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Several studies have reported associations between prenatal acetaminophen exposure and behavioral
outcomes in young children. We aimed to evaluate the associations of prenatal and postnatal exposures to
acetaminophen with behavioral problems in children at age 11 years, using behavioral measures reported by
parents and children. We studied 40,934 mother-child pairs from the Danish National Birth Cohort enrolled during
1996–2002. Parent-reported and child-reported Strengths and Difficulties Questionnaire (SDQ) responses were
collected during the 11-year follow-up.We estimated risk ratios for behavioral problems including total difficulties as
well as internalizing or externalizing behaviors following prenatal (during pregnancy) or postnatal (within the first
18 months after birth) acetaminophen exposure. Parent-reported and child-reported SDQ scores were moderately
correlated; higher for externalizing (r = 0.59) than internalizing (r = 0.49) behaviors. Prenatal acetaminophen
exposure was associated with 10%–40% higher risks for total difficulties and internalizing and externalizing
problems based on parent- or child-reported SDQ, with the association being stronger for greater cumulative
weeks of acetaminophen use. Postnatal exposure was associated with 16%–19% higher risks for parent-reported
internalizing behaviors, but the associations were weak or null for child-reported scores except for prosocial
behavior. Our study corroborates published associations between prenatal exposures to acetaminophen and
behavioral problems and extends the literature to early adolescence.

acetaminophen; behavioral problems; DNBC; multiple informants’ comparison; paracetamol

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CI, confidence interval; DNBC, Danish National Birth Cohort; IPSW,
inverse probability of selection weight; SDQ, Strengths and Difficulties Questionnaire; RR, risk ratio.

Acetaminophen is one of the most common over-the-
counter drugs used to treat pain and fever (1, 2). This
medication has been considered safe to use in therapeutic
doses even for pregnant women (3–5). In recent years,
concerns have been raised by several large-scale birth cohort
studies that its use during pregnancy might increase the
risk of adverse reproductive and childhood neurodevelop-
mental outcomes (3, 6–15). Potential underlying mecha-
nisms include its endocrine-disrupting properties, such as
its inhibition of androgen and prostaglandin synthesis (16,
17), or its induction of oxidative stress leading to neu-
ronal death in early development (18, 19). The majority of
epidemiologic studies addressing neurobehavioral problems

included children at ages 7 or younger and relied solely on
parent-reported outcomes (3, 6, 10–12) with a few being
able to collect neuropsychological measures in age 5 or
younger administered by trained psychologists (8, 9). Only
a few cohorts had access to diagnoses or treatment data for
attention-deficit/hyperactivity disorder (ADHD) ascertained
from medical records through approximate ages 10–15 years
(7, 13, 20–22).

Debates over the validity of the findings from these cohort
studies have focused mostly on uncontrolled confounding,
particularly due to unmeasured or unknown factors affect-
ing both maternal acetaminophen intake and child behav-
ioral outcomes (23–25). Several studies tried to address this
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bias using a sibling-controlled design and negative-control
analyses (3, 10, 11, 13). These studies suggested that time-
fixed confounding factors such as genetics, familial socio-
economic differences, or maternal chronic illnesses were
not plausible reasons for the observed associations between
prenatal acetaminophen exposure and ADHD-like behaviors
in children. However, a recent meta-analysis with bias anal-
ysis suggested that the role of unmeasured confounder(s)
needs to be further evaluated (25). Despite such elaborate
discussion about unmeasured confounding on this topic,
evaluation for another type of bias introduced when both
exposures and outcomes are reported by the same informant
is scarce. Some efforts were made by comparing results of
maternal reports of exposure and child behavioral outcomes
measures reported by mothers or teachers (8, 9, 26, 27) but
these were studies with less than 3,000 mother-child pairs.
Behavioral difficulties self-reported by the children have
rarely been available.

Addressing this issue is important given the potential
for dependent and possibly differential misclassification
(28) due to reporting by the same informant. For instance,
mothers who more carefully report their pregnancy drug
intake might also be more aware of or likely to later report
their child’s behavioral problems. A previous study has also
shown that mothers’ personality traits, such as conscien-
tiousness, are associated with self-reported acetaminophen
intake during pregnancy and these personality traits might
be related to the perceptions and reports of child behaviors
(29). In addition, the perception and reporting of behavioral
and emotional problems differ across informants, with low
to moderate agreement found between parent and child
reports (30). Parent-child agreement tends to be higher on
observable symptoms (i.e., externalizing problems) than
unobservable symptoms (i.e., internalizing problems) and
higher with younger children than adolescents (31). Studies
investigating child-reported behavioral outcomes and their
associations with prenatal acetaminophen use are lacking,
and they would provide invaluable information on the out-
comes. Thus, it is imperative to examine behavioral prob-
lems reported by children themselves at older ages.

Furthermore, the possible impact of acetaminophen ex-
posure in infancy on neurodevelopment is underexplored.
While fetal development is likely the most sensitive period
for environmental perturbation of neurodevelopment, the
maturation of the central nervous system might be affected
by exposures in infancy (16, 17, 32). In this context, we con-
ducted a study in the Danish National Birth Cohort (DNBC)
to examine the associations of prenatal and/or postnatal
exposures to acetaminophen with behavioral problems at age
11 years, assessed using both parent and child reports, based
on the Strengths and Difficulties Questionnaire (SDQ).

METHODS

Study participants

The DNBC was established in Denmark during 1996–
2002, when 100,418 pregnant women enrolled in the cohort
at their first general-practitioner antenatal visit (during

weeks 6–12), and the mothers and children have been
followed since (33). For analyses of prenatal acetaminophen
use, we restricted the cohort to live-born children whose
mothers answered the study enrollment form and the 3
subsequent telephone interviews (scheduled at approxi-
mately the 12th and 30th gestational weeks and at 6 months
after birth), all of which collected information on prenatal
acetaminophen use (n = 64,322). Among them, 40,934 had
SDQ outcome scores reported by both the mother and the
child when the index child was 11 years old. For postnatal
acetaminophen exposure analyses, we additionally restricted
the cohort to mothers who had answered the interview
conducted at 18 months after birth with information on the
infant’s acetaminophen treatment (n = 27,742). Details in
the study population selection are described in Web Figure
1 (available at https://doi.org/10.1093/aje/kwaa257). All
participants provided written informed consent at the time of
inclusion in the DNBC. The research protocol for this study
was approved by the DNBC steering committee (project no.:
2018–13), Danish data inspectorate (journal no.: 2016–051-
000001, serial no.: 1297), and the institutional review boards
at the University of California, Los Angeles (16–001849),
and Yale University (2000024089).

Exposures to acetaminophen

Information about maternal acetaminophen use during
pregnancy was ascertained from the study enrollment form
and 3 computer-assisted telephone interviews. At the first
contact, women answered questions regarding any supple-
ment and medication use covering the period from 4 weeks
before pregnancy to the gestational week of reporting. In the
subsequent telephone interviews, women were specifically
asked to report whether they had taken any painkillers during
pregnancy and provided with a list of 44 common medica-
tions, including acetaminophen as a single or combination
drug. Women were asked to indicate the gestational week of
intake for each medication, and we used the weekly intake
information to calculate trimester-specific and cumulative
weeks of use. Information regarding acetaminophen expo-
sure during infancy was ascertained through the computer-
assisted telephone interviews at about 6 and 18 months
postpartum. Mothers were asked to report whether their
children had experienced any of 16 types of conditions or
diseases and the specific pharmaceutical treatment for these
conditions (Web Table 1).

Parental and self-reports of children’s behavioral
problems at age 11 years

Children’s behaviors were assessed based on the standard-
ized SDQ, which is a 25-item screening tool that assesses
behavioral problems and mental health status of children and
adolescents between the ages of 4 and 18 years (34). When
the DNBC children turned 11 years of age, both parents and
children were invited to complete the SDQ. There are 5 SDQ
subscales (emotional symptoms, conduct problems, hyper-
activity/inattention, peer problems, and prosocial behavior),
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all consisting of 5 items. Based on the recommendations for
scoring the SDQ (http://www.sdqinfo.com), we calculated a
total difficulties score (range, 0–40) by summing the first
4 subscales, ranging from 0–10 each, with higher scores
indicating more negative behaviors and problems. We then
dichotomized each subscale according to the recommended
cutoff to indicate atypical behaviors for the parent-reported
and child-reported SDQ (34). We also created an “internaliz-
ing” subscale, which combined the emotional symptoms and
peer problems subscales, and an “externalizing” subscale
that combined the conduct and hyperactivity/inattention sub-
scales (35, 36). There are no recommended cutoff points for
internalizing or externalizing composite scores; thus, the top
95th percentile of each distribution was defined a priori as
the cutoff. A subset of parents also answered 6 questions
(each with a possible response value of 0, 1, or 2) about their
own behavioral problems during childhood when the index
child turned 7 years of age (7), which allowed us to generate
a parental behavioral problems score (range 0–12).

Statistical analysis

We calculated Pearson correlation coefficients (r), Cron-
bach’s α, and κ coefficients between parent-reported and
child-reported SDQ. We employed modified Poisson re-
gression models to estimate risk ratio and 95% confidence
interval for acetaminophen exposure and binary classifica-
tions for overall behavioral problems, internalizing behav-
iors, externalizing behaviors, and each of the 5 subscales
(emotional symptoms, conduct problems, hyperactivity/
inattention, peer relationship, and prosocial behavior) re-
ported either by parents or children. To compare relative
risk estimates between parent-reported and child-reported
SDQ, we computed P values for heterogeneity using a
generalized linear mixed model including a product term for
acetaminophen exposure and the rater of SDQ (i.e., parent or
child). To account for potential differences in neurobehav-
ioral development in boys and girls (37), we also conducted
analyses stratified by child’s sex to evaluate effect measure
modification. We tested for heterogeneity using a product
term for acetaminophen exposure and child’s sex. For
the prenatal period, we further analyzed trimester-specific
exposure (used only in the first (1–12 weeks), second (13–
24 weeks), or third trimester (25th week to delivery), in any
2 trimesters, or in all trimesters) and cumulative weeks of
exposure (1–5, 6–10, or >10 weeks). We also evaluated the
linear exposure-response by fitting the number of weeks of
acetaminophen use in pregnancy as a continuous variable.

Potential confounders were selected a priori considering
factors that might affect child neurobehavioral development
and might also be associated with acetaminophen exposure.
In all models, we included mother’s age at childbirth (con-
tinuous), parity (1, 2, >2), socio-occupational status (low,
medium, high), maternal prepregnancy body mass index
(calculated as weight (kg)/height (m)2; <18.5, 18.5–24.9,
25.0–29.9, ≥30.0), and birth year (continuous). In the model
for acetaminophen exposure during pregnancy, we addi-
tionally adjusted for maternal smoking during pregnancy
(never and ≤9 or >9 cigarettes per day), maternal alco-
hol intake during pregnancy, mother’s self-reported psychi-

atric illnesses before and during pregnancy, indications for
maternal acetaminophen use (including diseases of muscles
or joints during pregnancy, episodes of fever during preg-
nancy, and inflammation/infections during pregnancy), and
prenatal use of nonsteroidal antiinflammatory drugs such
as aspirin and ibuprofen. In models estimating the effect
of postnatal exposure to acetaminophen, we additionally
adjusted for acetaminophen use during pregnancy, the major
indications for acetaminophen use during infancy (including
fever, infection or inflammation of the eye, ear or throat,
and respiratory tract illnesses), being born preterm (defined
as gestational age less than 37 weeks), and birth weight
in grams (<2,500, 2,500–4,500, >4,500). Ten simulated
complete data sets were generated via imputation assuming
multivariate normal distribution for about 8% of participants
who had at least 1 missing covariate value (38).

We also conducted several sensitivity analyses. First, we
reclassified the outcome defined as children who met the
SDQ cutoff in both the parental and the child assessments
(39). Second, we additionally controlled for parental child-
hood behavioral problem scores to account for familial
and genetic risks (40). Third, given the potential confound-
ing by mother’s breastfeeding for postnatal exposure (41),
we also adjusted for duration of breastfeeding (none or,
in months, <3, 3–6, >6) in the analyses for infancy use
of acetaminophen. Fourth, we employed negative binomial
regression models to estimate adjusted relative ratio for
increasing SDQ score as count data according to prenatal
or postnatal acetaminophen exposure. Finally, we evaluated
whether the results were sensitive to the SDQ cutoff point
used to define behavioral difficulties by varying the cutoff
from −2 to +2 of the scores employed in the main analyses.

In the main analyses, we used the inverse probability of
selection weight (IPSW) technique to account for possible
selection bias due to nonparticipation at the 11-year follow-
up (42). Stabilized IPSW and 95% confidence intervals esti-
mated with robust variance estimators were incorporated in
all regression analyses. In sensitivity analyses, we compared
results with and without IPSW. All statistical analyses were
performed using SAS, version 9.4 (SAS Institute, Inc., Cary,
North Carolina).

RESULTS

In our study sample, 53% of mothers reported using ace-
taminophen at least once during pregnancy, and 10% of the
offspring received acetaminophen during the first 18 months
after birth (Table 1).

Parent- and child-reported behavioral problems

The medians of child-reported SDQ scores at age 11
years tended to be higher than the parent-reported mea-
sures (Table 2). However, using the binary classification
of atypical behavior with the recommended cutoffs for the
instrument, a higher proportion of children were classified as
having emotional problems (9.3% vs. 2.3%), peer problems
(4.5% vs. 1.9%), and lack of prosocial behavior (5.5% vs.
3.3%) based on parent report than child report. The Pearson
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Table 1. Maternal and Child Characteristics of the Study Population in the Danish National Birth Cohort, 1996–2002

Characteristic

Prenatal Exposure to Acetaminophen
(n = 40,934)

Postnatal Exposure to Acetaminophena

(n = 27,742)

% Yes (n = 21,670) % No (n = 19,264) % Yes (n = 2,855) % No (n = 24,887)

Mother’s age, years

≤24 7.1 6.9 6.9 6.3

25–29 38.0 38.4 40.5 37.3

30–34 38.8 38.6 39.1 39.2

≥35 16.1 16.2 13.5 17.1

Child’s sex

Female 52.4 50.5 49.0 52.0

Male 47.6 49.5 51.0 48.1

Parental socio-occupational
status

Low 2.7 2.0 1.8 2.4

Medium 24.6 22.3 21.0 24.5

High 68.4 69.7 73.7 69.6

Missing 4.3 6.0 3.5 3.5

Parity

1 43.2 49.0 51.2 44.4

2 37.6 33.4 34.7 36.0

>2 16.5 14.5 11.2 16.9

Missing 2.7 3.1 2.9 2.7

Mother’s prepregnancy body
mass indexb

<18.5 3.6 4.3 4.4 3.9

18.5–24.9 65.1 69.0 68.4 67.6

25.0–29.9 18.5 14.7 16.1 17.4

≥30.0 7.4 4.7 6.3 6.4

Missing 5.5 7.3 4.8 4.7

Maternal smoking during
pregnancy, cigarettes/day

Never 75.5 79.4 79.0 78.8

≤9 12.7 10.6 12.2 11.2

>9 11.3 8.3 8.8 10.0

Missing 0.5 1.7 0.0 0.01

Maternal ever alcohol intake
during pregnancy

73.9 70.0 73.9 72.4

Missing 0.5 1.6 0.0 0.01

Mother ever had psychiatric
illness

17.0 13.2 16.9 15.0

Fever during pregnancy 32.1 21.1 29.6 26.7

Muscle and joint disease during
pregnancy

11.9 7.6 11.9 9.9

Infection and inf lammation during
pregnancy

17.0 12.1 17.9 15.0

Prenatal use of nonsteroidal
antiinf lammatory drugs

13.6 11.7 14.6 12.4

Table continues
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Table 1. Continued

Characteristic

Prenatal Exposure to Acetaminophen
(n = 40,934)

Postnatal Exposure to Acetaminophena

(n = 27,742)

% Yes (n = 21,670) % No (n = 19,264) % Yes (n = 2,855) % No (n = 24,887)

Infection or inf lammation of the
index child

N/A N/A 67.4 61.0

Fever episode of the index child N/A N/A 67.7 44.2

Preterm birth N/A N/A 4.3 4.0

Birth weight, g

<2,500 N/A N/A 2.7 2.8

2,500–4,999 N/A N/A 92.4 92.5

≥4,500 N/A N/A 5.0 4.7

Duration of breast feeding

No N/A N/A 3.8 2.9

<3 moths N/A N/A 13.7 12.3

3–6 months N/A N/A 15.2 14.9

>6 months N/A N/A 60.3 64.6

Missing N/A N/A 7.0 5.3

Parent’s behavioral scores during
their own childhood

1–3 67.1 69.8 69.4 70.7

4–7 11.4 9.1 11.9 10.6

8–12 2.2 1.6 1.7 1.9

Missing 19.3 19.5 17.0 16.8

Abbreviation: N/A, not applicable.
a During infancy in the first 18 months after birth.
b Weight (kg)/height (m)2.

correlation coefficient between parent- and child-reported
SDQ total difficulty scores at 11 years was moderate (r =
0.58), with a higher correlation for externalizing behaviors
(r = 0.59) than internalizing behaviors (r = 0.49); among
all SDQ subdomains, measures for hyperactivity had the
highest correlation (r = 0.57), and the prosocial subscale had
the lowest correlation (r = 0.34). We found a consistent trend
for α reliability and κ coefficients.

Linking acetaminophen use during pregnancy to
parent- and child-reported SDQ

For both parent- and child-reported SDQ, maternal ace-
taminophen use during pregnancy was positively associated
with the risks of SDQ total difficulties (parent-reported,
risk ratio (RR) = 1.14, 95% confidence interval (CI): 1.01,
1.29; child-reported, RR = 1.40, 95% CI: 1.20, 1.63),
internalizing problems (parent-reported, RR = 1.09, 95%
CI: 1.00, 1.19; child-reported, RR = 1.13, 95% CI: 1.04,
1.23), and externalizing problems (parent-reported, RR =
1.07, 95% CI: 0.99, 1.15; child-reported, RR = 1.13,
95% CI: 1.05, 1.22) (Table 3). We did not find evidence
of heterogeneity in most of the rater-specific risk ratios
comparisons except for the SDQ total difficulties (P = 0.01).

Some sex-specific differences were found (i.e., the exposure
effect estimates of total difficulties for child-reported SDQ
and externalizing behavior for both parent-reported and
child-reported SDQ were stronger in boys and null for girls
(Web Table 2)).

In analyses by trimester of use, associations between
acetaminophen intake in the first or the third trimester only
and SDQ total difficulties, internalizing or externalizing
problems were slightly stronger compared with exposure in
the second trimester (Table 4). The estimated risk ratios were
higher for all parent-reported outcomes and some child-
reported outcomes when acetaminophen was used in more
than 1 pregnancy trimester. Greater cumulative weeks of
acetaminophen use in pregnancy were also associated with
SDQ total difficulties and internalizing behavioral problems,
and the findings were consistently seen with both parent- and
child-reported SDQ (Table 5).

Linking acetaminophen use during infancy to parent-
and child-reported SDQ

Postnatal acetaminophen use in the first 18 months of
life was associated with parent-reported total difficulties
(RR = 1.18, 95% CI: 0.95, 1.48) and internalizing problems
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Table 5. Risk Ratios for Parent- and Child-Reported Behavioral Difficulties Assessed by Strengths and Difficulties Questionnaire at Age 11
Years According to Cumulative Weeks of Acetaminophen Use During Pregnancy in the Danish National Birth Cohort, 1996–2002

Outcome Score

1–5 Weeks (n = 11,093) 6–10 Weeks (n = 1,378) >10 Weeks (n = 2,830)
P for

TrendAdjusted
Risk Ratiosa 95% CI

Adjusted
Risk Ratiosa 95% CI

Adjusted
Risk Ratiosa 95% CI

Parent-reported

SDQ total difficulties ≥17 1.07 0.92, 1.23 1.27 0.95, 1.70 1.32 1.06, 1.63 0.03

Internalizingb ≥8 1.04 0.94, 1.16 1.08 0.86, 1.36 1.17 0.99, 1.37 0.13

Externalizingb ≥8 1.02 0.93, 1.11 1.08 0.89, 1.30 1.11 0.97, 1.27 0.35

Child-reported

SDQ total difficulties ≥17 1.25 1.04, 1.51 1.47 1.03, 2.12 1.58 1.22, 2.06 <0.01

Internalizingb ≥9 1.12 1.01, 1.24 1.12 0.89, 1.41 1.27 1.08, 1.48 <0.01

Externalizingb ≥9 1.12 1.02, 1.22 1.17 0.97, 1.42 1.16 1.02, 1.33 0.06

Abbreviations: CI, confidence interval; SDQ, Strengths and Difficulties Questionnaire.
a Adjusted maternal age at birth, child’s birth year, parity, socio-occupational status of mother, maternal prepregnancy body mass index,

maternal smoking, alcohol drinking during pregnancy, mother’s ever having had mental health problems, maternal diseases in muscles/joints,
fever or infection/inf lammation during pregnancy, and NSAIDs intake during pregnancy. Reference was never-user (n = 19,264).

b Defined by 95th percentile of each composite score.

(RR = 1.15, 95% CI: 0.98, 1.35), but the 95% confidence
intervals of these effect estimates included the null (Table 3).
There was no association between postnatal acetaminophen
use and child-reported total difficulties, internalizing prob-
lems, or externalizing problems. There was no evidence
of heterogeneity comparing the risk ratios by raters. Con-
cerning SDQ subdomains, a positive association with peer
problems (RR = 1.19, 95% CI: 1.00, 1.42) was found only
in parent-reported but not child-reported outcomes. In con-
trast, postnatal acetaminophen exposure was associated with
the lack of prosocial behavior only in child-reported SDQ
(RR = 1.22, 95% CI: 1.00, 1.49), with no association for
parental reports. Some inconsistencies were also found in
analyses by child sex, such that the associations of postnatal
acetaminophen exposure with total difficulties or internaliz-
ing behaviors were higher in boys based on parent reports
and higher in girls based on child reports (Web Table 2).

Sensitivity analyses

When using a combined outcome based on parent- and
child-reported scores, we found that prenatal acetaminophen
exposure consistently showed positive associations with
total difficulties and internalizing and externalizing behav-
iors (Web Table 3). Results did not change when we addi-
tionally adjusted for parents’ childhood behavioral scores or
duration of breastfeeding (Web Table 4–5). Analyses using
continuous SDQ scores as the outcome were also consistent
for the associations between acetaminophen exposure during
pregnancy and the parent- or the child-reported measures
(Web Table 6). For postnatal exposure, positive associations
were found only for parent- and not child-reported measures.
Results did not change substantially in models without
IPSW (Web Table 7). Our main findings were also robust

to changing the SDQ cutoff by ±2 to define behavioral
difficulties (Web Figure 2–3).

DISCUSSION

In this large population-based cohort, maternal acetamin-
ophen use during pregnancy was consistently associated
with increased risks for offspring developing behavioral and
emotional problems at 11 years of age, using outcome mea-
sures reported by the parent or the child. We also observed
associations between infant treatment with acetaminophen
during the first 18 months of life and internalizing behaviors,
but these results were less consistent across parent- and
child-reported outcomes.

Associations between maternal intake of acetaminophen
during pregnancy and adverse neurobehavioral outcomes in
young children have been reported in several birth cohorts,
including 3 cohort studies that assessed behavioral problems
in children using parent-reported SDQ (6, 7, 10). Prior stud-
ies neither simultaneously assessed prenatal and postnatal
exposures nor used more than 1 informant for the outcome
assessments. There was also little information on how much
SDQ scores varied by the type of informant in the large
population-based samples (43–45). In our study, we com-
pared the SDQ reported by parents and their index children
at 11 years of age in the DNBC. The parent-child correlation
for the total difficulties score in this study (r = 0.58) was
higher than previous SDQ results in European children (r ≈
0.40) (46, 47) and another meta-analytic mean of 119 studies
worldwide on childhood behavioral and emotional problems
(r = 0.25) (48). Consistent with the literature (31), the parent-
child agreement was higher for externalizing problems than
for internalizing problems, possibly because externalizing prob-
lems are more observable by the parents than internalizing
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problems (49, 50). Despite the relatively high parent-child
agreement, there are still nonshared variances between the
2 informants, suggesting that parents and children each
provide unique information about the child’s behavioral and
emotional problems.

We found rather consistent associations between prena-
tal exposure to acetaminophen and behavioral problems in
children, using either parent- or child-reported SDQ. The
acetaminophen exposure in pregnancy was based on mater-
nal reports; therefore, a positive association found between
the exposure and outcome assessed by different informants
provided additional assurance that the finding is unlikely
to be driven solely by shared-method variances in parental
reports. The concerns for possible correlated errors are not
completely resolved in these multiple-informant compar-
isons, because inherited personality traits or family factors
might influence both parent and child outcome reports.
However, if the observed association is strongly driven by
correlated errors of exposure and outcome reports, we would
expect to find stronger association for parent-rated than
child-rated SDQ, which was true only for results concern-
ing postnatal acetaminophen exposure but not for prenatal
exposure. Moreover, the prevalence of infants exposed to
acetaminophen was lower than that in previous reports (51,
52), and there are some discrepancies in results based on dif-
ferent informants for postnatal exposure to acetaminophen.
Further evaluation that addresses the possibility of a report-
ing bias for acetaminophen treatment of infants is needed.

Mechanisms underlying the neurodevelopmental toxicity
of acetaminophen have not been established, but several
have been proposed. It is known that acetaminophen crosses
the placenta (53) and penetrates the blood-brain barrier (54).
Animal and human studies found that acetaminophen has
endocrine-disrupting properties, such as inhibiting androgen
or prostaglandin synthesis (16, 17). Given that endocrine
homeostasis plays an important role in development through-
out both the prenatal and postnatal periods, its disruption
might affect neurodevelopment of the fetus (55, 56) and
thus increase the risk of behavioral and emotional difficulties
later on. For example, an experimental study in mice showed
that paracetamol administration to neonates alters locomotor
activity and spatial learning skills in adulthood, possibly
through affecting brain-derived neurotrophic factor levels in
the neonatal brain (the neonatal period in mice corresponds
to the third trimester of brain development in humans)
(32). Another rodent study has shown that acetaminophen
could interrupt brain development via direct neurotoxicity
by inducing oxidative stress leading to neuronal cell deaths
(18).

Consistent with previous studies (57), we estimated in-
creased risks in childhood behavioral difficulties for greater
cumulative weeks of acetaminophen use during pregnancy.
However, studies used various classifications to investigate
the duration or frequency of exposure in pregnancy accord-
ing to the data each study collected. Also, it remains unclear
whether there is a threshold for an acetaminophen exposure
effect on neurodevelopment. The DNBC collected gesta-
tional week–specific intake data, and we found a smaller
but still elevated risk for child-reported SDQ outcomes
associated with less than 5 weeks of acetaminophen intake

in pregnancy. The possibility that a lower dose exposure can
affect a critical developmental period in pregnancy needs to
be considered (58).

A major strength of our study is that study participants
were enrolled in a well-established national longitudinal
cohort, and its large sample size provides adequate power to
compare results based on parent- and child-reported SDQ.
Another strength is the use of multiple informants in out-
come assessments as well as a repeated assessment of pre-
natal and postnatal use of acetaminophen. Moreover, we
used IPSW to account for possible selection bias, and we
were able to control for a comprehensive set of poten-
tial confounders including indications for acetaminophen
use by the mother and infant. However, our study also
has several limitations. Exposure and outcome were based
on reports from the participants, and measurement errors
might be expected to occur. We had no information on
the number of pills and dosage taken during pregnancy
and infancy, which prevented us from conducting more
detailed exposure-response analyses. The low prevalence of
postnatal acetaminophen use in the DNBC might reflect
the true use rate for the Danish population or represent
underreporting (51, 52). Last, we cannot rule out the possi-
bility of residual confounding, time-varying confounding by
pregnancy-specific factors, and confounding by indications
of drug use in our findings. Further investigations are needed
to address these limitations due to measurement error and
unmeasured confounding.

In conclusion, we found that prenatal exposure to acet-
aminophen was associated with behavioral problems in chil-
dren at 11 years of age, extending the previous literature
focusing on early childhood to include results for late child-
hood and early adolescence. A positive association was
also observed for the exposure of infants to acetaminophen.
Because some findings for postnatal exposure were seen
only with parent-reported outcomes, reporting bias is a
concern here, and further evaluation in future studies is
warranted.
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