Prenatal and infant exposure to acetaminophen and
ibuprofen and the risk for wheeze and asthma in children
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Background: Several studies have reported an association
between use of over-the-counter antipyretics during pregnancy
or infancy and increased asthma risk. An important potential
limitation of these observational studies is confounding by
indication.

Objectives: We investigated the association of antipyretic intake
during pregnancy and during the first year of life (infancy) with
asthma-related outcomes before and after controlling for early-
life respiratory tract infections.

Methods: We included 1490 mother-child pairs in Project Viva,
a longitudinal prebirth cohort study. We categorized prenatal
acetaminophen exposure as the maximum intake (never, 1-9
times, or >10 times) in early pregnancy or midpregnancy and
ibuprofen intake as presence or absence in early pregnancy. We
expressed intake of antipyretics in infancy as never, 1 to 5 times,
6 to 10 times, or more than 10 times. We examined the
associations of acetaminophen and ibuprofen (per unit increase
in exposure category) during pregnancy and infancy with
wheeze, asthma, and allergen sensitization in early childhood
(3-5 years of age, n = 1419) and midchildhood (7-10 years of
age, n = 1220).

Results: Unadjusted models showed an increased asthma risk in
early childhood for higher infant acetaminophen (odds ratio
[OR], 1.21; 95% CI 1.04-1.41) and ibuprofen (OR, 1.35; 95%
CI, 1.19-1.52) intake. Controlling for respiratory tract infections
attenuated estimates for acetaminophen (OR, 1.03; 95% CI,
0.88-1.22) and ibuprofen (OR, 1.19; 95% CI, 1.05-1.36).
Prenatal acetaminophen was associated with increased asthma
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(OR, 1.26; 95% CI, 1.02-1.58) in early childhood but not
midchildhood.

Conclusions: Adjustment for respiratory tract infections in
early life substantially diminished associations between
infant antipyretic use and early childhood asthma.
Respiratory tract infections should be accounted for in studies
of antipyretics and asthma to mitigate bias caused by
confounding by indication. (J Allergy Clin Immunol
2014;uEN:EEN-NNN,)
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Epidemiologic studies have documented an increase in the
prevalence of asthma in the United States since the 1980s,
especially among children less than 5 years old."

Although it remains unclear why the prevalence of asthma
has increased at such an alarming rate, a concomitant increase
in acetaminophen and ibuprofen intake among children was also
observed during this time period after reports of an association
between aspirin use and Reye syndrome among children.”
Although some aspirin-sensitive patients with asthma experi-
ence cross-reactivity with the use of acetaminophen or nonste-
roidal anti-inflammatory  drugs, these over-the-counter
medications might play a role in the pathogenesis of asthma,
even among subjects without a known sensitivity to aspirin.
Studies in both children and adults have suggested that acet-
aminophen intake might be associated with allergic disease,
incident asthma, and increased asthma symptoms.’'* Prenatal
exposure to acetaminophen has also been linked to increased
wheeze and asthma in childhood.'*”" Few studies have exam-
ined the use of ibuprofen; one cross-sectional study of adults
found no association between ibuprofen use and asthma.’
A randomized trial of ibuprofen versus acetaminophen for treat-
ment of fever in children found a reduction in outpatient visits
for asthma among asthmatic children 6 months to 12 years of
age in the ibuprofen group but no difference in hospitalization
rates for asthma.” Without a placebo group, it is unclear whether
the observed effect was due to increased risk from acetamino-
phen intake or possible protective effects of ibuprofen. One of
the major limitations of observational studies on intake of med-
ications is the potential for confounding by indication.”’ Con-
founding by indication can occur when those patients who
take a drug differ from those who do not according to the med-
ical indication for the drug.22 In observational studies of asthma,
confounding by indication can occur if respiratory tract infec-
tions lead independently both to wheeze and other symptoms,
such as fever, malaise, or headache, for which acetaminophen
or ibuprofen are administered. Many studies of acetaminophen
use and asthma do not adequately address this potential source
of confounding. Others do adjust for infection in early life but
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Abbreviations used
BMI: Body mass index
OR: Odds ratio

do not simultaneously consider exposure to both acetaminophen
and ibuprofen.”**°

The primary aim of the current study was to investigate the
associations between intake of either acetaminophen or ibuprofen
during the first year of life (infancy) and asthma-related outcomes
in early childhood and midchildhood after adjusting for respira-
tory tract infections in infancy. In light of the frequent coexistence
of asthma with other allergic disorders, we also examined the
potential association between acetaminophen or ibuprofen intake
and allergen sensitization. Lastly, we investigated the link
between maternal intake of acetaminophen or ibuprofen during
pregnancy and the incidence of wheeze, asthma, and allergen
sensitization in children.

METHODS

This study involved women and children enrolled in Project Viva, an
ongoing longitudinal cohort study of pregnant women and their offspring. The
design of this cohort study has been described in detail elsewhere®’ and is
reviewed briefly here. Institutional review boards at all participating institu-
tions approved the study.

Participants were recruited into Project Viva at 8 offices of Harvard
Vanguard Associates in Eastern Massachusetts between 1999 and 2002.
Exclusion criteria were multiple gestation, inability to answer questions in
English, plans to move out of the study area before delivery of the infant, and
gestational age at the time of presentation for prenatal care.

Of the 2128 women who delivered a live infant, we excluded 45
participants whose gestational age at birth was less than 34 weeks, 11 who
were missing all exposure data (acetaminophen during pregnancy and during
the first year), and 582 who were missing all outcome data (in early childhood
[age 3-5 years] and midchildhood [age 7-10 years]). Overall, our sample size
for the current analysis was 1490 mother-infant pairs during infancy, 1419
(95%) at age 3 to 5 years, and 1220 (82%) at age 7 to 10 years. Comparison of
the 1490 participants in this analysis with the 593 excluded participants with
delivery after 34 weeks showed some differences. For example, more of the
included subjects were white (70% vs 60%) and highly educated (68% vs 55%
with a college education) and had household incomes of $70,000/y or greater
(63% vs 56%) than excluded participants, but the 2 groups did not differ on
mean maternal prepregnancy body mass index (BMI), gestational age at
delivery, or maternal history of asthma.

We performed structured interviews and administered questionnaires at the
time of the woman’s first prenatal clinic visit and at 26 to 28 weeks’ gestation.
During the first trimester, we gathered information regarding maternal age,
prepregnancy maternal weight and height, household income, maternal
history of asthma or eczema, and paternal history of asthma or eczema.
Additionally, each mother completed questionnaires at 6 months and 1 year
postpartum, with questions relating to the health of her child, including
administration of acetaminophen, ibuprofen, and multivitamins to the child
and occurrence of ear infections, bronchiolitis, pneumonia, bronchitis, croup,
or other respiratory tract infections. The questionnaires also included
questions regarding potential confounders, such as exposure to passive
smoking, duration of breast-feeding, number of children less than 12 years
old in the home, and presence of furry pets in the home.

Intake of acetaminophen and ibuprofen

Participants were asked to categorize their infant’s acetaminophen intake
during the first year of life as never, 1 to 5 times, 6 to 10 times, and greater than
10 times. Each dose of acetaminophen was counted as a single administration
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“time.” Ibuprofen intake during the first year of life was assessed in a similar
manner (never, 1-5 times, 6-10 times, and >10 times).

Acetaminophen intake during pregnancy was categorized as never, inter-
mediate (1-9 times), or high (=10 times). Because of the infrequent use,
ibuprofen intake was categorized as either yes or no during pregnancy.

Exposures with more than 2 levels were analyzed as ordinal categorical
variables after a linear dose response was verified for each increasing intake
category versus the lowest intake level. Therefore the odds ratios (ORs)
obtained for these exposures represent the risk associated with each increase in
intake category.

In a set of alternate analyses, we computed overall cumulative exposure
scores (prenatal plus infant) for both acetaminophen and ibuprofen. For the
acetaminophen score, the maximum prenatal intake level (0, never; 1, 1-9
times during pregnancy; and 2, >10 times during pregnancy) was added to the
infant intake level in the first year of life (0, never; 1, 1-10 times; and 2, >10
times) to produce an ordinal cumulative exposure score (range, 0-4). For the
ibuprofen score, prenatal ibuprofen intake level (0, none during pregnancy; 1,
atleast once during pregnancy) was added to infant intake level in the first year
of life (0, never; 1, 1-10 times; and 2, >10 times) to produce an ordinal
cumulative exposure score for ibuprofen (range, 0-3). These scores were
entered into models for early childhood and midchildhood asthma, recurrent
wheeze, and sensitization outcomes, as described above.

Outcome measures

The asthma-related outcomes at early childhood were (1) recurrent wheeze,
which was defined as mother’s report of wheezing between 2 and 3 years of
age (year 3 questionnaire) plus wheezing in either year 1 or year 2 versus
no wheezing; (2) asthma, which was defined as mother’s report of a doctor’s
diagnosis of asthma, wheeze, or reactive airway disease at any time between
birth and age 3 years; and (3) allergen sensitization, which was defined as any
specific IgE level of 0.35 IU/mL or greater to common indoor (Dermatopha-
goides farinae, cat, dog, and cockroach), mold (Alternaria or Aspergillus spe-
cies), or food (egg white) allergens or a total IgE level of 75.6 IU/mL or greater
(>75th percentile for IgE).

The asthma-related outcome measures at midchildhood were as follows:
(1) persistent wheeze, which was defined as mother’s report of wheezing in the
first 3 years and wheezing between 6 and 7 years of life (year 7 questionnaire);
(2) current asthma, which was defined as mother’s report of a doctor’s diag-
nosis of asthma since birth reported on the midchildhood questionnaire plus
report of current wheeze or asthma medication at midchildhood (comparison
group had no asthma diagnosis, no wheeze, or no asthma medication use); and
(3) allergen sensitization, which was defined as any specific IgE level of 0.35
IU/mL or greater (to common indoor allergens and mold, as listed above), food
allergens (egg white, milk, and soy bean), outdoor allergens (rye grass and
ragweed), or total IgE level of 100 IU/mL or greater.

Potential confounders

We gathered data on infections in infancy by questionnaire. Mothers were
asked to report any diagnosis of a respiratory tract infection (bronchiolitis,
pneumonia, bronchitis, croup, or other respiratory tract infection) or ear
infection by a health care professional in the first year of the child’s life. Other
potential confounders considered in the analysis included child’s sex, birth
weight (continuous), race/ethnicity (white, black, Hispanic, and other),
maternal age, maternal BMI, maternal history of asthma or eczema, paternal
history of asthma or eczema, duration of breast-feeding (<9 vs >9 months),
household income (<$40,000, $40,000-$70,000, and >$70,000), exposure to
passive smoking (hours per week of exposure), number of other children less
than 12 years old in the home (<1 vs >1), child care attendance, smoking
during pregnancy, and multivitamin use during the first year of life.

Statistical analysis

All statistical analyses were performed with SAS statistical software, version
9.3 (SAS Institute, Cary, NC). We first performed unadjusted logistic regression
to investigate the association between each exposure and each of the 3 outcomes
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in early childhood. Then we constructed models that adjusted for respiratory
tract and ear infections during infancy to account for potential confounding by
indication. Lastly, we adjusted for respiratory tract and ear infections plus those
covariates that were of a priori interest or confounded the exposure-outcome
associations. These multivariable models included child’s sex and multivitamin,
ibuprofen (4-level), and acetaminophen (4-level) intake during the first year of
life; mother’s age at enrollment, race/ethnicity, and prepregnancy BMI; acet-
aminophen intake during pregnancy (3-level) and ibuprofen intake during preg-
nancy (2-level); household income, number of children less than 12 years of age
living in the household, breast-feeding duration, passive exposure to smoking
during the first year of life, smoking during pregnancy, and child care atten-
dance; and maternal and paternal history of asthma.

Similar models were constructed for outcomes in midchildhood. We
performed logistic regression to examine the relationship between ibuprofen
or acetaminophen intake (by using the same variables for intake in pregnancy/
infancy) and current asthma, controlling for the same a priori confounders as
listed above.

RESULTS

Table I shows the sociodemographic, perinatal, familial, and
environmental characteristics of the mothers and infants enrolled
in the study. Mean maternal age was 32 years. Seventy percent of
the participants in the study were white, 14% were black, and 7%
were Hispanic. Sixty-three percent of women reported a house-
hold income of greater than $70,000, and only 7% reported expo-
sure to any passive smoke. Characteristics of the mother-infant
pairs at enrollment were very similar to the characteristics of
those followed until early childhood and midchildhood. By early
childhood (age 3-5 years), 18% of children had recurrent
wheezing, 22% had a doctor’s diagnosis of asthma or reactive
airway disease, and 40% had positive results for allergen sensiti-
zation. By midchildhood (age 7-10 years), 5.2% had persistent
wheezing, 19% had current asthma, and 53% had positive test re-
sults for allergen sensitization. Asthma diagnosis in early child-
hood showed a strong association with current asthma in
midchildhood (OR, 17.21; 95% CI, 11.7-25.3) for current asthma
atage 7 to 10 years if wheeze or asthma was reported at age 3 to 5
years. Only 9% of current asthma cases in midchildhood had no
prior asthma diagnosis or report of recurrent wheeze in early life.

The distributions of acetaminophen and ibuprofen use during
pregnancy and the first year are shown in Table II. Although most
mothers reported at least some acetaminophen use during
pregnancy (70%), ibuprofen use during early pregnancy was
uncommon (17%), and use after the first trimester was rare
(3%). Ninety-five percent of children were given acetaminophen
at least once in the first year of life (1-5 times, 29%; 6-10 times,
24%; and >10 times, 42%). Infant ibuprofen intake was more
evenly distributed across categories (never, 31%; 1-5 times,
28%; 6-10 times, 17%; and >10 times, 24%).

Sixty-six percent of infants (n = 780) were exposed to both
acetaminophen and ibuprofen during infancy. For infants in the
highest acetaminophen exposure (>10) category (n = 508),
ibuprofen intakes were as follows: 44% for more than 10 times
in the first year of life, 12% for 6 to 10 times, and 23% for 1 to 5
times (the remaining 21% reported no ibuprofen intake in infancy).
For infants in the highest ibuprofen intake category (>10 times,
n = 288), acetaminophen intakes were as follows: 77% for more
than 10 times, 10% for 6 to 10 times, and 10% for 1 to 5 times (the
remaining 3% reported no acetaminophen intake in infancy).

The results of the analysis of acetaminophen intake during
infancy and asthma-related outcomes are shown in Table III. In
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the unadjusted analysis increasing acetaminophen intake during
infancy was associated with recurrent wheeze (OR, 1.29; 95%
CI, 1.06-1.56) and asthma (OR, 1.21; 95% CI, 1.04-1.41) in early
childhood. After adjustment for respiratory tract infections, these
associations became null (OR of 1.05 [95% CI, 0.8-1.31] for
recurrent wheeze and OR of 1.03 [95% CI, 0.88-1.22] for
asthma). Higher acetaminophen intake during the first year was
not associated with allergen sensitization in early childhood.
For outcomes in midchildhood (Table III), acetaminophen intake
in the first year of life was associated with persistent wheeze (OR,
1.28; 95% CI, 0.95-1.74) and current asthma (OR, 1.27; 95% CI,
1.05-1.54) in unadjusted models. Adjustment for respiratory tract
infections reduced the OR for persistent wheeze in later childhood
(OR, 1.06;95% CI, 0.76-1.46). For current asthma, attenuation of
the association from an OR of 1.27 (95% CI, 1.05-1.54) in the
unadjusted model to an OR of 1.21 (95% CI, 1.00-1.48) was
observed after adjustment for potential confounders, including
respiratory tract infections during infancy. In the same set of
multivariable models, respiratory tract infections themselves
were associated with an increased risk of asthma in both early
childhood (OR, 3.82; 95% CI, 2.69-5.41) and midchildhood
(OR, 2.27; 95% CI, 1.44-3.57).

Ibuprofen intake during the first year of life was associated with
increased odds of recurrent wheeze (OR, 1.38; 95% CI, 1.19-
1.60) and asthma (OR, 1.35; 95% CI, 1.19-1.52) in unadjusted
models for early childhood outcomes. These associations were
attenuated (OR of 1.17 [95% CI, 0.99-1.40] for recurrent wheeze
and OR of 1.19 [95% CI, 1.05-1.36] for asthma) after adjustment
for respiratory tract infections (Table III). ORs for the effect of
infant ibuprofen intake on persistent wheeze and current asthma
at school age were substantially lower than those for wheeze
and asthma outcomes in early childhood. Negative associations
of borderline significance were observed for ibuprofen intake in
infancy and allergen sensitization both in early childhood (OR,
0.85; 95% CI, 0.71-1.01) and midchildhood (OR, 0.87; 95% CI,
0.72-1.05).

Acetaminophen intake during pregnancy was associated with
increased risk of early childhood recurrent wheeze and asthma
outcomes in both the unadjusted and multivariable analysis
(Table 1V). Adjustment for potential confounders decreased
effect estimates for recurrent wheeze and asthma outcomes by
10% to 25%. Prenatal acetaminophen exposure was not associ-
ated with allergen sensitization in early childhood or midchild-
hood. Ibuprofen intake during early pregnancy was associated
with early childhood asthma in the unadjusted analysis
(OR, 1.55; 95% CI, 1.12-2.14), but the association did
not remain in the multivariable analysis (OR, 1.17; 95% CI,
0.78-1.76; Table IV).

For cumulative exposure models, trends appeared to mirror the
strongest effect estimate seen for either prenatal or infant
exposure to a given antipyretic, although ORs were higher overall
for cumulative exposures (Table V). Acetaminophen and
ibuprofen cumulative exposure scores were associated with a
17% to 50% increased odds of asthma-related outcomes. Attenu-
ation of these effects was observed for early childhood (but not
midchildhood) asthma after adjustment for potential confounders,
including respiratory tract infections, in infancy. Although cumu-
lative exposure to acetaminophen did not appear to be linked to
allergen sensitization in our data, we observed lower odds of
allergen sensitization for infants with higher cumulative exposure
scores for ibuprofen.
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TABLE l. Characteristics of mother-infant pairs participating in Project Viva

Total (n = 1490)

Follow-up in
midchildhood (n = 1220)

Follow-up in early
childhood (n = 1419)

Maternal age (y), mean (SD) 322 (5.2) 32.3 (5.0) 322 (5.2)
Maternal prepregnancy BMI (kg/mz), means (SD) 24.8 (5.3) 24.7 (5.2) 24.7 (5.2)
Race/ethnicity, no. (%)

Black 213 (14.3) 181 (12.8) 183 (15.0)

Hispanic 98 (6.6) 88 (6.2) 75 (6.2)

White 1036 (69.7) 1015 (71.7) 846 (69.5)

Other 139 (9.4) 132 (9.3) 113 (9.3)
Household income, no. (%)

<$40,000 193 (14.2) 168 (12.8) 160 (14.3)

$40,000-$70,000 314 (23.1) 301 (23.0) 251 (22.5)

>$70,000 853 (62.7) 839 (64.1) 706 (63.2)
Maternal history of asthma, no. (%)

No 1290 (86.9) 1236 (87.3) 1067 (87.7)

Yes 195 (13.1) 179 (12.7) 149 (12.3)
Infant sex, no. (%)

Male 765 (51.3) 728 (51.3) 611 (50.1)

Female 725 (48.7) 691 (48.7) 609 (49.9)
Birth weight (kg), mean (SD) 3.51 (0.52) 3.51 (0.52) 3.52 (0.51)
Exposure to passive smoking, no. (%)

No 1214 (92.6) 1187 (92.7) 1014 (92.6)

Yes 97 (7.4) 94 (7.3) 81 (7.4)
Multivitamin use during first year

No 1130 (81.8) 1095 (81.8) 925 (81.1)

Yes 251 (18.2) 244 (18.2) 215 (18.9)
Duration of breast-feeding (mo), no. (%)

<9 847 (61.1) 816 (60.7) 681 (59.2)

>9 540 (38.9) 528 (39.3) 469 (40.8)
Child care attendance, no. (%)

No 681 (56.3) 667 (56.2) 565 (55.1)

Yes 529 (43.7) 520 (43.8) 460 (44.9)
Respiratory illnesses during first year, no. (%)

No 889 (73.6) 870 (73.4) 758 (74.1)

Yes 319 (26.4) 315 (26.6) 265 (25.9)
Ear infections during first year, no. (%)

No 529 (43.9) 519 (43.9) 457 (44.8)

Yes 677 (56.1) 664 (56.1) 564 (55.2)
DISCUSSION does exist, it is unlikely to operate through an IgE-mediated

In this study we found that controlling for respiratory tract
infections in infancy diminished the associations observed for
infant antipyretic intake and asthma-related outcomes. The most
substantial attenuation of risk estimates occurred in models of
early childhood wheeze and asthma. Adjustment for respiratory
tract infections considerably reduced risk estimates, rendering the
association between infant acetaminophen intake and early
childhood asthma null. A substantial decrease in associations
between infant ibuprofen use and early childhood wheeze and
asthma was also observed after accounting for respiratory tract
infections in infancy (although some increased risk remained
after adjustment). In contrast, confounding by respiratory tract
infections had a smaller effect on associations for midchildhood
asthma, and some suggestion of increased risk remained in
adjusted models both for infant and cumulative (prenatal plus
infant) acetaminophen exposure. This might be due to the fact that
the early outcomes were more proximal to the exposure and
confounder than the midchildhood outcomes. None of the
exposures studied were associated with an increased risk of
allergen sensitization, suggesting that if any true relationship
between antipyretic exposure in infancy and asthma incidence

allergic disease pathway.

Our findings make an important contribution to the growing
body of literature on the relationship between acetaminophen
intake and asthma-related outcomes. One of the earliest
epidemiologic studies to suggest a link between acetaminophen
and asthma was an international population-based ecological
study that reported positive associations between increased
sales of acetaminophen and rates of both asthma-related
symptoms among 13- to 14-year-olds and asthma/bronchial
hyperresponsiveness among adults.”® A report from the Nurse’s
Health Study indicated that frequency of acetaminophen use
was prospectively associated with an increased risk of adult-
onset asthma,” and a subsequent cross-sectional analysis of
the Third National Health and Nutrition Examination Survey
revealed a dose-response association between acetaminophen
use and asthma, as well as an inverse association with lung
function.®

Unfortunately, none of these studies adjusted for common
illnesses that might have led to increased use of acetaminophen
among those with respiratory symptoms. A recent meta-analysis
of cross-sectional, case-control, and cohort study results®® also
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TABLE Il. Distribution of acetaminophen and ibuprofen intake
in pregnancy and during the first year (n = 1490)

Acetaminophen intake, no. (%)
During pregnancy, no. (%)

Never 430 (30.2)
1-9 times 648 (45.6)
>10 times 344 (24.2)
During the first year
Never 54 (4.5)
1-5 times 347 (28.9)
6-10 times 292 (24.3)
>10 times 508 (42.3)
Ibuprofen intake, no. (%)
During pregnancy
Never 1222 (83.2)
>1 time 247 (16.8)
During the first year
Never 375 (31.4)
1-5 times 333 (27.9)
6-10 times 197 (16.5)
>10 times 288 (24.1)

concluded that acetaminophen use is linked to increased risk of
asthma in children and adults. However, odds ratios included in
the analysis were not adjusted for infection, so even this system-
atic review is prone to confounding by indication.

In addition to the data presented here, other studies have
adjusted for respiratory tract infections in analyses of early-life
acetaminophen use and asthma. In an Australian birth cohort
the initial association observed between acetaminophen use in
the first 2 years of life and childhood asthma was no longer
present in models controlling for early-life respiratory tract
infections.”” Furthermore, the authors noted that acetaminophen
taken for nonrespiratory causes did not show a relationship with
asthma or wheeze in unadjusted models. In the Italian arm of the
International Study of Asthma and Allergies in Childhood,
although they were unable to control for confounding by respi-
ratory tract infections directly, Rusconi et al’” concluded, based
on logistic regression analyses of multiple phenotypes and
directed acyclic graphs, that the association between acetamin-
ophen exposure in infancy and childhood asthma “might fully or
in part, be due to confounding.” An analysis by Schnabel et al,*
also suggests that underlying respiratory tract infections might
explain the association between acetaminophen intake and
asthma development. In contrast, an Ethiopian prospective birth
cohort study reported a link between acetaminophen use in early
life and increased risk of allergic disease in childhood after tak-
ing into account possible confounding by indication. However,
this analysis controlled for possible symptoms of respiratory
tract infections rather than diagnosis of the infections them-
selves; therefore adjustment for this potential source of bias
might have been incomplete.” A prospective birth cohort study
in Oslo, in which a relatively low proportion of infants (83/
1016) received acetaminophen by 6 months, reported that respi-
ratory tract infections did not confound the association between
infant acetaminophen intake and asthma in girls.”’ Lastly, in
the Copenhagen Prospective Study on Asthma in Childhood
2000, an independent association was observed between infant
acetaminophen intake and early childhood asthma after adjust-
ing for respiratory tract infections; however, the authors
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acknowledge that there could be some residual confounding
by indication.”*

Because we have demonstrated attenuation of associations
between early-life acetaminophen intake and asthma-related
outcomes in childhood after adjustment for respiratory tract
infections, our study offers evidence for confounding by indica-
tion in any analysis that does not adjust for respiratory tract
infections. This conclusion is further supported by the fact that
similar patterns were observed for ibuprofen intake. Thus it
appears that confounding by indication is likely to be a
generalized phenomenon that is not specific to a given analgesic
or antipyretic but rather might play a role in any study of widely
available over-the-counter medications.

Although results for acetaminophen exposure in infancy and
early childhood asthma outcomes were clearly null once we
adjusted for respiratory tract infections and other confounders,
ORs for infant acetaminophen intake and midchildhood asthma
showed some suggestion of increased risk. Infant ibuprofen
intake was also associated with an increased risk of early
childhood asthma in adjusted models (although controlling for
respiratory tract infections decreases the crude measure of
association considerably). Residual confounding by uncompli-
cated upper respiratory tract infections (unaccounted for in our
analysis) might explain the increase in asthma risk observed in
adjusted models. Alternatively, acetaminophen and ibuprofen
intake in infancy could have underlying biological effects that
increase the risk of asthma. For instance, acetaminophen might
deplete antioxidant capacity,”’ thereby increasing generation of
reactive oxygen species that could contribute to asthma-related
airway inflammation.’ Ibuprofen is an inhibitor of COX-1I,
which might result in upregulation of leukotrienes thought to
play a role in asthma.™ Although ibuprofen exposure was asso-
ciated with increased asthma risk, ORs for allergen sensitization
(in infant and cumulative exposure models) went in the opposite
direction, demonstrating a negative association between
ibuprofen and atopy. Further studies with more detailed infor-
mation on indications for antipyretic use in early life are needed
to ensure a more complete adjustment for confounding by
indication.

Although the majority of studies on antipyretics and asthma
have focused on antipyretic use in infancy and childhood, other
reports have examined the potential effects of prenatal expo-
sures. An early report from a large birth cohort study found that
maternal intake of acetaminophen at between 20 and 32 weeks’
gestation was associated with increased wheeze at age 30 to 42
months.'> A subsequent analysis of the same cohort suggested
that intake of acetaminophen during this period was associated
with both asthma and wheeze at age 69 to 81 months."
A Swedish birth cohort study reported similar findings for prena-
tal acetaminophen exposure and wheeze using a more refined
phenotype (inhaled corticosteroid—treated wheeze not resulting
from viral illness).'®

In addition to asthma-related outcomes, maternal acetamino-
phen use during pregnancy has also been linked to increased odds
of allergic rhinitis in school-aged children.?® Prenatal acetamino-
phen exposure has been hypothesized to induce oxidative stress in
utero, possibly precipitating epigenetic changes that increase the
offspring’s susceptibility to asthma. In support of this hypothesis,
prenatal acetaminophen exposure studies have shown evidence
for effect modification by genetic polymorphisms in oxidative
stress pathways. In a population-based New York birth cohort,
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TABLE lll. Early-life acetaminophen and ibuprofen intake and wheeze, asthma, and allergic sensitization in early childhood and
midchildhood

Early childhood (age 3-5 y) outcomes
Asthma, OR (95% CI)

Recurrent wheeze, OR (95% Cl) Allergen sensitization, OR (95% CI)

Exposure Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted
in infancy Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t
Acetaminophen 1.29 1.05 0.94 1.21 1.03 0.94 0.86 0.90 0.97
(1.06-1.56)  (0.85-1.31) (0.72-1.22) (1.04-1.41) (0.88-1.22) (0.78-1.14) (0.72-1.01)  (0.76-1.08) (0.78-1.19)
Ibuprofen 1.38 1.17 1.23 1.35 1.19 1.20 0.84 0.88 0.85
(1.19-1.60)  (0.99-1.40) (0.99-1.53) (1.19-1.52)  (1.05-1.36) (1.02-1.40) (0.73-0.97) (0.76-1.02) (0.71-1.01)
Midchildhood (age 7-10 y) outcomes
Persistent wheeze, OR (95% Cl) Current asthma, OR (95%Cl) Allergen sensitization, OR (95% CI)
Exposure Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted
in infancy Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t
Acetaminophen 1.28 1.06 1.30 1.27 1.21 1.19 1.02 1.05 1.10
(0.95-1.74) (0.76-1.46) (0.86-1.96) (1.05-1.54) (1.00-1.48) (0.94-1.50) (0.85-1.22) (0.87-1.27) (0.88-1.39)
Ibuprofen 1.13 0.95 0.84 1.10 1.05 1.00 0.82 0.85 0.87
(0.89-1.43) (0.74-1.23) (0.62-1.14) (0.95-1.28) (0.90-1.23) (0.83-1.21) (0.70-0.96)  (0.72-1.00) (0.72-1.05)

Data are from mother-infant pairs participating in Project Viva.

*Model includes analgesic exposure and adjustment for respiratory tract and ear infections in the first year of life.

TModel includes all 4 analgesic exposures (acetaminophen in infancy, ibuprofen in infancy, prenatal acetaminophen, and prenatal ibuprofen), respiratory tract and ear infections,
covariates for child’s sex and multivitamin intake, mother’s age at enrollment, race/ethnicity, prepregnancy BMI, household income, number of children less than 12 years of age in
the home, breast-feeding duration, passive smoking exposure, smoking during pregnancy, child care attendance, and maternal and paternal history of asthma.

TABLE IV. Prenatal intake of acetaminophen and ibuprofen and wheeze, asthma, and allergen sensitization in children in early
childhood and midchildhood

Early childhood (age 3-5 y) outcomes
Asthma, OR (95% Cl)

Recurrent wheeze, OR (95% Cl) Allergen sensitization, OR (95% Cl)

Prenatal intake Unadjusted Adjusted* Unadjusted Adjusted* Unadjusted Adjusted*
Acetaminophen 1.53 (1.23-1.90) 1.41 (1.06-1.89) 1.36 (1.14-1.61) 1.26 (1.02-1.58) 1.06 (0.87-1.30) 1.04 (0.81-1.34)
Ibuprofen 1.49 (0.98-2.27) 1.10 (0.62-1.93) 1.55 (1.12-2.14) 1.17 (0.78-1.76) 1.08 (0.72-1.61) 0.85 (0.52-1.39)

Midchildhood (age 7-10 y) outcomes

Persistent wheeze, OR (95% Cl)

Current asthma, OR (95% Cl)

Allergen sensitization, OR (95% Cl)

Prenatal intake Unadjusted Adjusted*

Unadjusted

Adjusted* Unadjusted Adjusted*

Acetaminophen
Ibuprofen

1.22 (0.87-1.72)
1.15 (0.59-2.25)

1.03 (0.66-1.60)
0.78 (0.31-1.95)

1.21 (0.98-1.48)
1.36 (0.93-2.01)

1.25 (0.94-1.65)
1.16 (0.69-1.95)

1.00 (0.80-1.25)
1.09 (0.72-1.66)

0.90 (0.68-1.19)
0.95 (0.58-1.57)

Data are from mother-infant pairs participating in Project Viva.

*Model includes all 4 analgesic exposures (acetaminophen in infancy, ibuprofen in infancy, prenatal acetaminophen, and prenatal ibuprofen) and covariates for child’s sex and
multivitamin intake, mother’s age at enrollment, race/ethnicity, prepregnancy BMI, household income, number of children less than 12 years of age in the home, breast-feeding
duration, passive smoking exposure, smoking during pregnancy, child care attendance, and maternal and paternal history of asthma.

children with a functional polymorphism in GSTPI had an
increased risk of wheeze in response to prenatal acetaminophen. '
Findings from the Avon Longitudinal Study of Parents and Chil-
dren demonstrated potential modification of response to prenatal
acetaminophen by maternal polymorphisms in Nrf2 and
GSTT1.*

In the present work we observed a 40% to 50% increased odds
of wheeze and asthma in early childhood for those children
exposed to higher levels of prenatal acetaminophen, which was
attenuated to 30% to 40% after multivariable adjustment. These
findings suggest that there might be some increased risk of
childhood asthma with prenatal acetaminophen intake. However,
we did not have information on maternal indication for
acetaminophen intake, and therefore could not adjust for
confounding by maternal indication in these analyses. As a
result, we were unable to rule out the possible influence of

maternal viral infection or other indications that might be
associated with acetaminophen intake. In future studies, infor-
mation on maternal indication for antipyretic use should be
gathered. Finally, the aim of this analysis was to investigate the
effects of early-life antipyretic intake and the role of respiratory
tract infections in the first year. Future studies should also
investigate antipyretic intake and respiratory tract infections
throughout childhood.

The current study has several strengths. Project Viva is a large,
prospective prebirth cohort study that enrolled women early in
pregnancy. Because of the large amount of information gathered
prospectively, we were able to control for multiple potential
confounders simultaneously in all of our analyses. Most notably,
we adjusted for the presence of respiratory tract infections during
infancy in models for infant antipyretic intake and asthma
outcomes. In contrast to other studies, we were able to examine
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TABLE V. Cumulative exposure to acetaminophen and ibuprofen and wheeze, asthma, and allergen sensitization in children in

early childhood and midchildhood

Early childhood (age 3-5 y) outcomes

Recurrent wheeze, OR (95% Cl)

Asthma, OR (95% Cl)

Allergen sensitization, OR (95% Cl)

Cumulative Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted
exposure score Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t
Acetaminophen 1.55 1.39 1.29 1.40 1.27 1.17 0.92 0.97 1.01
(1.29-1.87) (1.13-1.71) (1.00-1.65) (1.21-1.62)  (1.08-1.49) (0.98-1.40) (0.78-1.09)  (0.82-1.15) (0.83-1.22)
Ibuprofen 1.54 1.24 1.27 1.52 1.31 1.25 0.82 0.86 0.78
(1.24-1.91) (0.97-1.60) (0.93-1.73) (1.28-1.80) (1.10-1.58) (1.01-1.55) (0.67-0.99)  (0.70-1.05) (0.61-0.99)

Midchildhood (age 7-10 y) outcomes

Persistent wheeze, OR (95% Cl)

Current asthma, OR (95% Cl)

Allergen sensitization, OR (95% Cl)

Cumulative Adjusted Adjusted Adjusted Adjusted Adjusted Adjusted
exposure score Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t Unadjusted (infection)* (all covariates)t
Acetaminophen 1.37 1.26 1.27 1.37 1.34 1.32 0.96 0.97 0.93
(1.02-1.83)  (0.92-1.73) (0.87-1.86) (1.14-1.64) (1.11-1.62) (1.06-1.65) (0.80-1.15)  (0.80-1.17) (0.74-1.16)
Ibuprofen 1.12 0.92 0.82 1.17 1.12 1.14 0.84 0.88 0.94
(0.81-1.55)  (0.64-1.31) (0.53-1.28) (0.96-1.44) (0.91-1.39) (0.87-1.48) (0.68-1.04)  (0.71-1.09) (0.73-1.22)

Data are from mother-infant pairs participating in Project Viva.

*Model includes cumulative exposure score and adjustment for respiratory tract and ear infections in the first year of life.
TModel includes both cumulative exposure scores (acetaminophen and ibuprofen scores) and covariates for child’s sex and multivitamin intake, mother’s age at enrollment, race/
ethnicity, prepregnancy BMI, household income, number of children less than 12 years of age in the home, breast-feeding duration, passive smoking exposure, smoking during

pregnancy, child care attendance, and maternal and paternal history of asthma.

both ibuprofen and acetaminophen (prenatal and early life) in
multiple regression models.

Our study also has several potential limitations. Although we
were able to capture antipyretic intake within a certain exposure
range, we did not have information on the exact dose. As
mentioned above, incomplete adjustment for uncomplicated
upper respiratory tract infections might have resulted in residual
confounding by indication in models for antipyretic use in
infancy. We did not account for common indications for
antipyretic use in pregnancy, which could confound associations
for prenatal antipyretic exposures. Lastly, because administration
of a medication must be linked in time with a given indication for
confounding by indication to occur, an additional limitation of the
current study was our inability to determine the relative timing of
administration of medication compared with that of respiratory
illness and the continued use of antipyretics throughout child-
hood. Although our analyses showed a potential link between
prenatal exposure to acetaminophen and asthma outcomes in
early childhood, these associations did not persist in models for
midchildhood asthma. Further studies with detailed information
on the timing and dose of antipyretics during pregnancy, as well as
maternal indication for antipyretic use, are required to better
understand these relationships.

In conclusion, crude estimates showing increased childhood
wheeze and asthma risk with infant antipyretic intake were
decreased after controlling for respiratory tract infections in
early life. The most substantial attenuation of risk estimates was
observed in models for recurrent wheeze and asthma in early
childhood; the effect of respiratory tract infections as a
confounder was less pronounced in models of midchildhood
asthma and persistent wheeze. Our results suggest that respira-
tory tract infections, a major cause of fever in infancy, should be
considered in all studies of infant antipyretic use and childhood
asthma to mitigate bias because of confounding by indication.

Key messages

o Respiratory tract infections might confound the relation-
ship between infant antipyretic intake and early child-

hood asthma.

o Confounding by indication should be considered in
studies of antipyretics and asthma to mitigate this bias.
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