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Abstract

Background: There is evidence for an association between
serum cholesterol concentrations and asthma, but little is
known about the underlying mechanisms. We explored the
associations between serum apolipoprotein concentrations
and symptoms of asthma and atopy. Methods: In a popula-
tion-based cross-sectional study among 10-year-old school-
children (n = 462), plasma concentrations of apolipoprotein
Al (@apoAl) and apolipoprotein B (apoB) were measured. In-
formation on disease symptoms and diagnoses was collect-
ed by parental questionnaire. Multivariate logistic regres-
sion models were used to analyse the data. Results: High
plasma apoAl concentrations (=1.74 g/l) were associated
with high prevalence of wheeze (OR 3.65; 95% Cl 1.43-9.33),
and a trend was seen with asthma (OR 3.35; 95% Cl 0.94-
11.93). In linear analyses, plasma apoAl concentrations were
positively related to wheeze (B-coefficient = 3.20; p = 0.045)
and non-atopic wheeze (B-coefficient = 4.47; p = 0.036), and
atrend was found forasthma (B-coefficient=3.29; p=0.099).
Overall, plasma apoB concentrations were not associated
with either symptoms of asthma or allergy. Conclusion: Our
results support the hypothesis that high apoAl is associated

with the manifestation of asthma and atopy. The underlying
pathomechanism still remains to be fully elucidated, but
suggests that immune mechanisms may play a central role.
However, our results are based on a small study sample and
larger studies are warranted to confirm these observations.

Copyright © 2009 S. Karger AG, Basel

Introduction

Western lifestyle and, in particular, dietary habits
such as fatty acid intake are thought to contribute to the
worldwide increase in asthma [1, 2]. Current evidence in-
dicates that lipids, in particular polyunsaturated fatty ac-
ids (PUFA), play an important role in asthma manifesta-
tion as well as in other respiratory and allergic symptoms
1, 3]. Potential mechanisms have been proposed by which
dietary fatty acids affect asthma and allergies, such as
changes in the composition of the cell membrane, pro-
duction of the immune mediators prostaglandins and
leukotrienes, and their effects on the regulation of Thl
and Th2 cytokines [4]. The Th1-Th2 paradigm has been
established to describe immune regulation based on T-
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cell differentiation and cytokine profiles. Asthma and al-
lergy are characterized by a Th2-dominant response,
which is characterized by the production of interleukin
(IL)-4, IL-5, IL-13 and IL-10 [5]. In experimental studies,
for instance, high plasma cholesterol concentrations en-
hance the expression of pro-inflammatory genes and cy-
tokines [6, 7]. Results from epidemiological studies sug-
gest that serum cholesterol concentrations are associated
with asthma and allergies in children [8, 9] and adults
[9-11].

During recent years, studies on cardiovascular out-
comes have suggested that apolipoproteins may be more
sensitive indicators for cardiovascular disease than plas-
ma lipid [high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C)] con-
centrations [12, 13]. The lipid transport system can be
divided into 2 main subtypes: the apolipoprotein B (apoB)
system, including very low-density lipoprotein (VLDL),
intermediate-density lipoprotein, large buoyant (LDL-C)
and small dense LDL-C, and the apolipoprotein Al
(apoAl) system, including HDL-C. ApoAl is secreted by
the liver and present in the majority of HDL-C particles
[14]. ApoAl is highly correlated with anti-atherogenic
HDL-C particles [15].

ApoB 100 indicates the number of potentially athero-
genic lipoprotein particles such as VLDL, intermediate-
density lipoprotein, LDL-C and small dense LDL-C [16].
Larger apoB-containing particles can enhance the fibri-
nolytic system by inhibition of the endogenous fibrinoly-
sis and by stimulating cytokine production and inflam-
matory reactions.

Only a few studies have investigated cholesterol con-
centrations in relation to asthma and allergies, but to the
best of our knowledge, no association between apolipo-
proteins and asthma, rhinoconjunctivitis and eczema in
children has been reported yet [9-11]. Apolipoproteins as
markers of the lipoprotein composition (LDL-C and
HDL-C) may provide further insight into the relation-
ship between lipid metabolism and disease. We sought to
explore the associations of plasma apoB and apoAl con-
centrations with respiratory and atopic disease.

Subjects and Methods

Study Population

As part of a surveillance programme of chronic disorders (in-
cluding asthma and symptoms of atopy) in children, a cross-sec-
tional study was carried out with the assistance of local health
departments. The study was coordinated by the Baden-Wiirttem-
berg State Health Office and approved by the local ethics commit-
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tees [17]. Six schools in the State of Baden-Wiirttemberg were ran-
domly selected and 934 schoolchildren (4th grade) were invited to
participate in the study. Between October 2004 and March 2005,
557 pupils (60%) were recruited in South-West Germany after
written informed consent had been obtained from the parents.
We used data of 462 children (50%) with available blood samples
to investigate the relationship between plasma apolipoprotein
concentrations and asthma, rhinoconjunctivitis and eczema.

Outcome Variables

Parental questioning by means of a standardized question-
naire based on the International Study on Allergies and Asthma
(ISAAC) was performed [18]. Information on symptoms of asth-
ma, rhinoconjunctivitis and eczema as well as on lifestyle vari-
ables were collected.

Past year prevalence of asthma or atopy was assessed by the
following questions: ‘Has your child had wheezing or whistling in
the chest in the past 12 months?’ For rhinoconjunctivitis, the fol-
lowing questions were used: ‘Has your child had a problem with
sneezing or a running or blocked nose?” and ‘In the past 12
months, has this nose problem been accompanied by itchy watery
eyes?’ Atopic dermatitis referred to the questions: ‘Has your child
ever had an itchy rash, which was coming and going for at least
six months? Has the itchy rash at any time affected any of the fol-
lowing places: the folds of the elbows, behind the knees, in front
of the ankles, under the buttocks, or around the neck, ears or
eyes?’ Moreover, self-reported data on physician-diagnosed asth-
ma, hay fever and eczema were collected. In combination with
wheeze during the past year, symptoms of rhinoconjunctivitis
were used as a proxy for atopy [19]. Wheeze in the presence of rhi-
noconjunctivitis was defined as atopic wheeze, and without rhi-
noconjunctivitis, as non-atopic wheeze.

Covariates

All children were invited to a physical examination, where the
height and weight were measured in a standardized manner. The
body mass index (BMI) was calculated as weight (kg)/height? (m).
The question: ‘Does a smoker live in your home?’ was used for
environmental tobacco smoke exposure (yes, no). Information on
familiar atopy was collected by asking whether one of the family
members had/has atopic disease. Data on birth weight was ad-
dressed using the question: ‘How much did your child weigh at
birth?’ and classified as <2,000 g, =2,000 g, or missing values.

Laboratory Methods

In 462 children, non-fasting EDTA blood was drawn. After
centrifugation, samples were aliquoted and stored at -80°C until
analysis. All laboratory analyses were performed blinded to these
data in the Biomarker Laboratory at the Department of Internal
Medicine II - Cardiology, Ulm University Medical Center.

ApoATand apoB were measured by immunonephelometry on
a BN II analyser (Dade Behring, Marburg, Germany). The inter-
assay coefficient of variation for apoAl at 1.73 g/l was 6.7% (n =
6) and the corresponding coefficient of variation for apoB at 0.92
g/l was 4.6% (n = 6).

For the analysed biomarkers, no accepted cut-off points in
children exist. Therefore, we chose the 90th percentiles of apoAl
and apoB in our data as cut-off points (=1.74 and =0.88 g/, re-
spectively) and compared subjects with those who had lower plas-
ma concentrations.
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Table 1. Demographic and laboratory characteristics of 462 schoolchildren by asthma, rhinoconjunctivitis and eczema

Variables Total Wheeze Asthma physi- Rhinoconjunc- Atopic wheeze Hay fever physi- Atopic Eczema physi-
past year cian diagnosed tivitis past year past year cian diagnosed ~ dermatitis cian diagnosed
(N =462) (N =447, (N =375, (N =458, (N =398, (N =379, (N =388, (N =390,
n = 30) n=22) n=41) n=11) n=32) n = 50) n=72)
Continuous
Age, years
Median 10.00 9.90 9.95 9.80 9.70 9.85 10.00 9.90
Q1,Q3 9.60,10.30  9.70,10.30 9.60,10.30  9.60,10.10  9.40,10.10  9.70,10.25 9.60,10.40  9.70, 10.30
BMI
Median 17.12 17.04 18.02 17.53 15.48 17.44 17.71 16.86
Q1,Q3 15.52,19.29 14.79,19.23 16.14,20.78 15.09,19.77 14.74,18.72 15.84,19.41 16.00,20.19 15.02,19.11
ApoAl, g/l
Median 1.49 1.53 1.50 1.52 1.52 1.53 1.48 1.54
Q1,Q3 1.39, 1.62 1.39,1.78 1.38, 1.64 1.38,1.64 1.38,1.86 1.39, 1.64 1.31,1.64 1.39, 1.64
ApoB, g/l
Median 0.68 0.67 0.65 0.66 0.66 0.72 0.67 0.70
Q1,Q3 0.59,0.79 0.57,0.85 0.57,0.78 0.58,0.77 0.59, 0.84 0.61, 0.84 0.61,0.78 0.60, 0.80
Categorical
Girls, % 53.1 36.7% 36.4 41.5 36.4 56.3 64.0 55.6
Environmental
tobacco smoke, %  47.5 50.0 35.0 41.5 36.4 37.5 46.9 37.5
Familiar atopy, %  36.9 60.0%* 68.2%** 59.0% 63.6% 53.3%* 68.8*%* 53.5%**

N = Total number of subjects studied; n = number of patients with the corresponding symptoms.

*p < 0.05, ** p < 0.01, *** p < 0.001.

Statistical Analysis

Means and percentiles were calculated using the SAS proce-
dure UNIVARIATE. A Mann-Whitney U test was used to assess
differences of continuous variables between groups (SAS proce-
dure NPARIWAY) and the x? test for proportions, respectively.
Logistic regression analysis was used to calculate multivariate
odds ratios (OR) and their 95% confidence intervals (CI) for symp-
toms of asthma and atopy by plasma concentrations of apolipopro-
teins. Models were adjusted for sex, environmental tobacco smoke
(yes, no), BMI, birth weight (<2,000 g, =2,000 g, or missing) and
familiar atopy (yes, no). In addition, sex-stratified analyses were
performed. Age did not influence the estimates substantially and
was therefore not included in the final models. Models with con-
tinuous values of the log-transformed exposure variables (apoAl,
apoB) were calculated in order to examine the consistency of the
data. Interactions were tested using the Wald test. All provided p
values are 2-sided. The statistical software package SAS release 9.1
(SAS Institute, Cary, N.C., USA) was used.

Results

Demographic and laboratory characteristics of the
study population are shown in table 1. The mean age was
10.0 (SD 0.6) years. Overall, 462 children (47% boys, 53%
girls) were included in the study, of which 30 (6.7%) had

Apolipoproteins and Symptoms of
Asthma and Atopy

experienced at least 1 episode of wheeze during the past
year and 30 (6.7%) were ever diagnosed with asthma. In
addition, 50 (12.9%) reported symptoms of atopic derma-
titis and 81 (18.2%) children had ever been diagnosed
with eczema. Fewer girls than boys suffered from wheeze
during the past year. Familiar atopy was statistically sig-
nificantly associated with all investigated disease out-
comes. Exposure to environmental tobacco smoke was
not associated with any disease outcome.

Table 2 shows the associations of plasma apoAl con-
centrations with asthma and symptoms of atopy. In mul-
tivariate models, high apoAI concentrations were statisti-
cally significantly associated with wheeze during the past
year (OR 3.65; 95% CI 1.43-9.33), whereas for the preva-
lence of physician-diagnosed asthma, only a trend, but no
statistically significant association, was found (OR 3.35;
95% CI 0.94-11.93). Further adjustment for BMI slightly
strengthened the association for non-atopic wheeze. In a
model using apoAl as alog-transformed continuous vari-
able, increasing plasma apoAl concentrations were asso-
ciated with increasing prevalence of wheeze (3-coeffi-
cient = 3.20; p = 0.045) and, particularly, with non-atopic
wheeze (-coefficient = 4.47; p = 0.036). For physician-
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Table 2. Associations of plasma apoAl concentrations (290th percentile vs. <90th percentile) with asthma, rhinoconjunctivitis and

eczema
n/N Multivariate! Multivariate? Continuous values®*
1 Al
<90th per- >90th percentile >90th percentile 08 2po
tile, OR
centre OR  95% CI OR  95%CI B-coefficient p value
Wheeze, past year 307422 1 3.65 1.46-9.13 3.65  1.43-9.33 3.20 0.045
Atopic wheeze 11/382 1 4.16 1.00-17.36 399  0.93-17.06 2.86 0.281
Non-atopic wheeze 19/390 1 4.04  1.28-12.74 433  1.33-14.10 4.47 0.036
Asthma, physician diagnosed 20/361 1 3.06  0.88-10.59 335  0.94-11.93 3.29 0.099
Rhinoconjunctivitis 39/438 1 2.27  0.91-5.66 248  0.97-6.34 1.33 0.359
Hay fever, physician diagnosed 32/365 1 1.37  0.38-4.95 141  0.38-5.17 1.95 0.233
Symptoms of atopic dermatitis 47/373 1 1.08  0.34-3.43 1.11  0.35-3.58 0.62 0.648
Eczema, physician diagnosed 71/375 1 148  0.62-3.53 1.31  0.55-3.18 0.93 0.421

n = Number of patients with the corresponding symptoms; N = total number of subjects studied.
! Adjusted for sex, familiar atopy, birth weight and environmental tobacco smoking.
2 Adjusted for sex, familiar atopy, birth weight, environmental tobacco smoking and BMI in tertiles.

3 log-transformed.

diagnosed asthma (B-coefficient = 3.29; p = 0.099), a
trend was found. No further associations between plasma
apoAl and disease outcomes were observed.

In table 3, the associations of plasma apoB concentra-
tions with asthma and symptoms of atopy are shown. In
multivariate models, high apoB concentrations were nei-
ther associated statistically significantly with wheeze
during the past year (OR 2.30; 95% CI 0.85-6.24) nor
with non-atopic wheeze (OR 2.68; 95% CI 0.80-8.97).
Consistent with the results for categorical analysis of
apoB plasma concentrations, linear analyses revealed no
association with wheeze during the past year or in sub-
groups. No associations were found between plasma apoB
concentrations and symptoms of atopy. In general linear
models (data not shown), the adjusted means of apoAl
differed statistically significantly by wheeze (p = 0.003),
non-atopic wheeze (p = 0.002) and physician-diagnosed
asthma (p = 0.021). Adjusted means of plasma apoB con-
centrations differed only by non-atopic wheeze (p =
0.044). In sex-specific analyses (table 4), plasma apoAl
concentrations were more strongly associated with rhi-
noconjunctivitis in boys than in girls. Concerning plas-
ma apoB concentrations, stratification by sex strength-
ened the associations for wheeze during the past year
among girls and for eczema among boys. When the cat-
egorical variables of apoAl and apoB were analysed, there
was no significant effect modification by sex. Finally, the
apoB/apoAl ratio was not associated with symptoms of
asthma and allergy (data not shown).
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Discussion

Our observation that high apoAl concentrations are
associated with non-atopic wheeze during the past year
is consistent with former research showing a positive as-
sociation between HDL-C concentrations and asthma
and allergies [10, 20]. In a cohort study, similar HDL-C
concentrations among allergic and non-allergic children
at the age of 5 years were found, except for higher concen-
trations among children with recurrent wheeze [9]. In an
outpatient clinic-based study among adults, hypercholes-
terolaemia was associated with asthma [11]. Experimen-
tal studies have shown that cholesterol enhances pulmo-
nary eosinophilic inflammation [6]. It is believed that
cholesterol increases the risk of asthma by promoting a
proinflammatory state in the bronchial airway [21]. Re-
search in cardiovascular disease has shown that the anti-
inflammatory properties of HDL-C may become proin-
flammatory, in particular in the presence of a chronic
systemic inflammatory response [22, 23]. Concerning
asthma and allergies, increasing apoAlI concentrations
could indicate the release of IL-4, IL-13 and IL-5 by Th2
cells, which is known to activate mast cells, eosinophils
and basophils and promote the production of IgE by B
cells. In contrast, interferon (IFN)-y-producing Th1 cells
may protect against allergic disease by reducing the activ-
ity of Th2 effector cells [24]. Experimental research re-
vealed that apoAl inhibits the tumor necrosis factor-a
and IL-1B production through inhibition of contact-acti-
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Table 3. Associations of plasma apoB concentrations (=90th percentile vs. <90th percentile) with asthma, rhinoconjunctivitis and

eczema
n/N Multivariate! Multivariate? Continuous values®*
. : log apoB
<90th per- >90th percentile >90th percentile
tile, OR
centre OR 95% CI OR 95% CI B-coefficient p value
Wheeze, past year 30/422 1 2.17 0.81-5.76 2.30 0.85-6.24 1.12 0.222
Atopic wheeze 11/377 1 1.80  0.37-8.91 1.91 0.38-9.56 0.30 0.835
Non-atopic wheeze 19/390 1 2.58 0.78-8.50 2.68 0.80-8.97 1.51 0.191
Asthma, physician diagnosed 20/361 1 0.83  0.18-3.81 0.79 0.17-3.67 -0.47 0.662
Rhinoconjunctivitis 37/431 1 1.18  0.43-3.24 1.27 0.46-3.55 -0.46 0.558
Hay fever, physician diagnosed 32/365 1 1.08  0.35-3.29 1.05  0.34-3.27 0.76 0.399
Atopic dermatitis 47/367 1 1.01 0.36-2.86 0.96 0.34-2.72 0.05 0.950
Eczema, physician diagnosed 71/375 1 1.57  0.71-3.22 1.76  0.80-3.86 0.27 0.673
n = Number of patients with the corresponding symptoms; N = total number of subjects studied.
! Adjusted for sex, familiar atopy, birth weight and environmental tobacco smoking.
2 Adjusted for sex, familiar atopy, birth weight, environmental tobacco smoking and BMI in tertiles.
3 log-transformed.
Table 4. Associations of plasma apoAI and apoB concentrations with asthma, rhinoconjunctivitis and eczema by sex
n/N apoAl apoB
<90th per- >90th percentile <90th per- >90th percentile
tile, OR tile, OR
centile OR "o o5 c centile OR "o o5
Girls
Wheeze, past year 11/226 1 3.63 0.81-16.21 1 4.85 1.08-21.71
Asthma, physician diagnosed 7/187 1 NA 1 NA
Rhinoconjunctivitis 15/229 1 0.65 0.08-5.51 1 1.48 0.30-7.35
Atopic dermatitis 30/202 1 1.18 0.22-6.41 1 0.87 0.22-3.46
Eczema, physician diagnosed 39/196 1 0.70 0.14-3.45 1 1.03 0.34-3.19
Boys
Wheeze, past year 19/196 1 3.66 1.08-12.49 1 1.37 0.35-5.44
Asthma, physician diagnosed 13/168 1 5.22 1.15-23.70 1 1.46 0.28-7.75
Rhinoconjunctivitis 22/202 1 4.52 1.42-14.46 1 1.12 0.29-4.33
Atopic dermatitis 17/155 1 1.07 0.21-5.53 1 0.98 0.19-5.00
Eczema, physician diagnosed 32/173 1 1.71 0.54-5.40 1 3.63 1.10-11.97

Groups adjusted for familiar atopy, birth weight, BMI in tertiles and environmental tobacco smoking. n = Number of patients with
the corresponding symptoms; N = total number of subjects studied; NA = not assessed.

vated monocytes [25], indicating an anti-inflammatory
effect in the context of infection. It can be speculated
whether inhibition of the Toll-like receptor activation
and Thl response contribute to the positive association
between apoAl and wheeze [26].

In our study, the strength of the association between
apoAl, as a substitute for HDL-C, and wheeze during the
past year was independent of the atopic status. Concerning

Apolipoproteins and Symptoms of
Asthma and Atopy

objective markers of atopy, Schiéfer et al. [10] found statisti-
cally significant inverse associations for the skin prick test
reactivity with concentrations of total cholesterol and
LDL-C, and a borderline statistically significant associa-
tion with HDL-C, while for radioallergosorbent test reac-
tivity, only the association with total cholesterol reached
statistical significance. However, in their study, both skin
prick test and radioallergosorbent test reactivity were as-
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sociated with PUFA concentrations [10], suggesting that
fatty acid composition may be relevant for the disease on-
set [20, 27]. Previous research has focused on the relation-
ship between dietary fatty acid intake, asthma and symp-
toms of atopy only [1, 3, 8, 10, 11, 20, 28], which limits
comparability. Particularly, PUFA have been investigated
as precursors of the eicosanoids, which are involved in im-
mune modulation [29]. In vitro research has shown that
reduced HDL-C concentrations may be accompanied by a
reduced ability to respond to lipopolysaccharides [30].
Clinically, infection and inflammation are associated with
a reduction in HDL-C and apoAI concentrations [31]. It
can be speculated whether changes in the antioxidant
properties [12, 32] or loss of the antioxidant capacity of
apoAl [12, 33] contribute to the observed associations. In
children with severe respiratory syncytial virus infection,
the production of INF-+y has been reduced, suggesting Th1
involvement towards Th2 dominance [34]. Supporting re-
sults were reported from an in vitro study, in which T cells
stimulated by apoAl-pretreated dendritic cells produced
significantly lower levels of INF-v, suggesting a shift to-
wards Th2 response and allergy [35].

Consistent with an earlier report, we observed differ-
ential associations with symptoms of lung and skin man-
ifestations [36]. In our population, atopic dermatitis and
rhinoconjunctivitis were not associated with apoAI con-
centrations, whereas other authors found increased HDL-
C concentrations to be associated with positive skin prick
tests or allergic sensitization [10, 37]. However, it has also
been reported that HDL-C was associated with decreased
risk of allergic sensitization in a cross-sectional study
among adolescents [38], suggesting that low apoAI con-
centrations may represent a potential risk factor for al-
lergic skin disease.

Since apoB represents a marker for more dense and
potentially atherogenic lipoprotein particles and gives an
estimate on LDL-C particle numbers, our observations
support the hypothesis that disorders in the lipid metab-
olism, such as hypercholesterolaemia [10], or fatty acid
composition [20, 28], may be associated with asthma [1,
8]. Our observation of a lack of an association between
apoB and wheeze is consistent with earlier results on
asthma [10, 11]. However, our results suggest that high
apoB concentrations might be associated with non-atop-
ic wheeze, indicating a relationship between apoB con-
centrations and inflammation. Though several plausible
pathomechanisms such as the inhibition of cytokine pro-
duction and antioxidant function have been proposed
[12, 21], none is solely conclusive. Our observations of no
overall association between apoB and eczema are in con-
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trast with the results of a case-control study among Ger-
man adults, in which an inverse relationship between in-
creasing LDL-C concentration and atopic eczema was
found [10]. However, their results were not adjusted for
potential confounders.

A possible explanation for the lack of an association
between the apoB/apoAl ratio and asthma and atopy in
our data could be the small numbers and differential
mechanisms according to asthma phenotype. Inconclu-
sive results on the serum lipid ratio using measurement
of n-6 and n-3 fatty acids in serum phospholipids in
adults have also been reported by other authors [39].

Concerning sex differences, our results of a stronger
association of apoAl concentrations with rhinoconjunc-
tivitis in boys are in contrast to earlier results reporting a
significant positive association between HDL-C concen-
trations and allergic rhinitis in women only [10]. Pesonen
et al. [9] reported no statistically significant association
between increased HDL-C concentrations and subse-
quent allergies in children at the age of 5 years, but no
gender-stratified analyses have been performed. We
found stronger associations between high apoB concen-
trations and wheeze during the past year among girls
than among boys, suggesting that sex differences in the
regulation of apoB may be relevant. Consistently, sex dif-
ferences in the apoB distribution were found among
Spanish adolescents [40]. These findings are in line with
the observation that oestrogens are inversely correlated
with LDL-C and VLDL concentrations [41]. Indeed, re-
sults from epidemiological studies suggest sex-specific
associations between dietary fat intake and asthma in
children [8] and adults [10, 28]. Results from a prospec-
tive birth cohort study indicate that sex-specific patterns
of allergic disease could be related to sex-specific cyto-
kine expression [42]. A wheezing phenotype at the age of
3 years was characterized by increased IFN-v, IL-5 and
IL-13 response in boys and decreased IFN-vy concentra-
tions in girls [43]. In vitro application of oestrogen and
progesterone to human peripheral mononuclear cells re-
sulted in the production of Th2 cytokines IL-4 and IL-13
[44]. However, it is still poorly understood which mecha-
nisms contribute to the sex-specific pattern among chil-
dren and adults. One hypothesis suggests that sex hor-
mones are not only linked to lipid metabolism but also to
immune functions [45]. Due to the small number of chil-
dren with disease symptoms in the strata, it has to be kept
in mind that these results may have occurred by chance.

The strengths of our study include the measurement
of biological markers for exposure, the adjustment for po-
tential confounders and its population-based approach.
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In addition, the well-established ISAAC questionnaire
has been used [18]. Several limitations of the study need
to be considered. In bivariate analysis, we found no as-
sociation between environmental tobacco smoke expo-
sure and any of the disease outcomes. A possible explana-
tion might be that among parents with asthma or allergy,
there were fewer smokers, whereas asthma and allergy
were more prevalent among the offsprings. In addition,
the number of smoked cigarettes rather than the smoking
status per se could be associated with asthma and atopy.
However, the sample size of this explorative study was
relatively small, which limits statistical power. Under the
assumption of a case-control study with a power of 0.80
and a standard error of 0.05, a group size of 109 children
each would have been required in order to detect differ-
ences of prevalence (0.05 and 0.17) as observed for elevat-
ed apoAl concentrations and wheeze.

No objective measurements for allergic sensitization
and bronchial hyper-responsiveness were available in our
study. However, we applied a well-established instrument
on disease outcome among children [18]. Also, acute in-
fections in children were found to be accompanied by
enhanced oxidative modification of LDL-C and by a de-
crease in plasma HDL-C [46]. The exclusion of 8 children
with C-reactive protein values >10 mg/l did not substan-
tially alter our estimates, indicating that acute inflamma-
tion may have only slightly contributed to the observed
estimates. In addition, the cross-sectional study design
precludes conclusions regarding causality, since data on
exposure and outcome were collected at the same time.

Residual confounding due to dietary fat composition
cannot be excluded either. Other dietary factors such as
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