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The manifestation of atopic dermatitis (AD) is initially nonatopic eczema in early infancy; the manifestations
subsequently change in age-specific stages. Since allergen-specific T-helper 2 cells appear in the fetus primarily
after the third trimester of pregnancy and rapidly mature during the first 6 months of life, different timings of
tobacco smoke exposure may have different effects on AD. In this study, we investigated whether the timing of
fetal or/and infantile tobacco smoke exposure affects the cumulative incidence of atopic eczema/dermatitis
syndrome (AEDS) in infants in Japan. This cross-sectional study enrolled 1,177 parent–infant pairs, in which
the infants were >6 months old. Parental allergic history, number of older siblings, physician-diagnosed AEDS
and food allergy (FA), and the perinatal fetal and/or infantile tobacco smoke exposure timing after 28 weeks
gestation and during the first 6 months of life were assessed using self-completed questionnaires. Fetal tobacco
smoke exposure after 28 weeks gestation was significantly associated with higher cumulative incidence of
AEDS in exposed infants than in unexposed infants: AEDS in all infants, 41.4% versus 34.0% (Chi-squared,
P = 0.020; adjusted odds ratio, 5.21; 95% confidence interval, 1.08–25.15); AEDS in those without parental
allergic history, 38.0% versus 26.6% (Chi-squared, P = 0.024). Postnatal infantile tobacco smoke exposure
timing was not significantly associated with cumulative incidence of AEDS. No significant associations were
observed between any tobacco smoke exposure timings and the cumulative incidence of FA. Fetal tobacco
smoke exposure during the third trimester of pregnancy was positively associated with AEDS in infancy and
might induce epigenetic changes in the fetal allergen-specific immune responses.
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Introduction

Atopic dermatitis (AD) is a chronic recurrent inflam-
matory skin disease caused by a complex network of

epidermal barrier dysfunction and dysregulation of innate
and adaptive immunity.1,2 The manifestations of AD vary
according to age-specific stages; initially nonatopic derma-
titis, such as infantile eczema, is initially exhibited, followed
by AD after allergens sensitization, and, finally, autoallergic
AD, as early as 1 year of age.1,3 According the World Allergy
Organization, the term eczema has been proposed to replace
the provisional term ‘‘atopic eczema/dermatitis syndrome
(AEDS),’’ which includes both nonatopic eczema and atopic
eczema.4 During recent decades, the prevalence of AD in
children has been increasing in both developing and devel-

oped countries.5–7 Because genetic changes in the general
population take longer to occur,8 environmental factors that
trigger genetic predisposition, epigenetic regulation, and/or
the interactions between these factors might play an impor-
tant, and complex, role in the increasing AD prevalence.9–11

Tobacco smoke exposure is a modifiable environmental risk
factor for AD12,13 and bronchial asthma (BA).14 Tobacco
smoke exposure during pregnancy has transgenerational and
organ-specific effects, especially for the lungs.15 Regarding the
skin, a recent systematic review and meta-analysis showed that
active and passive exposure to smoke, but not maternal smoking
during pregnancy, were associated with increased AD preva-
lence in both America and Africa.12 In contrast, in Asia, active
smoking and maternal smoking during pregnancy, but not
passive smoke exposure, were associated with increased AD

1Department of Pediatrics, Ehime University Hospital, Toon, Japan.
2Department of Pediatrics, Kochi University, Nankoku, Japan.
3Department of Allergy and Clinical Immunology, National Research Institute for Child Health and Development, Tokyo, Japan.

ª Miwa Shinohara and Kenji Matsumoto 2017; Published by Mary Ann Liebert, Inc. This is an Open Access article distributed under the
terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

PEDIATRIC ALLERGY, IMMUNOLOGY, AND PULMONOLOGY
Volume 30, Number 3, 2017
Mary Ann Liebert, Inc.
DOI: 10.1089/ped.2017.0758

155155155



prevalence. Collectively, these results suggest that the effect of
tobacco smoke exposure on the increasing incidence of AD may
start during the fetal period in Japan.

The intrauterine environment, especially tobacco smoke
and nutrition, can potentially induce permanent changes in
metabolism and chronic disease susceptibility of the de-
veloping fetus,16 and influence the DNA methylation profile
at birth.17 The fetal period is critical for programming the
developing organs and immune function.18 During the fetal
period in human, the skin19,20 and the lungs21 develop at
around 5–6 weeks of gestation, whereas the airways are
formed by the end of the first trimester of pregnancy,21 and
‘‘adult-like’’ skin features appear already during the second
trimester of pregnancy.19,20 Furthermore, specific allergen-
induced responses can occur from as early as 22 weeks ges-
tation.22 Initial T cell priming commonly occurs across the
placenta,22 particularly against allergens encountered by the
mother in the third trimester of pregnancy.23 After birth,
neonatal allergen-specific T-helper 2 responses tend to de-
crease with age, especially within the first 6 months of life, in
individuals who later develop atopic disease than in nonatopic
individuals. The differences in immune function are a defin-
ing feature of the inductive phase of atopic disease.24

Because smoking-induced effects on organ growth and
immune maturation in fetuses and infants occur in stages,
the effect of tobacco smoke exposure on fetal or infantile
diseases may differ on the basis of tobacco smoke exposure
timing and/or atopic condition in the infants. In addition,
prenatal tobacco smoke exposure reduces lung function
(as measured by FEV1) at birth, and this is continuously
observed throughout life.21,25 In contrast, maternal intake of
fish oil in the third trimester of pregnancy has been shown to
be associated with reduced asthma medication prescribed in
children, except in lung function measures, compared with
children whose mothers took olive oil.26 Taken together,
these results and studies on the ontogeny of the fetus19,20

suggest that prenatal environmental factors might influence
the development of the fetal organ structures during the first
trimester of pregnancy, as well as the gradually maturing
immune responses during and after the second trimester.

However, the critical ‘‘window of opportunity’’ of to-
bacco smoke exposure for AEDS remains unknown, despite
its value for AD prevention and altering the course of the
atopic march. We hypothesized that different tobacco smoke
exposure timings may have different effects on the skin, in
age-specific stages, as a result of the different mechanisms,
and that the third trimester of pregnancy and first 6 months
of life may be the critical ‘‘window of opportunity,’’ be-
cause the immune response to environmental factors ma-
tures mostly during this period.22,23 In this study in Japan,
we investigated whether the timing of fetal or infantile to-
bacco smoke exposure affects the cumulative incidence of
physician-diagnosed AEDS in infants aged around 1 year.

Materials and Methods

Study population

This cross-sectional study conducted using written ques-
tionnaires completed by the guardians was performed during
an annual large-scale medical checkup in April 2005 in Kochi,
Japan. Parent–infant pairs with infants born in 2004 or 2005
were recruited. The large-scale medical checkup included in-

fants in the general population of the Kochi prefecture. This has
been performed annually in April since the end of World War II
and is advertised in the Kochi Sinbun and Kochi Broadcasting
newspaper. Approximately 40% of infants in the prefecture’s
general population enroll in this checkup each year. If the in-
fants’ guardians wish to participate, they mail a reservation
request postcard to the newspaper that advertised the checkup;
all respondents are eligible.

We have performed surveys of these large-scale medical
checkups since 1999 and have reported the results in 2
previous studies.27,28

Questionnaire

The self-completed written questionnaires, including our
previously used questionnaires,27,28 were distributed before
the checkup to all parent–infant pairs in March 2005 and
were collected during checkup. To avoid recall bias as much
as possible, the variables were transcribed by guardians using
the maternal and child health handbook, which includes data
on prenatal checkups, delivery, child development, and infant
diseases, including infections and allergic diseases. This
maternal and child health handbook is a public record note
used by the Japanese government, and is distributed when a
woman is confirmed to be pregnant by a doctor.29

The primary outcome was AEDS in the infant. The AEDS
diagnosis was based on a ‘‘Yes’’ response to the question,
‘‘Has your infant ever been diagnosed with AEDS by a doc-
tor?’’ The secondary outcome was the presence of food al-
lergy (FA), which was determined similarly.

Based on the results of a literature review (Table 1) and
our previous studies,27,28 the questionnaires also collected
information on the following confounding factors: infant age,
infant sex, parental allergic history, number of older brothers
and older sisters, gestational weeks, infant height, body
weight, head circumference at birth, and maternal and pa-
ternal ages at delivery.

Prenatal fetal tobacco smoke exposure was assessed sep-
arately using the question, ‘‘Do any of the following describe
your tobacco smoke exposure? Choose the description that is
most like your tobacco smoke exposure: (1) no one smoked,
(2) someone smoked outside the home, (3) someone smoked
at home, (4) mother smoked, or (5) father smoked.’’ Postnatal
infantile tobacco smoke exposure was assessed in a similar
manner. Tobacco smoke exposure was classified as no (re-
sponse of ‘‘no one smoked’’) or yes (any other response). The
timing of fetal or infantile tobacco smoke exposure was cat-
egorized into 4 groups: (1) before 28 weeks gestation, (2)
from 28 weeks gestation until birth (third trimester), (3) for
the first 6 months of life, and (4) after the first 6 months of life.

Parental allergic history was considered positive if the
guardian answered ‘‘Yes’’ to the question, ‘‘Have you ever
received a diagnosis of AD, FA, BA, allergic rhinitis, or al-
lergic conjunctivitis by a doctor?’’ Parental allergic history
was classified as no (response of no to all conditions) or yes
(response of yes to at least 1 condition).

Statistical analysis

Effects of fetal or infantile tobacco smoke exposure and
parental allergic history on the cumulative incidence of
AEDS and FA in the infants among the tobacco smoke ex-
posure timing groups were estimated using Chi-square tests
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and Fisher’s exact tests. Adjusted odds ratios (aORs) and 95%
confidence intervals (CIs) were estimated using multiple lo-
gistic regression analyses adjusted for infant age, infant sex,
parental allergic diseases, number of older brothers, number
of older sisters, gestational weeks, and maternal age at in-
fant’s birth. The 95% CIs that did not cross 1 were considered
statistically significant. To confirm the validity of the logistic
regression model, we used the Hosmer–Lemeshow goodness-
of-fit test and considered the model valid with P > 0.050. The
Hosmer–Lemeshow test indicated that all models had sig-
nificantly high goodness-of-fit. All analyses were calculated
using STATA software (release 10.1; StataCorp, College
Station, TX).

Ethics

The study was approved by the Ethical Committees of
Kochi University, Ehime University Hospital, and the re-
spective local authorities and conformed to the tenets of the
Declaration of Helsinki. Written informed consent was ob-
tained from the guardians of all patients.

Results

Subjects

The self-completed questionnaires were distributed by
the Kochi Sinbun and Kochi Broadcasting newspaper to all
infant–parent pairs in March 2005 before the large-scale
medical checkup. The questionnaires were collected from
the participants in the same place where the checkup was
conducted. The response rate was 97.2% (1,436/1,476). To
investigate the effects of tobacco smoke on the fetal or in-
fantile exposure timing from the prenatal period to the first 6
months of life, data for 82.0% (1,177/1,436) of the parent–
infant pairs in which the infant was >6 months old (627
boys, 548 girls, mean age 12.0 – 3.0 months, range 7–18
months) were extracted for further analysis (Table 1).

As a result, maternal active tobacco smoke was not sig-
nificantly associated with parental AD, that is, maternal AD
and/or paternal AD (6.3% vs. 7.3%; P = 0.561; Table 1).

Associations between fetal or infantile tobacco
smoke exposure timing and AEDS

The cumulative incidence of AEDS was significantly
higher in exposed infants than in unexposed infants only
in the third trimester timing group (41.4% vs. 34.0%;
P = 0.020; Fig. 1).

Associations between fetal or infantile tobacco
smoke exposure timing and AEDS according
to the parental allergic history

In infants with a parental allergic history, the cumulative
incidence of ADES was not significantly different between
the exposed and unexposed infants in any of the tobacco
smoke exposure timing groups (Fig. 2a). In contrast, among
those without a parental allergic history, the cumulative
incidence of AEDS was significantly higher in exposed in-
fants than in unexposed infants (38.0% vs. 26.6%; P = 0.024;
Fig. 2b) only in the third trimester timing group.

aORs for AEDS based on the fetal or infantile
tobacco smoke exposure timing

On the basis of the adjusted logistic regression analyses,
only fetal tobacco smoke exposure during the third trimester
was significantly associated with a higher cumulative inci-
dence of AEDS (aOR, 5.21; 95% CI, 1.08–25.15; Table 2)
than in unexposed infants.

Associations between fetal or infantile tobacco
smoke exposure timing and FA

The cumulative incidence of FA was not significantly
different between exposed and unexposed infants for any
tobacco smoke exposure timing group or when analyzed
according to the parental allergic history in both the Chi-
squared tests (Table 3) and adjusted logistic regression an-
alyses (Table 4).

Table 1. General Characteristics of the Parent–Infant Pairs in Total and in Groups

Separated According to Parental Atopic Dermatitis

Variable Total

Parental AD

PaNo Yes

Infant sex (male/female) 548/627 344/405 204/222 0.517b

Parental allergic history (no/yes) 419/758 419/331 0/427 <0.001b

Infant age (months) 12.0 – 3.0 12.0 – 3.0 12.0 – 3.1 0.936c

Gestation weeks (weeks) 32.4 – 1.6 38.5 – 1.6 38.6 – 1.8 0.227c

Birth height (cm) 48.4 – 3.5 48.4 – 3.5 48.5 – 3.5 0.065c

Birth body weight (g) 3005.8 – 442.9 2981.5 – 442.9 3049.4 – 457.5 0.017c

Birth head circumstance (cm) 33.1 – 2.3 33.2 – 2.4 33.1 – 2.1 0.694c

Maternal age at delivery (years) 31.1 – 4.5 31.5 – 4.5 30.4 – 4.5 <0.001c

No. of older brothers 0.4 – 0.7 0.4 – 0.6 0.4 – 0.6 0.870c

No. of older sisters 0.4 – 0.6 0.4 – 0.7 0.4 – 0.7 0.267c

Fetal or/and infantile tobacco smoke
exposure (no/yes)

173/1,032 (14.4) 109/641 (14.5) 64/391 (14.1) 0.823b

Maternal active tobacco smoke (no/yes) 57/807 (6.6) 36/540 (6.3) 21/267 (7.3) 0.561c

Data represented as n (%) or mean – standard deviation, unless otherwise indicated.
aP < 0.050, analyzed an association between the groups separated according to parental AD (Chi-square test).
bChi-square test.
cMann–Whitney test.
AD, atopic dermatitis.

TOBACCO SMOKE EXPOSURE TIMING AND AEDS 157



FIG. 2. Cumulative incidence of AEDS in infants with (a) and without (b) the parental allergic history. The groups are
compared using the Chi-square test (n > 5) or Fisher’s exact test (n £ 5). *P < 0.050, analyzed an association between tobacco
smoke unexposed infants and tobacco smoke exposed infants (Chi-square test).

FIG. 1. Cumulative incidence of AEDS in all infants. AEDS, atopic eczema/dermatitis syndrome. *P < 0.050, analyzed an
association between tobacco smoke unexposed infants and tobacco smoke exposed infants (Chi-square test).
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Discussion

In this cross-sectional study, tobacco smoke exposure
during the third trimester was significantly associated with a
higher cumulative incidence of AEDS in exposed infants
than in unexposed infants in Japan. Furthermore, the asso-
ciation with AEDS remained in the adjusted logistic re-
gression analysis. The cumulative incidence of AEDS was
significantly higher in the exposed infants than in the un-

exposed infants without parental allergic history, but not in
those with parental allergic history. In contrast, postnatal
tobacco smoke exposure did not significantly affect the
cumulative incidence of AEDS. Neither the prenatal nor the
postnatal tobacco smoke exposure timing affected the cu-
mulative incidence of FA.

The critical window of tobacco smoke exposure timing
for AEDS has been debated.12,17,30 Similar to our results in
Japan, a previous questionnaire-based cross-sectional study

Table 2. Crude and Adjusted Associations Between the Tobacco Smoke Exposure Timing

and the Cumulative Incidence of AEDS in All Infants (n = 1,177)

Variable AEDS, n (%) Crude OR 95% CI Adjusteda OR 95% CI

Parental allergic history
No 131/398 (32.9) 1 1
Yes 254/637 (39.9) 1.35 1.04–1.76b 1.24 0.77–1.99

Infant age 1.02 0.97–1.08 1.01 0.94–1.09

Infant sex
Male 228/560 (40.7) 1 1
Female 157/474 (33.1) 0.72 0.56–0.93 0.70 0.44–1.10

Tobacco smoke exposure timing
Before 28 weeks gestation

No 141/402 (35.1) 1 1
Yes 216/535 (40.4) 1.25 0.96–1.64 0.27 0.06–1.31

After 28 weeks gestation
No 139/409 (34.0) 1 1
Yes 217/524 (41.4) 1.37 1.05–1.80b 5.21 1.08–25.15b

For the first 6 months of life
No 177/478 (37.0) 1 1
Yes 202/545 (37.1) 1.00 0.78–1.29 0.92 0.25–3.43

After the first 6 months of life
No 156/426 (36.6) 1 1
Yes 178/492 (36.2) 0.98 0.75–1.28 1.42 0.38–5.26

aLogistic regression analyses were adjusted for infant age; infant sex; parental allergic history; number of older brothers; number of older
sisters; gestational weeks; maternal ages at delivery; tobacco smoke exposure before 28 weeks gestation, tobacco smoke exposure after 28
weeks gestation, tobacco smoke exposure for the first 6 months of life, and tobacco smoke exposure after the first 6 months of life.

b95% CI exclusive of 1.
AEDS, atopic eczema/dermatitis syndrome; CI, confidence interval; OR, odds ratio.

Table 3. Association Between the Tobacco Smoke Exposure Timing and the Cumulative Incidence

of Food Allergy in All Infants and Those Separated According to the Parental Allergic History

Tobacco smoke exposure timing

Total (n = 1,177)

Parental allergic history

Yes (n = 758) No (n = 419)

FA

Pa

FA

Pa

FA

PaYes/no (%) Yes/no (%) Yes/no (%)

Before 28 weeks gestation
No 15/391 (3.8) 0.801 10/237 (4.1) 0.702 5/139 (3.5) 0.583
Yes 22/528 (4.2) 15/303 (4.7) 7/203 (3.3)

After 28 weeks gestation
No 14/400 (3.5) 0.462 9/235 (3.7) 0.453 5/151 (3.2) 0.543
Yes 23/515 (4.5) 16/304 (5.0) 7/188 (3.6)

For the first 6 months of life
No 22/471 (4.7) 0.401 14/264 (5.0) 0.400 8/185 (4.2) 0.761
Yes 19/526 (3.6) 12/317 (3.7) 7/190 (3.6)

After the first 6 months of life
No 22/424 (5.2) 0.291 14/233 (5.7) 0.243 8/169 (4.5) 0.809
Yes 18/481 (3.7) 11/295 (3.6) 7/168 (4.0)

aChi-square test.
FA, food allergy.
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in Greece showed that passive maternal exposure to tobacco
smoke, mainly during the third trimester, was significantly
associated with a pruritic rash in 12- to 72-month-old chil-
dren.30 Furthermore, a previous systematic review and meta-
analysis reported that the effect of tobacco smoke exposure
timing on AD differs by residential region and/or race.
Whereas, in Asia, postnatal active smoking and maternal
smoking during pregnancy, but not postnatal passive smoke
exposure, were associated with an increased AD prevalence
from childhood to adulthood.12 Despite differences in the
age and regions, these previous results concur with those of
this study.

Interestingly, tobacco smoke exposure during the fetal
period has transgenerational and organ-specific effects.
Based on an association between grandmaternal smoking
during pregnancy and an increased risk of BA in her grand-
children, it has been speculated that the inheritance of asthma
susceptibility is mediated through epigenetic mechanisms,
such as altered DNA methylation patterns in fetal oocytes.15

Although exposure at >36 weeks gestation was not investi-
gated, a recent human study found that maternal smoking
after 24 weeks gestation, but not before 12 weeks gestation,
altered DNA methylation in newborns,17 highlighting the
tissue-specific nature of epigenetic responses in cord blood
mononuclear cells, placenta, and buccal mucosa to in utero
tobacco smoke exposure and the postnatal stability of
smoking-induced epigenetic changes 18 months postbirth. In
addition, previous articles on,21,25,26 including the ontogeny
of the human fetus,19,20 suggest that fetal tobacco smoke
exposure might influence the development of fetal structures
during the first trimester of pregnancy, after which it gradu-
ally affects the programming of immune responses during the

third trimester of pregnancy. Supporting this speculation,
when we categorized the infants by parental history of allergic
diseases, the so-called atopic risk, the effect of tobacco smoke
exposure during the third trimester of pregnancy remained
only in the infants without atopic risk.

In contrast, in a prospective birth cohort study, the risk of
eczema with sensitization, but not eczema without sensitiza-
tion, in 4-year-old children increased as a result of maternal
prenatal smoking during any trimester, parental smoking dur-
ing the child’s first month, or both.31 In a cross-sectional study,
current tobacco smoke exposure by atopic parents was signif-
icantly associated with AD risk in 6.5-year-old children.32

However, the AD diagnosis was defined using a standardized
dermatological examination, not by examination for atopic
sensitization in the children. The discrepancies among ours and
previous studies may be explained by differences in the subject
age and atopic condition, because AD generally manifests as
nonatopic eczema in infancy, followed by AD after allergens
sensitization, and, finally as autoallergic AD in one-third of
patients with AD,2 as early as 1 year of age.1,3 In addition,
*60% of all AD cases occur during the first year1; thus, we
used the AEDS criteria, which include both nonatopic eczema
and atopic eczema4 in this study of infants aged *1 year.
Therefore, the mechanism for the effects of tobacco smoke
exposure during the third trimester of pregnancy on AEDS may
be mediated by epigenetic regulations during the fetal and early
infantile periods and then by atopy-related genetic factors
during childhood, in age-specific stages.

The positive association between tobacco smoke expo-
sure during the third trimester of pregnancy and AEDS was an
important finding of our study and remained in the adjusted
regression analysis. It should be noted that the sample size in

Table 4. Crude and Adjusted Associations Between the Tobacco Smoke Exposure Timing

and the Cumulative Incidence of Food Allergy in All Infants (n = 1,177)

Variable

FA

Crude OR 95% CI Adjusteda OR 95% CIn (%)

Parental allergic history
No 15/393 (3.8) 1 1
Yes 26/615 (4.2) 1.11 0.58–2.13 0.90 0.31–2.61

Infant age 1.30 1.14–1.48 1.28 1.07–1.53b

Infant sex
Male 12/465 (2.6) 1 1
Female 29/542 (5.4) 0.47 0.24–0.93 0.49 0.16–1.53

Tobacco smoke exposure timing
Before 28 weeks gestation

No 15/391 (3.8) 1 1
Yes 22/528 (3.8) 1.09 0.56–2.13 0.26 0.01–6.70

After 28 weeks gestation
No 14/400 (3.5) 1 1
Yes 23/515 (4.5) 1.29 0.65–2.54 2.37 0.09–59.53

For the first 6 months of life
No 19/526 (3.6) 1 1
Yes 22/471 (4.7) 0.76 0.41–1.43 0.77 0.03–19.38

After the first 6 months of life
No 22/424 (5.2) 1 1
Yes 18/481 (3.7) 0.71 0.38–1.34 0.47 0.02–11.82

aLogistic regression analyses were adjusted for infant age; infant sex; parental allergic history; number of older brothers; number of older
sisters; gestational weeks; maternal ages at delivery; tobacco smoke exposure before 28 weeks gestation, tobacco smoke exposure after 28
weeks gestation, tobacco smoke exposure for the first 6 months of life, and tobacco smoke exposure after the first 6 months of life.

b95% CI exclusive of 1.
CI, confidence interval; FA, food allergy; OR, odds ratio.
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the adjusted logistic regression analysis was relatively small
in this study. However, we used the Hosmer–Lemeshow
goodness-of-fit test to analyze the results of the adjusted lo-
gistic regression analyses.33

The results of 2 previous studies in Japan34,35 are par-
tially consistent with those of this study regarding the effect
of postnatal tobacco smoke exposure timing. In 1 study, a
questionnaire-based prospective cohort study, maternal
smoking during pregnancy and environmental tobacco
smoke exposure at 2–9 months postdelivery did not influ-
ence the development of AD in 16–24-month-old infants.34

In the other study, a questionnaire-based cross-sectional
study, there was no measurable associations between ma-
ternal smoking during pregnancy, smoking by adult house-
hold members after birth, or both, and the prevalence of
eczema in 3-year-old children.35 The discrepancy in the
effects of tobacco smoke exposure on AD may be related to
differences in the age-specific stages of eczema, type of skin
diseases, allergic sensitization, residual regions, AD crite-
ria,12,31 the route, timing, duration, and/or amount of to-
bacco smoke exposure,36,37 and participant’s age.37

To further determine the effect of the tobacco smoke
exposure timing on AEDS, we also investigated the asso-
ciations between the tobacco smoke exposure timing and the
cumulative incidence of FA, which were not significant.
Therefore, the effects of the tobacco smoke exposure timing
may be specific to AEDS in infancy.

There are some limitations in this study. First, AEDS was
defined as a diagnosis by a physician and was identified using
the questionnaires. Thus, allergic sensitizations were not in-
vestigated. However, this is in concordance with previous
studies performed using questionnaires.30,32,34–36,38 Second,
the cross-sectional study design meant that we could not
identify any causation. Third, information about the fre-
quency, duration, and/or amount of tobacco smoke exposure
was only obtained using the questionnaires, and urinary co-
tinine was not measured. However, the adverse health effects
of tobacco smoke exposure are considered to be associated
with long exposure periods, and urinary cotinine reflects ex-
posure over the past 1–2 days; therefore, tobacco exposure
assessments are reportedly useful.39 Finally, in addition to
tobacco smoke exposure, nutrition is an important environ-
mental factor that influences the development of AD. In this
study, we also assessed nutrition, similar to our previous
studies27,28; however, the sample size was relatively small to
perform the adjusted logistic regression analysis.33

In conclusion, to our knowledge, this is the first cross-
sectional study to investigate the associations between
prenatal and postnatal tobacco smoke exposure timing and
the cumulative incidence of early onset eczema types in
infancy. Tobacco smoke exposure during the third tri-
mester of pregnancy was found to be associated with a
higher cumulative incidence of AEDS, especially in all
infants and those without parental allergic diseases.
Therefore, a critical ‘‘window of opportunity’’ of tobacco
smoke exposure for eczema in early infancy may be the
third trimester of pregnancy, and the exposure timing may
have different effects on eczema because of the age-
specific stages of subclinical or allergic inflammation
mediated by smoking-induced epigenetic mechanisms of
fetal immune responses. A further prospective cohort
study investigating whether smoking-induced epigenetic
changes in fetal and neonatal T cells cause susceptibility

to AEDS in early infancy may provide evidence for new
preventive strategies for AD.
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