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Summary

Background There is evidence to suggest that the risk of asthma might be increased with
exposure to paracetamol in the intrauterine environment, infancy, later childhood and adult
life.
Objective To review the evidence from studies investigating the association between
paracetamol use in pregnancy and childhood asthma.
Methods A systematic review and meta-analysis was undertaken of studies reporting the
association between paracetamol use in pregnancy and subsequent asthma in childhood. The
primary outcome variable was wheeze in the last 12 months. For tabulated raw data, not
adjusted for confounders, random effects odds ratios (OR) were pooled by the inverse variance
weighted method.
Results There were six studies identified that were included in the meta-analysis. The age of
children studied ranged from 30 to 84 months. The pooled random effects OR for the risk of
current wheeze in the children of women who were exposed to any paracetamol during any
stage of pregnancy was 1.21 (95% confidence interval 1.02–1.44). Features of the studies
variably included an association with paracetamol use during all trimesters of pregnancy and
an association with persistent asthma, severe asthma, and with atopy.
Conclusion and clinical relevance The use of paracetamol during pregnancy is associated with
an increased risk of childhood asthma. More research is urgently required to determine the
impact of paracetamol during pregnancy on the risk of wheezing in offspring so that
appropriate public health recommendations can be made.
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Introduction

There is epidemiological evidence to suggest that the use
of paracetamol may represent an important risk factor for
the development of asthma, and its increasing use may
have contributed to the increasing prevalence of asthma
world-wide over the last 50 years [1, 2]. Associations have
been observed between the risk of asthma and exposure to
paracetamol in the intrauterine environment [3–10], in-
fancy [5, 11], later childhood [11], adolescence [12], and in
adult life [13–18].

A recent systematic review and meta-analysis [19]
reported that the risk of asthma associated with paraceta-
mol use in children and adults was 1.63 [95% confidence
interval (CI) 1.46–1.77]. It also reported that pre-natal

paracetamol use by mothers was associated with an
increased risk of asthma and of wheezing in children,
with odds ratios (OR) of 1.28 (95% CI 1.16–1.41) and 1.50
(95% CI 1.10–2.05), respectively. However, the focus
of the systematic review was not on the association
with paracetamol use in pregnancy, the criteria for wheez-
ing and asthma were not standardized between the stu-
dies, and the detailed findings of the studies were not
presented.

To extend their report, we have undertaken a systematic
review of studies investigating the association between
pre-natal exposure to paracetamol and asthma in chil-
dren, and have presented and discussed the findings in
detail, including the magnitude of the association as
determined by meta-analysis.
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Methods

We conducted a systematic review and meta-analysis
based on the guidelines outlined in The PRISMA state-
ment [20].

Search strategy

We searched for articles written in any language using the
health research databases Medline January 1950 to Octo-
ber 2010, EMBASE January 1947 to October 2010, Co-
chrane Database of Systematic Reviews 2005 to
September 2010 and Cochrane Central Register of Con-
trolled Trials 3rd quarter 2010. Studies were searched for
using the keywords ‘asthma’ or ‘wheez$’ (and) ‘acetami-
nophen’ or ‘paracetamol’(and) ‘prenatal’ or ‘pregn$’. There
were no limits placed on the search. Search results were
reviewed for relevance, and compared with previous
meta-analysis for completeness [18] and the reference
lists of the relevant studies were examined.

Study selection

Inclusion criteria. Studies that met the following criteria
were included in the meta-analysis: published rando-
mized-controlled trials (RCTs) and observational studies
that involved the comparison of women who use/d para-
cetamol during pregnancy with a placebo (RCT) or control
(observational) group and evaluated the effect of para-
cetamol use during pregnancy on offspring, using wheeze
or asthma as a primary outcome (including abstracts).
Only studies which presented raw data, or from which raw
data was available from the authors on request, were used
in the meta-analysis. In the situation where a study was
published in different phases, that with the most complete
raw data was included in the analysis.

Exclusion criteria. Studies were excluded sequentially
based on the following criteria:

� publications that were reviews, commentaries, editor-
ials or guidelines,

� studies in which asthma or wheeze were not primary
or secondary outcomes,

� studies in which paracetamol use in pregnancy was
not a primary (or secondary) exposure,

� studies that did not contain raw data for analysis.

Data abstraction

Two authors (S. E., R. B.) examined each paper’s title and
abstract and the full paper if necessary to determine if
eligible for inclusion. Three authors (S. E., R. B., M. W.)
independently examined selected publications for study
quality and extracted raw data including age and number

of children with asthma or wheeze, number of women
using paracetamol during pregnancy, trimester of preg-
nancy in which paracetamol use took place (if recorded)
and amount of paracetamol used during pregnancy (if
recorded). If appropriate data were not included in the
studies, the lead author was contacted in an attempt to
obtain the raw data. We noted that the included studies
presented OR which were adjusted for multiple different
potential confounders, and these differed considerably
across the different studies. In addition, the tabulated raw
data were not presented in relation to the potential
confounders in stratified tables, therefore we were unable
to adjust for a set of confounders common to all studies.
Because of differing categorization of quantities of para-
cetamol used and timing of use during pregnancy, all
stages of pregnancy were combined and exposure was
dichotomized to use/no-use for the purpose of the meta-
analysis. If data were presented for two age groups, the
older age group was used for the purposes of the meta-
analysis.

The primary outcome variable was wheeze in the last 12
months before interview, defined as ‘current wheeze’.

Additional details relating to a potential dose–response
relationship, or effect of family history or genetic status
on the association with asthma, the potential effect of
paracetamol use on atopic status, bronchial hyperrespon-
siveness and asthma severity, and the association with
other antipyretics/pain relief medications were also re-
corded if available.

Statistical analysis

OR were pooled by the inverse variance weighted method.
Fixed and random effects estimates were produced to-
gether with a homogeneity statistic and I2 estimate.
Publication bias was tested by the correlation coefficient
between study size and estimate and by examination of a
funnel plot. In the Forest plot the size of the boxes is
inversely proportional to the variance for each study
estimate.

Results

The outcome of the search strategy is shown in Fig. 1.
There were six studies identified which met the criteria for
inclusion in the meta-analysis [4, 5, 7–10]. The study
characteristics are shown in Table 1. In the studies ana-
lysed, the age range of offspring was between 30 months
and 84 months. For paracetamol use, the stage of preg-
nancy was combined in five studies [4, 7–10], however in
one study [5], paracetamol use in pregnancy was split into
early (0–20 weeks) and late (20–32 weeks) stages and the
late pregnancy data were used for the analysis. In one
study, use of paracetamol during pregnancy was
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determined during the first and third trimesters and
presented as combined data [8].

There was an increased risk of current wheeze in the
offspring of women who were exposed to any paracetamol
during any stage of pregnancy, with a pooled fixed effects
OR of 1.20 (95% CI 1.11–1.29) and a pooled random
effects OR of 1.21 (95% CI 1.02–1.44). Heterogeneity was
present [homogeneity test w2 20.9, df = 5, Po0.001, I2

statistic 76.0 (95% CI 46.2–89.3)]. Because of the potential
difficulty of pooling data from a cross-sectional study [9]
with data from cohort studies, a sensitivity analysis was
undertaken without the survey data and similar overall
results were obtained, with a pooled fixed effects OR of
1.19 (95% CI 1.10–1.30) and a pooled random effects OR
of 1.22 (95% CI 1.02–1.44). There was no evidence of
publication bias (test for publication bias P = 0.85). The
Forest plot is shown in Fig. 2. The individual findings of
the included studies are described below.

Fig. 1. Study flow based on the PRISMA statement [20].

Table 1. Characteristics and findings from studies included in meta-analysis

Study [reference] Design
Child age
(months)

Paracetamol in
pregnancy

Current Wheeze

Totals
Unadjusted OR
(95% CI)Yes No

Perzanowski et al. [4] Prospective cohort 60 Yes 38 (38.4%) 61 99
No 41 (20.7%) 157 198

297 2.39 (1.40–4.06)
Shaheen et al. [5] Prospective cohort 30–42 Yes� 587 (15.4%) 3226 3813

No 608 (11.8%) 4526 5134
8947 1.35 (1.20–1.53)

Thengilsdottir et al. [10] Prospective cohort 54 Yes 83 (9.3%) 811 894
No 193 (7.2%) 2485 2678

3572 1.32 (1.01–1.72)
Rebordosa et al. [7] Prospective cohort 84 Yes 543 (8.0%) 6209 6752

No 417 (7.9%) 4829 5246
11998 1.01 (0.89–1.16)

Kang et al. [8] Prospective cohort 72 Yes 113 (65.7%) 59 172
No 922 (69.2%) 411 1333

1505 0.85 (0.61–1.19)
Garcia-Marcos et al. [9] Cross-sectional survey 36–60 Yes 194 (21.2%) 719 913

No 147 (18.2%) 659 806
1719 1.21 (0.95–1.54)

�Paracetamol use at 20–32 weeks in pregnancy.

Fig. 2. Forest plot of the association between paracetamol use in
pregnancy and asthma in childhood. For each study the box represents
the random effects odds ratio and the line the 95% confidence intervals.
The box size is inversely proportional to the variance (more precise
studies have a larger box).
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Danish national birth cohort study

Rebordosa et al. [7] reported data from the Danish Na-
tional Birth Cohort Study in which information was
available on paracetamol use during pregnancy, and
asthma symptoms in 66 445 infants at the age of 18
months and 12 733 children aged 7 years. Paracetamol
use during pregnancy was associated with wheezing and
with asthma, both at 18 months and at 7 years of age. The
highest risk was observed for the association between
persistent wheeze (children wheezing in the first 18
months of life as well as in the 12 months preceding inter-
view at age 7) and paracetamol use in the first trimester of
pregnancy (relative risk 1.35, 95% CI 1.02–1.78). At 18
months a significant association with wheeze was ob-
served with paracetamol use during each of the three
trimesters, although at age 7 years the association was
significant for only first trimester paracetamol use. Use of
paracetamol in the first trimester was also associated with
severity of asthma attacks at age 7 years, measured as the
number of wheezing attacks affecting sleep. There was no
significant association between any measure of asthma, at
either 18 months or 7 years of age, and pre-natal exposure
to ibuprofen or aspirin in any trimester. Paracetamol was
taken for pain by 91% of women studied, for fever in 16%
and for muscle or joint disease in 20%.

Spanish infant survey

Garcia-Marcos et al. [9] reported data from a cross-
sectional survey in which parents of 1741 children aged
3–4 years were interviewed. The focus of the study was the
effect of asthma status of the mother on the association
with wheezing in the preschool child. There was a sig-
nificant association between the use of paracetamol by the
mother at least once per month during pregnancy and risk
of wheezing at preschool age (OR 1.71, 95% CI 1.15–2.53)
but only amongst non-asthmatic mothers (OR 1.74, 95%
CI 1.15–2.61). There was no association between prenatal
paracetamol use and asthma in the offspring of asthmatic
mothers, despite similar use of prenatal paracetamol to
non-asthmatic mothers.

Dominican and African American birth cohort study

Perzanowski et al. [4] reported a birth cohort study under-
taken in an inner city low income Dominican and African
American population in the United States. In 301 children
aged 5 years, prenatal paracetamol exposure predicted
current wheeze (relative risk 1.71, 95% CI 1.20–2.42) and
the risk increased monotonically with increasing number
of days of prenatal paracetamol exposure. Exposure in the
second and third trimester increased risk significantly, but
the risk associated with use in the first trimester was of
lesser magnitude and not statistically significant. An

increased risk associated with paracetamol exposure dur-
ing pregnancy was also identified with persistent wheeze
(relative risk 1.65, 95% CI 1.12–2.44), and ED visits for
wheeze or difficulty breathing (relative risk 2.08, 95% CI
1.35–3.21). Prenatal paracetamol exposure predicted ser-
ological evidence of atopy (specific IgE antibodies
X0.35 IU/mL to at least one allergen tested: Dermatopha-
goides farinae, mouse, cockroach, cat and dog) at age 5
years. The risk of wheeze and atopy was modified by the
glutathione-S-transferase P1 (GSTP) gene, with a positive
association observed only amongst children with the
GSTP1 minor allele.

Avon longitudinal study of parents and children

Shaheen et al. [5, 6] reported the findings from the Avon
Longitudinal Study of Parents and Children, a prospective
cohort study of approximately 14 000 pregnancies and
births, with data on the association of prenatal paraceta-
mol exposure with wheezing at two ages in early child-
hood. Frequent use of paracetamol (most days/daily) in
late (20–32 weeks) but not early (0–20 weeks) pregnancy
was associated with increased risk of wheeze at age 30–42
months (OR compared with no use 2.10, 95% CI
1.30–3.41). Use in both early and late pregnancy was
associated with significant increased risk of wheeze at 81
months (OR compared with no use of 1.81, 95% CI
1.05–3.13 and 1.86, 95% CI 0.98–3.55, respectively).
There was a dose–response relationship demonstrated at
both ages, and frequent use in late pregnancy was
associated with increased risk of persistent wheezing but
not transient infant wheezing. Aspirin use in early and
late pregnancy was not associated with wheezing at either
age. Use of paracetamol more than once in the first 6
months of life was associated with a small increase in the
risk of wheezing at 30–42 months (OR compared with
never use 1.29, 95% CI 1.05–1.57).

The ALSPAC study also reported the association with
atopy assessed by skin prick testing to inhalant allergens
and total serum IgE. There was an association between
paracetamol use in late pregnancy and total IgE at 7 years,
even after controlling for paracetamol and antibiotic use
during infancy, although no association with skin prick
test positivity.

United States cohort study

Kang et al. [8] reported data from a prospective study of
2379 pregnant women, with 1505 women interviewed
when their children were 6 years old. Paracetamol was
more likely to be used in pregnancy by women with
diagnosed asthma (OR 1.56, 95% CI 1.24–1.96); overall,
paracetamol was used by 69% of women during
pregnancy. Use of paracetamol did not significantly
increase the risk of asthma (OR 0.76, 95% CI 0.53–1.10).
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Paracetamol use during both the first and third trimesters
was associated with a significantly reduced risk of asthma
(OR 0.59, 95% CI 0.36–0.98). There was no evidence of a
dose–response relationship.

Western Sweden cohort study

Thengilsdottir et al. [10] reported a prospective, long-
itudinal cohort study of 8173 children in Sweden of whom
4496 completed followup at age 4.5 years. In the uni-
variate analysis, they found an increased risk of overall
wheezing disorder with both maternal allergy/asthma
medication (OR 3.0, 95% CI 2.0–4.5) and paracetamol use
(OR 1.5, 95% CI 1.03–2.2). In the multivariate analyses,
only the association with maternal allergy/asthma medi-
cation remained statistically significant (OR 1.7, 95% CI
1.002–2.9). However, the risk of multiple-trigger wheeze
was increased by paracetamol, both in the univariate and
multivariate analyses (OR 2.3, 95% CI 1.3–4.2 and 2.4,
95% CI 1.2–4.9). The risk of episodic viral wheeze was not
increased by paracetamol, neither in the univariate or in
the multivariate analysis.

Studies not included in meta-analysis

Three other studies were identified in the systematic
search but did not meet the criteria for inclusion in the
meta-analysis.

Persky et al. [3] reported data from the Peer Education
in Pregnancy Study, a controlled trial of a community-
based education intervention; however, the raw data
necessary for the meta-analysis was unable to be ob-
tained. The study analysed 345 women in the first trime-
ster of pregnancy and followed the offspring during their
first year of life. There was a significant increased risk of
wheeze in the first year of life in the offspring of mothers
who used any paracetamol in mid- to late pregnancy (OR
1.8, 95% CI 1.1–3.0), but not early pregnancy (OR 1.0,
95% CI 0.6–1.6). Paracetamol use was also associated with
a diagnosis of asthma and wheeze that disturbed sleep.

Bisgaard et al. [21] reported data from a birth cohort
study, the Copenhagen Prospective Study on Asthma in
Childhood, which was excluded from meta-analysis be-
cause the primary outcome was neonatal bronchial hy-
perresponsiveness and therefore not comparable to other
study outcomes of childhood wheezing and/or asthma.
Lung function and bronchial hyperresponsiveness to
methacholine were measured in 404 neonates aged 6
weeks. Maternal intake of paracetamol during the third
trimester was associated with a doubling of the bronchial
responsiveness in the neonates, however this borderline
significance was not maintained in the robust analysis
eliminating outliers.

Koniman et al. [22] reported data from a matched
patient-sibling case-control study undertaken in Singa-

pore. It was excluded because the variance estimate for the
matched case-control study design was deemed to be
incomparable to the unmatched data from the cross-
sectional and cohort studies included in the meta-analy-
sis. Paracetamol was used in pregnancy in six out of 17
children with allergic asthma, but in 0 out of 17 pregnan-
cies of matched siblings without asthma (P = 0.03).

Discussion

The findings from this systematic review and meta-
analysis support an association between any use of para-
cetamol at any stage in pregnancy and the risk of wheez-
ing in offspring aged 2.5–7 years of age. The random
effects OR for risk of asthma in offspring following
paracetamol use in pregnancy, which takes into account
the large degree of heterogeneity in the studies analysed,
demonstrated a 21% increased risk, with the 95% CI
ranging from a 2% to a 44% increased risk. Features of
the studies variably included an association with para-
cetamol use within all trimesters of pregnancy, and
associations with persistent asthma, severe asthma and
atopy.

The strength of the association was similar to that
reported by Etminan and colleagues [19], in which the
OR for the risk of asthma and of wheezing with prenatal
paracetamol use was 1.28 (95% CI 1.16–1.41) and 1.50
(95% CI 1.10–2.05). These similar estimates of risk were
observed despite the methodological differences between
the two meta-analyses. Etminan et al. [19] used adjusted
OR or relative risks in preference to our approach of using
raw data, and did not standardize the outcome variables.
For example, the relative risk for ‘hospitalization for
asthma’ was used in one study [7], the OR for wheezing
in the offspring of non-asthmatic mothers (as opposed to
all mothers) was used in another [9], and the OR from a
third paper is not presented in the original manuscript [6].
Their measure of paracetamol use in pregnancy was
variably frequent or any paracetamol use [19], whereas
we standardized the primary outcome variable to wheeze
in the last 12 months and paracetamol use to any use
during pregnancy. We used data from the 7-year age
group in the Rebordosa et al. study [7], whereas Etminan
et al. [19] used data for the first year of life for which there
was considerably greater power. We also included data
from the Kang et al. [8] and the Thengilsdottir et al. [10]
study which were not published at the time of the Etminan
meta-analysis. These differences highlight the major dif-
ficulties and limitations in undertaking a systematic re-
view and meta-analysis based on data from studies
utilizing different methodologies. However, despite the
methodological differences, the two meta-analyses have
both shown a significant increased risk.

There are numerous other methodological issues that
are also relevant to the interpretation of the findings. The
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first is that the meta-analysis was conducted using raw,
unadjusted data. Data from the individual studies were not
presented in cross-tabulated form (stratified by individual
potential confounders), which prevented us from adjust-
ing for a group of confounders common to all included
studies. It was also not possible to perform the meta-
analysis using the reported adjusted OR, as each study
controlled for multiple and varying confounders (one
study [5] adjusted for 22 primary and seven secondary
potential confounders) and, therefore, adjusted results
were not comparable. As a result, it is possible that our
results may be affected by confounding factors such as
maternal smoking, respiratory disease in early life, gesta-
tional age, breastfeeding status, pet ownership and social
class. Despite these possible confounding effects, our
results are similar to those of Etminan and colleagues
[19], who used adjusted results in their meta-analysis.

A second methodological issue is that the statistical test
for heterogeneity was significant, although all bar one of
the studies had a confidence interval consistent with an
association. The heterogeneity may be due to the different
ages at which wheezing and asthma were measured, and
potentially the varying doses of paracetamol used by
mothers. We were unable to perform a meta-regression
based on study level characteristics to explore this in more
detail because of the small number of studies. Because
raw data was used in the present analysis, the variability
of confounders for which adjustment was made in the
individual studies should not be a cause of the hetero-
geneity seen in our results.

Assessment of exposure to paracetamol in utero
avoided the potential for confounding by indication,
which represents the major source of potential bias in
studies of paracetamol use in children [23–25]. This may
occur in the situation of paracetamol being given for
lower respiratory tract infections such as RSV or rhino-
virus, which are associated with an increased risk of
asthma in later childhood [26–28]. In addition, the ob-
servation that paracetamol was primarily used for pain
during pregnancy and that indications for use did not
modify the risk estimates suggests that the association is
not likely to be due to confounding by indication.
Furthermore, the finding that aspirin or ibuprofen use in
pregnancy was not associated with an increased risk of
asthma likewise suggests that the findings relating to
paracetamol are not confounded by indication.

Wheeze in the last 12 months was chosen as the primary
outcome variable instead of diagnosed asthma because it
was recorded in all studies, it is known to carry good
prognostic significance for asthma in this age group [29],
and because the diagnosis of asthma is variable in young
children. It could be argued that wheezing in the last 12
months may include some children who do not have
clinically significant asthma. We addressed this in our
review by examining the association with measures of

severe asthma such as wheezing attacks affecting sleep,
medication use, ED visits, and hospital admissions for
asthma. Using these criteria, a similar magnitude of risk
was observed for both severe asthma and wheeze in the
last 12 months [4, 7]. In addition, we restricted the
analysis to data from the older age group in the Shaheen
et al. [5, 6] and Rebordosa et al. [7] studies, in which
findings were presented in different age groups in infancy
and childhood.

The association of paracetamol use with persistent
asthma is of interest due to the prognostic significance of
this phenotype. Persistent asthma in which asthma symp-
toms are present throughout both infancy and early
childhood, is a predictor of clinical asthma throughout
later childhood [29, 30]. Three studies identified that the
risk was strongest for persistent compared with either
transient wheezing in infancy or late onset wheezing in
childhood [4, 5, 7]. Furthermore in the Perzanowski et al.
study [5], the association between prenatal paracetamol
exposure and current wheeze strengthened as the children
aged. In contrast, the study by Kang et al. [8] reported no
association with paracetamol use and childhood wheez-
ing, regardless of its classification as persistent wheezing
or ever wheezing.

The observation that the association between paraceta-
mol use in pregnancy and childhood asthma was only
present in non-asthmatic mothers is important as it indi-
cates that the association is not due to asthmatic mothers
(being at greater risk of having a child with asthma)
preferentially taking paracetamol due to aspirin avoidance
[9]. This pattern of behaviour was suggested by the Kang et
al. study in which it was observed that paracetamol was
more likely to be used during pregnancy by mothers who
had diagnosed asthma [8]. There is still a possibility
however, that even among non-asthmatic mothers para-
cetamol use may have been associated with lower respira-
tory tract infections, which have been associated with poor
lung function in offspring measured in early life [31] and
hence wheezing or asthma-like symptoms.

It is unlikely that the association reported in the studies
could be due to reporting bias, as the hypothesis that
paracetamol use at any stage in life, including exposure in
utero, may increase the risk of asthma is not widely known
by asthma specialists, let alone the lay public. Another
potential issue is confounding by paracetamol use in
infancy, in that mothers who take paracetamol in preg-
nancy may be more likely to give paracetamol to their
children. If this latter exposure is associated with child-
hood asthma, as suggested by the world-wide ISAAC
study [11], then this could potentially confound the
association observed with prenatal paracetamol exposure.
This issue was considered in the Danish study, in which
the association between paracetamol use during preg-
nancy and wheezing at 18 months remained significant
when the analysis was restricted to children who had only
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been exposed to the drug during pregnancy [7]. Further-
more, the use of paracetamol both pre- and post-natally
was associated with a higher risk than only post-natal
paracetamol use.

The association with prenatal paracetamol use may be
present as early as 6 weeks of age as suggested by the
findings from the Copenhagen prospective study of asth-
ma in childhood [21]. In this study, mothers’ use of
paracetamol in the third trimester was associated with a
doubling of bronchial hyperresponsiveness in the new-
born, albeit with wide confidence intervals and failing
statistical significance when outliers were removed in a
robust test.

In some studies, a progressive increase in risk associated
with increasing number of days of prenatal paracetamol
exposure [4], or increased frequency of use [5, 6] was
observed. However, a dose–response relationship was not
observed by Kang et al. [8], or Rebordosa et al. [7], with the
authors of the latter study proposing that the timing of
exposure may be more important than the dose during
pregnancy.

The effect of the timing of paracetamol use during
pregnancy is relevant to the consideration of the potential
mechanisms by which paracetamol may have an effect, if
the association is causal. Glucuronidation, the main path-
way for metabolism of paracetamol in adults, is markedly
reduced in the foetus in the first trimester, whereas GST,
which detoxifies the oxidative paracetamol metabolites, is
reduced in the third trimester. The balance between these
two pathways could determine whether paracetamol ex-
posure in the first or third trimester increased the predis-
position to subsequent asthma, through the build-up of
toxic oxidative metabolites. This hypothesis would also
invoke the concept of programming, in which an insult at

a crucial stage of foetal development may predispose to an
increased risk of subsequent disease in childhood or adult
life [32]. In the Danish study an association of paraceta-
mol was greater with use in the first trimester, particularly
with persistent wheeze in 7-year-old children [7]. In
contrast, Persky et al. [3] and Perzanowski et al. [4]
reported a greater risk for paracetamol use in the second
and third trimesters and Shaheen et al. [5, 6] reported an
effect with use after but not before 20 weeks of pregnancy.
In contrast, Kang et al. reported no association between
asthma and paracetamol use during either the first or third
trimester of pregnancy [8].

The potential role of GST in the association between
paracetamol exposure in utero and subsequent childhood
asthma was suggested by the observation of Perzanowski
and colleagues [4, 33]that the risk of wheeze was modified
by GSTP1 genetic status. Prenatal paracetamol exposure
predicted both current wheeze and seroatopy at 5 years
among children with at least one copy of the GSTP1 minor
allele (AG, GG) but not among children homozygous for
the major allele (AA). GST is involved in the glutathione
pathways and the minor allele has altered conjugation
activity, potentially reducing the capacity of the foetus to
metabolize paracetamol, leading to a build-up of toxic
oxidative metabolites. The other potential mechanism is
that paracetamol exposure may enhance developing Th2
responses [1, 2].

Conclusion

Given the findings of this as well as the previous systema-
tic review and meta-analysis [19], we recommend further
research into the impact of the use of paracetamol during
pregnancy on the risk of wheezing in offspring.

References

1 Farquhar H, Crane J, Mitchell EA, Eyers
S, Beasley R. The acetaminophen and
asthma hypothesis 10 years on: a case
to answer. J Allergy Clin Immunol 2009;
124:649–51.

2 Farquhar H, Stewart A, Mitchell E et al.
The role of paracetamol in the pathogen-
esis of asthma. Clin Exper Allergy 2010;
40:32–41.

3 Persky V, Piorkowski J, Hernandez E
et al. Prenatal exposure to acetamino-
phen and respiratory symptoms in the
first year of life. Ann Allergy Asthma
Immunol 2008; 101:271–8.

4 Perzanowski MS, Miller RL, Tang D et al.
Prenatal acetaminophen exposure and
risk of wheeze at age 5 years in an

urban low-income cohort. Thorax 65:
118–23.

5 Shaheen SO, Newson RB, Sherriff A et al.
Paracetamol use in pregnancy and
wheezing in early childhood. Thorax
2002; 57:958–63.

6 Shaheen SO, Newson RB, Henderson AJ
et al. Prenatal paracetamol exposure and
risk of asthma and elevated immunoglo-
bulin E in childhood. Clin Exp Allergy
2005; 35:18–25.

7 Rebordosa C, Kogevinas M, Sorensen HT,
Olsen J. Pre-natal exposure to paraceta-
mol and risk of wheezing and asthma in
children: a birth cohort study. Int J
Epidemiol 2008; 37:583–90.

8 Kang EM, Lundsberg LS, Illuzzi JL,
Bracken MB. Prenatal exposure to acet-
aminophen and asthma in children. Ob-
stet Gynecol 2009; 114:1295–306.

9 Garcia-Marcos L, Sanchez-Solis M, Per-
ez-Fernandez V, Pastor-Vivero MD,
Mondejar-Lopez P, Valverde-Molina J.
Is the effect of prenatal paracetamol ex-
posure on wheezing in preschool children
modified by asthma in the mother? Int
Arch Allergy Immunol 2009; 149:33–7.

10 Thengilsdottir H, Goksor E, Alm B et al.
Paracetamol in pregnancy seems to in-
crease the risk of multiple-trigger
wheeze but not overall wheezing disor-
der in preschool age. Allergy 65 (Suppl.
92):Abstract 31: 15.

11 Beasley R, Clayton T, Crane J et al.
Association between paracetamol use in
infancy and childhood, and risk of asth-
ma, rhinoconjunctivitis, and eczema in
children aged 6–7 years: analysis from
phase three of the ISAAC programme.
Lancet 2008; 372:1039–48.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 41 : 482–489

488 S. Eyers et al



12 Beasley RW, Clayton TO, the ISAAC
Phase Three Study Group et al. Acetami-
nophen use and risk of asthma, rhino-
conjunctivitis and eczema in adoles-
cents: ISAAC Phase Three. Am J Respir
Crit Care Med 2010. doi:10.1164/rccm.
201005-0757OC.

13 Shaheen SO, Sterne JA, Songhurst CE,
Burney PG. Frequent paracetamol use
and asthma in adults. Thorax 2000;
55:266–70.

14 Shaheen S, Potts J, Gnatiuc L et al. The
relation between paracetamol use and
asthma: a GA2LEN European case-con-
trol study. Eur Respir J 2008; 32:1231–6.

15 Davey G, Berhane Y, Duncan P, Aref-
Adib G, Britton J, Venn A. Use of acet-
aminophen and the risk of self-reported
allergic symptoms and skin sensitization
in Butajira, Ethiopia. J Allergy Clin Im-
munol 2005; 116:863–8.

16 McKeever TM, Lewis SA, Smit HA, Bur-
ney P, Britton JR, Cassano PA. The asso-
ciation of acetaminophen, aspirin, and
ibuprofen with respiratory disease and
lung function. Am J Respir Crit Care
Med 2005; 171:966–71.

17 Barr RG, Wentowski CC, Curhan GC et al.
Prospective study of acetaminophen use
and newly diagnosed asthma among
women. Am J Respir Crit Care Med
2004; 169:836–41.

18 Thomsen SF, Kyvik KO, Skadhauge L,
Steffensen I, Backer V. Intake of para-

cetamol and risk of asthma in adults.
J Asthma 2008; 45:675–6.

19 Etminan M, Sadatsafavi M, Jafari S,
Doyle-Waters M, Aminzadeh K, Fitzger-
ald JM. Acetaminophen use and the risk
of asthma in children and adults: a
systematic review and meta-analysis.
Chest 2009; 136:1316–23.

20 Moher D, Liberati A, Tetzlaff J, Altman
DG. Preferred reporting items for sys-
tematic reviews and meta-analyses:
the PRISMA statement. BMJ 2009;
339:b2535.

21 Bisgaard H, Loland L, Holst KK, Pipper
CB. Prenatal determinants of neonatal
lung function in high-risk newborns.
J Allergy Clin Immunol 2009; 123:651–7.

22 Koniman R, Chan YH, Tan TN, Van Bever
HP. A matched patient-sibling study on the
usage of paracetamol and the subsequent
development of allergy and asthma. Pe-
diatr Allergy Immunol 2007; 18:128–34.

23 Tapiainen T, Dunder T, Mottonen M,
Pokka T, Uhari M. Adolescents with
asthma or atopic eczema have more
febrile days in early childhood: a possi-
ble explanation for the connection
between paracetamol and asthma? J Al-
lergy Clin Immunol 2010; 125:751–2.

24 Strippoli M-PF, Spycher BD, Beardsmore
CS, Silverman M, Kuehni CE. Paraceta-
mol use and the risk of wheeze: causa-
tion of bias? Eur Respir J 2009; (Suppl.
13):230s.

25 Lowe A, Carlin J, Bennett C et al. Does
paracetamol in early life cause asthma?
Respirol 2010; 15 (Suppl. 1):A24.

26 Lemanske RF Jr, Jackson DJ, Gangnon RE
et al. Rhinovirus illnesses during infancy
predict subsequent childhood wheezing. J
Allergy Clin Immunol 2005; 116:571–7.

27 Stein RT, Sherrill D, Morgan WJ et al.
Respiratory syncytial virus in early life
and risk of wheeze and allergy by age 13
years. Lancet 1999; 354:541–5.

28 Lowe A, Abramson M, Dharmage S,
Allen K. Paracetamol as a risk factor for
allergic disorders. Lancet 2009; 373:120.

29 Martinez FD, Wright AL, Taussig LM, Hol-
berg CJ, Halonen M, Morgan WJ. Asthma
and wheezing in the first six years of life.
The Group Health Medical Associates. N
Engl J Med 1995; 332:133–8.

30 Young S, Arnott J, O’Keeffe PT, Le Souef
PN, Landau LI. The association between
early life lung function and wheezing
during the first 2 yrs of life. Eur Respir J
2000; 15:151–7.

31 Van Putte-Katier N, Uiterwaal C, De Jong
B, Kimpen J, Verheij T, Van Der Ent C.
The influence of maternal respiratory
infections during pregnancy on infant
lung function. Pediatric Pulmonology
2007; 42:945–51.

32 Barker DJP. Mothers, babies and disease in
later life. London: BMJ Publishing, 1994.

33 Persky VW. Acetaminophen and asthma.
Thorax 2010; 65:99–100.

�c 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 41 : 482–489

Paracetamol in pregnancy and childhood asthma 489

10.1164/rccm.201005-0757OC
10.1164/rccm.201005-0757OC

