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Early childhood risk factors for current sensitization were investigated by use of cross-sectional 
data of a longitudinal study in Southwest Germany. Information was gathered by questionnaires 
from 1812 families of whom 1470 children 6 to 8 years old were tested by means of a skin prick 
test (SPT) with seven aeroallergens. Groups with sensitization (n = 201; positive SPT to grass 
pollens 6.6%, Dermatophagoides pteronyssinus 6.5%, Dermatophagoides farinae 4.4%, cat 
dander 4.6%, any of the tested allergens 13.7%) are compared with children without 
sensitization (n = 1269). As risk factors for any sensitization parental atopy (odds ratio 
[0R]/95% confidence interval [95%CI]: unilateral 1.9/1.3 to 2.6; bilateral 2.8/1.5 to 5.2), 
low gestational age (1.9/1.1 to 3.2), and male gender (1.6/1.2 to 2.3) are statistically 
significant in multiple logistic regression. Former cat ownership is significantly related to 
sensitization to cat dander (2.7/1.4 to 5.5). Breast feeding, maternal smoking habits 
after the child's birth, prior exposure to pets, and social class are not important. In conclusion, 
our data suggest parental atopy, low gestational age, and male gender as independent risk 
factors for sensitization to aeroallergens at school age. ( J ALLERGY CLIN IMMUNOL 1992;90: 
358-63.) 
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In childhood, sensitization to aeroallergens is a ma- 
jor  cause for chronic respiratory diseases such as hay 
fever and bronchial asthma. 13 Numerous epidemio- 
logic and clinical studies were carded out to analyze 
the pathogenesis of  atopic diseases. 4-14 Sensitization 

to allergens is usually estimated by use of  skin prick 
tests (SPT) or by measurement  of  allergen-specific IgE 
antibodies.4-7, 9, 10, 13, 14 Some studies have demon- 

strated that risk factors for atopy (i .e . ,  allergen ex- 
posure) may act antigen specific.5' 6,13-16 Parental atopy 

(PA) and early exposure to potent allergens like cow's  
milk proteins or pollens are risk factors for sensiti- 
zation in later life. d' 6, 11-13.16-19 Presumable risk factors 

for sensitization are social class, 2~ gender, 1~ 23-25 
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Abbreviations used 
SPT: Skin prick test 

PA: Parental atopy 
LGA: Low gestational age 
MSP: Maternal smoking during pregnancy 
Dpt: Dermatophagoides pteronyssinus 

Df: Dermatophagoides farinae 
OR: Odds ratio 

95% CI: 95% confidence interval 
HDM: House dust mite 

5 7 26 27 early respiratory infections, �9 , ' and tobacco smoke 
exposure.8. ~2.14, 28, 29 

We analyzed data derived from a cross-sectional 
investigation of  an ongoing longitudinal study in 
Southwest Germany comprising 1812 schoolchildren 
to test these risk factors in regard to sensitization in 
SPT. In addition, we investigated low gestational age 
(LGA) and potential combined effects on current sen- 
sitization to aeroallergens. 

POPULATION IN THE STUDY 
AND METHODS 

The data were collected in a first cross section of a lon- 
gitudinal study designed to assess risk factors for allergy 
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and asthma in children. To obtain a population-based sample 
of schoolchildren between 6 and 8 years of age, all parents 
whose children had started elementary school were invited 
to participate. Questionnaires were distributed to 2604 fam- 
ilies living in three urban areas in Southwest Germany (Frei- 
burg, Kehl, and L6rrach) from February to April 1990. The 
questionnaires were returned by 1812 families (participa- 
tion: 70%). In 94% the questions were answered by the 
mothers. Appended to the questionnaire was a written con- 
sent lot the children to participate in further investigations 
(SFT and free running test). The SPT took place from March 
to June in the same year. A population of 1470 children 
participated in the SPT. The study was approved by the 
local ethical committee and also by local school authorities. 

Questionnaire 
Thirty to 45 minutes were used to fill in answers. The 

reproducibility of the answers was determined in a separate 
study with 162 primary school children. Questionnaires 
were administered by the parents on two occasions 14 days 
apart from each other. In the following the proportion of 
agreement (%) is given in brackets. For the analyses, ques- 
tions of interest are the following: parental atopy (PA, ma- 
ternal or paternal history of asthma or hay fever or eczema; 
94%); low gestational age (LGA, child horn at least 3 weeks 
preterm); maternal history of cigarette smoking during preg- 
nancy (MSP, 80%), in the first year of the child's life (81%), 
and in the year preceding the cross-sectional investigation 
(85%): duration of breast feeding (in months); history of 
pneumonia and history of whooping cough in the child's 
first year of life (94% and 87%); history of ;in exposure to 
pet animals at home (previous exposure and current expo- 
sure); social class (highest educational level achieved at 
school by father or mother; 87%); gender of the child. 

SPT procedure 
Seven purified and immunochemically characterized 

aeroallergens (Allergologisk Laboratorium, A/S,  Copen- 
hagen, Denmark) were applied to the child's forearm with 
the aid of an uncoated Phazet needle (Pharmacia Diagnos- 
tics, AB, Uppsala, Sweden). The reactions were recorded 
after 15 minutes, a' Extracts from grass pollens (mixture of 
the six most common species), birch and hazel pollens, 
Dermatophagoides pteronyssinus (Dpt) and Dermatopha- 
goidesfarinae (Df) as well as cat and dog dander were used 
Iconcentration: 10 histamine equivalent in prick testing). As 
control solutions, histamine hydrochloride (10 mg/ml) and 
sodium chloride (9 gm/L) were applied. The largest and 
the orthogonal diameter of a wheal were measured by means 
of a transparent ruler, and the arithmetic mean was calcu- 
lated. A reaction to the negative control was subtracted from 
the allergen value. A wheal of 3 mm or more was classified 
as a positive reaction. The tests were carried out by two 
nurses under supervision of a physician. 

Statistical analysis 
The questionnaire data were categorized, and differences 

between the groups with and without reaction in SPT were 
examined by chi-square tests. The estimation of the relative 
risks was based on logistic regressions and provided 

odds ratios (ORs) and their 95% confidence intervals (95% 
CI)?" 22 In the assessment we followed the backward pro- 
cedure by Greenberg et al. ~ that starts with a model in- 
cluding all potential confounders. Reducing the m,:rdel back- 
ward, the potential confounder social class could be elim- 
inated if no change in the parameter estimates of the 
variables of interest occurred (-< 10% in changei, in addi- 
tion, to investigate an effect of parental atopy together with 
MSP, gender, and LGA, ORs for the different combinations 
of these variables were calculated. ~' The expected ORs 
(OR~xp) for a combination of two factors weIe derived 
from observed ORs (OR,,b~) as follows: OR,~,~ ~ 
ORob~jo + ORob~O~ -- l. ~ The formula is based on an ad- 
ditive model with no interaction. 

RESULTS 

A sensitization to any of  the seven tested allergens 
is found in 13.7% of  the 1470 children, of whom 
6.6% are sensitized to grass pollens, 6.5% to Dpt, 
4.4% to Df, and 4.6% to cat dander (Table 1). In 109 
children (7.4% of  1470) an SPT reaction occurs to at 
least one of  the two house dust mites (HDMs) (46% 
to both, 41% to only Dpt and 13% to onb Dr). 

Bivariate analyses 

It is evident from Table I that unilateral PA (one 
atopic parent) is more frequent in children sensitized 
to any of the seven or to one of  the single "allergens 
tested, respectively. This is also true for the bilateral 
parental affection, Maternal atopy was reported in 
21% compared with a paternal history in 18%. A 
gestational age of  37 weeks or less (LGA) is found 

in 7% of the nonatopic children and has a significantly 
higher prevalence in three of the sensitized subgroups 

(Table I). MSP is most frequent in the subgroup with 
no sensitization and is less frequent in children with 
sensitization to any allergen, Df, and cat dander. For- 
mer cat ownership is associated with a higher pre- 
valence of sensitization to cat dander. In each of the 
sensitized subgroups more boys than girls are found. 
A history of  pneumonia in the chi ld ' s  first year of  life 
is rare and is reported significantly more fi'equently 
only in the group sensitized to cat dander 

Multivariate analyses 

The potential effects of the variables of  interest 
(listed in Table I) on the SPT sensitization were es- 
timated by multiple logistic regression (Table II). The 
models were based each on the c o m p a r i ~ n  of  the 
sensitized subgroup ( 'any, '  grass pollens,  Dpt, DJi cat 
dander) with the nonsensitized population (n = 1 122; 
missing data excluded). The ORs derived from the 
five regression models  indicate a 1.6-fold ~o 2.5-fold 
risk of  unilateral and a 1.5-fold to 3. l-fold risk of  
bilateral PA for sensitization. L G A  is significantly 
related to sensitization to Dfand Dpt as well as to any 
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TABLE I. Percentages of risk factors for different SPT results 

Sensitization to 

None Any Grass Dpt Df Cat 
Factor (n = 1269) (n = 201) (n = 97) (n = 95) (n = 64) (n = 67) 

Parental  a topy 

None  67.3 51 .2***  52 .6***  50 .5**  50 .0**  46 .3** *  

Unilateral  28.5 39.3 36.1 41.1 39.1 49.3 

Bilateral 4 .2  9.5 11.3 8 .4  10.9 4 .5  

Low gesta t ional  age  7 .0  11.6" 7 .2  t 8 . 1 " * *  18 .8"**  12.1 
Breas t  feeding  

< 8  m o n t h s  18.5 22.5 19.6 28 .7  20.3 20 .9  

-<4 m o n t h s  < 8  18.5 21 .0  18.6 18.1 29.7 26 .9  

-<1 m o n t h s  < 4  37 .0  31 .5  33 .0  29 ,8  32 .8  28 .4  

m o n t h  < 1 25 .9  25 .0  28 .9  23 ,4  17.2 23 .9  
Materna l  s m o k i n g  

P regnancy  15.8 9 .1"  8 .6  10.6 3 .2"*  6.1 * 

First yea r  o f  life 23 ,5  18.1 17.9 20 .2  15.9 16,7 

Previous year  30 .7  25 .0  26.3 26.1 25 .4  22.7 

W h o o p i n g  cough  in the  6 .0  5 .6  6 .4  4 .4  3.3 7 .7  
first year  

Prior exposure  to cat 9 .6  11.0 9.3 7 ,4  7 .8  19.4"* 
dander  

Current  exposure  to cat 16.6 10.5" 13.4 10.5 9 .4  19.4 
dander  

Prior  exposure  to pets  27 .8  31.3 28 .9  26.3 29 .7  40 .3"  

Current  exposure  to 44 .4  42 .8  46 .4  44 .2  39.1 50 .8  
pets 

Social c lass  

Low 34.4  29 .6  28 .0  33.3 26 .6  27 .3  

M e d i u m  28.0  30 .6  33.3 32.3 28.1 39 .4  

High  37.7 39.8 38.7 34 .4  45 .3  33.3 

Gende r  (male)  46 .8  60 .2***  53 .6  66 .3***  64 .1"*  56.7  
P n e u m o n i a  in the first 2 .4  4 .0  2.1 5 .3  3.1 9 .0***  

year  

Percentages based on numbers after "missings" have been deleted. 
Significance in chi-square test (*p -< 0.05, **p -< 0.01, ***p <- 0.001) for the atopic groups compared with the group with no sensitization. 

TABLE I1. Odds ratios/95% confidence intervals of risk factors for atopy wi th mutual adjustment 

Sensitization to 

Any of 7 
Factor antigens Grass pollens Dpt Df Cat dander 

Parental  a topy 

Unilateral  1 . 8 7 / 1 . 3 2  - 2 .63 1 . 6 4 / 1 . 0 2  - 2 .64  2 . 2 3 / 1 . 3 7  - 3 .62  1 .70 /0 .95  - 3 .04  2 . 5 0 / 1 . 4 4  - 4 .33  

Bilateral  2 . 7 9 / 1 . 5 1 - 5 . 1 8  3 . 1 3 / 1 . 4 2 - 6 . 9 2  2 . 7 6 / 1 . 1 6 - 6 . 5 5  2 . 9 8 / 1 . 1 7 - 7 . 5 5  1 . 5 2 / 0 . 4 3 - 5 . 4 2  

Low gesta t ional  age  1 .92 / 1 .15  - 3.21 1 . 0 6 / 0 . 4 6  - 2 .42  3 . 5 7 / 1 . 9 3  - 6.61 3 . 6 1 / 1 . 7 5  - 7 .43  2 . 4 0 / 1 . 0 5  - 5 .49  
Materna l  s m o k i n g  0 . 5 7 / 0 . 2 8  - 1.14 0 . 3 9 / 0 . 1 5  - 1.02 0 . 8 1 / 0 . 3 1  - 2 .08  0 . 1 7 / 0 . 0 3  - 0 .82  0 . 3 1 / 0 . 0 9  - 1.07 

in p r egnancy  

Prior exposure  to . . . .  2 . 7 5 / 1 . 3 7  - 5 .52  
cat dander  

Gende r  ma le  1 . 6 4 / 1 . 1 9  - 2 .26  1 . 2 1 / 0 . 7 8  - 1.89 2 . 1 2 / 1 . 3 3  - 3 .39  2 . 2 0 / 1 . 2 6  - 3 .84  1 . 6 8 / 0 . 9 9  - 2 .86  

Outcome variables: sensitization in SPT to 'any'  allergen (n = 182), grass pollen (n = 87), Dpt (n = 86), df (n = 60), cat dander 
(n = 62), each in relation to no sensitization (n = 1122). 
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allergen, with minor risk for the latter. With the ex- 
ception of sensitization to DJ; no significant relation- 
ship can be shown between SPT results and maternal 
smoking habits. In case of sensitization to Df MSP is 
less frequent than in the group with no reaction (OR, 
0.17). In the children sensitized to cat dander former 
cat ownership is of significance for a current sensi- 
tization (OR, 2.75). Male gender is a significant risk 
for sensitization to both HDMs (Dpt and DJ) and to 
any of the tested allergens. 

Combined effects 

As shown in Table II PA is a general predictor for 
sensitization in SPT. To investigate combined effects 
in which PA as one predictor might be involved, we 
analyzed combined effects with MSP, gender, and 
LGA, respectively, on SPT. For PA with gender and 
LGA no interaction could be seen (not shown). For 
MSP alone, a decreased risk of MSP in the absence 
of PA is found (ORs, 0.5 to 0.6; Table III). To consider 
different patterns of the mother's or father's atopic 
history and MSP, PA was additionally stratified for 
exclusive maternal or paternal history (bilateral pa- 
rental atopy excluded). The ORs for maternal and 
paternal atopy indicate increased risks of both parental 
histories. A uniform combined effect of maternal and 
paternal atopy, respectively, together with MSP can- 
not be seen (ORs, 0.6 to 1.4). However, each of the 
observed ORs for the combinations are below the 
expected values. This pattern is not of significance, 
because the confidence intervals of the observed ORs 
include the expected values. 

DISCUSSION 

In the present epidemiologic study, PA, LGA, and 
male gender were identified as risk factors for allergic 
sensitization at school age. 

To our knowledge, no previous results regarding 
the relationship between LGA and atopy in school- 
aged children are available. However, on the basis of 
the immune response of fetal and newborn mice, im- 
munologic and digestive immaturity have been pos- 
tulated to prevent tolerance in the case of an antigen 
feed in the neonatal per iod .  35 A high risk of early 
exposure to cows' milk for developing allergic reac- 
tions in early infancy has been shown in preterm ba- 
bies with an additional family history of atopy. 36 This 
may be one potential explanation for the association 
of LGA with sensitization to common aeroallergens. 
However, the issue is still in dispute, whether such 
individuals with milk protein allergy have a higher 
likelihood of developing inhalative allergies later in 
life than do children without previous sensitization to 
food allergens. A sequence of this type is known in 

principle from the natural course of atopic diseases." 
On the basis of our data we were not able to elucidate 
the sequence of these early events. 

The role of gender in atopic diseases has repeatedly 
been reported. Several authors confirm our findings, 
which indicate that males have a stronger predispo- 
sition for sensitization than females. ,0 ~3 2~, l-towever. 
a recently published large study did not lind a rela- 
tionship.2~ One explanation for a gender predominance 
may be the so-called Carter effect, assuming different 
thresholds of polygenic inheritance.'7 In addition to 
allergy related data, this hypothesis is supported by 
the predominance of males with bronchial asthma at 
school age. '8 3, Male predominance in HDM allergy 
as well as bronchial asthma might be related to each 
other, considering that HDM allergens are regarded 
as the most important trigger of perennial alleIgic 
asthma in childhood. 4~ Male gender and LGA have in 
common that an association with sensitization can be 
observed to occur most often in positive SPF to both 
types of HDM and less often with respect to at least 
one allergen (any) but not to cat dander and grass 
pollen (Table II), Therefore it can be assmned, that 
these risks may exist not only for atopy m general, 
but, as is the case here, tor a specific phenotype 

Most authors have reported an effect of atopic 
family history that is comparable with our re- 
suits. L2 ~3, ~a. ~ For children withoul genetic disposi- 
tion, the prevalence of atopy varied between 12% and 
27% compared with 10.8% in our population ~::' '~ In 
case of a positive family history the prevalences 
ranged between 23% and 43% compared with 19 1% 
in the current study. ~2. ~ Findings vary according to 
country, study population, and instruments used. The 
results concerning the genetic effect on the offspring 
also appears to depend on the prevalence of atopy at 
each respective age. The effect of PA is estimated 
higher in children reaching school age than for 
infancy. LJ ~, J~ 4~. ~: 

A differentiation of parental histories shows in- 
creased ORs for maternal (ORs, 1.5 to 2,3) as well 
as paternal atopy (ORs, 1.9 to 2.9) if the mother did 
not smoke during pregnancy (Table II1). We did not 
expect that MSP as a single predictor would be as- 
sociated with a lower frequency of sensitizations 
(ORs, 0.5 to 0.6). Hence, the combined risks of MSP 
and maternal (ORs, 0.7 to 1.4) as well as paternal 
atopy (ORs, 0.4 to 1.0) are not signilicant for sen- 
sitization. Although not significant, the observed neg- 
ative association of MSP and sensitization in SPq r was 
surprising to us. 

An effect of MSP on fetal lg regulation has been 
shown. In cord blood significantly higher levels of 
lgA, IgG. as well as IgM were found in the offspring 



362 K u e h r  e t  al. J ALLERGY CLIN IMMUNOL 
SEPTEMBER 1992 

TABLE III. Frequencies, OR, and 95% CI for combinations of PA with MSP 

Sensitization to 

Any Grass Dpt 

Factor 1 Factor 2 Yes No OR/95% CI Yes No OR/95% CI Yes No OR/95% CI 

PA - MSP - 90 688 1 43 688 1 42 688 1 
PA - MSP + 10 139 0.5/0 .3-  1.1 5 139 0.6/0.2-  1.5 5 139 0.6/0.2-  1.5 
Maternal+ MSP - 39 168 1.8/1.2- 2.7 16 168 1.5/0.8 - 2.8 18 168 1.8/1.0- 3.1 
Maternal+ MSP + 3 24 1.0/0.3 - 3.2 (1.3)? 1 24 0.7/0.1 - 5.0 (1.1) 2 24 1.4/0.3- 6.0 (1.4)? 
Paternal + MSP - 34 134 1.9/1.3 - 3.0 17 134 2.0/1.1 - 3.7 18 134 2.2/1.2-  3.9 
Paternal + MSP + 2 25 0.6/0.1 - 2.6 (1.4)t 1" 25 0.6/0.1 - 4.8 (1.6) 1 25 0.7/0.1 - 5.0 (1.8)? 

*To estimate the odds-ratio one artificial case was added to an empty cell, which gives conservative estimates. 
~The values in brackets are the expected ORs for the combination of MSP with maternal and paternal atopy, respectively. 

of 163 women who smoked, as compared with 130 

women without a history of smoking. 43 After an 18- 
month follow-up, a significantly higher cord blood 

IgE in the case of maternal smoking was reported. 44 
Smoking behavior, however, was established for the 
age of 18 months, but not for the pregnancy. 8 An 
effect of MSP on the cord blood IgE concentration 
could not be shown in a population of 136 newborn 
children, 16 of whose mothers had smoked during 
pregnancy. 45 

On the basis of the literature, (an) immunologic 
effect(s) of passive smoke exposure seem(s) likely. 

Nevertheless, a potential role of MSP in the atopic 
history of the offspring is still not sufficiently under- 

stood. Thus we do not interpret our results to show 
an independent effect of MSP on atopy in the off- 

spring. 
In regard to our findings we must point out that the 

retrospective ascertainment, which encompasses a pe- 
riod of time spanning 8 years, can be limiting for 
the reliability of risk assessment. Since the risk of 
LGA can have implications for the care of newborns, 

we examined the child's birth record in a represen- 

tative sample of the population (n = 287). In 96%, 

consistency of questionnaire and birth record is found, 
and for 73% of children classified to LGA, accuracy 

of recall is demonstrated. The present analyses did 
not identify statistically significant relationships be- 

tween breast feeding, postpartal maternal smoking, 
whooping cough in the first year of life, and educa- 
tional status on one hand and sensitization in SPT on 
the other. 

In conclusion, our data show that parental atopy 
represents a general risk for sensitization at school 
age. A higher risk of sensitization is seen in children 

with bilateral parental atopy, than in the case of uni- 
lateral parental atopy. Among the other variables of 

interest, LGA and male gender point to a significant 
relationship primarily to sensitization to HDM aller- 

gens. Furthermore, the observed significance of prior, 

but not of present, cat ownership in relationship to 
current sensitization provides one example that a rec- 

ognition of changed patterns of behavior is necessary 

for retrospective ascertainments in epidemiologic 
studies. 

We thank Mrs. Monika Mortensen and Mrs. Sabine Lin- 
ser-Haar for their excellent collaboration in the field study 
conducting the SPT. 
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