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ENVIRONMENTAL DETERMINANTS

Association between Prenatal and Postnatal Tobacco Smoke Exposure

and Allergies in Young Children
KEIKO TANAKA, D.D.S., PH.D.* AND YOSHIHIRO MIYAKE, M.D., PH.D.

Department of Public Health, Faculty of Medicine, Fukuoka University, Fukuoka, Japan.

Background. Many studies have shown a positive association between environmental tobacco smoke (ETS) exposure and allergic disorders,
whereas epidemiological evidence of the effect of maternal smoking during pregnancy on allergic diseases is inconsistent. We investigated the
independent and joint effects of in utero exposure to maternal smoking and postnatal ETS exposure at home on allergic disorders among Japanese
children. Methods. Study subjects were 1951 children aged 3 years. Data on maternal smoking during pregnancy and postnatal exposure to ETS
at home, allergic symptoms, and potential confounders were collected through the use of a questionnaire. Outcomes were defined according to
the criteria of the International Study of Asthma and Allergies in Childhood (ISAAC). Results. The prevalence values of symptoms of wheeze,
asthma, and eczema in the previous 12 months were 22.0%, 8.8%, and 17.2%, respectively. We found that postnatal ETS exposure at home in
the absence of in utero exposure to maternal smoking was associated with a higher prevalence of wheeze (adjusted odds ratio (OR) = 1.30,
95% confidence interval (CI): 1.01-1.67). In contrast, in utero exposure without subsequent postnatal ETS exposure at home or exposure to
postnatal ETS at home in addition to in utero exposure to maternal smoking was not associated with the prevalence of wheeze. No measurable
associations were observed between fetal, postnatal, or joint exposure and the prevalence of asthma or eczema. Conclusions. Data from this

study indicate that ETS at home may be associated with a higher prevalence of wheeze among young Japanese children.
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INTRODUCTION

Maternal smoking during pregnancy and postnatal expo-
sure to environmental tobacco smoke (ETS) has adverse
effects on the health of children (1, 2). Children have
been identified as a group sensitive to ETS because
their respiratory and immune systems are not fully
developed (2, 3). The associations between ETS exposure
and allergic diseases in children have been extensively
investigated (4—14); in most, but not all, studies, exposure
to ETS is positively associated with wheeze, asthma,
or eczema (4-10). On the other hand, epidemiological
evidence of the effect of maternal smoking during
pregnancy on allergic diseases is inconsistent (15-26);
studies have shown positive (15-24), inverse (24), or
no associations (21,24-26) between such exposure and
allergic disorders.

To our knowledge, two cohort studies (25, 26) and
three cross-sectional studies (10-12) have investigated
the association between exposure to ETS and allergic
diseases in Japanese children. Only one cohort study
addressed the effects of maternal smoking during
pregnancy on allergic diseases and showed that maternal
smoking during pregnancy was not related to the risk of
wheeze, whereas postnatal maternal smoking in the same
room as the infant increased the risk of wheeze (25).
However, this cited cohort study was not able to examine
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the independent and joint effects of in utero exposure to
maternal smoking and postnatal ETS exposure because
the sample size was not adequate (n = 763) (25). A
clear understanding of the association between maternal
smoking during pregnancy and postnatal ETS exposure
and allergic disorders among Japanese children is needed.
In this cross-sectional study, we examined whether
maternal smoking during pregnancy, postnatal exposure
to ETS, or both prenatal and postnatal ETS exposure
were associated with an increased prevalence of wheeze,
asthma, and eczema in young Japanese children, using
mutually exclusive exposure categories.

METHODS

Subjects

Data for this study came from the Fukuoka Child
Health Study, a cross-sectional study to investigate the
association between various selected factors and child
health problems. In Japan, when children reach 3 years
of age, the municipality of the domicile performs a
physical examination. Eligible subjects for this study were
those children aged 3 years who received the physical
examination that was offered at all seven public health
centers in Fukuoka City, a metropolitan area of Kyushu
Island in southern Japan, with a total population of almost
1,414,000. During the period from June 2006 to January

2007, of the 8269 eligible subjects, we provided 8064

parents or guardians of those children with a structured
self-administered questionnaire, a brief self-administered
diet history questionnaire, and a stamped return envelope.
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Finally, a total of 2109 parents or guardians of the children
answered the questionnaires and mailed these materials
to the data management center (participation rate =
25.5%). Our research technicians completed missing
answers and/or illogical data by telephone interview. This
study was restricted to subjects who provided complete
information on the variables under study, leaving data on
1951 children available for analysis (23.6% of all eligible
children). Permission to perform this study was obtained
from the ethics committee of the Faculty of Medicine,
Fukuoka University.

Outcome Variables

One of the questionnaires included questions regarding
wheeze, asthma, and eczema in the previous 12 months
based on the International Study of Asthma and Aller-
gies in Childhood (ISAAC) phase-I questionnaire. The
definition of wheeze used in this study was determined
by a positive response to the question, “Has your child
had wheezing or whistling in the chest in the last 12
months?” A positive response to both the aforementioned
question and another question “Has your child ever had
asthma?” was considered to indicate asthma. For eczema,
affirmative answers to all the following three questions in
the ISAAC questionnaire were required: “Has your child
ever had an itchy rash which was coming and going for
at least 6 months?,” “Has your child had this itchy rash
at any time in the last 12 months?,” and “Has this itchy
rash at any time affected any of the following places:
the folds of the elbows, behind the knees, in front of the
ankles, under the buttocks, or around the neck, ear, or
eyes?”

Exposure Variables and Covariates

Information on maternal smoking during pregnancy and
postnatal smoking habits of adult household members
(parents and other members, if present) were obtained
from a structured self-administered questionnaire. For
household ETS exposure, pack-months of exposure
(number of packs per day multiplied by months of
ETS) were calculated. The questionnaire also included
questions about sex, number of siblings, breastfeeding
duration, paternal and maternal history of asthma, atopic
eczema and allergic rhinitis, and paternal and maternal
educational levels. A paternal or maternal history of
asthma, atopic eczema, and allergic rhinitis was defined
as positive if the respective parents had contracted any
of these allergic disorders prior to the start of the
survey. Data from the brief self-administered diet history
questionnaire were not used in this study.

Statistical Analyses

Adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) were estimated using multiple logistic regression
analysis. The following potential confounders were
indentified a priori and were included in the multivariate
model: sex, number of siblings, breastfeeding duration,
paternal and maternal history of asthma, atopic eczema
or allergic rhinitis, and paternal and maternal educational

level. Maternal smoking during pregnancy was classified
into 2 categories (no and yes); ETS at home into 2 (never
and ever); pack-months of ETS at home into 3 (none,
0.1-17.9, and >18.0); number of siblings into 3 (0, 1, and
>2); breastfeeding duration into 2 (<6 and >6 months);
and paternal and maternal educational level into 3 (<13,
13-14, and >15 years). To examine whether prevalence
increased with pack-months of ETS at home, trends
of association were assessed using a logistic regression
model assigning consecutive integers to the levels of the
independent variable. Two-sided p-values less than 0.05
were considered statistically significant. All statistical
analyses were performed using the SAS software package
version 9.1 (SAS Institute, Inc., Cary, NC, USA).

RESULTS

The prevalence values for symptoms of wheeze, asthma,
and eczema in the previous 12 months were 22.0%, 8.8%,
and 17.2%, respectively. Table 1 gives the distribution of
selected factors among the 1951 children. About 70% of
the subjects had one or more siblings. Approximately,
80% of the subjects were breastfed for 6 months or
Jonger. Of the 1951 subjects, 252 (12.9%) were exposed
to maternal smoking in utero and 828 (42.4%) were ever
exposed to ETS at home (Table 2). The proportion of
children with wheeze, asthma, or eczema was higher in
the in utero exposure group than in the unexposed group
and was higher in those exposed to ETS at home than in
the unexposed children.

No statistically significant association was found
between maternal smoking during pregnancy and the
prevalence of wheeze, asthma, or eczema (Table 3).
Compared with never smoking in the household, ever
exposure to household smoking tended to be associated
with a higher prevalence of wheeze (adjusted OR = 1.25;

TABLE 1 —Distribution of selected characteristics in 1951 children,
Japan.

Variable n (%)
Male 1033 (53.0)
Siblings
0 603 (30.9)
1 1069 (54.8)
>2 279 (14.3)
Breastfeeding duration (months)
<6 388(19.9)
>6 1563 (80.1)
Paternal history of asthma, atopic 860 (44.1)
eczema, or allergic rhinitis
Maternal history of asthma, atopic 941 (48.2)
eczema, or allergic rhinitis
Paternal educational level (years)
<13 528 (27.1)
13-14 296 (15.2)
>15 1127 (57.8)
Maternal educational level (years)
<13 541(27.7)
13-14 : 788 (40.4)
>15 622 (31.9)
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TABLE 2.—Prevalence of allergic disorders according to maternal smoking during pregnancy and postnatal ETS exposure at home.

Wheeze Asthma Eczema
N n % n % n %

Maternal smoking during pregnancy

No 1699 370 21.8 143 8.4 286 16.8

Yes 252 59 234 29 11.5 49 19.4
ETS at home

Never 1123 229 20.4 89 79 181 16.1

Ever 828 200 24.2 83 10.0 154 18.6
Pack-months of ETS at home?

None 1123 229 20.4 89 79 181 16.1

0.1-17.9 395 104 26.3 43 10.9 73 185

>18.0 433 96 222 40 9.2 81 18.7
Perinatal smoking exposure status

None 1078 218 20.2 85 79 174 16.1

In utero only 45 11 244 4 8.9 7 15.6

ETS at home only 621 152 24.5 58 9.3 112 18.0

Both in utero and ETS at home 207 48 23.2 25 12.1 42 20.3

Notes: ETS, environmental tobacco smoke.
2Number of packs per day multiplied by months of ETS at home.

TABLE 3.—Adjusted ORs and 95% Cls for allergic disorders according to maternal smoking during pregnancy and postnatal ETS exposure at home.

Wheeze Asthma Eczema
OR (95% CI)? OR (95% CI)? OR (95% CI)2
Maternal smoking during pregnancy
No 1.00 Reference 1.00 Reference 1.00 Reference
Yes 1.03 [0.73, 1.43] 1.25[0.78, 1.93] 1.17 [0.81, 1.67]
ETS at home
Never 1.00 Reference 1.00 Reference 1.00 Reference
Ever 1.25[0.99, 1.58] 1.22 [0.87, 1.71] 1.21 [0.94, 1.56]
Pack-months of ETS at home®
None 1.00 Reference 1.00 Reference 1.00 Reference
0.1-17.9 1.41[1.07, 1.87] 1.35[0.90, 2.01] 1.19[0.87, 1.62]
>18.0 1.11 [0.83, 1.47] 1.10 [0.72, 1.65] 1.23[0.91, 1.67]
P for linear trend 0.27 0.51 0.15
Perinatal smoking exposure status
None 1.00 Reference 1.00 Reference 1.00 Reference

In utero only
ETS at home only
Both in utero and ETS at home

1.24 [0.58, 2.43]
1.30 [1.01, 1.67]
1.14[0.77, 1.67]

1.08 [0.32-2.80]
1.17 [0.81, 1.69]
1.40 [0.82, 2.32]

0.93[0.37, 2.01]
1.17 [0.89, 1.54]
1.35[0.89, 2.01]

Notes: CI, confidence interval; ETS, environmental tobacco smoke; OR, odds ratio.

2 Adjustment for sex, number of siblings, breastfeeding duration, paternal and maternal history of asthma, atopic eczema or allergic rhinitis, and paternal and maternal

educational level.
bNumber of packs per day multiplied by months of ETS at home.

95% CI: 0.99-1.58; p = 0.06). Also, 0.1-17.9 pack-
months of ETS at home were significantly related to a
1.4-fold increased prevalence of wheeze, although the
association with 18.0 or more pack-months of smoking in
the household was not statistically significant. There was
no significant association between being ever exposed
to household smoking and the prevalence of asthma or
eczema.

After mutual adjustment for maternal smoking during
pregnancy and ETS exposure at home together with the
confounding factors under study, we found that exposure
to ETS at home, but not maternal smoking during
pregnancy, tended to be positively associated with the
prevalence of wheeze (further adjusted OR = 1.26; 95%
CI: 0.995-1.605). There were no statistically significant
associations between maternal smoking during pregnancy

or ETS exposure at home and the prevalence of asthma or
eczema.

To assess the joint association of maternal smoking
during pregnancy and postnatal smoking in the household,
children were classified into four mutually exclusive
categories: no maternal smoking during pregnancy and
no postnatal ETS exposure at home (none, n = 1078);
maternal smoking during pregnancy only (in utero only,
n = 45); postnatal ETS exposure at home only (ETS
at home only, n = 621); and both maternal smoking
during pregnancy and postnatal ETS exposure at home
(both in utero and ETS at home, n= 207). We found
that only postnatal ETS exposure at home was associated
with a higher prevalence of wheeze (adjusted OR = 1.30;
95% CI: 1.01-1.67), whereas in utero exposure only or
both in utero exposure and postnatal ETS exposure at
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home were not associated with wheeze. Stratified analysis
based on a history of parental allergy in at least one
parent revealed that a positive association of postnatal
ETS exposure at home only with the prevalence of wheeze
was more pronounced in children with a positive parental
allergic history than in those with a negative parental
allergic history (p for homogeneity of OR = 0.0009).
No measurable associations were observed between fetal,
postnatal, or joint exposure and the prevalence of asthma
or eczema.

DISCUSSION

We found that only postnatal ETS exposure at home
was associated with a higher prevalence of wheeze.
On the other hand, no significant association between
in utero exposure to maternal smoking, regardless of
subsequent ETS exposure status, and the prevalence of
wheeze was observed. We were not able to demonstrate
any association between perinatal ETS exposure and the
prevalence of asthma or eczema.

Most of the studies that investigated the association
between prenatal and postnatal exposure to ETS and
allergic disorders were unable to separate out the
independent effect of in utero exposure versus postnatal
exposure. Because women who smoke during pregnancy
are likely to continue smoking after delivery, it has
been difficult to study the independent effects of in
utero exposure to maternal smoking and postnatal ETS
exposure and the evidence for an independent effect
of in utero exposure on allergic diseases has been
inconsistent (16, 18, 24). In our study, 45 (2.3%)
women reported smoking during pregnancy and no
subsequent postnatal household ETS exposure for the
participating child. This allowed us to assess the
independent association of exposures in this subgroup of
children.

The results for wheeze in our study are consistent
with those from a cohort study in Denmark which
showed that postnatal ETS exposure only, but not prenatal
smoke exposure only, was significantly associated with
an increased risk of wheeze at 14-18 years of age;
the adjusted OR for wheeze relative to postnatal ETS
exposure only = 1.2 (95% CL 1.0-1.4) (24). On
the other hand, our findings are in contrast to a
previous cross-sectional study in school-aged children in
California, which showed a greater impact of prenatal
smoking on wheeze than postnatal smoking exposure
(16). In the cited study (16), the adjusted OR for in
utero exposure to maternal smoking without subsequent
postnatal ETS exposure on a lifetime history of wheeze
was 1.8 (95% CI: 1.2-2.6). The corresponding OR was
1.3 (95% CI: 1.1-1.5) for postnatal exposure to ETS in
the absence of in utero exposure to maternal smoking
(16). In the Tucson Children’s Respiratory Study, the
positive association between maternal prenatal smoking
and current wheeze was a time-dependent relationship
and a significant positive association was observed only

below the age of 3 years (27). The effect of exposure to
tobacco smoke might vary according to the age of the
child at diagnosis.

In this study, the observed relationship between
postnatal ETS exposure at home only and the prevalence
of wheeze was more pronounced in children with a
positive parental allergic history than in those with
a negative parental allergic history. This is consistent
with a previous cross-sectional study among Italian
schoolchildren, showing that when both ETS exposure
and family atopy were present, the prevalence of current
wheeze was almost tripled using the absence of both
factors as the reference (22). Family history of allergic
diseases might increase the subjects’ susceptibility to the
effects of environmental factors (28). Alternatively, it is
possible that parents with allergic diseases would be more
aware of their children’s exposure to ETS than those
without allergic diseases.

The results of this study showed that there were no
associations between perinatal ETS exposure and the
prevalence of asthma or eczema. Parents of children
with asthma might have reported less ETS exposure
than actually occurred. This type of differential exposure
misclassification could lead to bias toward an inverse
association. Alternatively, we cannot rule out the pos-
sibility that ETS exposure might increase the risk of
respiratory infections rather than atopy (29).

That our findings did not support a dose-response
relationship between ETS exposure and allergic diseases
might be due to the narrow variation in cumulative ETS
exposure because our subjects were relatively young.

This study had methodological strengths. Study
subjects were homogeneous with respect to age and
geographical background. We could control for relevant
confounders.

There are some limitations that influence the inter-
pretation of our results. First, the cross-sectional design
gives no information on the temporal sequence and
therefore does not allow a causal interpretation of the
observed associations between ETS exposure and allergic
disorders.

Second, of the 8269 eligible children in Fukuoka City,
only 2015 (24.4%) were included in this analysis, leading
to a potential for selection bias. Subjects who are highly
concerned about health were likely to have participated in
our study. We were not able to assess a difference between
participants and nonparticipants because information on
personal characteristics of nonparticipants was not avail-
able. Our subjects were not representative of Japanese
children in the general population, and the present
findings may not be generalized. In fact, educational
levels in this study population were higher than in the
general population. According to the 2000 population
census of Japan, the proportions of men aged 35-39
years in Fukuoka City with years of education of <13,
13-14, >15, and unknown were 39.6%, 8.0%, 43.3%,
and 9.1%, respectively (30). The corresponding figures
among men in this study were 27.1%, 15.2%, 57.8%,
and 0.0%, respectively. Among women aged 30-34 years
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in Fukuoka City, the percentage of years of education
of <13, 13-14, >15, and unknown were 41.3%, 34.4%,
16.1%, and 8.3%, respectively (30). The corresponding
figures among women in this study were 27.7%, 40.4%,
31.9%, and 0.0%, respectively.

Third, although internationally standardized and vali-
dated measurement methods (ISAAC) were used to assess
the symptoms of allergic disorders, misclassification may
have occurred because the validity of this method is
uncertain in infants: two older age groups (13—14 and 6-7
years) were studied in the ISAAC phase-1 study. However,
previously, epidemiological studies have used the core
questions in the ISAAC phase-I study to estimate the risk
of allergic diseases in infants (31, 32). In this study, skin
prick tests or measurements of immunoglobulin E were
not done. Therefore, the atopic status of each child was
not available.

Fourth, assessment of exposure in our study was
based on the questionnaire and was not validated
by objective measurements, such as salivary, serum,
urinary, or hair cotinine levels. Information on exposures
and confounders was given retrospectively. Especially,
retrospective recall of tobacco smoking is likely to have
produced some misclassification of exposure. However,
during pregnancy most women are very conscious of
the need to restrict exposure of their developing babies
to harmful substances such as tobacco smoke, so most
participants would probably recall exposures correctly
although some might have deliberately concealed tobacco
smoking during pregnancy in order to give a socially
desirable response. Misclassification is likely to be
nondifferential and reduce the observed association.

Fifth, although we have adjusted our analyses for
numerous potential confounders, residual confounding
effects could not be ruled out. It is possible that our
results remain confounded by other potentially important
factors, such as indoor exposures (pets, mold, and
dust).

CONCLUSIONS

This is the first epidemiological study to examine the
independent and joint effects of ETS at home and in
utero exposure to maternal smoking on allergic disorders
among young Japanese children. We found that postnatal
ETS exposure at home only, but not in utero exposure
only or both in utero exposure and postnatal ETS
exposure at home, was independently associated with
an increased prevalence of wheeze. Further studies,
particularly prospective studies, are needed to clarify the
roles of in utero exposure and postnatal ETS exposure on
allergic disorders.
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