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Highlights

* Prenatal acetaminophen exposure was related to higher attention-
related CBCL scores.

* More use in especially the second trimester was related to more
attention problems.

* Increases in CBCL scores were small but apparent at 2, 3, and 4years of
age.

* Acetaminophen use in pregnancy may be related to worse attention in
early childhood.
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Acetaminophen is currently the only analgesic considered safe for use throughout pregnancy, but

recent studies indicate that prenatal exposure to acetaminophen may be related to poorer

neurodevelopmental outcomes. Multiple studies have suggested that it may be associated with
attention problems, but few have examined this association by trimester of exposure. The Illinois
Kids Development Study is a prospective birth cohort located in east-central Illinois. Exposure data
were collected between December 2013 and March 2020, and 535 newborns were enrolled during
that period. Mothers reported the number of times they took acetaminophen at six time points
across pregnancy. When children were 2, 3, and 4years of age, caregivers completed the Chi
Behavior Checklist for ages 1.5-5years (CBCL). Associations of acetaminophen use during pr

with scores on the Attention Problems and ADHD Problems syndrome scales, the Internalizing ana’
Externalizing Behavior composite scales, and the Total Problems score were evaluated. Higher

acetaminophen exposure during the second trimester of fetal development was associated with

higher Attention Problems, ADHD Problems, Externalizing Behavior, and Total Problems scores at

ages 2 and 3. Higher second trimester exposure was only associated with higher Externalizing
Behavior and Total Problems scores at 4years. Higher cumulative exposure across pregnancy was
associated with higher Attention Problems and ADHD Problems scores at ages 2 and 3. Findings
suggest that prenatal acetaminophen exposure, especially during the second trimester, may be
related to problems with attention in early childhood.
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1. Introduction

Acetaminophen (paracetamol) is the most common drug ingredient in the United States and
currently the only analgesic considered safe to use throughout pregnancy (Servey and Chang, 2014).
Previous research has found that 50-65% of pregnant women in North America and Europe report
taking acetaminophen, or a medication containing it, at least once during pregnancy (Brandlistuen
et al., 2013; Ji et al., 2018; Servey and Chang, 2014; Thorpe et al., 2013a). Due to the lack of clinical
trials in pregnant women and the very few reported cases of adverse effects in the developing child,

little is known about the safety of acetaminophen use during pregnancy for the developing fetus
(Black and Hill, 2003; Cendejas-Hernandez et al., 2022). Acetaminophen is known to cross the
placenta (Levy et al., 1975; Nitsche et al., 2017; Thiele et al., 2013), and while some studies have
found no relationship of maternal acetaminophen use during pregnancy with neurodevelopmental
outcomes (Castro et al., 2022; De Castro et al., 2022; Rebordosa et al., 2009; Smarr et al., 2019;
Streissguth et al., 1987; Tovo-Rodrigues et al., 2020), many others suggest there is a relationship
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(Baker et al., 2022; Blecharz-Klin et al., 2018; Blecharz-Klin et al., 2017; Blecharz-Klin et al., 2016;
Blecharz-Klin et al., 2015a; Blecharz-Klin et al., 2015b; Blecharz-Klin et al., 2013; Cendejas-
Hernandez et al., 2022; Duesman, 2015; Herrington et al., 2022; Khan et al., 2022; Kwok et al., 2022;
Labba et al., 2022; Patel et al., 2022a, Patel et al., 2022b; Philippot et al., 2017). Several studies
utilizing data from large birth cohorts indicate that acetaminophen use during pregnancy is
associated with increases in internalizing and externalizing behaviors (Brandlistuen et al., 2013;
Inoue et al., 2020; Trennes et al., 2020), and in particular, attention-deficit/hyperactivity disorder
(ADHD)-related behaviors (Avella-Garcia et al., 2016; Golding et al., 2019; Ji et al., 2020; Ji et

2018; Liew et al., 2019; Liew et al., 2016; Liew et al., 2014; Stergiakouli et al., 2016; Thompsc

2014; Tovo-Rodrigues et al., 2018; Ystrom et al., 2017). Previous work suggests that prenatal =

acetaminophen exposure is related to more attention problems (Avella-Garcia et al., 2016; Golding
et al., 2019; Liew et al., 2016), impulsive behavior (Avella-Garcia et al., 2016), and activity or

hyperactivity (Avella-Garcia et al., 2016; Brandlistuen et al., 2013; Golding et al., 2019; Stergiakouli
et al., 2016; Tovo-Rodrigues et al., 2018) in early childhood, and greater risk of ADHD diagnosis (Ji et
al., 2020; Ji et al., 2018; Liew et al., 2019; Liew et al., 2014; Ystrom et al., 2017). However, most
previous research has relied on maternal self-report of acetaminophen use via interview once or
twice during pregnancy and sometimes only after giving birth, requiring mothers to recall
acetaminophen use over long periods of time during pregnancy, likely resulting in inaccuracies in
reported acetaminophen use. This makes accurately assessing whether prenatal acetaminophen
exposure is related to neurodevelopmental problems difficult, as well as whether the timing of
exposure is important in the relationship.

The Illinois Kids Development Study (IKIDS) cohort recruited pregnant people during the first
trimester of pregnancy, and participants reported acetaminophen use across six discrete periods of
pregnancy, allowing for a more accurate evaluation of prenatal acetaminophen exposure and
allowing for a closer examination of whether the timing of acetaminophen exposure is important.
In this study, the relationship of acetaminophen use during pregnancy with behavior in early
childhood was assessed using the Child Behavior Checklist - 1.5-5years (CBCL)(Achenbach and
Rescorla, 2000) when children were 2, 3, and 4years of age. Children with higher prenatal exposure

to acetaminophen were expected to show deficits in attention, and male children were expected to
be disproportionately affected. It was also expected that greater exposure during the second
trimester would be associated with greater deficits, particularly in male children. The second
trimester was expected to be particularly susceptible to impacts of prenatal acetaminophen
exposure because acetaminophen has been suggested to act via antiandrogenic action
mechanisms(Golding et al., 2019; Hay-Schmidt et al., 2017; Holm et al., 2016; Interrante et al., 2017;
Kristensen et al., 2012; Kristensen et al., 2011; Lind et al., 2017; Mazaud-Guittot et al., 2013), and the
second trimester is thought to be the time of peak androgen production by the male fetus (Auyeung
et al., 2013).

2. Methods
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2.1. Study cohort

IKIDS is a prospective birth cohort located in east-central Illinois, United States. Participants were
recruited between December 2013 and March 2020 at two local obstetric clinics and gave birth at
two local hospitals. Clinics provided brochures regarding the study to pregnant patients at their first
prenatal visit, and patients were asked to complete a reply card indicating their interest in being
contacted about participation. Those who indicated interest were contacted by telephone to receive
additional information about participation and determine eligibility. Individuals were eligit
participate if they had not yet reached 15weeks of gestation; did not have a child already
participating in IKIDS; resided within a 30-min drive of the University of Illinois campus; w Help
fluent in English; were between 18 and 40years of age; not carrying multiples; were willing to
provide a fasting blood sample and five urine samples throughout pregnancy; their doctor had not
told them they had a high-risk pregnancy; and they planned to remain in the geographical area
until the child's first birthday. Those who opted to participate were enrolled between 8 and
14weeks of gestation. Demographics, pregnancy and health history, pregnancy symptoms,
medication use, and lifestyle factors were collected via interview shortly after enrollment and
updated throughout the pregnancy.

2.2. Acetaminophen use during pregnancy

At approximately 10-14, 16-18, 22-24, 28-30, and 34-36weeks of gestation, and within 24h of the
child's birth, participants were interviewed about their use of medications during pregnancy. At the
first interview (10-14weeks), participants were asked to list all medications they had used
beginning at their estimated conception date through the time of the interview. They were also
asked to report their reason for use (indication), the dates they started and stopped taking the
medication, and frequency of use. Participants were asked to recall the same information for the
period between their last interview and the current one at each subsequent interview. Medications
containing acetaminophen as an active ingredient, the temporal period in which they were used
and the indication for use were identified from this information. Reported frequency and dates of
use were used to calculate the number of times participants took acetaminophen during the first,
second, and third trimesters, and cumulative use was the total number of times acetaminophen was
taken across all three trimesters.

2.3. Child behavior measures

The CBCL consists of 100 questions divided into two composite scales (internalizing behaviors and
externalizing behaviors), both of which are further divided into syndrome subscales. Parents rate
each question on a 3-point Likert scale (“not true”=0 points, “somewhat true”=1 point, and “very
true or often true” = 2 points), and point values are summed to provide scores for both the
internalizing and externalizing behavior composite scales and their corresponding syndrome
subscales. Higher scores correspond with more problems in the area of behavior addressed by each
question, subscale, and composite scale. In these analyses, raw scores on the Attention Problems
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subscale, the ADHD Problems subscale, and the Externalizing Behaviors scale were used to examine
attentional problems in the target age ranges of 26.5-28.5, 36-38, and 46-48 months, or
approximately 2, 3, and 4years, respectively. Raw scores for the Internalizing Behaviors and Total
Problems scales were also examined.

The Attention Problems subscale has five questions, and scores can range from 0 to 10. The ADHD
Problems subscale has six questions regarding behaviors consistent with the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) diagnostic criteria for ADHD
(Achenbach and Rescorla, 2000), three of which (items 5, 6, and 59) are also part of the Atte
Problems subscale. The Externalizing Behaviors composite score is composed of the sum of Help

scores on the Attention Problems and Aggressive Behavior subscales. The Aggressive Behavior
subscale includes items 8 and 16 which are also part of the ADHD Problems subscale. Externalizing
Behavior scores can range from 0 to 48. Similarly, The Internalizing Behavior composite score is
composed of the sum of the Emotionally Reactive, Anxious/Depressed, Somatic Complaints, and

Withdrawn subscale scores and can range from 0 to 72. The Total Problems score is composed of the
sum of all items on the CBCL and ranges from 0 to 200 (Supplemental Fig. S1). The Externalizing
Behavior, Internalizing Behavior, and Total Problems scores can be converted to a standardized T-
score where scores above 70 are considered potentially clinically relevant (Achenbach and Rescorla,
2000). For these analyses, the raw unstandardized scores were used. Raw unstandardized scores
were selected over the standardized T-scores in order to examine potential sex-specific associations
and because the CBCL manual suggests that using the raw scores is more appropriate for research
purposes (Achenbach and Rescorla, 2000). Because the Attention Problems, ADHD Problems, and
Externalizing Behavior scales include some of the same items, these measures were not
independent of one another, but in the present analysis, they were examined as separate outcomes.

2.4. Covariates

The following sociodemographic factors were considered for inclusion as covariates based on a
priori knowledge and using directed acyclic graphs: acetaminophen formulation and indication (i.e.,
reason for taking acetaminophen); maternal age, parity, education, tobacco smoking and alcohol
use during pregnancy; annual household income, whether the mother had ever been diagnosed
with ADHD, child gestational age at birth, delivery type, and age at the time of the assessment in
months (Supplemental Fig. S2). Additionally, mean maternal perceived stress score (PSS) (Cohen et
al., 1983) and Edinburgh Postnatal Depression Scale (EPDS) (Cox et al., 1987) scores averaged across
pregnancy, infancy, and early childhood were considered, as well as individual scores at the time of
each assessment. Maternal verbal IQ and birth weight were not considered due to the high amount
of missingness (Table 1, Table 2). Correlations of potential covariates with both exposure and
outcome variables were explored, and covariates were selected for inclusion when they were
correlated with exposure and at least one CBCL outcome. Child sex was included as a potential
modifier in all models. The following covariates were included in all models: child age at the time of
assessment in months, gestational age, maternal age, maternal parity (nulliparous vs. >1), maternal
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education (<bachelor's degree vs. >bachelor's degree), annual household income (<$50,000,
$50,000-99,999, >$100,000), mean PSS and EPDS scores during pregnancy, and indication (pain,

illness, or other; for detailed information as to how indications provided by participants were

categorized, see Supplemental Table S1).

Table 1. Parental demographics for all IKIDS participants with an infant enrolled at birth and each

subsample who provided CBCL data when children were 26.5-28.5, 36-38, and 46-48 months.

Parental Demographics Participants Participants Participants Participants
with an infant who completed who completed who completec Help
enrolled in the CBCLwhen the CBCLwhen the CBCL when
IKIDS their child was their child was their child was
26.5- 36-38months  46-48months
28.5months
(n=535) (n=268) (n=240) (n=180)
N (%) N (%) N (%) N (%)
Maternal race & ethnicity 0.99
White, Non-Hispanic 446 (83.4) 229 (85.5) 208 (86.7) 156 (86.7)
Other 87 (16.3) 39 (14.5) 31(12.9) 23(12.8)
Unknown/Missing 2(04) 0(0,0) 1(0.4) 1(0.6)
Paternal race & ethnicity 0.90
White, Non-Hispanic 437 (81.7) 233 (86.9) 207 (86.3) 156 (86.7)
Other 96 (17.9) 35(13.1) 32 (13.3) 23(12.8)
Unknown/Missing 2(04) 0(0.0) 1(0.4) 1(0.6)
Maternal marital status 0.91
Married/Living as married 496 (92.7) 252 (94.0) 229 (95.4) 170 (94.4)
Separated/Divorced/Widowed/
Single 39(7.3) 15 (5.6) 10 (4.2) 10 (5.6)
Unknown/Missing 0(0.0) 1(0.4) 1(0.4) 0(0.0)
Maternal education 0.95
< Bachelor's degree 103 (19.3) 33(12.3) 28 (11.7) 23 (12.8)
> Bachelor's degree 432 (80.7) 235 (87.7) 212 (88.3) 157 (87.2)

Paternal education

0.92


https://scholar.google.com/scholar_url?url=https://www.sciencedirect.com/science/article/am/pii/S0892036224000011&hl=en&sa=T&oi=ucasa&ct=ufr&ei=cD3daLiVBK3M6rQPq5rsgAk&scisig=AAZF9b82hFxtAeC5caO7DS-OG38o
https://scholar.google.com/scholar/help.html#access

Parental Demographics

Participants Participants Participants Participants p-

with an infant who completed who completed who completed valuef

enrolled in the CBCL when the CBCLwhen the CBCL when

IKIDS their child was their child was their child was
26.5- 36-38months  46-48months
28.5months
(n=535) (n=268) (n=240) (n=180)
N (%) N (%) N (%) N (%)
Help

< Bachelor's degree 158 (29.5) 58 (21.6) 55 (22.9) 42 (23.3)
> Bachelor's degree 374 (69.9) 210 (78.4) 185 (77.1) 138 (76.7)
Unknown/Missing 3(0.6) 0(0.0) 0(0.0) 0(0.0)
Maternal parity 0.99
0 275 (514) 152 (56.7) 127 (52.9) 97 (53.9)
>1 259 (48.4) 116 (43.3) 112 (46.7) 82 (45.6)
Missing 1(0.2) 0(0.0) 1(0.4) 1(0.6)
Household income 0.84
$0-$49,999 103 (19.3) 44 (16.4) 35(14.6) 27 (15.0)
$50,000-$99,999 256 (47.9) 124 (46.3) 120 (50.0) 91 (50.6)
>$100,000 172 (32.1) 100 (37.3) 84 (35.0) 62 (34.4)
Unknown/Missing 4(0.7) 0(0.0) 1(0.4) 0(0.0)
Maternal health insurance 0.80
Insured 532(99.4) 268 (100.0) 240 (100.0) 180 (100.0)
Uninsured 3(0.6) 0(0.0) 0(0.0) 0(0.0)
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Parental Participants Participants who Participants who Participants who
Demographics with an infant completed the completed the completed the
enrolled in CBCL when their CBCL when their CBCL when their
study child was 26.5- child was 36- child was 46-
28.5months 38months 48months
(n=535) (n=268) (n=240) (n=180)
N (%) N (%) N (%) N (%)
Mother previously
diagnosed with ADHD
Yes 16 (3.0) 7(2.6) 6(2.5) 5(2.8)
No 519 (97.0) 261 (97.4) 234 (97.5) 175 (97.2)
Maternal tobacco
smoking during
pregnancy
Yes 25(4.7) 7(2.6) 10(4.2) 7 (3.9)
No 475 (88.8) 261 (97.4) 230(95.8) 173 (96.1)
Unknown/Missing 35(6.5) 0(0.0) 0(0.0) 0(0.0)
Maternal alcohol
consumption during
entire pregnancy
Yes 401 (74.9) 200 (74.6) 182 (75.8) 131 (72.8)
No 134 (25.1) 68 (25.4) 58 (24.2) 49 (27.2)
Maternal alcohol
consumption during
1st trimester
Gestational weeks 0-
4
None 320(59.8) 163 (60.8) 144 (60.0) 114 (63.3)
< 4 drinks/week 171 (32.0) 84 (31.3) 71(29.6) 50 (27.8)
4-10 drinks/week 37(6.9) 17 (6.3) 21(8.8) 15(8.3)
>11 drinks/week 6 (1.1) 4(1.5) 4(1.7) 1(0.6)
Unknown/Missing 1(0.2) 0(0.0) 0(0.0) 0(0.0)

p_

valuefj

Help
v.Jo

0.74

0.65

0.96
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Parental Participants Participants who Participants who Participants who p-
Demographics with an infant completed the completed the completed the valuef
enrolled in CBCL when their  CBCL when their  CBCL when their
study child was 26.5- child was 36- child was 46-
28.5months 38months 48 months
(n=535) (n=268) (n=240) (n=180)
N (%) N (%) N (%) N (%)
Gestational weeks 5- Help
8 0.77
None 518 (96.8) 259 (96.6) 230 (95.8) 174 (96.7)
< 4 drinks/week 9(1.7) 7(2.6) 5(2.1) 3(1.7)
Unknown/Missing 8 (1.5) 2(0.7) 5(2.1) 3(1.7)
Gestational weeks 9-
14 0.77
None 525(98.1) 264 (98.5) 238(99.2) 178 (98.9)
< 4 drinks/week 6(1.1) 4(1.5) 2(0.8) 2(1.1)
Unknown/Missing 4(0.7) 0(0.0) 0(0.0) 0(0.0)
Parental Participants Participants who  Participants who Participants who p-
Demographics with an infant completed the completed the completed the  valuef
enrolled in CBCL when their CBCL when their  CBCL when their
study child was 26.5- child was 36- child was 46-
28.5months 38 months 48 months
(n=535) (n=268) (n=240) (n=180)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Maternal age (years)
. 30.34 (4.11) 30.73 (3.91) 30.73 (3.78) 30.58 (3.78) 0.45
at baseline
Maternal verbal IQ
(PPVT? standardized  107.88 (11.34) 108.23 (11.35) 109.27 (11.06) 109.24 (10.80) 0.91
score)
Mean maternal 11.15(5.68) 10.54 (5.46) 10.37 (5.57) 10.14 (5.31) 0.98

stress (PSS-10P)
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Parental Participants Participants who  Participants who  Participants who p-
Demographics with an infant completed the completed the completed the  valuef
enrolled in CBCL when their CBCL when their  CBCL when their
study child was 26.5- child was 36- child was 46-
28.5months 38months 48 months
(n=535) (n=268) (n=240) (n=180)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
score during
Help

pregnancy
Mean maternal
stress (PSS-10°)

] ) 10.34 (6.10) 10.20 (6.03) 10.04 (6.08) 10.00 (6.00) 0.88
score during child's
infancy
Maternal stress (PSS-
10) score at time - 11.48 (6.20) 11.95 (6.30) 13.15(6.35) 0.01
CBCL was completed
Mean maternal
depression (EPDSY)

) 4.23(3.31) 3.96 (3.11) 3.87(3.19) 3.82(3.18) 0.78
score during
pregnancy
Maternal depression
(EPDS®) score during 3.86(3.47) 3.83(3.34) 3.64(3.35) 3.67(3.25) 0.99
child's infancy
Mean maternal
depression (EPDS)

- 4.34(3.54) 4.72 (3.89) 5.21 (4.11) 0.13

score at time CBCL

was completed

PPVT-IV: Peabody Picture Vocabulary Test - Fourth Edition.

PPVT was collected when children were infants. We were unable to collect this for n=170 participants due

to participant missing or not completing the infancy visits at 4-5months and 7-8 months in person.

Participants completed the Perceived Stress Scale (PSS-10) 1-3 times during pregnancy.
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Participants completed the Perceived Stress Scale (PSS-10) 1-3 times while their child was an infant.

Participants completed the Edinburgh Postnatal Depression Scale (EPDS) 1-3 times during pregnancy.

Participants completed the Edinburgh Postnatal Depression Scale (EPDS) 1-3 while their child was an

infant.
¥
p-values for categorical variables estimated using Chi-square tests and Wilcoxon-sum rank tests fo. Help
continuous variables.
Table 2. Child demographics for children enrolled in IKIDS and each subsample with CBCL data
collected when children were 26.5-28.5, 36-38, and 46-48 months.
Child Demographics All Children with CBCL Children with Children with p-
enrolled data at 26.5- CBCL data at 36- CBCL data at 36- valuef
infants 28.5months 38months 38months
(n=535) (n=268) (n=240) (n=180)
N (%) N (%) N (%) N (%)
Child sex 0.26
Male 260 (48.6) 128 (47.8) 118 (48.2) 91 (50.6)
Female 275 (51.4) 140 (52.2) 122 (50.8) 89 (49.4)
Child race & ethnicity 0.95
White, Non-Hispanic 404 (75.5) 214(79.9) 193 (80.4) 144 (80.0)
Other 129 (24.1) 54(20.1) 46 (19.2) 35(19.4)
Unknown/Missing 2(04) 0(0.0) 1(0.4) 1(0.6)
Delivery type 0.86
Vaginal 365 (68.2) 191 (71.3) 169 (70.4) 124 (68.9)
Cesarean section 141 (26.4) 69 (25.7) 63 (26.3) 49 (27.2)
Unknown/Missing 29(5.4) 8 (3.0) 8 (3.3) 7(3.9)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
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Child Demographics All Children with CBCL Children with Children with p-

enrolled data at 26.5- CBCL dataat36- CBCLdata at36- valuej

infants 28.5months 38months 38months

(n=535) (n=268) (n=240) (n=180)

N (%) N (%) N (%) N (%)
Child gestational age at 39.29
_ 39.37 (1.53) 39.39(1.53) 39.42 (1.48)
birth (weeks) (1.48)
Child weight at birth (kg) 3.48 (0.43)? 3.49 (0.43)° 3.51 (0.44)° 3.53 (0.44)¢ _.elp
Child age at time CBCL
- 27.95 (1.02) 3752 (0.93) 48.09 (1.11) -

was completed (months)

Child weight at birth missing for n=92.

Child weight at birth missing for n=46.

Child weight at birth missing for n=39.

Child weight at birth missing for n=29.

p-values for categorical variables estimated using Chi-square tests and Wilcoxon-sum rank tests for

continuous variables. There were no differences in pairwise comparisons.

2.5. Statistical approach

Multivariate generalized linear regression models were used to evaluate the relationship between
the number of times acetaminophen was taken during the first, second, and third trimester, and
throughout pregnancy, and raw scores for each continuous outcome at each age. These associations
were also investigated using the standardized T-scores as a supplementary analysis. Standardizing
the CBCL scores accounts for both child sex and age at the time of the assessment; thus, these were
excluded from models in this supplementary analysis. Sensitivity analyses were used to evaluate
the impact of several other variables on the associations, specifically: acetaminophen formulation,
maternal alcohol use and smoking during pregnancy, maternal verbal IQ, whether the mother had
ever been diagnosed with ADHD, and child weight and gestational age at birth. Models that
excluded potential leverage points (Cook's D>0.06) were also examined. Sensitivity analyses
including only children who had data available at all time points (n=149) were also conducted. All
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statistical analyses were conducted using SAS software, Version 9.4 of the SAS System for Windows
(Copyright © 2013, SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Participation and demographics

By January 2023, 688 pregnant women had been enrolled in the IKIDS cohort. Of those 688,
withdrew or became ineligible before or at the time of birth, resulting in 535 infants born a
enrolled in the study. Cohort recruitment and retention is outlined in Fig. 1. Demographic Help
information for the 535 mothers with an infant enrolled in IKIDS was largely similar to the
demographic information of those who completed the CBCL at 2 (n=268), 3 (n=240), or 4years of
age (n=180). In general, while more parents were white, non-Hispanic, married or living as married,
did not use cigarettes during pregnancy, and had attained at least a bachelor's degree for each
subsample compared to the full cohort, the subsamples did not significantly differ from the full
cohort or each other (Table 1). Each subsample also had higher maternal verbal IQ scores and lower
mean PSS and EPDS scores during pregnancy and infancy, but these were also not significantly
different. However, there was an apparent increasing trend in PSS and EPDS scores in the subsample
with data available at each age that CBCL data were collected, although this was only significant for
the PSS scores. Specifically, the PSS scores collected when children were 2 and 3years of age did not
differ from one another, but both were lower compared to the scores collected when children were
4 (2 vs. 4years p=0.01; 3 vs. 4years p=0.05). Demographic information for children enrolled in the
study is shown in Table 2, and the subsets with data at each age were largely similar to those of the
full cohort, although more children in each subset were white, non-Hispanic (Table 2).
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Fig. 1. Flowchart of recruitment and retention to IKIDS study visits at 2, 3, and 4years as of January

2023.

3.2. Acetaminophen use during pregnancy

In IKIDS, 70.5% of participants used a medication containing acetaminophen at least once during
pregnancyClick or tap here to enter text. While 58.3% reported use during the first trimester, fewer

participants reported use in subsequent trimesters, with 52.9% reporting use in the second

trimester, and 36.3% reporting use in the third trimester (Table 3). Of participants reporting any use
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of medications containing acetaminophen, most reported using acetaminophen itself (76.1%) rather
than other medications containing acetaminophen, such as cold medications and multi-drug pain
medications (e.g., acetaminophen + aspirin + caffeine and acetaminophen + butalbital), and most
took acetaminophen for pain (62.3%). There was no difference in acetaminophen use between the
subsets with CBCL data available and the full sample of children enrolled in IKIDS for use during the
first (Kruskal-Wallis Test, p=0.99), second (p=0.89), or third trimesters (p=0.96), or throughout
pregnancy (p=0.99; Supplemental Fig. S3). There were also no differences between the full sample
and each subset in acetaminophen formulation used or indication (Supplemental Table S2).

Table 3. Maternal report of use of medications containing acetaminophen during pregnancy . Help
IKIDS cohort for all participants with a child enrolled at birth and each subsample with CBCL data
available at 26.5-28.5, 36-38, and 46-48 months.

Participants with an infant enrolled in Participants who completed the CBCL when
study their child was 26.5-28.5months

(n=535) (n=268)

1st 2nd 3rd Entire 1st 2nd 3rd Entire

Trimester Trimester Trimester Pregnancy Trimester Trimester Trimester Pregnancy

N(%) N (%) N (%) N(%) N(%) N(%) N (%) N(%)
N 220 (411 220 M0 55(200) 125(4656) 139(519) 181(67.5) 87(32.5
one (41.1) (46.7) (6356) (29.0) (46.6) (51.9) (67.5) (32.5)
283
Any 312 (58.3) (529 194 (36.3) 377(70.5) 143(53.4) 129(48.1) 87(32.5) 181(67.5)
Missing 3(06) 2(04) 1(02) 3(06) 0(0.0) 0(0.0) 0(00)  0(0.0)
179 22.0 15.1 13.7 20.6 12.6
Mean (SD) 391 (75.1) 31.6 (67.5)
(39.7) (44.1) (25.6) (26.3) (47.1) (21.9)

Median (IQR) 5.0(14.0) 75(15.0) 5.0(12.0) 14.0(31.8) 5.8(14.0) 7.0(13.0) 4.0(10.8) 12.0(27.0)

Range 0.5-314.0 0.5-350.0 0.5-153.0 1.0-641.0 1.0-248.5 0.5-339 0.5-119.5 1.0-550.5
Formulation
Acetaminophen 258 229

158 (81.4) 287(76.1) 118(82.5) 104 (80.6) 72(82.8) 138(76.2)
alone (82.7) (80.9)
Acetaminophen

in combination
with other 25(8.0) 19(6.7) 17 (8.8) 26 (6.9) 14(9.8) 13(10.1) 8(9.2) 18 (9.9)
active

ingredients
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Participants with an infant enrolled in Participants who completed the CBCL when
study their child was 26.5-28.5months

(n=535) (n=268)

1st 2nd 3rd Entire 1st 2nd 3rd Entire

Trimester Trimester Trimester Pregnancy Trimester Trimester Trimester Pregnancy

N (%) N (%) N (%) N (%) N(%) N (%) N (%) o—

Multiple
formulations 29(9.3) 35(124) 19(9.8) 64(170) 11(7.7) 12(93)  7(8.0) 2o ...loP

Indication
Pain 214 (68.6) 202(71.4) 134(69.1) 235(62.3) 106(74.1) 96(74.4) 64(73.6) 114(63.0)
Other 39(12.5) 31(11.0) 26(13.4) 54(143) 23(16.1) 19(14.7) 13(149) 35(19.3)
Multiple

_ 27(8.7) 28(9.9) 19(9.8) 61(162) 14(9.8) 11(85) 9(103) 31(171)
reasons given

Missing 32(103) 22(78) 15(7.7) 27(72) 0(0.0)  3(23)  1(11) 1(0.6)

Participants who completed the CBCL when Participants who completed the CBCL when
their child was 36-38 months their child was 46-48 months

(n=240) (n=180)

1st 2nd 3rd Entire 1st 2nd 3rd Entire

Trimester Trimester Trimester Pregnancy Trimester Trimester Trimester Pregnancy

N(%) N(%) N(%) N (%) N(%) N(%) N(%) N (%)

None 111 (46.3) 119(49.6) 164 (68.3) 82(34.2) 85(472) 98(54.4) 126(70.0) 64 (35.6)

Any 129 (53.8) 121(50.4) 76(31.7) 158(65.8) 95(52.8) 82(45.6) 54(30.0) 116(64.4)

Missing 0(0.0) 0(00) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
143 23.1 14.5 16.4 24.9 143

Mean (SD) 36.3(73.5) 37.7 (71.4)
(29.1) (49.3) (24.9) (32.2) (47.2) (23.6)

Median (IQR) 4,5(11.0) 9.0(14.0) 4.0(11.6) 13.8(31.5) 5.8(16.5) 9.0(16.0) 5.3(10.0) 13.0(34.5)
Range 1.0-248.5 0.5-339.0 0.5-119.5 1.0-550.5 1.0-248.5 0.5-302.0 0.5-119.5 1.0-550.5
Formulation

Acetaminophen
. 105 (81.4) 97(80.2) 63(82.9) 120(759) 77(811) 62(75.6) 43(79.6) 87(75.0)
alone
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Participants who completed the CBCL when Participants who completed the CBCL when
their child was 36-38 months their child was 46-48 months

(n=240) (n=180)

1st 2nd 3rd Entire 1st 2nd 3rd Entire

Trimester Trimester Trimester Pregnancy Trimester Trimester Trimester Pregnancy

N (%) N (%) N (%) N (%) N (%) N (%) N (%) ot
Acetaminophen
in combination Help
with other 14(10.9) 12(9.9) 7(9.2) 15 (9.5) 12(12.6) 11(13.4) 6(11.1) 14 (12.1)
active
ingredients
Multiple

10 (7.8) 12 (9.9) 6(7.9) 23 (14.6) 6 (6.3) 9(11.0) 5(9.3) 15(12.9)
formulations
Indication
Pain 96(74.4) 90(74.4) 57(75.0) 100(63.3) 67(70.5) 58(70.7) 38(70.4) 71(61.2)
Other 21(16.3) 16(13.2) 11(14.5) 28(17.7) 18(189) 13(159) 11(204) 22(19.0)
Multiple

. 12(93) 12(99) 6(79) 29(184) 10(10.5) 9(11.0)  4(74)  22(19.0)
reasons given

Missing 0(0.0) 3(25)  2(2.6) 1(0.6) 0(0.0) 2(24)  1(19) 1(0.9)

3.3. CBCL scores at 2, 3, and 4years of age

As of April 2023, 305 children had CBCL data available at age 2, 262 at age 3, and 196 at age 4;
however, not all parents provided answers to all questions, thus not all children with CBCL data had
scores for the outcomes examined in this study (Supplemental Table S3). At the time of the 2-year
assessment, children with data ranged in age from 25.67 to 30.90months with an average age of
27.94 (+£0.06) months (Table 2), and there were no differences in scores on any outcomes between
males and females (Supplemental Figs. S4-S8). Children with data available at the 3-year
assessment were between 36.03 and 41.27 months, and on average 37.52 (+0.06) months of age, and
there were some differences in scores between male and female children. Male children had higher
Attention Problems (p=0.02), ADHD Problems (p=0.01), Externalizing Behavior (p=0.03), and Total
Problems scores (p=0.03) compared to female children (Supplemental Figs. S4-S6, S8). At the 4-year
time point, children were between 46.37 and 58.10months of age and 48.09 (+0.08) months on
average. Male children again had higher Attention Problems (p=0.003), ADHD Problems (p=0.002),
and Externalizing Behavior scores (p=0.003), but not Total Problems scores (p=0.18), compared to
female children (Supplemental Figs. S43-S6). Within each age range, the Attention Problems, ADHD
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Problems, Externalizing Behavior, and Total Problems scores were strongly correlated (0.60<p<1.00)
with one another, and the Internalizing Behavior score was strongly correlated with only the Total
Problems score (Supplemental Table S4). Scores for each outcome across age ranges tended to be
moderately-to-strongly correlated (0.40<p<1.00) with one another (Swinscow, 1997).

3.4. Associations of prenatal acetaminophen exposure with CBCL outcomes

In general, higher acetaminophen exposure during prenatal development was associated w’ ™’
higher scores on attention-related outcomes across all three ages (Supplemental Table S5), .
relationship did not differ by child sex. Per unit increase in acetaminophen use (i.e., report ¢ Help
number of times taking acetaminophen) during the second trimester, there was a small but highly
significant increase in Attention Problems scores (range 0-10, Supplemental Table S5) at both 2
(8=0.009, 95% CI: 0.003, 0.015; p=0.002) and 3years of age (=0.009, 95% CI: 0.004, 0.014; p=0.001).
Increased use throughout pregnancy was also related to slightly higher Attention Problems scores at
2 (f=0.004, 95% CI: 0.001, 0.008; p=0.01) and 3years (=0.004, 95% CI: 0.001, 0.007; p=0.006; Fig.
2). Similarly, as shown in Fig. 3, more acetaminophen use during the second trimester was
associated with small increases in ADHD Problems scores (range 0-12) at 2 ($=0.0.010, 95% CI:
0.002, 0.019; p=0.01) and 3years of age (f=0.013, 95% CI: 0.005, 0.021; p=0.001), as was greater
cumulative exposure (2years: =0.004, 95% CI: -0.001, 0.01; p=0.09; 3years: 3=0.006, 95% CI: 0.001,
0.010; p=0.01). Higher exposure during the second trimester was associated with higher
Externalizing Behavior scores (range 0-48) at 2 ($=0.026, 95% CI: 0.004, 0.048; p=0.02), 3 (f=0.025,
95% CI: 0.003, 0.047; p=0.02), and 4years of age (f=0.026, 95% CI: 0.003, 0.049; p=0.03; Fig. 4).
Prenatal acetaminophen exposure was generally not related to Internalizing Problems scores (range
0-72, Fig. 5), except for a weak association of higher exposure during the first trimester with lower
scores at 3years (p=-0.021, 95% CI: —0.045, 0.002; p=0.07). There were also increases in Total
Problems scores (range 0-200) at 2 ($=0.052, 95% CI: -0.009, 0.113; p=0.09), 3 ($=0.066, 95% CI:
0.019, 0.112; p=0.006), and 4years ($=0.066, 95% CI: 0.011, 0.121; p=0.02) associated with greater
exposure to acetaminophen during the second trimester (Fig. 6). Higher cumulative exposure was
only significantly associated with an increase in Total Problems scores at 3years ($=0.028, 95% CI:
0.0002, 0.056; p=0.04). Associations were largely similar when standardized CBCL scores were used
instead of raw CBCL scores (Supplemental Figs. S9-13), and associations were also generally
unchanged in sensitivity analyses (Supplemental Table S6).


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/prenatal-development
https://scholar.google.com/scholar_url?url=https://www.sciencedirect.com/science/article/am/pii/S0892036224000011&hl=en&sa=T&oi=ucasa&ct=ufr&ei=cD3daLiVBK3M6rQPq5rsgAk&scisig=AAZF9b82hFxtAeC5caO7DS-OG38o
https://scholar.google.com/scholar/help.html#access

0.04

=
=
&=

=
B

=
2
0
L ——ie
=
e
o

Change in Attention Problems score
=
8

95% CI per increase in acetaminophen use

26.5-28.5 months

Download: Download high-res image (172KB)

Download: Download full-size image

36-38 months

46-48 months

O 19 Trimester
O 2™ Trimester
B 3™ Trimester
B Entire Pregnancy

Help

Fig. 2. Associations of acetaminophen use during pregnancy and Attention Problems scores on the

CBCL at 2 (left panel), 3 (middle panel), and 4years of age (right panel).
4 At 2years of age, higher acetaminophen exposure during the second trimester (f=0.009, 95% CI:
0.003, 0.015) and throughout pregnancy (=0.004, 95% CI: 0.001, 0.008) were related to higher
Attention Problems scores. Higher acetaminophen exposure during the second trimester (=0.009,
95% CI: 0.004, 0.014) and throughout pregnancy (=0.004, 95% CI: 0.001, 0.007) were also
associated with higher Attention Problems scores at 3years of age.

4All models were adjusted for child sex, age at assessment, and gestational age, maternal age,

maternal parity (nulliparous vs. >1), maternal education (<bachelor's degree vs. >bachelor's degree),

mean perceived stress score during pregnancy, mean Edinburgh Postnatal Depression Scale score

during pregnancy, and indication (N/A, pain, other, or multiple).

*p<0.05, **p<0.01.
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Fig. 3. Associations of acetaminophen use during pregnancy and ADHD Problems scores on the CBCL
at 2 (left panel), 3 (middle panel), and 4years of age (right panel).

4 Per unit increase in prenatal acetaminophen exposure during the second trimester (i.e., report of
number of times taking acetaminophen), children had a 0.010-point increase (95% CI: 0.002, 0.019)
in ADHD Problems scores at age 2. Increasing use throughout pregnancy was also associated with
an increase in scores ($=0.004, 95% CI: -0.001, 0.009) at 2years of age. Similarly, more
acetaminophen use during the second trimester (=0.013, 95% CI: 0.005, 0.021) and throughout
pregnancy ($=0.006, 95% CI: 0.001, 0.010) were related to higher ADHD Problems scores at age 3.
While the trend was present at 46-48 months as well, neither was p<0.10.

4All models were adjusted for child sex, age at assessment, and gestational age, maternal age,
maternal parity (nulliparous vs. >1), maternal education (<bachelor's degree vs. >bachelor’s degree),
mean perceived stress score during pregnancy, mean Edinburgh Postnatal Depression Scale score

during pregnancy, and indication (N/A, pain, other, or multiple).

# p<0.10, *p<0.05.
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Fig. 4. Associations of acetaminophen use during pregnancy and Externalizing Behavior scores on
the CBCL at 2 (left panel), 3 (middle panel), and 4years of age (right panel).

4 Higher acetaminophen exposure during the second trimester was associated with higher scores at
ages 2 ($=0.026, 95% CI: 0.004, 0.048), 3 (p=0.025, 95% CI: 0.003, 0.047), and 4 ($=0.026, 95% CI:
0.003, 0.049).

4All models were adjusted for child sex, age at assessment, and gestational age, maternal age,
maternal parity (nulliparous vs. >1), maternal education (<bachelor's degree vs. >bachelor's degree),
mean perceived stress score during pregnancy, mean Edinburgh Postnatal Depression Scale score
during pregnancy, and indication (N/A, pain, other, or multiple).

*p<0.05.
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Fig. 5. Associations of acetaminophen use during pregnancy and Internalizing Behavior scores on
the CBCL at ages 2 (left panel), 3 (middle panel), and 4 (right panel).

4 Higher acetaminophen exposure during the first trimester was associated with lower Internalizing
Behavior scores (f=-0.021, 95% CI: -0.045, 0.002).

4All models were adjusted for child sex, age at assessment, and gestational age, maternal age,
maternal parity (nulliparous vs. >1), maternal education (<bachelor's degree vs. >bachelor's degree),
mean perceived stress score during pregnancy, mean Edinburgh Postnatal Depression Scale score
during pregnancy, and indication (N/A, pain, other, or multiple).

# p<0.10.
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Fig. 6. Associations of acetaminophen use during pregnancy and Total Problems scores on the CBCL
at 2 (left panel), 3 (middle panel), and 4years of age (right panel).

4 Higher acetaminophen exposure during the second trimester was related to higher scores at 2
(B=0.052, 95% CI: -0.009, 0.113), 3 (p=0.066, 95% CI: 0.019, 0.112), and 4years (=0.066, 95% CI:
0.011, 0.121). Increasing cumulative exposure throughout pregnancy was associated with higher
scores only at age 3 ($=0.028, 95% CI: 0.0002, 0.056).

4All models were adjusted for child sex, age at assessment, and gestational age, maternal ag
maternal parity (nulliparous vs. >1), maternal education (<bachelor's degree vs. >bachelor's Help
mean perceived stress score during pregnancy, mean Edinburgh Postnatal Depression Scale score
during pregnancy, and indication (N/A, pain, other, or multiple).

# p<0.10, *p<0.05, **p<0.01.

4. Discussion

In this this largely white, non-Hispanic, highly educated, and high-income cohort, acetaminophen
use during pregnancy was higher than previous studies have reported (Brandlistuen et al., 2013; Ji
et al., 2018; Servey and Chang, 2014; Thorpe et al., 2013b). In the present analyses, higher prenatal
exposure to acetaminophen, particularly during the second trimester of development, was
consistently associated with increased (poorer) scores on CBCL outcomes related to attention across
early childhood. Specifically, increased exposure during the second trimester was associated with
increases in Attention Problems, ADHD Problems, Externalizing Behavior, and Total Problems scores
at ages 2 and 3, and Externalizing Behavior and Total Problems scores at age 4. Higher cumulative
exposure was also associated with increases in Attention Problems and ADHD Problems scores at 2
and 3years of age, and Total Problems scores only at age 3. Higher exposure during the first
trimester was associated with a small decrease in Internalizing Behavior scores at 3years, but there
was no clear pattern of the timing of exposure or direction of associations across ages for
internalizing behaviors. While male children in this cohort had higher scores on the Attention
Problems, ADHD Problems, and Externalizing Behavior scores than female children, especially at
ages 3 and 4years, no sex-specific associations with acetaminophen use were observed.

Some previous studies have examined the potential effect of prenatal exposure to acetaminophen
on child behavior using the CBCL, but only two have found that acetaminophen was associated with
an increase in attention-related outcomes. Similar to the results of the present study, Brandlistuen
et al. (2013) found that both short- and long-term acetaminophen use during pregnancy was
associated with an increase in Externalizing Behavior scores at 3years in the Norwegian Mother and
Child Cohort (MoBa) Study. When these children were 5years old, Trennes et al. (2020) observed
that acetaminophen exposure during all three trimesters of prenatal development was related to

higher Externalizing Behavior scores. However, Tovo-Rodrigues et al. (2020) found no relationship
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between any use of acetaminophen during pregnancy and any scores on the CBCL at 48 months in
the Pelotas Birth Cohort. Unlike in Tovo-Rodrigues et al. (2020), while there was no relationship of
prenatal acetaminophen exposure with Attention Problems, ADHD Problems, or Internalizing
Behavior scores in IKIDS at age 4, more use during the second trimester was associated with higher
Externalizing Behavior and Total Problems scores. Several other previous studies have found
associations of prenatal acetaminophen exposure and attention using other assessment
instruments. Other studies have observed an association between prenatal exposure to
acetaminophen and increased externalizing behavior at 11years (Inoue et al., 2020), poorer
attention in early childhood (Avella-Garcia et al., 2016; Golding et al., 2019; Liew et al., 2016

ADHD diagnosis or related behaviors (Ji et al., 2020; Ji et al., 2018; Liew et al., 2019; Liew et ar, zquilf;
Thompson et al., 2014; Ystrom et al., 2017) using other scales and methods, such as the Strengths
and Difficulties Questionnaire (SDQ) and medical records.

Previous studies have rarely been able to evaluate the relationship of prenatal acetaminophen
exposure with behavioral outcomes by trimester because participants were surveyed only one to
three times during pregnancy. In the present study, participants were surveyed about medication
use six times during pregnancy; thus, prenatal acetaminophen exposure was likely more accurately
measured than previous studies have been able to, and it was possible to examine use by trimester.
Despite potential concerns with self-report measures of acetaminophen use during pregnancy
leading to recall bias, and the small sample size of this study compared to previous studies, these

findings indicate that higher prenatal exposure to acetaminophen during the second trimester as
well as cumulative exposure throughout pregnancy was consistently associated with increases in
attention-related problems. The results of this study align with the results of several previous
studies which observed associations of prenatal exposure to acetaminophen with attention
problems and further suggest that the second trimester may be a time period of neurodevelopment

that is particularly sensitive to acetaminophen exposure.

Recent evidence indicates the analgesic effect of acetaminophen occurs via the endocannabinoid

system. The endocannabinoid system has been shown to play an important role in brain
development, playing roles in cell differentiation, migration, and synaptogenesis, in addition to

immune regulation via microglia (Bauer et al., 2018). Cannabinoid receptor 1 (CB{R) has been

implicated in both inattention and hyperactivity in animal models (Navarrete et al., 2020; Philippot

et al., 2017). CB1Rs are expressed early in neurodevelopment with evidence indicating that they
may be present in neural tissue as early as approximately gestational week 5 in human fetal

development (Buckley et al., 1997; Jutras-Aswad et al., 2009) based on rodent models (Wang et al.,
2003), and are functional by gestational week 9 in humans (Bara et al., 2021; Biegon and Kerman,
2001; Jutras-Aswad et al., 2009). Given that CB;Rs are involved in neuronal differentiation,
proliferation, and migration (Bara et al., 2021; Levy et al., 1975; Nitsche et al., 2017; Thiele et al.,
2013), it may be that prenatal exposure to acetaminophen during this period interferes with the
development of the endocannabinoid system in the cerebral cortex, resulting in attentional deficits,
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such as those observed in the present study. However, further investigation of this potential
relationship is needed.

This study has several strengths. First, it uses data from an ongoing prospective birth cohort study,
the most robust of the observational epidemiologic study designs; these children continue to be
followed, allowing for future studies to determine whether the problems detected in early
childhood persist as children age. Second, acetaminophen use was collected multiple times across
pregnancy, which both reduced the likelihood of recall bias and allowed for examination of
acetaminophen use by trimester. This study also evaluated behavioral outcomes utilizing th
measure across early childhood. Finally, these results add to the limited research on the rela Help
of prenatal exposures to acetaminophen and developmental outcomes in early childhood, providing
direction for future and follow-up studies.

This study also has some limitations. First, many analyses were conducted without correction for
multiple comparisons. It has been argued that the focus should be on looking for trends in results to
better inform future research in epidemiology (Rothman, 1990), which is the approach that was
taken for this study, and findings were consistent across all three ages. Second, this cohort is fairly
homogenous, and the participants who continue to participate in the study after the assessments in
infancy tend to be more biased towards being white, non-Hispanic, high income and highly
educated, potentially limiting the applicability of these findings to the general population. While
participants reported medication use several times during pregnancy, it is likely these reports were
not entirely accurate due to recall bias. Furthermore, dosage information was not collected, and
therefore could not be evaluated in this study. Additionally, because most participants reported
taking acetaminophen for pain, this cannot be ruled out as a potential cause for the associations
observed in this study. While a few studies have attempted utilizing biomarkers of acetaminophen
exposure in maternal urine, maternal plasma, umbilical cord blood, and meconium, these have their
own limitations due to the short half-life and rapid elimination of acetaminophen from the human
body (Baker et al., 2020; Bauer et al., 2018; Ji et al., 2020; Ji et al., 2018; Laue et al., 2019). A
promising potential biomarker that has not yet been investigated is shed teeth. Teeth begin to grow
during the second trimester of fetal development, and, due to their growth pattern, have growth
rings like those of trees resulting in a timeline of exposures from the time they begin to develop in

the prenatal period through when they are shed (Andra et al., 2016; Andra et al., 2015; Arora and
Austin, 2013; Petrick et al., 2020; Yu et al., 2021). Temporal exposure to heavy metals in teeth has

been examined for decades (Arora and Austin, 2013), but recent technological advances have
allowed for measurement of other compounds, including perfluoroalkyl substances, pesticides,
phthalates, and lipids (Andra et al., 2016; Petrick et al., 2020; Yu et al., 2021). One previous study
found that acetaminophen use during infancy can also be measured in shed teeth (Camann et al.,

2012); thus, future studies should investigate deciduous teeth as a biomarker of acetaminophen
exposure across prenatal development. In spite of these limitations, the results of the present study

indicate that the impact of prenatal acetaminophen exposure on neurodevelopment should be
further investigated.
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5. Conclusions

Acetaminophen is widely used and generally recognized as safe for use in pregnancy because use at
the recommended dosage has not been associated with birth defects seen with maternal use of

other classes of medications used for pain relief, such as nonsteroidal anti-inflammatory drugs
(NSAIDs) or opioids. However, a growing body of literature suggests use of acetaminophen during
pregnancy may be related to poorer neurodevelopmental outcomes, and while the associations in
this study were small in magnitude, these results add to the evidence indicating it may ber
deficits in attention. Furthermore, this study suggests that the second trimester of fetal
development may be a sensitive window of exposure for acetaminophen exposure. These re¢ Help

can inform future research design to investigate potential mechanisms and examine whether
similar results are observed in larger and more diverse cohorts in order to establish whether there is
strong causal evidence.
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