18337595&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18337595&dopt=Abstract
https://doi.org/10.1016/j.jdermsci.2009.07.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19713084&dopt=Abstract
https://doi.org/10.1002/tox.10055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12112628&dopt=Abstract
https://doi.org/10.1046/j.0105-4538.2002.00001.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11929415&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=19552791
https://doi.org/10.1016/j.jaci.2009.10.055
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20159252&dopt=Abstract
https://doi.org/10.1111/j.1398-9995.2010.02487.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21029113&dopt=Abstract

