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Abstract
Background: Several studies have reported that there is an association between 
developmental and emotional/behavioural problems in children exposed to aceta-
minophen during foetal development. However, few studies have focused on devel-
opment and behavioural outcomes in early life.
Objectives: To test the association between prenatal exposure to acetaminophen 
and low neurodevelopmental performance at 24 months and behavioural/emotional 
problems at 48 months of life.
Methods: We used data from the 2004 Pelotas Birth Cohort, a population-based 
longitudinal prospective study. Neurodevelopment was evaluated at 24 months using 
Battelle's Developmental Inventory (BDI) (n = 3737). We assessed global function as 
well as each domain (personal-social, adaptative, motor, cognitive, and communica-
tion). Behavioural/emotional problems were assessed at 48 months using the Child 
Behaviour Checklist (CBCL) (n = 3624). We used the CBCL total, externalising, and 
internalising symptomatology and individual subscales (withdrawn, somatic com-
plaints, anxious/depressed, social problems, cognitive problems, attention problems, 
aggressive behaviour, and rule-breaking behaviour). Acetaminophen use during preg-
nancy was retrospectively assessed at the perinatal follow-up. Poisson regression 
and multiple linear regression analyses were used to test the association, adjusting 
for several family and maternal sociodemographic and health factors, medication use 
during pregnancy, and the sex of the child.
Results: Acetaminophen exposure during prenatal development was not associated 
with low neurodevelopmental performance at 24 months assessed using the BDI or 
to emotional and behavioural problems assessed at 48 months using the CBCL in the 
adjusted models.
Conclusions: We cannot confirm the existence of an association between aceta-
minophen used during pregnancy and low neurodevelopmental performance at 
24 months and emotional/behavioural problems at 48 months of life based on the 
present results.
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1  | BACKGROUND

Acetaminophen is one of the most frequently used medications 
during pregnancy worldwide. Although it is considered safe when 
administered within its therapeutic range in adults,1,2 its risk dur-
ing pregnancy remains unclear. Significant attention has been af-
forded to the association between exposure to acetaminophen 
during foetal life and increased risk of attention deficit/hyper-
activity disorder (ADHD)3 and autism spectrum disorder (ASD) 
in childhood.4 Our previous results from the 2004 Pelotas Birth 
Cohort, based on the Strength and Difficulties Questionnaire 
(SDQ), showed that the use of acetaminophen during pregnancy 
increased the odds of emotional and hyperactivity/inattention 
problems at 6 years of age in boys, while a nominal effect was 
observed at 11 years.5

Evidence indicates that it is pharmacologically active within the 
central nervous system6 and it is able to cross the placental7 and 
blood brain barriers.6 Interference with serotonergic and canna-
binoid pathways has been reported.6,8 The potential mechanisms 
linking acetaminophen to psychiatric problems include excess toxic 
N-acetyl-p-benzoquinone imine formation, oxidative stress- and 
inflammation-induced immune dysregulation, altered brain-derived 
neurotropic factor levels, endocrine disruption, inhibition of pros-
taglandin synthesis, and cannabinoid receptor9 and anti-androgenic 
effects.10,11

Attention deficit/hyperactivity disorder and autism spectrum 
disorder are classified as neurodevelopmental disorders in the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM-5),12 where it is stated that affected individuals may exhibit 
difficulties from birth onward and that the neurological cause arises 
during gestation or at birth,13,14 which is supported by genomic find-
ings.15,16 Thus, it is possible that the impairment in neurodevelop-
ment caused by acetaminophen emerges earlier in life in domains 
related to the mentioned disorders or in other domains. The ratio-
nale to study these traits is that if acetaminophen plays a role in neu-
rodevelopment, its effect may be stronger in the early stages than it 
may be later in life.

To date, the effect of acetaminophen exposure during the 
pre-gestational age on neurodevelopment during early life has 
been explored by the Norwegian Mother and Child Cohort Study 
(MoBa),17,18 Infancia y Medio Ambiente (INMA) Spanish prospective 
birth cohort,19 and Swedish Environmental Longitudinal, Mother 
and child, Asthma and allergy cohort (SELMA).20 Poorer gross motor 
development and communication skills, delays in the motor and 
walking milestones, externalising behaviour, internalising behaviour, 
attainment and communication problems, higher activity levels, and 
language delay were associated with acetaminophen exposure in 
prenatal life.17,18,20

In this study, we aimed to evaluate the effect of acetaminophen 
exposure during prenatal development on neurodevelopmental 
performance at 24 months and emotional/behavioural problems at 
48 months of life in the children from the 2004 Pelotas Birth Cohort 
(Brazil).

2  | METHODS

2.1 | Study design

This was a prospective longitudinal study that used data from the 
2004 Pelotas Birth Cohort, Brazil. The birth cohort was carried out 
between January and December 2004. Eligible mothers were those 
living in the urban area of Pelotas or in Jardim América. They were 
interviewed within 24 hours after delivery. A total of 4231 children 
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Synopsis

Study question

Is acetaminophen exposure during pregnancy associated 
with neurodevelopment and emotional/behavioural prob-
lems in infancy and early childhood?

What is already known

Acetaminophen use during pregnancy has been associated 
with attention deficit and hyperactivity disorders and au-
tism. The findings regarding development in early life are 
inconsistent.

What this study adds

We used data from the 2004 Pelotas Birth Cohort to in-
vestigate the potential role of acetaminophen exposure 
during pregnancy in low neurodevelopmental performance 
at 24 months (including motor, cognitive, communication, 
adaptative, and personal-social areas) and behavioural/
emotional problems at 48 months, evaluating withdrawal, 
somatic symptoms, social behaviour, attention, anxiety, 
rule-breaking behaviour, and aggressive symptoms, and 
considering both internalising and externalising symptom-
atology. The data cannot confirm the existence of an as-
sociation between acetaminophen used during pregnancy 
and offspring evaluated outcomes.
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were recruited to the study. The mothers were inquired about the 
socio-economic conditions of the family, life style, gestational his-
tory, and birth conditions. The newborn was measured and had its 
gestational age assessed. The same children were re-visited at 3, 12, 
24, and 48 months and at 6 and 11 years of age. The current study 
used data from the 24- and 48-month assessments for outcome def-
inition and perinatal assessment to evaluate pregnancy exposure to 
acetaminophen and covariates.21,22

2.2 | Exposure

Maternal use of medication during pregnancy was retrospectively 
assessed using a standardised questionnaire applied at the perina-
tal evaluation. The following question was asked: “Did you use any 
medications during pregnancy?”. Mothers who provided a positive 
answer were asked to report the names of all medications used 
during pregnancy, as well as the period of use. The use of acetami-
nophen was defined as at least once during pregnancy, regardless of 
the dose used.5

2.3 | Missing data

The 2004 Pelotas Birth Cohort assessed 4231 children at the peri-
natal stage, and the follow-up rates were 93.4% and 91.8% at 24 
and 48 months, respectively.21,22 Twelve children with a Battelle's 
Developmental Inventory (BDI) developmental score of <50 were 
excluded from the analysis because they presented severe mental 
deficit due to problems such as cerebral palsy and Down syndrome. 
The same criterion was used in a previous paper from our group.23 
Thus, for this study, we initially included 4219 children. The percent-
age of missing observations for acetaminophen exposure, BDI at 
24 months, and the Child Behaviour Checklist (CBCL) at 48 months 
was 3.3%, 8.9%, and 11.4%, respectively. Of 4219 children in the 
initial sample, we included 3737 (88.3%) and 3,624 (85.7%) in the 
analysis sample in the 24- and 48-month follow-ups, respectively. To 
address the issue of missing outcome data, we implemented inverse 
probability weighting (IPW). First, we predicted the probability of 
missing outcomes based on the exposure and covariates of the peri-
natal follow-up. Next, among the 3737 and 3624 individuals of each 
outcome we ran all models weighted by the inverse of the probabil-
ity of having each outcome separately.

2.4 | Outcomes

2.4.1 | Low neurodevelopmental performance

The screening version of BDI was used to assess the children's de-
velopment at 24 months of age. This is a standardised tool largely 
used for such evaluation and includes several domains: personal, 
social, adaptative, fine and gross motor, communication, and 

cognitive.24The assessments were performed at the child's home, in 
the presence of the mother or caregiver, by interviewers trained by 
a paediatrician specialised in child development. For this study, the 
BDI scores were dichotomised to define a low performance group 
using the 10th percentile as the cut-off point (separately for boys 
and girls), as performed in a previous study.23 Low performance (be-
longing to the first decile) was not associated with sex given how the 
classification was implemented.

2.4.2 | Emotional and behavioural problems

Child behavioural/emotional problems were assessed at 48 months 
using the CBCL.25 The version for individuals aged 4-18 years, which 
comprises 118 behavioural and emotional items, was used. This ver-
sion has been validated for the Brazilian population.26,27 A psycholo-
gist (LA) trained interviewers and supervised the application of the 
test among the children's mothers. In cases of absent mothers, the 
assessment was not conducted. A profile of childhood psychologi-
cal problems provided scores on eight empirically derived scales: 
withdrawn, somatic complaints, anxious/depressed, social problems, 
cognitive problems, attention problems, aggressive behaviour, and 
rule-breaking behaviour. Data from these scales were summed to 
provide an overall score (total problems) and were also grouped in 
two broad dimensions (internalising and externalising problems). We 
identified clinical groups using a t score > 63 in the CBCL total, ex-
ternalising, or internalising scales, and >70 points in the individual 
symptomatology scales, in accordance with the CBCL manual.28

2.5 | Statistical analysis

We first described the outcomes (low neurodevelopment per-
formance assessed by the BDI and total emotional/behavioural 
Problems assessed by the CBCL) according to the following co-
variates of interest: information on family Wealth Index Quotient 
(WIQ) in the month prior to delivery, maternal schooling, age, skin 
colour, marital status, parity, smoking during pregnancy, alcohol 
consumption during pregnancy, mood symptoms during pregnancy, 
pre-gestational body mass index (BMI), prenatal care (number of 
antenatal care appointments attended during pregnancy), infec-
tious diseases during pregnancy, high blood pressure and diabetes 
mellitus diagnosis during pregnancy, and child sex were considered 
as potential confounders. To minimise the confounding effect of 
other nonsteroidal analgesic use during pregnancy, we also ad-
justed the regression models for this information. The same strat-
egy was previously employed.5 The choice of covariates included in 
the regression analysis was based on a theoretical model, in which 
the potential associated factors with both acetaminophen use and 
neurodevelopmental and mental health variables were used. The 
differences in the distribution of covariates were assessed using 
Pearson chi-square tests. Crude and adjusted analyses were car-
ried out using Poisson regression adjusted for robust variance. The 
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effect estimates are presented as relative risk (RR) and respective 
95% confidence intervals (CIs). Effect modification by child sex was 
tested for all outcomes. All analyses were conducted using Stata 
(StataCorp. 2015. Stata Statistical Software: Release 14. College 
Station, TX: StataCorp LP).

2.6 | Sensitivity analysis

Additional analyses were conducted to assess the robustness of the 
findings. We performed crude and adjusted linear regression to as-
sess whether acetaminophen use during pregnancy was associated 
with the symptoms in our sample. For this analysis, the outcomes 
were considered as continuous variables, and the results are pre-
sented as the beta coefficient (β) and the 95% CI.

2.7 | Ethical approval

The 2004 Pelotas Cohort was approved by the Federal University of 
Pelotas Medical School Research Ethics Committee. Mothers were 
fully informed of all follow-up procedures, the general objectives, 
the voluntary condition of their participation, their right to not par-
ticipate, their right to not answer specific questions, and their right 
to confidentiality of the information provided.

3  | RESULTS

At 24 months, a total of 3727 children had valid information for 
acetaminophen exposure and BDI, and at 48 months, the number 
of children with valid information for exposure and CBCL was 3624. 
The use of acetaminophen was reported by 27.8% (n = 1060) of the 
mothers included in this study.

The sample included in this study comprised mostly girls (52.0% 
and 51.9% at 24- and 48 months respectively), children whose moth-
ers, by the delivery time, reported being of white skin colour (62.0% 
and 61.9%), having a partner (84.1% and 84.3%), having pre-gesta-
tional BMI between 18.5 at 24 kg/m2 (60.6% and 60.9%), having 
no mood symptoms (75.4% and 75.6%), no infections (58.8% and 
59.0%), no smoking (72.8% and 72.9%), no alcoholic beverage con-
sumption (96.7% and 96.6%), no hypertension (76.2% and 75.8%), 
no diabetes (97.1% and 97.0%), and no other analgesics use (79.4% 
and 79.3%), during pregnancy. The mean number of antenatal care 
appointments was 8.2 at 24 months and 8.3 at 48 months. The prev-
alence of maternal age younger than 25 years was 45.3% at both 
follow-ups and of lower education (5-8 years) was 41.2% and 41.7% 
at 24 and 48 months, respectively. Being primiparous was reported 
by 39.4% and 39.2% of participants, respectively (Table 1).

Low performance on the BDI was associated with poorest fam-
ily WIQ, reported black skin colour, lower education, higher parity, 
maternal mood symptoms, hypertension, and smoking during preg-
nancy (Table 1). The CBCL total problems’ scale was associated with 

male sex, poorest family WIQ, skin colour other than white or black, 
lower education, higher parity, single motherhood, pre-gestational 
BMI < 18.5 kg/m2, presence of mood symptoms, infections, smok-
ing, alcoholic beverage consumption, and use of other analgesics 
during pregnancy (Table 1).

Belonging to the richest family WIQ, maternal schooling longer 
than 12 years, no single motherhood, and using other analgesics 
during pregnancy were positively associated with the use of acet-
aminophen during pregnancy (Table S1). Further, skin colour other 
than white, higher parity (3 or more), and smoking were negatively 
associated with use of acetaminophen (Table S1).

Considering the BDI, in the crude models, the use of acetamin-
ophen at least once during pregnancy led to a decreased risk of off-
spring low performance on the motor and cognitive area domains 
(RR, 0.70; 95% CI, 0.54, 0.89 and RR, 0.87; 95% CI, 0.78, 0.96, re-
spectively). After adjustment for confounders, the RR approached 
the unit, and no association was observed. There was no interaction 
effect between sex and acetaminophen exposure during foetal life 
for all evaluated BDI domains (Table 2).

For the CBCL, in the crude model, the use of acetaminophen at 
least once during pregnancy was associated with a decreased risk of 
offspring externalising problems (RR 0.88; 95% CI 0.78, 0.99). After 
adjustment, the estimates varied from RR 0.75 (95% CI 0.28, 2.01) 
in the attention domain to RR 1.95 (95% CI 0.95, 4.03) in the anxi-
ety domain. There was no effect modification regarding sex for any 
CBCL outcome (Table 3).

Overall, the sensitivity analyses were consistent with the binary 
regression, and no association was observed between acetamino-
phen use during pregnancy and offspring BDI and CBCL scores in 
the fully adjusted models (Tables S2 and S3). The only association 
observed concerned the BDI cognitive domain, which showed a 
protective effect when the trait was evaluated as a continuous out-
come, consistent with the direction observed when the variable was 
treated as a binary outcome.

4  | COMMENT

4.1 | Principal findings

In this study, we explored the association between maternal use of 
acetaminophen during pregnancy and offspring neurodevelopment 
at 24 months and behavioural/emotional problems at 48 months. 
This study does not confirm the existence of a risk effect of acetami-
nophen used during pregnancy on offspring low neurodevelopmen-
tal performance at 24 months and emotional/behavioural problems 
at 48 months of life.

4.2 | Strengths of the study

This study added important new information regarding the associa-
tion of acetaminophen exposure with outcomes in early life, which 
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contributes to the current interpretation of the topic. Our study fo-
cused on a relatively unexplored outcome in two different ages in 
a cohort from a middle-income country. We used data from a large 
population-based birth cohort in Brazil focused on mental health and 
development, with a high follow-up rate with evaluation at various 
time points throughout childhood, which is scarce in the literature. We 
adjusted the models for several variables important for both neurode-
velopment and emotional and behavioural outcomes that may also in-
fluence the use of acetaminophen. We adjusted the model for the use 
of other types of nonsteroidal analgesics in order to exclude the effect 
of other medications on the outcome. The cohort included high-quality 
information regarding the confounders, and we assessed the role of 
acetaminophen independently of potential maternal and child con-
founders. These points can be considered as strengths of our study.

4.3 | Limitations of the data

The results should be interpreted considering certain limitations. The 
first limitation refers to the retrospective gathering of data on medica-
tion use during pregnancy, which may have resulted in difficulty re-
calling acetaminophen use. Besides the retrospective framing of the 
assessment of acetaminophen use during pregnancy, another limita-
tion that may have involved a memory issue is related to the broad 
question used to assess it that may have led to under-reporting of 
acetaminophen use. Thus, the low prevalence of acetaminophen use 
observed in this study may be due to under-reporting. Therefore, we 

TA B L E  1   Sample description considering the outcomes 
evaluated at both 24 and 48 months of age and their 
characterisation according to the covariates included in the study

 

24 months (N = 3737) 48 months (N = 3624)

 

Low  
performance 
on BDI  

Emotional 
and 
behavioural 
problems

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

Child sex

Male 1942 (52.0) 210 (10.8) 1881 (51.9) 436 (23.2)

Female 1795 (48.0) 186 (10.4) 1743 (48.1) 353 (20.3)

Family WIQ

1 (poorest) 721 (19.3) 133 (18.5) 696 (19.2) 219 (31.5)

2 770 (20.6) 115 (14.9) 753 (20.8) 193 (25.6)

3 747 (20.0) 67 (9.0) 732 (20.2) 155 (21.2)

4 749 (20.0) 42 (5.6) 726 (20.0) 149 (20.5)

5 (richest) 750 (20.1) 39 (5.2) 717 (19.8) 73 (10.2)

Mother's skin colour

White 2292 (62.0) 196 (8.6) 2220 (61.9) 387 (17.4)

Black 612 (16.6) 94 (15.4) 600 (16.8) 159 (26.5)

Other 790 (21.4)  100 (12.7) 764 (21.3) 225 (29.5)

Mother's age (years)

<25 1690 (45.2) 187 (11.1) 1642 (45.3) 420 (25.6)

25-29 869 (23.3) 88 (10.1) 824 (22.8) 175 (21.2)

30-34 776 (20.8) 71 (9.2) 765 (21.1) 131 (17.1)

>35 400 (10.7) 49 (12.3) 391 (10.8) 63 (16.1)

Mother's schooling (years)

0-4 564 (15.3) 111 (19.7) 537 (15.0) 165 (30.7)

5-8 1526 (41.2) 188 (12.3) 1500 (41.7) 394 (26.3)

9-12 1239 (33.5) 69 (5.6) 1194 (33.3) 189 (15.8)

>12 370 (10.0) 26 (7.0) 357 (10.0) 32 (9.0)

Parity (number of children)

1 (first 
child)

1472 (39.4) 124 (8.4) 1422 (39.2) 302 (21.2)

2 994 (26.6) 86 (8.7) 971 (26.8) 174 (17.9)

3 or more 1270 (34.0) 185 (14.6) 1230 (34.0) 312 (25.4)

Being single mother

No 3144 (84.1) 325 (10.3) 3055 (84.3) 628 (20.6)

Yes 593 (15.9) 71 (12.0) 569 (15.7) 161 (28.3)

Pre-gestational BMI(kg/m2)

<18.5 160 (4.7) 20 (12.5) 151 (4.5) 47 (31.1)

18.5-24 2073 (60.6) 195 (9.4) 2028 (60.9) 420 (20.7)

25-29 804 (23.5) 78 (9.7) 776 (23.3) 151 (19.5)

30 or more 384 (11.2) 46 (12.0) 376 (11.3) 90 (23.9)

Mood symptoms during pregnancy

No 2816 (75.4) 265 (9.4) 2737 (75.6) 494 (18.1)

Yes 920 (24.6) 131 (14.2) 885 (24.4) 294 (33.2)

(Continues)

 

24 months (N = 3737) 48 months (N = 3624)

 

Low  
performance 
on BDI  

Emotional 
and 
behavioural 
problems

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

Infectious diseases during pregnancy

No 2194 (58.8) 229 (10.4) 2133 (59.0) 407 (19.1)

Yes 1534 (41.2) 164 (10.7) 1483 (41.0) 381 (25.7)

Smoking during pregnancy

No 2721 (72.8) 259 (9.5) 2642 (72.9) 472 (17.9)

Yes 1016 (27.2) 137 (13.5) 982 (27.1) 317 (32.3)

Alcohol consumption during pregnancy

No 3614 (96.7) 380 (10.5) 3501 (96.6) 750 (21.4)

Yes 123 (3.3) 16 (13.0) 123 (3.4) 39 (31.7)

Other analgesic used during pregnancy

No 2949 (79.4) 305 (10.3) 2857 (79.3) 601 (21.0)

Yes 767 (20.6) 89 (11.4) 746 (20.7) 188 (24.8)

Hypertension during pregnancy

No 2843 (76.2) 281 (9.9) 2741 (75.8) 578 (21.1)

Yes 886 (23.8) 113 (12.8) 876 (24.2) 209 (23.9)

Abbreviation: WIQ, Wealth Index Quotient.

TA B L E  1   (Continued)
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were not able to address the dose response or the effect of a specific 
time window of exposure to better explore the association.

In addition, our analysis may not have had sufficient power to 
identify a significant association. Considering that under-reporting 
of the use of acetaminophen may be a limitation of the exposure 

definition in our study, we expect that the effect sizes observed in 
the association analyses were underestimated. We also observed 
some differences in the baseline covariates between participants in-
cluded and those lost to follow-up, and therefore, we implemented 
IPW. The results without IPW were very similar, suggesting that 
losses to follow-up did not bias our analyses.

Confounding by indication may also have hampered the results, 
since indication information was not collected at the perinatal inter-
view. Although we cannot exclude the possibility of residual con-
founding, we adjusted the analysis for variables that are related to 
the use of acetaminophen (ie the presence of infection during preg-
nancy, pre-gestational BMI, mood symptoms, high blood pressure 
diagnosis, and the use of other analgesics), which may have helped 
overcome this limitation. The self-report nature of the pregnancy 
health data, however, inserts some imprecision to the adjustment, 
and we cannot exclude confounding by indication in the present 
study. Finally, it is possible that postnatal exposure to acetamino-
phen by the toddlers may play a role in neurodevelopment. However, 
we were not able to assess it.

4.4 | Interpretation

The studies evaluating the association between acetaminophen 
use during pregnancy and neurodevelopment in infancy and early 
childhood have reported conflicting results. Importantly, in contrast 
to our study, all the three cohorts to date have collected acetami-
nophen use information during prenatal assessments. The inconsist-
encies across studies may have resulted from the acetaminophen 
use data classification as well as from the outcome scales used and 
age of assessment differences.

Poorer gross motor development score, communication skill 
score, and delayed walking score as assessed by the Ages and Stages 
Questionnaire (ASQ) at 3 years were associated with longer expo-
sure (≥28 days) to acetaminophen during prenatal development in 
a sibling-controlled analysis in the MoBa cohort.17,18 In the same 
cohort, using propensity score matching analysis, long-term ac-
etaminophen exposure during pregnancy was associated with de-
layed walking and communication problems as assessed by ASQ at 
18 months.18 Shorter term use (<28 days) was only associated with 
poorer gross motor at 3 years of age.17 No association was observed 
at 18 months.18 Our results, which are based on the assessment of 
acetaminophen use at least once during pregnancy, were not able to 
confirm the risk effect of acetaminophen exposure during foetal life 
on neurodevelopment scale performance (low performance total, 
social-personal, adaptative, motor, communication, and cognitive 
areas). Although we observed an association between acetamino-
phen use and offspring motor and the cognitive domains in the crude 
analyses and for the cognitive domain in the sensitivity full-adjusted 
analysis, the direction of the association was the opposite to that 
found for the MoBA cohort.

In the SELMA cohort, including data of 754 Swedish moth-
er-child pairs, a greater number of acetaminophen tablets ingested 

TA B L E  2   Association between the use of acetaminophen during 
pregnancy and offspring's low neurodevelopmental performance 
outcomes (binary traits) as assessed by Battelle's Development 
Inventory at 24 months in the 2004 Pelotas Birth Cohort, Brazil

 

Any use of acetaminophen 
during pregnancy

RR (95% CI)

Low performance in BDI

Model 1 0.83 (0.65, 1.06)

Model 2 1.04 (0.81, 1.32)

Model 3 1.00 (0.78, 1.28)

Social-personal area

Model 1 0.90 (0.72, 1.13)

Model 2 1.03 (0.82, 1.29)

Model 3 1.00 (0.80, 1.25)

Adaptative area

Model 1 0.89 (0.75, 1.06)

Model 2 0.90 (0.75, 1.08)

Model 3 0.91 (0.76, 1.08)

Motor area

Model 1 0.70 (0.54, 0.89)

Model 2 0.92 (0.72, 1.17)

Model 3 0.91 (0.71, 1.16)

Communication area

Model 1 0.91 (0.73, 1.13)

Model 2 1.04 (0.84, 1.30)

Model 3 1.04 (0.84, 1.30)

Cognitive area

Model 1 0.87 (0.78, 0.96)

Model 2 0.93 (0.84, 1.03)

Model 3 0.92 (0.83, 1.02)

Note: For all domains, the reference category is the one whose 
individual outcome variables symptoms are below the considered cut-
off point and those who were not exposed to acetaminophen during 
prenatal life.
The low performance group includes individuals belonging to the first 
decile. RR: relative risk; CI 95%: 95% confidence interval.
Model 1: unadjusted.
Model 2: adjusted for family wealth index; mother's skin colour; 
mother's age; mother's schooling; single mothers; parity; pre-pregnancy 
BMI; tobacco and alcohol use; and prenatal care (number of antenatal 
care appointments attended during pregnancy) during pregnancy.
Model 3: fully adjusted model (Model 2+ mood symptoms; infectious 
diseases; high blood pressure and gestational diabetes and treatment 
received during pregnancy; use of other analgesics during pregnancy; 
and child sex).
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during pregnancy (>6) was associated with greater language delay 
(the use of fewer than 50 words assessed by nurse evaluation and 
parental questionnaire on language use) in 30-month-old girls but 
not in boys.20 In our study, although the effect estimates for the 
communication area point towards a risk, the CI was large. Similar 
to our results, Avella-Garcia et al19 using the INMA cohort data did 
not find an association between the use of acetaminophen at least 
once during pregnancy and offspring mental and psychomotor de-
velopmental scores at 1 year of age using the developmental out-
comes of the Bayley Scales of Infant Development.19 Considering 
our findings and those of the previous studies, it is possible that 
long-term exposure to acetaminophen may play a role in neuro-
developmental low performance; however, we were not able to 
examine this.

Internalising and externalising symptoms are key indicators 
of psychopathology across the lifespan. The presence of these 
symptoms in childhood and adolescence increases the risk of psy-
chiatric diagnoses in adulthood.29 Internalising symptoms include 
anxiety, sadness, social withdrawal, and fearfulness while exter-
nalising symptoms include overactivity, poor impulse control, non-
compliance, and aggression.25,30,31 In our study, we did not find 
evidence corroborating a risk effect of acetaminophen exposure 
during pregnancy on internalising or externalising problems. In 
general, large variation was observed in the association estimates, 
including null effects, divergence in the association directions, and 
wide CI. The only cohort in which the CBCL instrument was used 
was the MoBa. The results regarding internalisation and external-
isation problems were conflicting when comparing the children at 
1.5 and 3 years of age. Children exposed to prenatal acetamino-
phen for more than 28 days had greater extent of externalising 
and internalising symptomatology at 3 years of age.17 However, no 

TA B L E  3   Association between the use of acetaminophen during 
pregnancy and offspring emotional and behavioural problem 
outcomes (binary traits) as assessed by the Child Behaviour 
Checklist at 48 mo in the 2004 Pelotas Birth Cohort, Brazil

CBCL total, broad-band, and 
specific scales RR (95% CI)

Total Emotional/behavioural problems

Model 1 0.90 (0.77, 1.05)

Model 2 1.05 (0.90, 1.27)

Model 3 0.99 (0.85, 1.16)

Internalising problems

Model 1 0.87 (0.65, 1.16)

Model 2 1.07 (0.79, 1.45)

Model 3 1.00 (0.75, 1.35)

Externalising problems

Model 1 0.88 (0.78, 0.99)

Model 2 1.00 (0.89, 1.14)

Model 3 0.97 (0.86, 1.10)

Withdrawn-depressed

Model 1 1.05 (0.56, 2.00)

Model 2 1.36 (0.69, 2.67)

Model 3 1.31 (0.68, 2.53)

Somatic complaints

Model 1 1.47 (0.62, 3.49)

Model 2 1.84 (0.70, 4.83)

Model 3 1.47 (0.58, 3.72)

Social problems

Model 1 0.94 (0.40, 2.22)

Model 2 1.55 (0.62, 3.91)

Model 3 1.56 (0.64, 3.83)

Anxious-depressed

Model 1 1.47 (0.73, 2.97)

Model 2 1.97 (1.00, 4.24)

Model 3 1.95 (0.95, 4.03)

Thought problems

Model 1 0.83 (0.40, 1.76)

Model 2 0.95 (0.44, 2.08)

Model 3 0.89 (0.41, 1.91)

Attention problems

Model 1 0.54 (0.21, 1.41)

Model 2 0.83 (0.30, 2.28)

Model 3 0.75 (0.28, 2.01)

Rule-breaking behaviour

Model 1 0.84 (0.61, 1.17)

Model 2 1.12 (0.81, 1.55)

Model 3 1.09 (0.79, 1.52)

Aggressive behaviour

Model 1 0.88 (0.68, 1.14)

CBCL total, broad-band, and 
specific scales RR (95% CI)

Model 2 1.02 (0.78, 1.32)

Model 3 0.98 (0.75, 1.27)

Note: For all domains, the reference category is the one whose 
individual's outcome variables symptoms are above the considered cut-
off point and those who were not exposed to acetaminophen during the 
prenatal life.
The cut-off point used to categorise the variables total emotional and 
behavioural problems as well as the broad-band scales (externalising 
and internalising problems) was 63 points. For all the specific scales, the 
cut-off point was 70.
Model 1: unadjusted.
Model 2: adjusted for family wealth index; mother's skin colour; 
mother's age; mother's schooling; single mothers; parity; pre-pregnancy 
BMI; tobacco and alcohol use; and prenatal care (number of antenatal 
care appointments attended during pregnancy) during pregnancy.
Model 3: fully adjusted model (Model 2+ mood symptoms; infectious 
diseases; high blood pressure and gestational diabetes and treatment 
received during pregnancy; use of other analgesics during pregnancy; 
and child sex).
Abbreviations: CI, confidence interval; RR, relative risk.

TA B L E  3   (Continued)
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association between long-term acetaminophen use during preg-
nancy and externalising and internalising symptoms at 18 months 
of age was observed.18

The mechanisms underlying the association between acetamin-
ophen use and outcomes related to mental health and neurode-
velopment remain to be elucidated. The inconsistences regarding 
the internalising and externalising domains and other behavioural 
issues are of note. In our previous study, exploring the same co-
hort, we found an association with the emotional and hyperactiv-
ity/inattention domains in boys at 6 years of age, while a smaller 
estimate was observed at 11 years.5 Some differences between 
the two studies need to be stressed. The instrument used to as-
sess the outcomes differed and explored different constructs. The 
CBCL is more widely used for diagnostic purposes and has higher 
sensitivity for detecting mental health problems. Conversely, the 
SDQ is an instrument used for screening, which could explain at 
least partially the differences in the results. The BDI is more use-
ful for detection of severe mental issues, but a direct comparison 
with this instrument is not possible. Another important topic is 
related to a possible age-specific effect of acetaminophen acting 
on specific neurodevelopmental pathways. Inconsistencies involv-
ing the age were observed in the MoBa cohort and in the study by 
Thompson et al.32 Further studies exploring the association across 
ages are important to elucidate the potential role of acetamino-
phen use throughout life. Although we found a positive result in 
our previous study, we were not able to confirm an association 
using earlier life outcomes.

5  | CONCLUSIONS

In conclusion, we cannot confirm the existence of a risk effect of 
acetaminophen use during pregnancy on low neurodevelopmental 
performance at 24 months and emotional/behavioural problems at 
48 months of life based on the present study results, in contrast to 
previous reports of confirmed risk in the literature. Such differences 
indicate the need to better characterise the potential mechanism 
of action of acetaminophen because it remains largely unknown. 
Further longitudinal studies with well-collected information related 
to acetaminophen use, such as detailed dose and frequency of use, 
are required to address these associations. Further studies focusing 
on determinants of acetaminophen use are also needed for proper 
adjustment of confounders.
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