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Background and objective: Atopy is an objectively measurable trait related to
the presence of rhinitis and asthma, but our knowledge about its longitudinal
predictors is limited. Data from a 6-year follow-up study of a population sample of
children and adolescents (n5 408), aged 7 to 17 years at enrollment, were analyzed
to investigate the prevalence and predictors of atopy.

Methods: Case history, including allergic diseases and smoking habits, was
obtained by interview and questionnaire. Skin prick test reactivity to common
allergens, total serum IgE, airway responsiveness, and pulmonary function were
measured using standard techniques.

Results: The point prevalence of atopy increased from the first to the second
survey, 26% and 44%, respectively; 23% of the participants had a positive skin prick
test only at the second survey. Sensitization to house dust mite (HDM) (P , .001),
grass (P , .001), dog (P , .001), cat (P , .001), and birch (P 5 .02) increased
significantly in both males and females. No gender differences in the prevalence of
positive reactions were found at the first survey, whereas atopy to grass (P 5 .01)
and HDM (P 5 .02) were more prevalent in males than in females at the second
survey. Confining the analysis to participants who were found to be non-atopic at
the first survey showed that exposure to maternal smoking (OR 2, CI 1.3 to 3.1;P 5
.002), increased serum IgE (OR 1.7, CI 1.2 to 2.3;P 5 .001), new asthma (OR 1.6,
CI 1.2 to 2.7;P 5 .03), and new rhinitis (OR 2.1, CI 1.2 to 3.6;P 5 .01), but not
active smoking, were associated with an increased risk for the presence of a positive
skin prick test at the second survey.

Conclusions:This longitudinal population study showed an increase in the point
prevalence of atopy in Danish children and adolescents; and, furthermore, that
exposure to maternal smoking during childhood, increased serum IgE, and new
symptoms of asthma or rhinitis were associated with an increased risk for devel-
oping sensitization to common aeroallergens in late adolescence.
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INTRODUCTION
The association between atopy, and
rhinitis, asthma and eczema is well es-
tablished. Our knowledge about risk
factors for sensitization to common
aeroallergens is limited although a
number of genetic and environmental

factors have been implicated. A family
history of allergy predisposes to aller-
gic diseases,1 but a search for reliable
genetic markers of atopy has so far
been inconclusive.2 Smith et al3 have
recently reported thatallergic disease in
an adoptive mother increases the risk
for asthma in the adoptee, which may
suggest a complex interplay between
heredity and maternal environment.

Over the past two decades, the re-
ported prevalence of atopy and allergic
diseases has increased dramatically in
many countries.4–7 Such an increase
over a relatively short period of time
indicates that environmental factors, or
an interplay between genetic suscepti-
bility and environment, may be more

important than heredity. Longitudinal
studies of environmental factors there-
fore remain critical in that they can
provide us with the necessary evidence
for future effective intervention trials.

Cigarette smoke is the most com-
mon indoor pollutant that children are
exposed to, and maternal smoking is
clearly a risk factor for the develop-
ment of asthma in the first years of
life.8–10 It appears, however, that the
predominant effect of maternal smok-
ing is due to in utero exposure leading
to decreased pulmonary function at
birth,11 and the question of whether
maternal cigarette smoking facilitates
atopic sensitization is controver-
sial.11–14 Furthermore, if exposure to
parental tobacco smoke can induce or
increase sensitization to allergens in
children, it remains to be investigated
if the effect of this exposure is seen
throughout childhood and adolescence
or, as has presently been reported, only
in infancy and pre-school childhood.

The aim of this longitudinal popula-
tion study of Danish children and ad-
olescents was to describe the changes
over time in prevalence of atopic sen-
sitization and to investigate potential
risk factors for the development of
atopy. The sample was studied twice 6
years apart, using the same symptom
questionnaire and methods for objec-
tive assessment of sensitization to
common aeroallergens.

METHODS
A sample of 983 children and adoles-
cents living in the area surrounding
Rigshospitalet in the city of Copenha-
gen was drawn at random from the
civil registration list.15 All subjects
were born in the first week of each
month, and had a mean age of 12 years
(range, 7 to 17 years). At both surveys,
performed 6 year apart, all subjects
(n 5 983) were invited by letter to a
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study concerning asthma, allergy, and
airway hyperresponsiveness.

Of the 983 subjects, 527 (54%) par-
ticipated in the first survey and 665
(68%) participated in the second sur-
vey; 408 subjects (199 boys and 209
girls) participated in both surveys.
Only data for the 408 subjects who
participated in both surveys are in-
cluded in the present analysis.

The question of non-responder bias
has been addressed in previous arti-
cles.16,17 Briefly, apart from a signifi-
cantly higher number of current smokers
among the subjects, who participated
only in the second survey, no significant
differences were found between the
groups (ie, ‘stayers’, ‘drop-outs, and
‘newcomers’) with respect to anthropo-
metric data, pulmonary function, or
prevalences of atopy, airway hyperre-
sponsiveness, and allergic diseases, indi-
cating that the subjects in the present
analysis are representative of the entire
sample; for further details see Ulrik and
colleagues.16,17

Exclusion Criteria
In case the participants were taking
medication for asthma or allergy, they
were asked not to use theophylline or
an antihistamine for at least 24 hours,
astemizole for 6 weeks, an oralb2-
agonist for 18 hours, and an inhaled
bronchodilator for 6 hours before the
tests; long-actingb2-agonists were not
available in Denmark at the time of the
surveys. They were allowed to con-
tinue use of any inhaled or oral corti-
costeroid they had been taking.

Case History
The participants and, if present, their
parents were interviewed by one per-
son about diseases (respiratory and
non-respiratory), active and passive
smoking, use of medication, and
known or suspected allergic disease
and allergy.

Furthermore, all participants filled
out a questionnaire about asthmatic
(attacks of wheezing/shortness of
breath with wheezing, chest tightness
or dry cough) and allergic symptoms,
that is rhinitis (sneezing, running or
blocked not associated with a cold) and

eczema (an itchy dry rash on face,
arms, or legs), as related to themselves,
their siblings, and their parents.

Disposition to allergic disease was
recorded if either one or both of the
parents had a history, past or present,
of asthma, allergic rhinitis, and/or
atopic dermatitis. Furthermore, all par-
ticipants reported whether they were
current smokers, ex-smokers or never-
smokers, and for the first two catego-
ries they reported the duration of
smoking. Current and ex-smokers also
reported their daily tobacco consump-
tion (in g; one cigarette5 1 g), and an
estimate of theirlifetime tobacco expo-
sure was calculated as pack-years [cur-
rent tobacco consumption (g day21/20)3
duration of smoking (yr)]. Smoking his-
tory (daily tobacco consumption and du-
ration of smoking) was obtained for both
parents and included in the analysis (as a
dichotomous variable) as an estimate of
passive tobacco exposure (for members
of the participant’s household only).

Skin Prick Test
Skin prick tests were performed on the
volar surface of the forearm, using
standard dilutions of allergens in 50%
glycerol (ALK, Hørsholm, DK). The
allergens used were birch, grass, mug-
wort, horse, dog, cat, house dust mite
(Dermatophagoides pteronyssinus, at
the second survey alsoD. farinae) and
two molds (Alternaria iridis and
Cladosporium herbarum). Histamine
HCl (10 mg/mL) in 50% glycerol was
used as a positive reference, and a neg-
ative reference (50% glycerol) was
also included. The reactions were read
after 15 to 20 minutes. The reaction to
each of the allergens was regarded as
positive if the mean wheal diameter
[(d1 1 d2)/2] was at least 3 mm.18 In
case of reaction to the negative refer-
ence, a positive result was recorded
when the difference between the mean
wheal diameter of the reaction to the
allergen and to thenegative reference
exceeded 3 mm. A positive skin prick
test was defined as a positive reaction to
at least one of the allergens.18 Atopy was
defined as a positive skin prick test.

Serum IgE
The total serum IgE levels were deter-
mined by paper radioimmunosorbent
test (PRIST, Pharmacia, Sweden). De-
termination of total IgE levels were
only performed at the first survey.

Pulmonary Function Tests
The FEV1 and forced vital capacity
(FVC) were measured with a 7-L dry
wedge spirometer (Vitalograph, Buck-
ingham, UK), which was calibrated
weekly. Each measurement consisted
of at least three maximal expiratory
maneuvers from total lung capacity to
residual volume with a variation of less
than 5%. The highest FEV1 and FVC
were used in the analyses. Data on
pulmonary function were also ex-
pressed as a percentage of predicted
values (%pred), using prediction equa-
tions based on age, sex, and height.19

Histamine Challenge Test
Airway responsiveness to inhaled his-
tamine was measured using the method
described by Cockcroft and col-
leagues.20 Aerosols of the test solution
were generated by a nebulizer (Wright;
Aerosol Products, London, UK) oper-
ated to give an output of 0.14 mL/min.
Each aerosol was inhaled through the
mouth by tidal breathing for 2 minutes.
The first aerosol was saline (0.9%),
and it was followed at 4-minute inter-
vals by twofold increasing concentra-
tions of histamine (0.075 to 8.0 mg/
mL). The response was measured by
determining the FEV1 1 minute after
each inhalation. The test was termi-
nated when a.20% decline in FEV1
from the postsaline value occurred, or
at the end of the dose schedule if such
a decline did not occur. For all subjects
having at least 20% decline in FEV1 by
the end of the dose schedule, the con-
centration of histamine causing a 20%
fall in FEV1 (PC20) was calculated by
linear interpolation from the individual
log dose-response curve as follows21:
PC20 5 anti-log[logC1 1 logC2)(20 2
R1)/R2 2 R1)] where C1 is the second-
to-last concentration of histamine
(,20% fall in FEV1), C2 is the last
concentration of histamine (.20%
fall), R1 is the percent fall in FEV1
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(%fall FEV1) after C1, and R2 is the
percent fall in FEV1 after C2. A posi-
tive test was defined as a PC20 FEV1 of
,8.0 mg of histamine per milliliter.

Statistical Methods
Unless stated otherwise, the preva-
lence figures given are the point prev-
alence rates at the time of the surveys.
Changes in the proportion of subjects
with a positive test/symptoms were as-
sessed by means of McNemar’sx2 test.

Logistic regression analysis were
used to assess putative risk factors at
the first survey in relation to outcome
at the second examination, primarily to
the presence or absence of a positive
skin prick test, and non-significant
variables were deleted by backward
elimination. A P value less than .05
was considered significant.

RESULTS
Complete data were available for 408
subjects, 199 boys and 209 girls. Char-
acteristics of the examined subjects are
displayed in Table 1. Thirty-two per-
cent of the participants were current
smokers at the time of the second sur-
vey, and 80% of the participants had
been exposed to parental smoking dur-
ing childhood.

The point prevalence of atopy in-
creased from the first to the second
survey, 26% and 44%, respectively;
23% of the participants had a positive
skin prick test only at the second sur-
vey (Fig 1).

The frequency of positive skin tests
to each of the allergens at the two
surveys is shown by gender in Fig 2;
no gender differences in the prevalence
of positive reactions were found at the
first survey, whereas a positive skin
reaction to both grass pollen (P 5 .01)
and house dust mite (P 5 .02) was
more prevalent in boys than in girls at
the second survey.

A significant increase from the first
to the second survey in the point prev-
alence of atopy to house dust mite
(P , .001), grass pollen (P , .001),
dog dander (P , .001), cat epithelium
(P , .001), and birch pollen (P 5 .02)
was observed in both boys and girls
(Table 2), whereas the point preva-

lences of atopy to mugwort, horse, Al-
ternaria, and Cladosporium were un-
changed or declined.

The results of the multiple logistic
regression analysis predicting the pres-
ence or absence of atopy, ie, a positive
skin prick test, at the second survey as
a function of variables measured at the
first survey and changes in these vari-
ables during the observation period are
shown in Table 3. The longitudinal
multiple logistic regression analysis
did not reveal a significant association
between gender, age, birth weight,
breast feeding, month of birth, dispo-
sition to allergic disease, tobacco ex-

posure (active or passive), a history of
wheezy bronchitis before the age of 2
years self-reported eczema, or airway
hyperresponsiveness at the first survey
and the presence of atopy at the second
survey.

To investigate further the associa-
tion between potential risk factors
measured at the first survey and
changes in these risk factors during the
observation period and the presence or
absence of atopy at the second survey,
the data were reanalyzed after exclu-
sion of subjects with atopy, ie, positive
skin prick test, at the first survey. This
analysis revealed that exposure to ma-

Figure 1. Distribution of skin prick test reactivity in population sample comprising 408 subjects, 7 to
17 years of age at enrollment, examined twice 6 years apart.

Table 1. Characteristics of Population Sample Comprising 408 Subjects, 7 to 17 Years of
Age at Enrollment, Examined Twice 6 Years Apart

First Survey Second Survey

Males
(n 5 199)

Females
(n 5 209)

Males
(n 5 199)

Females
(n 5 209)

Age, yr 12.1 (2.9) 12.5 (2.9) 18.1 (2.9) 18.5 (2.9)
Height, m 1.54 (0.18) 1.52 (0.14) 1.79 (0.09) 1.68 (0.06)
Smoking habits

Never smokers, no. 189 188 143 125
Ex-smokers, no. 0 1 0 10
Current smokers, no. 10 [5] 20 [10] 56 [28] 74 [35]

(Pack-yr) – – (2.8) (2.0) (2.1) (1.8)
Parental smoking habits

Maternal smoking – – 112 [56] 116 [56]
Paternal smoking – – 136 [68] 127 [61]

* (Standard deviations) and [percentages] in parentheses.
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ternal smoking during childhood (OR
2.0, CI 1.3 to 3.1;P 5 .002), increased
total serum IgE (OR 1.7, CI 1.2–2.3;
P 5 .001), new asthma (OR 1.6, CI
1.2–2.7; P 5 .03), and new rhinitis
(OR 2.1, CI 1.2–3.6;P 5 .01), but not
active smoking, were associated with

an increased risk for having a positive
skin prick test at the second survey.

DISCUSSION
This longitudinal population study of
children and adolescents revealed an
increase with age in the point preva-

lence of sensitization to common
aeroallergens; and, furthermore, that,
in participants who were found to be
non-atopic at the time of enrollment,
exposure to maternal smoking during
childhood, increased total serum IgE,
and new symptoms of asthma or rhini-
tis were associated with an increased
risk for having a positive skin prick
test at the time of the second survey.

The present study design does not
permit a valid conclusion concerning
the question of whether or not the
prevalence of atopy has increased in
Danish children and adolescents. The
observation of an increase in the prev-
alence of atopy from the first to the
second survey most likely reflects the
age-related change in the prevalence of
atopy, ie, the natural history of sensi-
tization to common aeroallergens.

The question of whether maternal
smoking can alter the response to al-
lergen exposure is controversial.11 The
present study revealed an association
between exposure to maternal smoking
during childhood and subsequent de-
velopment of sensitization to common
aeroallergens in late adolescence,
whereas we found no association be-
tween a history of wheezy bronchitis
during the first 2 years of life, birth
weight and breast feeding, and later
development of a positive skin prick
test. Some longitudinal studies of in-
fants and small children have reported
an association between exposure to pa-
rental smoking and atopy,13,22–24while
a Norwegian cross-sectional study of
older children (mean age 9.5 years)
reported that postnatal maternal smok-
ing increases the prevalence of asthma
but not of atopy and airway hyper-
responsiveness in the offspring.14 The
apparent discrepancies between the
findings could be due to differences in
study design, longitudinal versus
cross-sectional, but another possible
explanation could be that smoke expo-
sure facilitates allergic sensitization
only very early in life. The present
longitudinal study shows, in contrast to
previous published reports, that mater-
nal smoking may also facilitate sensi-
tization to common aeroallergens in
older children and adolescents (mean

Figure 2. Point prevalence (%) of positive skin reactions to common aeroallergens by gender in
population sample comprising 408 subjects, 7 to 17 years of age at enrollment, examined twice (F 5
first survey andFF 5 second survey) 6 years apart.

Table 2. Point Prevalences of Atopy, Asthma, Eczema, Rhinitis, and Airway
Hyperresponsiveness in the Population Sample Comprising 408 Subjects

First survey Second survey

Males
(n 5 199)

Females
(n 5 209)

Males
(n 5 199)

Females
(n 5 209)

Atopy, no. (%)* 55 (28)§ 51 (24)§ 96 (48)§ 82 (39)§
Rhinitis, no. (%) 27 (14)‡ 31 (15)‡ 46 (23)‡ 44 (21)‡
Asthma, no. (%) 12 (6)§ 10 (5)§ 30 (15)§ 31 (15)§
Eczema, no. (%) 12 (6) 15 (7)‡ 18 (9) 28 (13)‡
AHR†, no. (%) 44 (22)‡ 36 (17)‡ 10 (5)‡ 14 (7)‡

* Positive skin prick test, † airway hyperresponsiveness, ‡ P , .001, and § P , .01 (x2-test).

Table 3. Longitudinal Multiple Logistic Regression Analysis Predicting Atopy*

Odds Ratio 95% Confidence Interval P Value

Atopy, first survey 1.6 1.1–2.3 .008
Log serum IgE 1.4 1.1–1.7 .013
Persistent asthma 1.5 1.1–2.0 .04
New asthma 1.5 1.1–2.0 .01
Persistent rhinitis 1.7 1.1–2.7 .02
New rhinitis 1.7 1.1–2.6 .01

* A positive skin prick test at the second survey as a function of variables measured at the first
survey and changes in these variables. The sample comprised 408 subjects (7 to 17 years of
age at enrollment) examined twice, 6 years apart.
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age of the participants at the first sur-
vey 12 years). Our findings therefore
may indicate that it should be possible,
through counseling parents with regard
to smoking habits, to reduce the risk
for atopic sensitization in adolescents,
and by that possibly future develop-
ment of asthma and allergic diseases.

Iversen et al25 have previously re-
ported an increased risk for sensitiza-
tion to house dust mites and animals
with fur in smoking farmers. This
study did not reveal a significant asso-
ciation between active smoking and
risk for atopic sensitization. The lack
of association could be caused by a
combination of misclassification of
participants as nonsmokers due to se-
lective underreporting of active smok-
ing and the participants relatively low
active life-time tobacco exposure.
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