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ABSTRACT
Background Exposure to environmental tobacco 

smoke (ETS) is known to increase the risk of respiratory 

tract infections (RTI). Some children, however, may 

be more susceptible to the harmful effects of ETS 

than others. We examined whether early atopic 

status (defi ned by elevated neonatal total IgE (tIgE) or 

symptoms of atopic dermatitis) modifi ed the association 

between ETS exposure and RTI.

Methods The data of 2863 children from the 

Prevention and Incidence of Asthma and Mite Allergy 

birth cohort were collected to the age of 4 years. 

Neonatal tIgE was collected from a subset of 914 

children, and clinical information by yearly parental 

questionnaires. The effect of pre- and/or postnatal ETS 

exposure, early atopic status and interaction between 

these factors was studied for various RTI.

Results Children with elevated tIgE or atopic dermatitis 

and prenatal ETS exposure have a strongly increased 

risk of frequent RTI (aOR 6.18 (95% CI 1.45 to 26.34) and 

5.69 (2.01 to 16.04), respectively; interaction p=0.006 

and p=0.14, respectively) compared to non-atopic 

children without prenatal ETS exposure. Similar results 

were seen for lower RTI and otitis. This effect was less 

evident for postnatal ETS.

Conclusion Early atopic status enhances the risk of RTI 

in children with prenatal ETS exposure. This suggests 

that host factors modify the association between ETS 

and RTI.

INTRODUCTION
Respiratory tract infections (RTI) are among the 
most common infectious diseases, especially in 
preschool children, and impose a serious bur-
den on the affected children and their parents.1 
There is growing awareness that the causes of 
RTI are multifactorial and that RTI result from 
interactions between environmental factors and 
the host. Some of the most evident environmen-
tal factors infl uencing susceptibility to RTI are 
exposure to environmental tobacco smoke (ETS) 
and exposure to other children, as encountered at 
day-care centres, and the presence of siblings.2–5 
Recognised host factors are, for instance, airway 
anatomy, immunological factors and atopy.1 3 6–9 
Exposure to ETS is consistently associated with 
increased risk of RTI in children.10–15 However, 
some children might be more susceptible to the 
effects of environmental factors on RTI than oth-
ers. Previously, the association between expo-
sure to other children and RTI in children with 
and without allergic parents was reported in the 
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Prevention and Incidence of Asthma and Mite 
Allergy (PIAMA) birth cohort in the fi rst year 
of life.16 Contacts with other children (day-care 
attendance or the presence of siblings) increased 
the risk of RTI to a greater extent in the infants of 
atopic parents compared with the infants of non-
atopic parents.

In addition to the effect of exposure to other chil-
dren, the effect of exposure to ETS on respiratory 
infections might also be infl uenced by host fac-
tors such as atopy. We therefore studied whether 
the association between ETS exposure and RTI is 
indeed modifi ed by parental allergy or atopic fac-
tors in the child itself, as indicated by the presence 
of elevated (≥0.50 IU/ml) neonatal total IgE (tIgE) 
or clinical symptoms of atopic dermatitis. This 
was studied in the PIAMA cohort prospectively 
followed from birth until 4 years of age.

METHODS
Study population
Children were participants in the PIAMA birth 
cohort study. Details of the study design have been 
published previously.17 Recruitment took place in 
1996 and 1997. A screening questionnaire was fi lled 
in by 10 232 pregnant women visiting one of 52 
prenatal clinics in the Netherlands.18 Based on this 
screening, 7862 women were invited to participate, 
and 4146 agreed and gave informed consent. After 

What is already known on this topic

▶  Tobacco smoke exposure is associated with 
increased risk of respiratory tract infections 
in children.

What this study adds

▶  This article shows that early atopic status 
enhances the risk of respiratory tract infections 
in children with prenatal tobacco smoke 
exposure.

▶  Mothers-to-be of children at high risk of 
atopy should be particularly discouraged from 
smoking during pregnancy.
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study was good, supporting the validity of the smoking data 
reported in the questionnaire.20

Based on previous literature, potential confounders for sus-
ceptibility to RTI were analysed as well, that is, duration of 
pregnancy, gender, birth weight, body mass index (BMI) 
(according to standard international age- and gender-specifi c 
defi nitions), breastfeeding (at 12 weeks), day-care attendance 
(at least 4 h/week), number of siblings (at 3 months), frequent 
wheeze (≥4 episodes of wheeze in year 1), parental allergy 
(presence of allergy in either one or both parents according to 
a validated questionnaire) and parental education.18

Effect modifi cation by early atopic status
We studied elevated neonatal tIgE, atopic dermatitis and 
parental allergy as potential effect modifi ers. All were taken 
as early markers of atopy.21 22 tIgE was measured by radioal-
lergosorbent tests in plasma obtained from a heel prick blood 
spot, as described previously.22 23 Elevated neonatal tIgE was 
defi ned as tIgE ≥0.50 IU/ml. Atopic dermatitis (based on the 
ISAAC questionnaire) was defi ned at 3 months of age as a his-
tory of an itchy rash which came and went on fl exural sites 
(the folds of the elbows or behind the knees), around ears or 
eyes or in front of the ankles.19 Parental allergy was based on 
the presence of allergy in either one or both parents according 
to a validated questionnaire.18

Statistical analysis
The associations between pre- and postnatal ETS exposure 
and early markers of atopy with respiratory infection out-
comes at 4 years were analysed by logistic regression analyses. 
To evaluate potential confounding, we compared at baseline 
whether the groups with and without exposure differed in 
relation to the potential confounders. If that was the case, we 
used the Mantel–Haenszel test to check if the adjusted odds 
ratio (aOR) differed more than 10% from the crude OR, which 
was our cut-off point for actual confounding. aOR with 95% 
CI were estimated after selection of the actual confounding 
factors: frequent wheeze (≥4 episodes of wheeze in year 1), 
breastfeeding (at 12 weeks), level of parental education and 
parental allergy. To investigate the independent effect of 
pre- and postnatal exposure to ETS, we adjusted the OR of 
maternal smoking for postnatal ETS exposure and vice versa 
(after breastfeeding, parental education and parental allergy). 
Potential effect modifi cation on an additive scale was investi-
gated for elevated neonatal tIgE, atopic dermatitis and parental 
allergy by stratifi cation of the study population. Interaction on 
a multiplicative scale by these factors was tested using interac-
tion terms in logistic regression analyses.

All analyses were performed with SPSS statistical software v 
15.0 (SPSS, Chicago, Illinois).

RESULTS
Study population
Of the 4146 included mothers, 183 (4%) dropped out before 
returning the fi rst postnatal questionnaire due to various rea-
sons (eg, stillbirth, language barrier, not interested, moved). 
Of the 3963 remaining children, complete data on outcomes, 
exposures and confounders were available in 2863 (72%). 
Table 1 gives the characteristics of the study population. The 
children without complete data were more likely than the 
children with complete data to have one or two allergic par-
ents (44% and 15% vs 40% and 9%), to have a mother who 
smoked during pregnancy (25% vs 15%) and to be exposed to 

birth the baseline study population consisted of 3963 children.  
The early phase of the PIAMA study included an intervention,17 
so both the intervention section and the natural history section 
of the study were included in our analyses. Questionnaires for 
parental completion, partly based on the International Study 
of Asthma and Allergies in Childhood (ISAAC) core question-
naires were sent to the parents during pregnancy, when the 
child was 3 and 12 months of age, and yearly thereafter up to 
the age of 4 years.19 Complete questionnaire information was 
available for 2863 children. All allergic mothers (n=1327) and a 
random sample of non-allergic mothers (n=663) were selected 
for more extensive investigation, including measurement of 
neonatal tIgE level in the fi lter paper blood spot used in rou-
tine neonatal screening in the fi rst week of life. Informed con-
sent was obtained from 1755 parents (88%) but unfortunately, 
the complex collection and analysis of the blood spot material 
resulted in random loss of data. Actual measurement of tIgE in 
the blood was accomplished for 1280 infants (73%). Data on the 
studied risk factors and neonatal tIgE levels were obtained from 
914 infants (71%). The study was approved by the Institutional 
Review Board and all parents gave written informed consent.

Outcome variables
Primary outcome

Information on the frequency of RTI in children 1–4 years of 
age was collected from annual parental questionnaires using 
the following question: “How often did your child have seri-
ous respiratory tract and/or ear-nose-throat infections, such as 
fl u, infection of the throat, middle ear, or sinuses, bronchitis or 
pneumonia, during the last 12 months?”.

Four answers were possible every year: never, 1–2 times, 
3–5 times and ≥6 times. On the basis of the answers given 
on the four consecutive annual questionnaires, we defi ned fre-
quent RTI as ≥3 RTI per year reported on three or four annual 
questionnaires.

Secondary outcomes

Information on the frequency of lower RTI (LRTI) and otitis 
in children 1–4 years of age was collected from annual paren-
tal questionnaires using the following questions: “Did a doc-
tor diagnose pneumonia and/or bronchitis in your child in the 
last 12 months?” and “Did a doctor diagnose infection of the 
middle ear in your child in the last 12 months?”.

On the basis of the answers given on the four consecutive 
annual questionnaires, we defi ned LRTI as ≥1 doctor-diagnosed 
episodes of pneumonia and/or bronchitis during years 1–4, and 
otitis as ≥1 doctor-diagnosed episode of infection of the middle 
ear during years 1–4.

Exposures and confounders
The following (dichotomous) exposures were defi ned, based 
on questionnaires during pregnancy and when the child was 
3 and 12 months of age: (1) maternal smoking during preg-
nancy: any smoking after the 4th week of pregnancy, data 
collected during pregnancy; (2) postnatal ETS exposure at 
3 months: ≥1 cigarette/cigar/pipe per day smoked in the house 
by the mother, father, others or visitors (visitors: at least 1 day/
week), data collected at 3 months; (3) postnatal ETS exposure 
at 1 year: combination of exposure to ≥1 cigarette/cigar/pipe 
per day in the house and/or when the child stayed with family, 
neighbours, acquaintances, host parents, in a day-care centre 
or elsewhere, data collected at 1 year.

Previously, it was shown that agreement between reported 
smoking and air nicotine concentrations within the PIAMA 
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Table 1 General characteristics of the study population

 

Children with 
complete 
questionnaire data 
(n=2863)

Children with 
complete 
questionnaire 
data and 
neonatal tIgE 
(n=914)

n % n %

Gender (male) 1462 51 465 51
Duration of pregnancy <37
weeks

135 5 35  4

Maternal smoking after
4th week of pregnancy

441 15 126 14

Birth weight
 <2500 g 89 3 20  2
 ≥2500 g 2766 97 893 98
Breastfeeding for ≥12 weeks 1478 52 479 52
Caesarean section 243 8 84  9
Contact with other children 
outside home*
 None 1745 61 548 60
 With a few children (<5) 424 15 146 16
 With many children (≥5) 691 24 219 24
Siblings†
 None 1419 50 467 51
 1 or 2 1344 47 421 46

 ≥3 98 3 26 3
ETS exposure at 3 months 691 24 191 21
Day-care at age 1 692 24 219 24
Parental allergy‡
 None 1442 50 278 30
 One parent allergic 1159 40 468 52
 Both parents allergic 262 9 168 18
Parental level of education§
 Low 349 12 100 11
 Intermediate 1796 63 570 62
 High 718 25 244 27
Atopic dermatitis at 3 months 221 8 83 9
Neonatal tIgE ≥0.50 IU/ml NA NA 83 9
Frequent RTI 120 4 42 5
Otitis 1398 49 455 50
LRTI 780 27 261 29
Frequent wheeze¶ 196 7 60 7

*At 1 year of age; †at 3 months of age; ‡according to validated questionnaire; 
§low parental level of education: both parents a maximum of 4 years at high-
school; high parental level of education: both parents went to university; 
intermediate parental level of education: the remaining parents; ¶defi ned as ≥4 
episodes of wheeze in year 1.
ETS, environmental tobacco smoke; LRTI, lower respiratory tract infections; RTI. 
respiratory tract infections; tIgE, total IgE.

ETS at 1 year (35% vs 24%). The characteristics of the children 
with neonatal tIgE data (n=914) were similar to those of the 
complete population of our study (n=2863), except for parental 
allergy which was more prevalent in the fi rst group as a results 
of the original PIAMA study design (at least one allergic parent 
in 70% vs 49%).17

Association between RTI, ETS exposure and early atopic 
status
The prevalence of frequent RTI (≥3 RTI per year reported by 
the parents in 3 or 4 years) during fi rst 4 years of life was 
4% in our study population. At least one episode of doctor-
diagnosed LRTI was reported in 27% and one episode of 
doctor-diagnosed otitis in 49% of the children in 4 years. The 

Table 2 Association between frequent RTI* and risk factors (n=2863)

 
Crude OR† 
(95% CI) aOR‡ (95% CI)

Maternal smoking during 
pregnancy

1.64 (1.06 to 2.55) 1.46 (0.85 to 2.49)

ETS exposure at 3 months 1.32 (0.88 to 1.97) 0.96 (0.59 to 1.58)
ETS exposure at 1 year 0.99 (0.66 to 1.49) 1.53 (0.93 to 2.50)
Atopic dermatitis at 3 months 2.21 (1.31 to 3.72) 1.84 (1.07 to 3.17)
Elevated neonatal tIgE§ 1.38 (0.53 to 3.60) 1.11 (0.41 to 3.01)
Parental allergy¶ 1.61 (1.11 to 2.34) 1.56 (1.06 to 2.29)
Frequent wheeze** 4.65 (2.96 to 7.30) 4.05 (2.55 to 6.44)
Breastfeeding for <12 weeks 1.76 (1.21 to 2.56) 1.56 (1.06 to 2.31)
Low level of parental 
education††

2.24 (1.31 to 3.82) 2.06 (1.18 to 3.57)

*Frequent RTI: three or more respiratory tract infections per year in 3 or 4 
years during the fi rst 4 years of life;
†crude OR based on univariate analyses; ‡aOR: OR adjusted for breastfeeding 
(at 12 weeks), level of parental education, parental allergy, postnatal ETS 
exposure (at 3 months) and frequent wheeze if appropriate; §elevated 
neonatal tIgE: tIgE ≥0.50 IU/ml, available for 914 children; ¶according to 
validated questionnaire; **frequent wheeze: ≥4 episodes of wheeze in year 1; 
††low parental level of education: both parents a maximum of 4 years at 
high-school; high parental level of education: both parents went to university; 
intermediate parental level of education: the remaining parents.
ETS, environmental tobacco smoke; RTI, respiratory tract infections; tIgE, 
total IgE.

Maternal 
smoking 
during 
pregnancy

Atopic 
dermatitis n

Crude 
OR 95% CI aOR§ 95% CI

– – 2225 1 1
+ – 417 1.49 0.92 to 2.42 1.39 0.78 to 2.47
– + 197 1.89 1.03 to 3.47 1.76 0.95 to 3.24
+ + 24 7.06 2.57 to 19.37 5.69 2.01 to 16.04

Interaction p=0.14.
§aOR: OR adjusted for breastfeeding (at 12 weeks), level of parental 
education, parental allergy, postnatal ETS exposure (at 3 months), frequent 
wheeze (≥4 episodes of wheeze) in year 1 and atopic dermatitis at 3 months.
ETS, environmental tobacco smoke; tIgE, total IgE.

Table 3 Association between prenatal ETS exposure and frequent RTI*: 

potential effect modifi cation by (A) elevated neonatal tIgE (n=914) and (B) 

atopic dermatitis (n=2863)

Maternal 
smoking 
during 
pregnancy

Elevated 
neonatal 
tIgE† n

Crude 
OR 95% CI aOR‡ 95% CI

– – 718 1 1
+ – 113 0.76 0.27 to 2.19 0.50 0.15 to 1.66
– + 70 0.30 0.04 to 2.23 0.24 0.03 to 1.86
+ + 13 9.23 2.70 to 31.52 6.18 1.45 to 26.34

Interaction p=0.006.
*Frequent RTI: three or more respiratory tract infections per year in 3 or 4 years 
during the fi rst 4 years of life; †elevated neonatal tIgE: total IgE ≥0.50 IU/ml; 
‡aOR: OR adjusted for breastfeeding (at 12 weeks), level of parental education, 
parental allergy, postnatal ETS exposure (at 3 months) and frequent wheeze (≥4 
episodes of wheeze) in year 1.

primary outcome measure, frequent RTI, was associated with 
the secondary outcomes LRTI and otitis (OR 6.33 (4.27 to 9.38) 
and 4.68 (2.95 to 7.41), respectively). Maternal smoking during 
pregnancy was present in 15% and postnatal ETS exposure (at 
age 3 months) in 24% of the study population. Prenatal ETS 
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exposure only without postnatal exposure (at 3 months) was 
present in 118 children (4%), whereas postnatal exposure only 
was present in 368 children (12%). Elevated neonatal tIgE and 
atopic dermatitis at 3 months was reported in 9% and 8% of 
the study population, respectively.

Frequent RTI, LRTI and otitis were not associated with 
maternal smoking during pregnancy on its own (aOR 1.46 
(0.85 to 2.49), 1.23 (0.97 to 1.56) and 1.24 (0.95 to 1.62), respec-
tively) (table 2, results for LRTI and otitis not shown). Neither 
was postnatal ETS exposure at 3 months or 1 year associated 
with any of the infection outcomes. A strong association was 
found for frequent RTI and frequent wheeze in year 1 (aOR 
4.05 (2.55 to 6.44)) (table 2). Atopic dermatitis at 3 months, 
parental allergy, breastfeeding for <12 weeks and low paren-
tal level of education were to a lesser extent associated with 
increased risk of frequent RTI (table 2). By contrast, elevated 
neonatal tIgE was not associated with frequent RTI (aOR 1.11 
(0.41 to 3.01)).

To study the infl uence by type of study (intervention or nat-
ural history study), we separated the children by type of study. 
As we found similar results in both groups (data not shown), 
both groups were combined in further analyses.

Effect modifi cation by early atopic status
Maternal smoking during pregnancy on its own was overall 
not statistically signifi cantly associated with increased risk 
of RTI, but a strong association with RTI was found in chil-
dren with prenatal ETS exposure and elevated neonatal tIgE or 
atopic dermatitis (table 3). In children with elevated neonatal 
tIgE, maternal smoking during pregnancy was strongly associ-
ated with frequent RTI (aOR 6.18 (1.45 to 26.34)) (table 3). The 
interaction between maternal smoking during pregnancy and 
elevated neonatal tIgE in relation to frequent RTI was found to 
be statistically signifi cant on a multiplicative scale (p=0.006). 
The effect of prenatal exposure on risk of doctor-diagnosed 
LRTI and otitis was not increased by the presence of elevated 
neonatal tIgE (results not shown).

The largest effect of atopic dermatitis was seen for frequent 
RTI (aOR 5.69 (2.01 to 16.04); interaction p=0.14) (table 3). 
However, the effect of prenatal exposure on risk of doctor-
diagnosed LRTI (aOR 4.34 (1.90 to 9.92)) and otitis (aOR 2.90 
(1.19 to 7.06)) was also increased by the presence of atopic der-
matitis (not shown). In children without atopic dermatitis, the 
associations were not statistically signifi cant (aOR 1.39 (0.78 
to 2.47), 1.26 (0.96 to 1.66) and 1.18 (0.93 to 1.51)) for frequent 
RTI, LRTI and otitis, respectively.

Parental allergy did not show signifi cant effect modifi ca-
tion (interaction term p=0.26, results not shown). Postnatal 
ETS exposure in relation to frequent RTI did not show effect 
modifi cation by any of the early markers of atopy (results not 
shown).

DISCUSSION
In this large prospective birth cohort study, we found that 
elevated neonatal tIgE, as an early marker of atopic status, 
enhanced the effect of prenatal ETS exposure on the sus-
ceptibility to RTI during the fi rst 4 years of life. This was 
also true for a clinical marker such as atopic dermatitis. By 
contrast, postnatal ETS exposure was not obviously associ-
ated with increased risk of RTI, independent of early atopic 
status.

Several studies also showed an association between ETS 
exposure and RTI.10–15

Exposure to tobacco smoke may increase the risk of RTI 
through suppression or modulation of the immune system, 
enhancement of bacterial adherence factors, or  impairment 
of the mucociliary apparatus of the respiratory tract.24 
Previously, eczema has been related to increased infection rate 
as well.25 To our knowledge, we are the fi rst to report that the 
association between prenatal ETS exposure and frequent RTI 
is modifi ed by elevated neonatal tIgE or early atopic dermati-
tis. Furthermore, our results suggest the intriguing possibility 
of no ETS effect among ‘non-atopics’. The increased vulnera-
bility for RTI in children with early markers of atopy exposed 
to ETS may be explained by subclinical atopic infl ammation 
of the airways which can be present at an early age before 
clinical respiratory symptoms.26 Moreover, adjusting the ana-
lyses for the infl uence of clinical symptoms such as frequent 
wheeze, as we have done, did not change the results. This 
shows that elevated neonatal tIgE is the actual effect modi-
fi er, not symptoms of asthma. Future studies are necessary to 
elucidate a possible effect of subclinical atopic airway infl am-
mation on the relationship between ETS exposure and RTI in 
early childhood.

The importance of timing of the exposure to tobacco 
smoke for effect on RTI that we found has been seen in 
some previous studies, although others reported confl icting 
results.10–15 27–30 The methodological characteristics of the 
studies may to a large extent explain the reported differences 
in outcome. Studying the independent effect of in utero and 
postnatal exposure to ETS is diffi cult because of the strong 
correlation between the two factors. We tried to overcome 
this diffi culty by adjusting the OR of maternal smoking for 
postnatal ETS exposure and vice versa and found the stron-
gest effect for prenatal exposure. The absence of associations 
in the postnatal group may be caused by report bias, for 
example, if mothers who smoked postnatally were less prone 
to report smoking. On the other hand, it may be that prenatal 
exposure is indeed more harmful.13 27–29 The results of our 
sensitivity analyses with different cut-offs for postnatal ETS 
exposure, for example, with a more narrow exposure variable 
smoking by both parents at age 3 months (7%), were in agree-
ment with the other results.

The major strengths of our study are the population-based 
prospective design, and collection of exposure data at sev-
eral stages before disease manifestation. Moreover, the large 
sample size allowed us to control for several confounders in 
studying the association between ETS exposure and RTI and, 
above all, to study potential effect modifi cation by early atopic 
status. These interactions are relevant, since frequent RTI 
have a multifactorial origin and many different factors may 
contribute.

Some of our fi ndings deserve further discussion. First, 
outcomes were based on information derived from paren-
tal questionnaires. The use of questionnaire information 
enabled us to study a large group of children for a long 
period of time but might have resulted in some misclassifi ca-
tion. However, we believe that our misclassifi cation is non-
 differential since we do not expect that mothers of children 
with frequent RTI were more prone to report smoking in 
the questionnaires collected during pregnancy than moth-
ers of children without frequent infections. Therefore, the 
effect estimate may be underestimated. Second, due to the 
relatively rare risk factors and primary outcome measure, 
the numbers are very low in some of the groups. This may 
explain the lack of statistically signifi cant fi ndings related 
to ETS exposure. Statistical signifi cance does not necessarily 
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imply clinical relevance. If the true difference between two 
groups is so small that it is clinically irrelevant, a sample 
size can be found for which this difference is statistically 
signifi cant. On the other hand, if the difference between 
two groups is statistically non-signifi cant, it may still be 
clinically important. Third, it would be informative to use 
information on exposure levels, instead of exposure ‘yes’ 
or ‘no’ (both for maternal smoking during pregnancy and 
postnatal ETS). However, small numbers hamper these anal-
yses in our study. Fourth, we used elevated neonatal tIgE 
and atopic dermatitis as early markers of atopy in the child 
itself. Different results have been reported for the asso-
ciation between elevated neonatal tIgE and atopic diseases. 
However, within the PIAMA cohort, is has been shown that 
elevated neonatal tIgE (≥0.50 IU/ml) is associated with sen-
sitisation at 1 year.22 Moreover, there is disagreement about 
the defi nition of atopic dermatitis, but compared with other 
defi nitions possible with the available data from the PIAMA 
study, the present defi nition seems a fairly good indicator of 
atopic dermatitis.31 Finally, response bias may have occurred 
if the association between ETS exposure and frequent RTI 
was different for the children who were included in the anal-
yses and those who were excluded because of missing infor-
mation, leading to an overestimation of the effect.

Overall, we conclude that elevated neonatal tIgE, as an early 
marker of atopy, seems to enhance the risk of RTI during the 
fi rst 4 years in children with prenatal ETS exposure. This was 
also found for the clinical marker of atopy, atopic dermatitis. 
This suggests that host factors may modify the association 
between ETS exposure and RTI.
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