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Abstract

Background: Atopic dermatitis has increased four-fold over the recent decades in developed countries, indicating that
changes in environmental factors associated with lifestyle may play an important role in this epidemic. It has been proposed
that alcohol consumption may be one contributing risk factor in this development.

Objective: To analyze the impact of alcohol intake during pregnancy on the development of atopic dermatitis during the
first 7 years of life.

Method: The COPSAC cohort is a prospective, longitudinal, birth cohort study of 411 children born to mothers with a history
of asthma, followed up for 7 years with scheduled visits every 6 months as well as visits for acute exacerbations of atopic
dermatitis. Risk of atopic dermatitis from any alcohol consumption during pregnancy was analyzed as time-to-diagnosis and
adjusted for known risk factors.

Results: 177 of 411 children developed atopic dermatitis before age 7 years. We found a significant effect of alcohol intake
during pregnancy on atopic dermatitis development (HR 1.44, 95% Cl 1.05-1.99 p =0.024). This conclusion was unaffected
after adjustment for smoking, mother’s education and mother’s atopic dermatitis.

Limitations: The selection of a high-risk cohort, with all mothers suffering from asthma, and all children having a gestational
age above 35 weeks with no congenital abnormality, systemic illness, or history of mechanical ventilation or lower airway
infection.

Conclusion: Alcohol intake by pregnant women with a history of asthma, is significantly associated with an increased risk
for the child for developing atopic dermatitis during the first 7 years of life.
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significant risk factors. Furthermore, breast feeding and mother’s
intake of alcohol during pregnancy was found to be marginally
significant risk factors for AD in the child[15]. Recently, we
reported a longitudinal analysis of age-at-onset showing that breast
feeding increased the risk of AD[16].

In this 7-year follow-up study we have used close longitudinal
observations to re-test our initial observation of a borderline

Introduction

Atopic dermatitis (AD) has increased fourfold over the last five
decades in western countries[1-4], indicating that changes in
environmental factors associated with western lifestyle may play an
important role[4—6]. It has been proposed that alcohol consump-
tion may be one contributing factor to the rise in atopic

diseases|7,8] as alcohol consumption is part of the western lifestyle significant risk from alcohol intake by the pregnant mother on the

and has increased in the same period with an annual consumption development of AD in the child

nearly tripling in Denmark since 1955[9,10]. Also, alcohol
consumption during pregnancy is frequent in westernized coun-

tries[11-14]. Methods

We previously reported a cross-sectional analysis of a compre-
hensive range of potential risk factors for the development of AD
by age 3 suggesting mother’s AD, father’s allergic rhinitis, child’s
FLG status, dog exposure at birth and baby’s birth length as
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Copenhagen (KF 01-289/96) and The Danish Data Protection
Agency (2002-41-2434), and in compliance with “Good Clinical
Practice” (GCP) guidelines. Informed, written consent was
obtained from all parents.

Participants

The COPSAC cohort is a prospective longitudinal birth cohort,
including 411 children born to mothers with asthma. Mother’s
asthma was defined as doctor diagnosed asthma with a history of
medication during two seasons[17]. The main recruiting area of
the cohort was greater Copenhagen, Denmark and all children
were born between August 1998 and December 2001. The
children were enrolled at one month of age and visited the
COPSAC clinic at scheduled visits every six months thereafter, as
well as for any acute complaints from skin or airways. Skin
examinations, diagnoses and treatment of AD were handled in
accordance with predefined standard operating procedures by
trained medical doctors employed for this purpose in the
COPSAC clinic. The enrolled children were primarily cared for
at the COPSAC clinic. Data validity was assured by quality
control procedures. Data were collected on-line and locked after
external monitoring and with an automated audit trail showing
operations on the database after locking. The study was previously
described in details elsewhere[17,18]. See Table S1 for baseline
characteristics.

Risk assessments

COPSAC provides comprehensive assessments of the prenatal,
perinatal and postnatal milieu, aiming to elucidate critical factors
driving atopic disease expression. In this study we analyzed alcohol
intake during pregnancy for development of AD during the first 7
years of life.

AD was defined based on the criteria of Hanifin and Rajka[19]
as previously detailed[20], with age at first AD diagnosis used as
outcome.

Childhood asthma was diagnosed based on preasthma (recur-
rent episodes of troublesome wheezing, breathlessness and/or
cough) and the response and subsequent relapse to a 3-month trial
of inhaled corticosteroids|17].

Rhinitis was defined as troublesome sneezing, blocked or runny
nose in the past 12 months in periods without accompanying cold
or flu[21]. All diagnoses were performed by the doctors in the
COPSAC clinic.

Alcohol intake during pregnancy was determined at the
interview at the I-month visit. The mothers were interviewed
about their drinking habits, and the average alcohol intake pr.
week pr. trimester was entered online. Mothers drinking minimum
one unit of alcohol pr. week in minimum one of the 3 trimesters
were defined as having an intake of alcohol during pregnancy.
One unit of alcohol was defined as 15 ml or 12 g of alcohol,
explained to the mothers as e.g. one beer or one glass of wine.
Information about mother’s education (high school/medium-long
education/university), smoking habits in the 3rd trimester
(smoking yes/no) and AD (doctor diagnosed) was also recorded
at the 1-month scheduled visits in the COPSAC clinic.

Statistical analysis

The association between alcohol intake during pregnancy and
development of AD during the first 7 years of life was examined by
survival analysis. The children were retained in the analysis from
birth, until age at first diagnosis of AD, drop-out, or 7 years of age
whichever came first.

Kaplan-Meier curves were estimated for alcohol drinking
during pregnancy. The plots were used as a descriptive
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presentation of the results, illustrating the cumulative risk of
developing AD with respect to mother’s alcohol intake during
pregnancy. Survival analyses were performed by use of Cox
proportional-hazards regression, supporting the Kaplan-Meier
curves with information about hazard ratios (HR), 95% confi-
dence intervals (CI) and p-values. The dependent variable was the
time to first event (AD diagnosis, dropout or 7 years). The
confounders, mother’s education, smoking habits in 3rd trimester
and AD, were placed in the regression models simultaneously.
Tests for functional form and proportional hazards were based on
martingales.

The overall significance level used was 0.05. The analyses were
done using PROC TPHREG in SAS version 9.1 as well as R
version 2.6.1.

Results

COPSAC enrolled 411 infants out of which 77 were lost to
follow-up before debut of AD symptoms and/or before the age of
7 years. There was no difference in alcohol consumption between
the group lost to follow-up and the remaining families (T'able S1).
Forty eight percent of the mothers had a history of AD, 16% and
13% of the fathers had a history of asthma and AD, respectively.
There were 16 siblings and 18 twins in the cohort, thus totaling
8.3% of the participants. All 411 children were included in the
univariate analysis. Data for mother’s education were missing for
34 children, leaving 377 children for the confounder adjusted
analysis (92% of the enrolled cohort).

108 mothers in the cohort (26%) had an intake of one or more
units of alcohol pr. week in minimum one of the 3 trimesters,
respectively 88, 73 and 73 women in the 1%, 2% and 3" trimester.
The quantity of alcohol intake was distributed as follows (in units
of alcohol pr. trimester):

1** trimester: range 1-7, median: 1, mean: 1.55, interquartile
range: 1-2
2" trimester: range 1-7, median: 1, mean: 1.44, interquartile
range: 12
3" (rimester: range 1-7, median: 1, mean: 1.51, interquartile
range: 1-2

One hundred seventy-seven children of the 411 participating
infants (43%) had an AD diagnosis before age 7 years. In the
group of children developing AD 31% (55) of the mothers had
been drinking alcohol at some point during pregnancy, i.e. more
than an average of one unit of alcohol pr. week in minimum one of
the three trimesters. Of the 234 children who did not develop AD,
23% (53) of the mothers had been drinking alcohol at some point
during pregnancy. This difference in prevalence of mother’s
alcohol drinking in the two groups of children (31% vs. 23%) was
marginally statistically significant (p =0.055)

The age-at-onset analysis confirmed an increased risk of AD
associated with alcohol intake during pregnancy, with the effect
persisting throughout the whole 7 years follow-up period (Figure 1)
(HR 1.44, 95% CI 1.05-1.99, p=0.024).

The hazard ratio from the univariate analysis was largely
unchanged after confounder adjusted analysis adjusting for
mother’s education, smoking habits 3™ trimester and AD (HR
1.45, 95% CI 1.04-2.02, p=0.029).

There was no association between alcohol intake during
pregnancy and other atopic endpoints (wheeze episodes, asthma,
allergic rhinitis, blood eosinophil count, total IgE, sensitization
(specific IgE=0.35 kU/L), nasal eosinophilia and cord blood IgE
(IgE=0.5 kU/L)). Results are not shown.
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Figure 1. Kaplan-Meier plots for the effect of alcohol intake
during pregnancy on subsequent atopic dermatitis develop-
ment in the offspring during the first 7 years of life.
doi:10.1371/journal.pone.0042710.g001

Discussion

Main finding

In this prospective, longitudinal, birth cohort study we find
alcohol intake during pregnancy to be associated with an increased
risk of developing AD in the first 7 years of life, adjusted for
possible confounders. The increased risk was persistent throughout
the whole 7 years follow-up period.

Strengths and limitations

Recall bias is reduced from the prospective data collection, with
half-yearly clinic visits and visits at any acute symptoms from the
skin. The alcohol related questions were recorded before any onset
of atopic diseases including AD.

Misclassification of AD is reduced by the participants being
diagnosed and treated at the COPSAC clinic and not by their
general practitioner. Furthermore, all mothers in the cohort have
personal experience with atopic diseases, and should therefore be
expected to be better at reporting symptoms. Ambiguities over the
definition of AD, especially during infancy and early childhood,
make the estimates of prevalence unreliable and render compar-
isons between studies difficult. In this cohort study the specificity of
the AD diagnosis is high, since the diagnosis, detailed phenotype
and management of skin lesions were controlled solely by the
COPSAC clinic physicians from predefined standard operating
procedures and included assessment of localization and severity at
each visit. This reduces the risk of misclassification and is of
particular importance in the clinical evaluation of AD where inter-
observer variation is a problem[22]. The specificity of the
diagnosis in this study is illustrated by the observation that the
cumulative incidence of seborrheic dermatitis capitis was not
significantly different in children with AD and in children with
skin lesions not fulfilling AD diagnosis, suggesting that there was
no misclassification between AD and seborrheic dermatitis capitis.

We have used predefined questions concerning alcohol
consumption, recording average alcohol intake per week per
trimester. We are aware that alcohol histories are notoriously
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unreliable. However, this unreliability is not biased as it must be
expected to be equal among mothers to children later developing
AD and not. Therefore, it can only result in a type 2 and not a
type 1 error, i.e. it could have obscured an effect but it could not
cause a false effect to be seen.

We have chosen to present data as a binary variable just to
determine whether alcohol intake during pregnancy correlates to
AD at all. We found similar estimates in sub-analyses stratifying for
alcohol amount or onset/duration of alcohol intake, but the
number of individuals in each group was very small. Therefore,
these results are not included in the article. This narrow definition
of alcohol intake limits our results and future studies designed to
determine quantity of alcohol ingested should be sought. The
external validity of our study is limited from the selection of a high-
risk cohort, with all mothers suffering from asthma, and all
children having a gestational age above 35 weeks with no
congenital abnormality, systemic illness, or history of mechanical
ventilation or lower airway infection. Therefore, our results need
replication in an unselected population.

Interpretation

We have previously demonstrated risk factors in the develop-
ment of AD in a cross-sectional analysis by age 3 in this birth
cohort[15]. We found that mother’s AD, father’s allergic rhinitis,
child’s FLG status, dog exposure at birth and higher birth length
were significant factors predicting AD by 3 years of age. Duration
of breastfeeding and mother’s alcohol consumption during
pregnancy also increased the risk of AD but were not statistical
significant in this cross-sectional analysis. However, age-of-onset
survival statistics was used in subsequent analyses to show, that
both breast feeding[16] and now also mother’s alcohol intake in
pregnancy were significant risk factors for AD in the off-spring.

AD has increased dramatically since the 1960’s in Western
countries[1-3,23] and genetic factors only cannot explain the
recent rapid increase in the incidence. The exposure to early life
style factors is thought to be crucial for the later development of
AD, and suggestions about factors influencing the intra uterine
milieu have been made[24-30]. A questionnaire based cohort
study, reported a significant and dose-dependent effect from the
mother’s intake of alcohol during pregnancy in the risk of
developing AD during the first 2 months of child life, but not
beyond this period. This effect was mainly seen in high-risk infants
(two parents with allergic disease)[31].The authors interpreted
their observations to be indirectly supported by a study
investigating the influence of environmental factors on levels of
total IgE in cord blood of 2631 newborn infants[32]. They found
an independent positive dose-response relationship between
maternal alcohol consumption during pregnancy and the levels
of cord blood IgE, and hypothized that the increased IgE synthesis
may contribute to the immunologic sensitization. However,
increased IgE is generally not believed to be directly associated
to AD, but rather to illustrate a common mechanism for the atopic
diseases. This is also supported by the paradox, that alcohol
consumption is found associated with an increased risk of
developing perennial allergic rhinitis, but not seasonal allergic
rhinitis[33]. In our study we do not find any association to other
atopic diseases, including cord blood IgE, allergic rhinitis, total IgE
and sensitization, and can therefore not support the hypothesis
that the association between alcohol and AD are caused by a
higher level of IgE.

In this study we adjusted for reasonable confounders including
mother’s education, smoking habits in 3rd trimester and AD.
These confounders were chosen, because we believe them to be
the only factors both affecting the child’s risk of developing AD
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and the mother’s alcohol intake. Other factors, such as prenatal
behavior, pets in home at birth and breastfeeding were not
included in the analysis as confounders, because we do not believe
them to affect both the exposure (mother’s alcohol intake during
pregnancy) and the outcome (AD). We detect an association
between alcohol intake during pregnancy and the child’s risk of
developing AD, but the underlying causal relationship is not clear
and further studies are needed to confirm our findings and explore
the reasons for our observed associations.

It has been suggested that factors, which influence cytokine
production by the feto-placental unit, may be important determi-
nants of atopic disease[34]. This is further supported by findings
that the effect of the maternal line on childhood AD is greater than
that of the paternal line[35-38], which are, however, not
confirmed in all studies[39,40]. Alcohol may trigger hypersensi-
tivity reactions, i.e. allergic, asthmatic or eczematous symptoms.
The mechanisms underlying these reactions are unknown, but are
hypothesized to be due to a histamine-releasing effect of
acetaldehyde[41-46]. Gonzalez-Quintela e/ al[47] have reported
that alcohol intake may induce changes in the cytokine profile,
including increasing level of some Th2-associated cytokines, and
impairment of the Thl lymphocyte response. This is supported by
other studies[45,46]. However, such differences in cytokine
profiles are most often found in alcohol abusers, and one should
therefore be cautious in transferring these findings to our cohort’s
pregnant women. Still, it could be worth considering as a possible
explanation for our observed association between mother’s alcohol
intake and the offspring’s risk of developing AD, although further
studies are needed to clarify this.
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Conclusion

We found that alcohol intake during pregnancy in asthmatic
women is associated with a statistically significantly higher risk of
developing AD in the offspring. The increased risk is still
significant after confounder adjustment for other known risk
factors. However, the underlying mechanism is not clear.
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