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Abstract
OBJECTIVE—To estimate whether prenatal exposure to acetaminophen is associated with risk
of diagnosed asthma and asthma symptoms in children.

METHODS—The authors prospectively followed 1,505 pregnant women and their children until
6 years (±3 months) of life. Acetaminophen use in the first and third trimesters of pregnancy was
assessed before 24 weeks of gestation and within 1 month of delivery, and asthma in children was
assessed when the child was 6 years old. Adjusted odds ratios (aORs) were derived from logistic
regression models controlling for potential confounders.

RESULTS—Acetaminophen was used by 69% of women during pregnancy. Use of
acetaminophen did not significantly increase the risk of asthma (aOR 0.76, 95% confidence
interval [CI] 0.53–1). Acetaminophen use during both the first and the third trimester was
associated with a significantly reduced risk of asthma (aOR 0.59, 95% CI 0.36–0.98). There was
no evidence of a dose response, and consumption greater than 10,400 mg (32 tablets) a month did
not increase risk (aOR 0.99, 95% CI 0.19–5.30).

CONCLUSION—Our results suggest that acetaminophen use during pregnancy does not increase
risk of asthma in children.

Acetaminophen is a widely used analgesic drug found in more than 100 products and having
no known teratogenic effects.1,2 Thus, it is the most commonly used analgesic by pregnant
women,3,4 in preference to other nonsteroidal antiinflammatory drugs, such as
acetylsalicylic acid, ibuprofen, and naproxen, which have been associated with
complications during pregnancy and infancy.5,6

Recently, several investigations reported that acetaminophen use in pregnancy may increase
the risk of wheezing and asthma in the first year of life and in later childhood.7–12 Other
studies reported associations between asthma and acetaminophen exposure during
infancy,11,13,14 childhood,13 and adult life.15,16 A recent review by Allmers et al17 suggests
that acetaminophen increases the risk of asthma and thus should be avoided. However, the
relationship between acetaminophen use in pregnancy and asthma in children remains
unclear and warrants further investigation.

To identify risk factors for childhood asthma, we analyzed data from a prospective cohort
study of women followed through their pregnancies and subsequent follow-up of their
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children at 6 years of age to investigate the etiology of childhood asthma. With detailed
classification and comprehensive reporting of acetaminophen, we aimed to estimate the role
of prenatal exposure to acetaminophen in the development of asthma in children.

MATERIALS AND METHODS
Between April 1997 and June 2000, a total of 3,413 women were invited to participate in a
study of asthma in pregnancy (Fig. 1). Pregnant women with a history of physician-
diagnosed asthma (n=1,343) and a simple random sample of pregnant women without
asthma (n=2,070) were recruited while receiving prenatal care from 56 private obstetric
practices and 15 clinics at six hospitals in southern New England (Bridgeport, Danbury,
Hartford, and New Haven, Connecticut, and Springfield, Massachusetts). After accounting
for refusals (n=531), ineligibility at the home interview, usually because they were more
than 24 weeks pregnant (n=389), miscarriages (n=73), and nonparticipation for other reasons
(n=41), 2,379 women (69.7%) were enrolled in the study. After enrollment, 174 women
were excluded from analysis because of a stillborn fetus, molar pregnancy, a planned or
spontaneous abortion (n=69), multiple birth (n=43), loss to follow-up or withdrawal (n=60),
or inadequate information on asthma status (n=2). Of the singleton live births eligible for
study, 1,871 children, including those with mothers with diagnosed asthma (n=872), mothers
with asthma symptoms or taking asthma medication (n=449), and a random sample of
mothers without asthma (n=550), were selected for subsequent follow-up. After excluding
non-English speakers (n=61) and neonatal deaths (n=3), 1,807 women were eligible for the
interview at 6-year follow-up. Of the eligible women, 302 women were excluded because of
refusal, inability to locate, and missed interviews. Finally, 1,505 women were interviewed
and included in the analysis.

The Human Investigation Committee of Yale University (New Haven, Connecticut)
approved this study, and all respondents provided informed consent before participation.

At enrollment, women were interviewed at home before 24 weeks of gestation. The
standardized questionnaire administered included indepth questions about demographic
factors, pregnancy history, health care use, smoking, asthma history, activity limitations due
to asthma, household exposures, and other chronic conditions during the year before
pregnancy and the period since conception. A postpartum interview was conducted in the
hospital (n=1,344) or by telephone within 1 month of delivery (n=544). Data on pregnancy
outcomes were abstracted from hospital delivery records. Information related to infancy and
early childhood was collected during the structured interview (n= 1,505) when the child was
6 years (±3 months) of age.

Information on acetaminophen use was obtained before 24 weeks of gestation from the
following questions in the prenatal questionnaire: “Have you taken any medications for
asthma, allergies, sinus, respiratory, or other breathing problems? Please include over-the-
counter medication as well as prescription medications” and “Have you taken any
medications or drugs (including over-the-counter and prescription drugs) other than those
for respiratory conditions during the first 3 months of the pregnancy?” If a respondent
answered affirmatively, a follow-up question resulted: “What is the name of the drug or
medication that you used? Please include strength, form, and whether it was prescription or
over-the-counter.” To measure frequency and dose of the medication, respondents were
asked, “How often did you use this medication in the first, second, and third months of the
pregnancy?” with responses in the following categories: none, 1–7 days per month, 8–14
days per month, more than 14 days (but not every day) per month, and every day. They were
also asked, “How many tablets or doses of the medication did you usually take per day
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during this month?” The same set of questions was repeated during the post-partum
interview to ascertain acetaminophen use during the last 3 months of the pregnancy.

All reported medications taken by the women were investigated to determine the active
ingredients and, particularly, the total milligrams of acetaminophen contained, if any. This
information was obtained from drug labels, the manufacturers, or other online drug indexes.
An imputation method was used to estimate the total milligrams of acetaminophen in the
drug where this information was not easily accessible or clearly evident (n=61). Uncertain
amounts of acetaminophen in such drugs were substituted using total milligrams of
acetaminophen of similar medications in the data set. Ever use of any medication that
contained acetaminophen was classified as use of acetaminophen during the first and third
trimester of pregnancy. Information on second-trimester exposure was not ascertained.

To explore the cumulative dose response, average monthly acetaminophen consumption
during pregnancy was calculated. The dose was divided into six levels: 0, 1,300 or less,
1,301–2,600, 2,601–5,200, 5,201–10,400, and more than 10,400 mg per month, where 1,300
mg is equivalent to four tablets of regular-strength acetaminophen at 325 mg each.
Additional exposure evaluations, based on the average consumption by the participant per
day of use during the first and third trimesters, were performed. The dose was divided into
four levels: 0, 650 or less, 651–1,300, and more than 1,300 mg per day of use. The
categorical response for days per month (0, 1–7 days per month, 8–14 days per month, more
than 14 days [but not every day] per month, and every day) were reassigned to their median
values (0, 4, 11, 21, and 30 days per month) for the calculation of the dose and level for each
participant. For women who used more than one medication containing acetaminophen in 1
month, it was assumed that the medications were taken on different days of the same month.
Additional exposure evaluations, based on the assumption that multiple acetaminophen
medications were taken on the same days of the month, were performed as a sensitivity
analysis. The calculations and formulas are available on request.

When the child was 6 years (±3 months) old, the mothers were asked, “Has the child ever
been diagnosed by a doctor or health professional as having asthma?” Mothers were also
asked, “Has your child ever had wheezing or whistling in the chest at any time in the past?”
and, if yes, “Has your child had wheezing or whistling in the chest in the last 12 months?”
The primary outcome in this analysis was physician-diagnosed asthma ever with history of
wheezing at the sixth year of age. Positive responses to both questions were considered a
positive asthma outcome. In addition, phenotypes for persistent wheezing, ever wheezing,
diagnosed bronchitis, sneezing/runny nose ever, and allergy were examined to allow more
direct comparison with other reports in the literature.

Information on a large number of potential con-founding variables was collected from the
interviews conducted during early pregnancy, postpartum, and at 6-year follow-up.
Confounders measured during the first and second interviews were mother’s demo-graphics
(age, ethnicity, marital status, and education), mother’s smoking and exposure to passive
smoking during pregnancy, mother’s diagnosed asthma and other health conditions (asthma
symptoms and high blood pressure during pregnancy, and diagnosed/treated allergies),
offspring’s gestational age at birth and low birth weight, and preterm labor and delivery.
Confounders measured during the interview at 6-year follow up were father’s ethnicity and
education, history of father’s asthma and other health conditions (wheezing, allergies, and
eczema), mother’s diagnosed or treated eczema, yearly household income, household
exposures (mold/mildew growth at home and water leaks/damage at home during child’s
first year, pets inside home and cockroaches observed in home during child’s first and sixth
years), use of various home appliances (use of wood-burning stove, wood-burning fireplace,
unvented gas fire-place/space heater, portable kerosene heater, gas stove, continuously
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burning pilot light, and air conditioner during sixth year), child’s ethnicity, number of
biologic siblings, attendance at a program before elementary school, child’s asthma
symptoms (wheezing and persistent cough in the first year, cough, shortness of breath, and
chest tightness in the sixth year), use of emergency room and overnight stay at the hospital
for asthma, allergy, or respiratory illnesses, use of neonatal intensive care unit and pediatric
intensive care unit, use of intubation/ventilation in neonatal intensive care unit and pediatric
intensive care unit, breastfeeding, child’s exposure to tobacco smoke for 2 hours or more
ever, mother’s use of antibiotics while breastfeeding, child’s use of antibiotics and allergy
medications, and child’s infections and respiratory illnesses (allergies, sneezing/ runny nose,
hay fever, itchy rash, eczema, bronchitis, bronchiolitis, pneumonia, croup, ear infection,
strep throat, sinus infection, respiratory syncytial virus, and tonsillitis).

Analysis of the effect of prenatal exposure to acetaminophen was conducted with logistic
regression models using SAS 9.1 Proc Logistic (SAS Institute, Inc., Cary, NC). Odds ratios
(ORs) were estimated for asthma, associated with different categories of acetaminophen use,
compared with never use. For each combination of exposure and outcome, the unadjusted
OR and adjusted OR were obtained, adjusting for potential confounders from pregnancy, the
perinatal period, and early childhood. Covariates were initially selected for inclusion in the
model by identifying those significantly associated with both the exposure and the outcome
at P≤.10. Final adjusted models were constructed using a backward elimination statistical
procedure that includes only those covariates resulting in a change of 10% or greater in the
parameter estimate of acetaminophen exposure. The study was able to detect at least a 52%
increased risk of asthma with 90% power.

RESULTS
Table 1 describes the study population at baseline and during the pregnancy. Twenty-one
percent of the women were younger than 24 years of age, whereas 13% were 36 years of age
or older. The majority of women in this study were white (74%), whereas 10% were African
American and 13% were Hispanic. Approximately 26% were not married, and 89% of
participants were at least high school graduates. Smokers during pregnancy constituted 17%
of the study sample, and 27% and 47% of women were exposed to secondhand smoke in the
first and third trimesters of pregnancy, respectively. By design of the study sample, nearly
half of the study women (45%) reported physician-diagnosed asthma, and a greater
proportion (64%) of the women reported any maternal asthma symptoms during the
pregnancy. Other illnesses were also reported: 13% of women had high blood pressure
during pregnancy, and 62% reported allergies diagnosed or treated by a physician.

Overall, 68.8% of women used acetaminophen at least once during the first (53.4%) or third
(45.5%) trimester of their pregnancy. Of the total sample, 32.3% of women reported use of
acetaminophen during both the first and the third trimester. Among users, the mean reported
monthly acetaminophen intake was 2,677 (standard deviation 4,650) mg during the first and
third trimesters, with a median intake of 1,371 mg. Similarly, the mean reported
acetaminophen intake on the day of use was 793 (standard deviation 415) mg during the first
and third trimesters, with a median intake of 650 mg.

Several characteristics were associated with use of acetaminophen during pregnancy in
unadjusted analyses (Table 1). Reported acetaminophen use was less common in African-
American women compared with white women, and use was more common in women 25–
29 years of age, married women, and women exposed to secondhand smoke during the first
trimester. Women who were diagnosed with asthma, who had asthma symptoms during their
pregnancy, or who had diagnosed or treated allergies were also more likely to use
acetaminophen. Women who had preterm delivery, but not preterm labor, were twice as
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likely to use acetaminophen as women with neither preterm labor nor preterm delivery. Low
birth weight did not seem to be associated with acetaminophen use in pregnancy.

Overall, 15% of the children in this study cohort were asthmatic, defined as physician-
diagnosed asthma ever and wheezing at the sixth year of age. The risk of childhood asthma
decreased with increasing maternal age (Table 2). African-American and Hispanic mothers
had an increased risk of asthma in their children. Married and educated mothers had a
decreased risk, whereas mothers who smoked during pregnancy or were exposed to
secondhand smoke during the first trimester had an increased risk of asthma in children.
Mother’s diagnosed asthma, asthma symptoms during pregnancy, and diagnosed or treated
allergies increased the risk of asthma in children. Children who were born at less than 37
weeks of gestation had twice the risk of asthma, and those who were born with low birth
weight had a threefold risk of asthma. Preterm delivery only did not have an effect, but
preterm labor alone and both preterm labor and delivery were associated with an increased
risk of asthma compared with neither preterm labor nor preterm delivery.

The association of acetaminophen use ever during pregnancy with childhood asthma and the
effect of potential confounders included in the final model were examined (Table 3). In the
unadjusted model, the effect of acetaminophen use was not significant, with an OR of 0.89
(95% confidence interval [CI] 0.66–1.22). After adjustment by logistic regression, use of
acetaminophen ever during pregnancy did not significantly decrease the risk of asthma, with
an OR of 0.76 (95% CI 0.53–1.10). Nonwhite and non-Asian children were at increased risk
of asthma, with His-panic children having the greatest risk. Mother’s history of physician-
diagnosed asthma was associated with a twofold increase in the risk of asthma in children.
Child’s sneezing/runny nose increased the risk threefold, and itchy rash increased the risk
two-fold. Keeping pets inside home at the child’s sixth year of life was associated with a
reduced risk of asthma.

Table 4 presents the results of the logistic regres-sion models to assess the effect of
acetaminophen use during different trimesters of pregnancy and the dose response of
acetaminophen. In the unadjusted model, acetaminophen use in different trimesters of
pregnancy was not significantly associated with the risk of asthma. Those who consumed an
average of 1,300 mg/mo or less significantly decreased the risk of asthma compared with
never users before adjustment, and those who used 650 mg per day of use or less
significantly decreased the risk of asthma.

After adjustment, acetaminophen use during both trimesters significantly reduced the risk of
asthma (OR 0.59, 95% CI 0.36–0.98). Analysis of acetaminophen dose demonstrated that
none of the cumulative acetaminophen doses were significantly associated with risk of
asthma. Average acetaminophen con sumption per day of use nonsignificantly reduced the
risk of asthma at all doses.

Sensitivity analysis was performed using the dose calculated on the assumption that women
who used more than one acetaminophen medication in the same month would take multiple
medications on the same days of the month. The results of this sensitivity analysis are not
shown, but final estimates did not differ significantly from the results based on the
assumption that multiple medications were taken on different days of the month.

Asthma symptoms and other respiratory health outcomes in children were modeled to
further explore the effect of acetaminophen use during pregnancy (Table 5). Before
adjusting for potential confounders, acetaminophen use during pregnancy did not have a
significant association with the outcomes of ever wheezing, persistent wheezing, or
diagnosed bronchitis. After adjustment, acetaminophen use seems to significantly decrease
the risk of persistent wheezing (OR 0.67, 95% CI 0.46–0.98). Acetaminophen use during
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pregnancy significantly increased the risk of sneezing/runny nose and allergy in children in
the unadjusted models. After adjusting for potential confounders, acetaminophen use during
pregnancy was not significantly associated with these symptoms and conditions.

DISCUSSION
Our findings contradict results from several previous studies, and we discuss below the
possibility that positive associations reported in these studies may be due to residual
confounding, possible phenotype differences in asthma diagnosis, and incomplete
acetaminophen ascertainment.

Shaheen et al8,9 reported that frequent antenatal acetaminophen use was positively
associated with childhood asthma and wheezing. Koniman et al11 performed a matched
patient–sibling case–control study and found acetaminophen use during pregnancy and early
months of life may increase the risk of allergic and nonallergic asthma in children. Garcia-
Marcos et al12 performed a retrospective cohort study and concluded that frequent use of
acetaminophen during pregnancy was associated with wheezing in offspring during
preschool years. Persky et al10 reported significant associations with wheezing, but not
asthma, during the first year of life. These studies all used a single asthma symptom or
simpler definitions of asthma than the definition used in this study. Asthma is a complex
clinical manifestation that is difficult to diagnose before age 6 years, and wheezing in early
infancy is not always a good predictor of subsequent asthma development.18

We modeled outcomes that more closely replicated earlier studies. This analysis, however,
also did not find any evidence that acetaminophen increased the risk of persistent wheezing,
ever wheezing, and diagnosed bronchitis. A significant protective effect was present for
persistent wheezing after adjusting for potential confounders. Acetaminophen seemed to
increase the risk of sneezing/runny nose ever and allergy in unadjusted models; however,
these effects were no longer significant in adjusted models, suggesting the presence of
residual confounding in previous studies.

Collection of retrospective information may have resulted in recall bias; this can lead to
erroneous estimates of increased risk. Further, no previous studies measured acetaminophen
exposure as inclusively and accurately as the current study. Respondents stated yes or no to
whether they had taken acetaminophen or selected acetaminophen from a list of drugs
shown to them. When exposure is prelimited, under-reporting of acetaminophen exposure is
possible.

Previous studies measured few potential con-founders. This study shows very strong
associations of maternal asthma and asthma symptoms with acetaminophen use. This and
the strong associations of maternal asthma with asthma in the child could, without careful
adjustment, produce strong confounding favoring an apparent association of maternal
acetaminophen use and childhood asthma.

Some studies report positive associations between asthma and exposure to acetaminophen
after birth. These studies deserve additional caution because reverse causality may be
present. Children who show early symptoms of asthma may be more likely to be treated
with acetaminophen, a drug commonly used for pain relief and fever in children. In the
multivariate logistic regression model (Table 3), keeping pets inside the home at the sixth
year of the child’s life was associated with a decreased risk of asthma in children (OR 0.69,
95% CI 0.49–0.98). This is an example of reverse causality in that homes with asthmatic
children may avoid keeping pets inside.
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Evidence for biologic plausibility supporting the causal relationship between acetaminophen
and asthma is conflicting. Acetaminophen crosses the placenta in an unconjugated form and
is primarily metabolized by sulfation in the fetus (Levy G, Garrettson LK, Soda DM.
Evidence of placental transfer of acetaminophen [letter]. Pediatrics 1975;55:895). One
proposed mechanism through which prenatal exposure to acetaminophen causes asthma in
children is by reduction of pulmonary glutathione levels and inhibition of the
cyclooxygenase (COX) pathway19–24 (Levy et al, Pediatrics and Varner A. Paracetamol and
asthma [letter]. Thorax 2000;55:882–3; author reply 883–4). However, this hypothesis is
based on in vitro findings, and it is unclear whether this effect is found in vivo. One study
showed that extracellular glutathione peroxidase is actually increased in the asthmatic
airway.25 Moreover, the period of glutathione resynthesis in the lungs is very short, making
it unlikely that oxidative stress would cause significant damage.26

A second mechanistic hypothesis concerns lack of suppression of the COX pathway in cases
of inflammation. Induction of the COX pathway leads to production of prostaglandin E2.
The argument that acetaminophen is not antiinflammatory is questionable, because other
studies demonstrate antiinflammatory activities of acetaminophen.27–30

There were several strengths to our study. Differential exposure misclassification was
unlikely in this investigation because reported drug use was recorded before birth. Some
nondifferential misclassification may have occurred, but acetaminophen consumption was
high and the risk estimates were below 1, suggesting that any effect of misclassification
would be small. Ascertainment, interviewer, and indication bias were unlikely because
neither interviewer nor respondents knew about the study hypothesis.

This study examined and assessed the impact of many covariates to a greater degree than
previous studies. Because many mothers had diagnosed asthma, they were knowledgeable of
asthma and likely to accurately report respiratory symptoms. This study measured
acetaminophen exposure more accurately than other studies by asking more openended
questions for any respiratory and nonrespiratory drugs consumed during pregnancy and by
precisely calculating the dose and daily frequency of acetaminophen use. A total of 64
different drugs containing acetaminophen were reported by respondents. Among those who
responded, 69% ever consumed acetaminophen in first or third trimester of pregnancy, a
higher rate of use than in previous studies except that of Persky et al, who reported 70%.

Our study had several limitations. First, acetaminophen exposure during the second trimester
was not ascertained. It may be important to learn the effect of exposure throughout the entire
pregnancy. Women who only used acetaminophen in the second trimester, likely a small
group, would be classified as nonusers, moving our result closer to the null. Second, because
exposure is self-reported, actual consumption of acetaminophen could not be verified. Also,
asthma of the mother and child are reported by the mother and not confirmed by medical
records. Nonetheless, the definition of asthma used here is common in epidemiologic
research. Finally, our study did not control for cotherapy. However, antibiotics are the only
class of drugs associated with asthma risk, but with increased risk. In this study, where a
decreased risk of asthma was observed, it is highly unlikely that antibiotics are confounding.
We are not aware of any prenatal drug exposures that reduce the risk of asthma. Thus,
confounding by other drugs is unlikely.

Our study showed that acetaminophen use during pregnancy does not increase the risk of
asthma in children, and there is no dose–response effect of acetaminophen. Although some
of our analysis showed a protective effect of the drug, we are unaware of any mechanism
supporting a real effect. Acetaminophen has antiinflammatory effects27–31 and in theory
may be expected to reduce asthma, but we are unaware of any literature to support this. An
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observed protective effect may also be attributed to a random effect. Crude ORs for high
doses (more than 1,300 mg/d of use and more than 5,200 mg/mo) showed an increased risk
of asthma, albeit nonsignificantly. After adjusting for potential confounders, the risk
decreased, suggesting that there were confounders that other studies were unable to take into
account.

In 2005, Eneli et al20 advised that recommending changes in acetaminophen use among
adults and children is premature. However, in 2009, Allmers et al17 suggested that the
general public should be warned of possible risk associated with acetaminophen. Based on
the results of this study, it may still be premature for public warnings of acetaminophen and
increased risk of asthma. Acetaminophen is the drug of choice for pain relief during
pregnancy and early childhood, and this study offers reassurance that antenatal
acetaminophen has limited, if any, effects on asthma development in children.
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Fig. 1.
Flowchart of patients showing inclusion and exclusions applied to the total cohort
population for the acetaminophen and asthma analysis.
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Table 3

Multivariate-Adjusted Model: Association of Ever Use of Acetaminophen During First and Third Trimesters
of Pregnancy and Asthma*†

Adjusted
OR 95% CI

Ever use of acetaminophen during first and third trimesters

     No Ref

     Yes 0.76 0.53–1.10

Child’s ethnicity

     White or Asian Ref

     African American 1.92 1.07–3.44

     Hispanic 2.84 1.80–4.48

     Biracial 2.32 1.31–4.10

Mother had physician-diagnosed asthma

     No Ref

     Yes 2.05 1.34–2.72

Child ever had sneezing or runny nose

     No Ref

     Yes 3.23 2.28–4.60

Child had itchy rash

     No Ref

     Yes 2.11 1.49–3.00

Kept pets inside home at sixth year

     No Ref

     Yes 0.69 0.49–0.98

OR, odds ratio; CI, confidence interval; Ref, referent.

*
Definition of asthma: diagnosis of asthma and wheezing during sixth year (±3 months) of life.

†
See † footnote in Table 1.
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