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Acetaminophen, which is one of the most commonly used medications during
pregnancy, has been linked to adverse neurodevelopmental outcomes among
offspring during childhood. Less is known about associations with outcomes
occurring later in adolescence.

Methods: We conducted a follow-up study of children born between 1996 and
2002. Data on illnesses and medications, including acetaminophen, during
pregnancy were collected through a standardized interview after delivery.
Behavioral assessments were conducted at two subsequent time points,
childhood (ages 5–10) and adolescence (ages 11–17). Outcomes examined
included internalizing, externalizing, and total behavior problems based on the
parent-completed Child Behavior Checklist (CBCL), the teacher-completed
Teacher Report Form (TRF), and the youth-completed Youth Self Report (YSR,
adolescent follow-up only). Adjusted linear regression models were used to
calculate mean differences (MD) and 95% confidence intervals (95% CI) in
T-scores comparing those with prenatal acetaminophen exposure to those
without. Stabilized inverse probability weights were used to account for attrition.

Results: Among the 216 mother-child dyads with completed parent and teacher
behavioral assessments at both childhood and adolescence, prenatal
acetaminophen exposure was not associated with behavioral problems
according to either parent or teacher assessments. Modest increases in
externalizing and total behavior problems were observed according to youth
report (MD: 1.9). Compared to associations observed during the childhood follow-
up, associations at adolescence were attenuated according to parent-report.

Conclusion: Reported associations between prenatal acetaminophen exposure
and behavioral outcomes were not consistent over time nor between reporters.
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Introduction

Acetaminophen has long been considered the safest pain reliever to take during
pregnancy (Society for Maternal-Fetal Medicine Publications Committee, 2017), with an
estimated 60% of pregnant patients reporting use at some point during pregnancy (Bandoli
et al., 2019). However, recent studies have suggested that prenatal acetaminophen usemay be

OPEN ACCESS

EDITED BY

Helga Zoega,
University of New South Wales, Australia

REVIEWED BY

Lakshmi Rajagopal,
Northwestern University, United States
Aida Petca,
Carol Davila University of Medicine and
Pharmacy, Romania

*CORRESPONDENCE

Rashida S. Smith-Webb,
rsmithw@bu.edu

SPECIALTY SECTION

This article was submitted
to Pharmacoepidemiology,
a section of the journal
Frontiers in Pharmacology

RECEIVED 31 October 2022
ACCEPTED 17 February 2023
PUBLISHED 02 March 2023

CITATION

Smith-Webb RS, Barnard-Mayers R,
Werler MM and Parker SE (2023), Prenatal
exposure to acetaminophen and
adolescent assessment of behavior:
Discrepancies by age and reporter.
Front. Pharmacol. 14:1084781.
doi: 10.3389/fphar.2023.1084781

COPYRIGHT

© 2023 Smith-Webb, Barnard-Mayers,
Werler and Parker. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 02 March 2023
DOI 10.3389/fphar.2023.1084781

https://www.frontiersin.org/articles/10.3389/fphar.2023.1084781/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1084781/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1084781/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1084781/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2023.1084781&domain=pdf&date_stamp=2023-03-02
mailto:rsmithw@bu.edu
mailto:rsmithw@bu.edu
https://doi.org/10.3389/fphar.2023.1084781
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2023.1084781


a risk factor for adverse neurodevelopmental outcomes among
offspring, including attention deficit hyperactivity disorder
(ADHD), autism, behavioral problems, and executive function
(Brandlistuen et al., 2013; Liew et al., 2014; Thompson et al.,
2014; Liew et al., 2015; Andrade, 2016; Liew et al., 2016;
Stergiakouli et al., 2016; Ystrom et al., 2017; Rifas-Shiman et al.,
2020). Studies of prenatal exposures and childhood
neurodevelopment are often fraught with limitations, including
unmeasured confounding, challenges with outcome assessment,
and exposure misclassification; as such, the validity of these
studies has been called into question (Damkier et al., 2015;
Damkier, 2020).

In contrast to clinically diagnosed outcomes, subclinical
measures of childhood behavior are assessed with a variety of
instruments and reporters, without a consistent case definition. A
limitation of the existing literature on subclinical outcomes is the
reliance on a single reporter of behavior, most frequently the parent
or caregiver. While parental assessments of behavior provide
valuable information, child functioning varies from one
environment to another, due in part to different relationships
and interactions (Achenbach et al., 1987). Thus, assessments of
the child in different settings, such as home and school, provide a
broader picture of child’s behavior where inconsistencies are
common. Assessments with parent or caregiver as the reporter
generally produce poorer scores of child’s behavior than those
from a teacher across numerous instruments (Youngstrom et al.,
2000; Stone et al., 2013; Falt et al., 2018), and parental stress
(Youngstrom et al., 2000) and socioeconomic indicators (Stone
et al., 2013) have been repeatedly identified sources of
discrepancies between reporters. The magnitude of such
discrepancies also differs by child age (Achenbach et al., 1987;
Murray et al., 2018).

The potential impact of prenatal exposure to acetaminophen on
behavioral outcomes has largely been studied among elementary-
school aged and early adolescent children. Studies that have
explored these associations in older adolescents report potentially
waning associations over time (Tovo-Rodrigues et al., 2018; Golding
et al., 2019), but explanations for attenuation of an effect with
increasing age are lacking. Additional data are needed to further
explore both repeated measurements during childhood and
adolescence with multiple reporters.

To address the limitations (i.e., single reporter, dependent error,
selection bias), we conducted a follow-up study with repeated
measurements collected during childhood and adolescent by
three reporters. The objective of this study was to investigate the
association between prenatal acetaminophen exposure and
behavioral problems during childhood and at adolescence,
assessed by a parent, a teacher, and the child themselves.

Materials and methods

Data

The data used in this analysis come from a case-control study of
prenatal exposures and craniofacial malformation in infants born
between 1996 and 2002. Details of the study design have been
described previously (Werler et al., 2004). Briefly, cases of hemifacial

microsomia were ascertained from 26 craniofacial centers across the
United States and Canada. Controls were live-born infants without a
major malformation, randomly selected from the same birth
population as cases and matched on birth year, pediatric practice,
or practices within the same zip code. Information on maternal
demographics, reproductive history, illnesses during pregnancy, and
medication use was collected through an interview conducted within
4 years of delivery. Participants of the original study were re-
contacted to participate in a follow-up study that collected
information on neurodevelopment during childhood (5–10 years)
and adolescence (11–17 years). The analytic cohort for this analysis
includes the 216 singleton control children with data on maternal
exposures collected on average 12 months after delivery (IQR:
3–18 months) and neurodevelopment assessments in both
childhood and adolescence (Figure 1). This study was approved
by the Institutional Review Board (IRB) at Boston University.

Exposure

Information on acetaminophen use during pregnancy was
collected via standardized telephone interview after delivery and
prior to conduct of any neurodevelopmental assessments of the
child. Mothers were asked about medication use for upper
respiratory infection (cold, flu, and bronchitis), pain, fever,
headaches (migraine and sinus), and other selected indicators for
the 6-month period beginning the 1 month prior to their last
menstrual period through the fifth month of pregnancy. Mothers
were also asked if they have used any of a list of specific medications,
including Tylenol and acetaminophen. For each medication
reported, information was reported on the product name, start

FIGURE 1
Flow diagram of eligible controls from the case-control study
and number of participants at childhood and adolescent behavioral
assessments.
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and stop dates, and frequency and duration. When available,
confirmation of the exact medication formulation was done
through product packaging or identification from medication
booklet used to aid in recall. The Slone Drug Dictionary was
used to classify all medications reported (Kelley et al., 2003).
Mothers were considered exposed to acetaminophen if they
reported any medication that contained acetaminophen alone or
in combination with other medications during pregnancy.
Acetaminophen use reported prior to the last menstrual period
was not included. Maternal acetaminophen use served as a proxy for
prenatal exposure and was categorized as no exposure (reference) or
any exposure, and among any exposure, chronic exposure was
defined as >28 days during pregnancy.

Outcome

The primary outcome of interest for this study was report of
behavioral problems during adolescence. Adolescent behavior was
assessed using the school-age Achenbach System of Empirically
Based Assessments (ASEBA), which allows for comparison of
reports across reporters or informants (Achenbach and Rescorla,
2001). The assessments used include the parent-completed Child
Behavior Checklist (CBCL), the teacher-completed Teacher Report
Form (TRF), and the self-completed Youth Self Report (YSR). The
forms cover a range of behavioral components for which responses
are tallied to provide measures for the broadband scales, including
internalizing behavioral problems (consisting of anxious/depressed
signs, withdrawn/depressed signs, and somatic complaints),
externalizing behavioral problems (consisting of rule-breaking
and aggressive behavior) and total behavior problems. In this
analysis, we focus on the three composite broadband scales. The
school-age CBCL and TRF assessments were also completed during
the childhood follow-up of this cohort. T-scores, which are normed
to gender (Achenback and Rescorla, 2001), for each assessment were
calculated and serve as a measure of the degree to which an
individual deviates from a normative sample (mean = 50, SD =
10) with higher scores indicative of worse behavior. We also
dichotomized the broadband scale T-scores to reflect scores in
the borderline clinical and clinical range (T ≥ 60). Children with
scores from 60 to 63 are considered to be in the borderline clinical
range, with scores above 64 indicating a child within the clinical
range.

Analysis

We examined the distribution of maternal characteristics in the
analytic sample overall and by acetaminophen use during
pregnancy. For assessments collected among adolescents, we
calculated mean scores for internalizing, externalizing and total
(broadband) scales of the CBCL, TRF, and YSR, and Pearson
correlation coefficients of scores between pairs of reporters
(parent-teacher, parent-youth, teacher-youth). We used linear
regression models to calculate the unadjusted and adjusted mean
differences (MD) and 95% confidence intervals (CIs) for the
broadband scales at adolescence according to the three reporters
(parent, teacher, and youth). Mothers reporting no acetaminophen

use during pregnancy was the reference group. We identified
confounders for adjustment a priori based on prior literature,
which included maternal age, education, marital status, parity,
drinking, and smoking.

To address concerns about cohort attrition leading to selection
bias, we conducted weighted analyses using stabilized inverse-
probability weighting (SIPW) based on the probability of
participation and compared these weighted results to the adjusted
regression results. Variables used to calculate the weights using a
logistic regression model were maternal age and paternal age at
delivery, infant sex, maternal race, marital status, maternal
education, alcohol drinking and smoking during pregnancy,
parity, gravidity, acetaminophen exposure, headache, and
planned pregnancy. The c-statistic of the model was 0.696. We
then divided the predicted probability of participation by the
proportion of mothers that participated to create stabilized
weights, which can avoid the influence of extreme weights.

For the dichotomized broadband scales using deviant cut points
(T-scores ≥60), we conducted log-binomial regression models with a
Poisson distribution to calculate unadjusted and stabilized inverse
probability weighted risk ratios (RR). We repeated the analysis for
CBCL and TRF T-scores collected at the childhood assessment in
order to compare results between the childhood and adolescent time
frames.

We also conducted sensitivity analyses to examine the impact of
adjustment for indication (headache, upper respiratory infection, and
pain) and also examined associations between chronic use of
acetaminophen during pregnancy (>28 days) and behavioral
outcomes. To test the robustness of our findings with regards to
inclusion criteria, we reexamined associations between prenatal
acetaminophen exposure and behavioral outcomes among
respondents who had at least one behavioral assessment completed
in adolescence. We used the previously calculated weights for the
cohort completing both assessment at childhood and adolescence.

Results

There were 826 eligible controls of which 216 had both parent
and teacher assessments completed during childhood and
adolescence. Mothers included in the analytic sample were
predominantly white (80.1%), with at least 16 years of education
(56.0%), and married (97.1%) (Table 1). Among these women,
66.2% reported any acetaminophen use during pregnancy.
Acetaminophen users were more likely to be non-Hispanic white
(86.0% vs. 68.5%) and have at least 16 years of education (58.0% vs.
52.1%) but less likely to report smoking (11.9% vs. 19.2%) and
drinking (32.9% vs. 35.6%) during pregnancy compared to non-
users (Table 1).

Table 2 shows the mean scores for each of the three broadband
scales during adolescence according to the three reporters (parent,
teacher, and youth). Parent report (CBCL) had the highest mean
scores for internalizing behaviors, while the teacher report (TRF)
had the highest mean scores for externalizing behaviors. Parent and
youth (YSR) scores were more strongly correlated (r: 0.38–0.40)
than parent and teacher scores (r: 0.20–0.24).

Adjusted mean differences for all CBCL and TRF reported
broadband scales were generally null (Figure 2). According to
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youth self-report during adolescence, mean scores for externalizing
and total behavior were higher among those with prenatal
acetaminophen exposure (YSR Adjusted MD: 1.2 and 0.9,
respectively). Models weighted to account for differences in
participation resulted in decreases in the mean differences on the
CBCL and TRF scales and increases in the YSR scales. In comparison
to the childhood assessments, the mean differences for prenatal
acetaminophen exposure and adolescent behavior decreased and
even reversed direction according the CBCL. According to the TRF,

there was less variability in the observed mean differences between
childhood and adolescence with no increase in behavioral problems
associated with prenatal exposure to acetaminophen observed at any
time point (Figure 2).

Using a dichotomous outcome to identify scores in the
borderline and clinical range, a similar pattern between
childhood and adolescence was observed, with associations
attenuating from childhood to adolescence on the CBCL (Total
Problems RR: 1.8 and 1.0, respectively) and associations slightly

TABLE 1 Characteristics of eligible controls, participants at childhood and adolescent behavioral assessment, and by acetaminophen use during pregnancy.

Eligible controls
n = 826

Total n = 216 Acetaminophen
users n = 143

Acetaminophen
Non-users n = 73

Race/Ethnicity n % n % n % n %

White, non-hispanic 540 65.4 173 80.1 123 86.0 50 68.5

Black, non-hispanic 161 19.5 22 10.2 7 4.9 15 20.6

Hispanic 87 10.5 14 6.5 9 6.3 5 6.9

Other 38 4.6 7 3.2 4 2.8 3 4.1

Age at conception

≤25 260 31.5 34 15.7 20 14.0 14 19.2

26–34 441 53.4 144 66.7 99 69.2 45 61.6

≥35 125 15.1 38 17.6 24 16.8 14 19.2

Education

≤12 years 323 39.1 47 21.8 25 17.5 22 30.1

13–15 years 186 22.5 48 22.2 35 24.5 13 17.8

≥16 years 316 38.3 121 56.0 83 58.0 38 52.1

Marital status

Married 722 87.4 198 91.7 131 91.6 67 91.8

Single/Divorced 104 12.6 18 8.3 12 8.4 6 8.2

Body mass index

<18.5 30 3.6 6 2.8 4 2.8 2 2.7

18.5–24.9 509 61.6 135 62.5 94 65.7 41 56.2

25–29.9 165 20 40 18.5 22 15.4 18 24.7

≥30 98 11.9 34 15.7 23 16.1 11 15.1

Missing 24 2.9 1 0.5 0 0.0 1 1.4

Alcohol drinking 241 29.2 73 33.8 47 32.9 26 35.6

Missing 1 0.5 1 0.7 0 0.0

Smoking 114 13.8 31 14.4 17 11.9 14 19.2

Parity

0 358 43.3 92 42.6 58 40.6 34 46.6

1 291 35.2 82 38.0 56 39.2 26 35.6

2+ 177 21.4 42 19.4 29 20.3 13 17.8

Infant sex

Male 423 51.2 101 46.7 66 46.2 35 48.0

Female 403 48.8 115 53.2 77 53.9 38 52.1

Indication

Headache 460 55.7 132 61.1 110 76.9 22 30.1

Upper respiratory 474 57.4 137 63.4 100 69.9 37 50.7

Pain 112 13.6 36 16.7 26 18.2 10 13.7

Acetaminophen use

Any 487 59.0 143 66.2 — — — —

None 339 41.0 73 33.8 — — — —
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increasing from unadjusted to weighted analyses on the YSR at
adolescence (Total Problems RR: 1.0 and 1.5, respectively). The
pattern for TRF was less clear, with the risk ratio for internalizing

behavioral problems increasing between childhood and adolescence
(RR: 0.8 and 1.5, respectively) and no major change in externalizing
and total broadband scales. Of note, the proportion of our sample
meeting the borderline/clinical threshold increased across all
broadband scales from childhood to adolescence, but remained
small, thereby leading to imprecise estimates (Table 3).

We also conducted sensitivity analyses to examine the impact of
adjustment for indication on the results, as well as examining
chronic use (>28 days) as the exposure. Adjustment for
indication resulted in the mean differences moving in a
downward trend according to all reporters; evidence of positive
confounding by indication. Compared to the primary analysis, the
results for chronic use showed an increase in associations between
prenatal acetaminophen exposure and externalizing behavioral
problems according to both parent and teacher report. (CBCL:
0.6 (−3.4, 4.5) and TRF 1.2 (−2.2, 4.7) (Table 4). Confidence
intervals from these analyses were wide indicating imprecise
estimates. Table 4 also shows the results of the sensitivity
analysis which was conducted among a larger sample of
participants with at least one available adolescent behavior
assessment. Associations for teacher and youth report were
similar to the primary analysis, while associations with parent-
reported outcomes were stronger.

TABLE 2 Mean T-Scores and pearson correlation coefficients for CBCL, TRF, and
YSR assessments collected during adolescents only.

Analytic sample n = 216

T-score Correlation coefficient

Mean (Range) With CBCL With TRF

Internalizing

CBCL 49.3 (33–78) ---- ----

TRF 48.3 (37–73) 0.20 ----

YSR 48.9 (27–74) 0.40 0.21

Externalizing

CBCL 46.2 (33–74) ---- ----

TRF 48.4 (41–83) 0.22 ----

YSR 46.1 (29–72) 0.38 0.29

Total problems

CBCL 47.0 (24–75) ---- ----

TRF 48.3 (32–77) 0.24 ----

YSR 48.1 (26–73) 0.38 0.28

FIGURE 2
Mean differences and 95% confidence for internalizing (A) externalizing (B) and total (C) behavior problems comparing prenatal exposure to
acetaminophen to no prenatal exposure.
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Discussion

The existing literature on neurodevelopmental outcomes in
relation to prenatal acetaminophen exposure has overwhelmingly
focused on behavior in early childhood, with many of these studies
reporting increases in adverse neurocognitive outcomes. However,
there is sparse literature examining associations in adolescence.
Accordingly, it is important to understand the long-term safety
profile to help inform clinician and patient decision-making.

In this study of prenatal acetaminophen exposure and
behavioral outcomes during childhood and adolescence, we
found that while associations were slightly stronger based on the
parent-completed CBCL compared to the teacher-completed TRF
during childhood, these estimates were mostly attenuated during
adolescence. Our findings are consistent with previous studies,
which also did not find associations between prenatal
acetaminophen exposure and neurocognitive outcomes beyond
the age of 7, (Bauer et al., 2018; Golding et al., 2019). Similarly,
other studies have reported a decrease in ADHD-related symptoms
between 6, 7, and 11 years of age (Thompson et al., 2014; Tovo-
Rodrigues et al., 2018).

To account for selection bias due to loss to follow-up and non-
participation, we used weighting. Associations were generally

attenuated or decreased after weighting, indicating that failure to
account for selection bias due to lack of participation resulted in
larger associational measures, particularly for parent- and self-
reported outcomes. Weighted estimates for teacher-reported
outcomes were virtually unchanged from unweighted estimates.
These findings suggest that parents/caregivers who are more
likely to participate in the study report more behavioral problems
in their children on average.

The discrepancy in parent- and teacher-reported behavioral
outcomes, might be due in part to the observed environment
(Hartman et al., 2007). Certainly, children’s behaviors at home
may differ from at school, which can contribute to
inconsistencies in reporting. In addition, parent and teacher
relationships with the child and the duration of interactions are
likely to vary substantially, from one context to another (Achenbach
et al., 1987). These observed differences further demonstrate the
importance of collecting multi-informant assessments to not only
develop a more complete picture of the nature, extent, and severity
of the behavioral problem, but to limit producing biased estimates.

We previously published data from this cohort on the childhood
outcomes, in which we also observed stronger associations on CBCL
than TRF (Parker et al., 2020). In that analysis, we used a larger
sample including all children with at least one behavioral assessment

TABLE 3 Risk ratios and 95% confidence intervals for prenatal exposure to acetaminophen versus no exposure among children and adolescents within the
borderline/clinical range for broadband scores by parent and teacher report at childhood and adolescence and youth report at adolescence.

n (%)a Unadjusted RR (95% CI) Adjusted + SIPWb RR (95% CI)

CBCL (n = 216)

Internalizing

Childhood 21 (9.7) 1.6 (0.6, 4.5) 0.9 (0.4, 2.1)

Adolescent 34 (15.7) 0.9 (0.5, 1.9) 0.6 (0.3, 1.0)

Externalizing

Childhood 20 (9.3) 2.0 (0.7, 6.1) 1.2 (0.5, 3.0)

Adolescent 22 (10.2) 1.1 (0.4, 2.7) 0.6 (0.3, 1.3)

Total problems

Childhood 18 (8.3) 2.6 (0.7, 8.8) 1.8 (0.6, 5.9)

Adolescent 28 (13.0) 1.5 (0.7, 3.6) 1.0 (0.5, 2.1)

TRF (n = 216)

Internalizing

Childhood 27 (12.5) 1.0 (0.5, 2.3) 0.8 (0.4, 1.7)

Adolescent 32 (14.8) 1.5 (0.7, 3.4) 1.5 (0.7, 3.2)

Externalizing

Childhood 23 (10.7) 1.0 (0.4, 2.3) 0.9 (0.4, 2.1)

Adolescent 25 (11.6) 0.9 (0.4, 2.1) 1.1 (0.5, 2.2)

Total problems

Childhood 30 (13.9) 0.8 (0.4, 1.6) 0.8 (0.4, 1.7)

Adolescent 26 (12.0) 0.7 (0.3, 1.5) 0.5 (0.2, 1.1)

YSR (n = 210) adolescence only

Internalizing 41 (19.5) 1.0 (0.5, 2.0) 1.5 (0.7, 3.1)

Externalizing 19 (9.1) 1.2 (0.4, 3.0) 1.8 (0.6, 5.5)

Total problems 34 (16.2) 1.0 (0.5, 2.0) 1.5 (0.7, 3.2)

aNumber and percent of participants in the borderline/clinical range.
bSIPW (stabilized inverse probability weights) is weighted and adjusted for age, education, marital status, drinking, smoking, parity.
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during childhood. Similar to the present analysis, restriction to
participants with both CBCL and TRF assessments resulted in
null associations. Both analyses also showed a larger decrease in
mean differences upon adjustment for indication. In both the prior
and present analysis, our findings, particularly those according to
parent-report, were sensitive to sample selection and weighting,
further supporting a selection bias and also underscoring the need to
use multi-informant assessments.

In contrast to parent and teacher reports, self-reported behavior
problems were more strongly associated with prenatal
acetaminophen exposure after accounting for attrition.
Interestingly, slight increases in self-reported YSR externalizing
and total behavioral mean scores were observed among those
with prenatal exposure to acetaminophen. Our findings are
consistent with the only other known study including self-
reported behavior that similarly reported slightly higher
associations between prenatal acetaminophen exposure and
Strengths and Difficulties Questionnaire total problems at age
11 according to child assessment compared to parent assessment
(Inoue et al., 2021).

Strengths

The challenges of establishing causal inference in studies of
prenatal risk factors and childhood behavioral disorders are well
described (Lewis et al., 2013). While our study faces many of these
challenges, we used a unique data resource that captured
assessments from various reporters at two different time points,
allowing for a comparison of outcomes not only across reporters, but
also over time, using the same sample and analytic methods.
Furthermore, we used the school-aged ASEBA tools at both time

points of follow-up further facilitating comparisons. An additional
strength was the inclusion of the YSR during the adolescent follow-
up, which provided a tool for self-assessment of behavior. We used
analytic methods to account for non-participation.

Limitations

Our findings should be interpreted in the context of limitations of
the study design. Data on acetaminophen use were originally collected
as part of a case-control study to investigate risk factors for a
malformation, as such these data were reported retrospectively.
While data were reported retrospectively, they were collected within
a year of delivery on average, and thereby should not be influenced by
childhood outcomes. Given the focus on early pregnancy exposures in
the original study, medication use in late pregnancy was not explicitly
asked about. Additionally, our study population included deliveries
occurring from 1996–2002 and may not reflect current patterns of
acetaminophen use. A final limitation regarding exposure is that we
were unable to quantify dose in terms of milligrams of acetaminophen
ingested per day as a large proportion of exposed study subjects were
not able to recall dose. Consequently, we could not analyze how
estimates changed across varying dose ranges. Our study is also
susceptible to unmeasured confounding as we did not collect data
on potential confounders such as parental IQ and parental mental
health problems. Our study examined behavioral assessments
conducted among a non-clinic sample using an assessment tool for
subclinical behavior problems and therefore does not align with a
specific diagnosis, such as ADHD or autism. While we report an
attenuation of mean differences between exposed and unexposed
groups over time, we were unable to assess how clinical diagnoses
associated with prenatal acetaminophen exposure change over time.

TABLE 4 Mean differences and 95% confidence intervals for broadband T-Scores comparing prenatal exposure to acetaminophen to No prenatal exposure,
sensitivity analyses.

Original sample Sample with ≥1 adolescent measure

Primary analysisa Indication adjustedb Chronic usec Adjusted + SIPWa

CBCL (n = 216) CBCL (n = 301)

Internalizing −1.5 (−4.6, 1.6) −2.6 (−6.1, 1.00) −1.0 (−5.6, 3.6) Internalizing 1.2 (−1.3, 3.7)

Externalizing −1.1 (−3.8, 1.6) −1.4 (−4.5, 1.7) 0.6 (−3.4, 4.5) Externalizing 0.7 (−1.6, 2.9)

Total problems −1.6 (−4.7, 1.5) −2.9 (−6.6, 0.7) −1.8 (−6.4, 2.9) Total problems 0.9 (−1.7, 3.6)

TRF (n = 216) TRF (n = 241)

Internalizing 0.4 (−2.1, 3.0) 0.3 (−2.7, 3.3) 0.2 (−3.6, 4.0) Internalizing 0.4 (−2.0, 2.8)

Externalizing 0.3 (−2.0, 2.6) −0.1 (−2.8, 2.6) 1.2 (−2.2, 4.7) Externalizing 0.2 (−1.9, 2.3)

Total problems −0.3 (−2.9, 2.4) −0.9 (−3.9, 2.1) 0.5 (−3.4, 4.4) Total problems −0.4 (−2.9, 2.1)

YSR (n = 210) YSR (n = 285)

Internalizing 0.1 (−2.8, 3.1) −1.3 (−4.7, 2.2) −0.7 (−5.2, 3.8) Internalizing 1.0 (−1.5, 3.5)

Externalizing 1.9 (−0.7, 4.4) 1.0 (−2.0, 3.9) −0.1 (−3.8, 3.7) Externalizing 2.0 (−0.2, 4.2)

Total problems 1.9 (−0.9, 4.7) 0.1 (−3.2, 3.3) −0.2 (−4.5, 4.0) Total problems 2.1 (−0.3, 4.5)

aSIPW (stabilized inverse probability weights) is weighted and adjusted for age, education, marital status, drinking, smoking, parity.
bAdditionally adjusted for headache, upper respiratory infection, and pain.
cChronic use defined as ≥28 days during pregnancy.
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Lastly, dependent error, which arises when the same reporter is the
source of both exposure and outcome data, may be driving observed
associations with parent-reported outcomes (Kristensen, 1992).

The results of our study support that associations between
prenatal exposure to acetaminophen and parent-reported
behavioral outcomes wane over time from childhood to
adolescence while teacher-reported behavioral outcomes were
essentially null at both time points. While associations with
parent- and teacher-reported outcomes were generally null at
11–17 years, there was a suggestion of a potential increase in
behavioral problems according to youth self-report. More studies
are needed to explore associations in later adolescence and to
examine the effect of increasing age, potential time-varying
confounders, genetic and epigenetic repercussions, dose range,
and half-life of medications, which may impact associations.
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