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Prenatal paracetamol exposure and child
neurodevelopment: a systematic review and meta-analysis

Francesco D’Antonio*, Maria Elena Flacco*, Lorenza Della Valle, Smriti Prasad, Lamberto Manzoli, Athina Samara, Asma Khalil

Summary

Background Concerns have emerged about the impact of paracetamol use in pregnancy on child neurodevelopment,
particularly in relation to autism spectrum disorder. We aimed to synthesise available evidence to investigate
associations between prenatal paracetamol exposure and autism spectrum disorder, attention-deficit hyperactivity
disorder (ADHD), and intellectual disability.

Methods For this Systematic review and meta-analysis, we searched MEDLINE, Embase, ClinicalTrials.gov, and the
Cochrane Library from inception to Sept 30, 2025, for cohort studies reporting adjusted estimates of the risk of
autism spectrum disorder, ADHD, and intellectual disability. Eligible studies used validated questionnaires or medical
records to define outcomes, reported maternal comorbidities and treatments, and compared pregnancies with and
without paracetamol exposure, whereas unadjusted studies were excluded. Quality assessment of the included studies
was conducted using the Quality In Prognosis Studies (QUIPS) tool. The primary outcomes were the associations
between prenatal paracetamol exposure and the likelihood of autism spectrum disorder, ADHD, and intellectual
disability. Analyses were restricted to §ibling-comparison studies with adjusted estimates, and odds ratios (OR) were
calculated. Random-effects meta-analyses used the generic inverse variance method. Subgroup analyses were
performed when possible (trimester, duration of use, offspring sex, and follow-up length). This study was registered
with PROSPERO, CRD420251156690.

Findings 43 studies were included in the systematic review, and 17 studies in the meta-analysis. When considering
sibling comparison studies,

SPECImIdiSordes (OR 098, 95% CI 0-93-1-03; p=0-45), ADHD (0-95, 0-86-1-05; p=0-31), or intellectual disability
(093, 0-69-1-24; p=0-63). There was also no association between paracetamol intake during pregnancy and autism
Specirumidisorder (OR 1-03, 95% CI 0-86-1-23; p=0-78), ADHD (0-97, 0-89-1-05; p=0-49), or intellectual disability
(1-11, 0-92-1-34; p=0-28) when considering only studies at low risk of bias according to QUIPS. This absence of
association persisted when considering all studies with adjusted estimates and those with more than 5 years of follow-

up.

Interpretation Current evidence does not indicate a clinically important increase in the likelihood of autism spectrum
disorder, ADHD, or intellectual disability in children of pregnant individuals who use paracetamol as directed,
supporting existing recommendations on its safety.

Funding None.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction limited by data variability and significant differences in

Paracetamol, or acetaminophen, is the most commonly
used analgesic and antipyretic during pregnancy,
recommended globally as a firstline option for pain
relief and fever reduction. Its safety profile is generally
more favourable than that of non-steroidal anti-
inflammatory drugs and opioids, making it the preferred
choice in obstetric care."” However, concerns have arisen
regardingits potentialimpact on child neurodevelopment,
including conditions such as autism spectrum disorder.**

The public debate gained traction in September, 2025,
when the US Government suggested that prenatal
exposure to paracetamol might contribute to autism,
citing a review linking acetaminophen use in pregnancy
to neurodevelopmental outcomes.*” This review was

how studies defined exposure and outcomes. Despite
these concerns, major professional organisations, such as
the American College of Obstetricians and Gynecologists
(USA) and the Royal College of Obstetricians and
Gynaecologists (UK), continue to endorse the safe use of
paracetamol during pregnancy when used appropriately.*®

Conflicting findings in the literature stem from
variability in evaluating neurodevelopmental outcomes
and the timing of acetaminophen use.”™ A 2024 meta-
analysis® suggested small associations between prenatal
paracetamol exposure and increased risks of autism
spectrum disorder and attention-deficit hyperactivity
disorder (ADHD), but these were often based on studies
prone to biases. More rigorous studies, including a
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See Online for appendix

Research in context

Evidence before this study

We searched MEDLINE, Embase, ClinicalTrials.gov, and the
Cochrane Library from database inception to Sept 30, 2025,
using combinations of Medical Subject Headings and keywords
including “paracetamol”, “pregnancy”, “autism”,
“neuropsychological”, and “outcome*”. We restricted inclusion
to cohort studies that reported adjusted risk estimates for the
association between prenatal paracetamol exposure and
neurodevelopmental outcomes. Study quality was evaluated
using the Quality in Prognosis Studies (QUIPS) tool. Earlier
meta-analyses suggested small increases in autism or
attention-deficit hyperactivity disorder (ADHD) risk after
prenatal paracetamol exposure, but were highly heterogeneous
and subject to residual confounding and exposure
misclassification. In contrast, previous large registry-based
cohorts using sibling-comparison designs generally reported
null associations, suggesting that familial and genetic
confounding might explain earlier findings. Across the
literature, exposure definitions and outcome ascertainment
varied considerably across studies and diagnostic eras.

Added value of this study
This study is, to our knowledge, the fifstsystematic review and
meta-analysis to prioritise sibling-comparison designs and to

apply the QUIPS tool to assess prognostic-factor bias across the
@ntire evidencelbase! It provides a clear hierarchy of evidence, by

separating analyses of sibling-comparison studies, low-risk-of-

Swedish cohort of 2-48 million births, found no
association between prenatal paracetamol use and these
disorders when accounting for familial confounding.”
A Japanese cohort study suggested minor risk increases
for ADHD and autism spectrum disorder, but further
analyses indicated these were likely due to confounding
and misclassification."

Considering the widespread use of paracetamol in
pregnancy, even a small causal effect on neurodevel-
opment could have major public health implications. At
the same time, avoiding paracetamol might expose
mothers and fetuses to the risks associated with
untreated pain and fever, such as miscarriage, preterm
birth, or congenital defects.” Thus, the politicisation of
scientific uncertainty creates confusion among pregnant
people and clinicians. In this systematic review and
meta-analysis, we aimed to rigorously assess the
available literature to clarify the association between
prenatal paracetamol exposure and neurodevelopmental
outcomes, such as autism spectrum disorder, ADHD,
and intellectual disability.

Methods

Search strategy and selection criteria

For this systematic review and meta-analysis, we
searched MEDLINE, Embase, the Cochrane Library,

bias studies, and all adjusted studies. Across all analyses, most
notably in sibling-comparison studies, prenatal paracetamol
exposure was not associated with increased risks of autism
spectrum disorder, ADHD, or intellectual disability. These
findings remained stable when restricting to studies with longer
follow-up and those judged to be at low risk of bias. The study
clarifies that previously reported associations in conventional
observational studies are likely to reflect residual confounding
from maternal illness, fever, genetic susceptibility, or
environmental factors rather than a causal effect of paracetamol.

Implications of all the available evidence
Taken together with large-scale sibling-controlled studies from
Sweden and Japan published in 2024 and 2025, GURfNEINGS

AUFRGIBIEgRARE). They reinforce the guidance of major

professional and regulatory bodies, including the American
College of Obstetricians and Gynecologists, the Royal College of
Obstetricians and Gynaecologists, and the European Medicines
Agency, which continue to recommend paracetamol as the
first-line analgesic and antipyretic in pregnancy. Avoiding
paracetamol based on inconclusive or biased evidence might
increase the risk of maternal fever or untreated pain, both of

which can harm pregnancy outcomes. (iiCHeSeaICRISHOUID

and ClinicalTrials.gov, from database inception to
Sept 30, 2025, for articles published in English,
adopting different combinations of the following
relevant medical subject heading terms and key-
words: “paracetamol” AND “pregnancy” AND “autism”
AND “neuropsychological” AND “outcome*”. Full search
strategies are in the appendix (pp 2-5). In case of
analyses published from the same cohort, we extracted
the data from the publication with the longer follow-up
or, if the length of follow-up was identical, with
the largest sample size. Reference lists of relevant
articles and reviews were hand-searched for additional
reports.

Studies were eligible if they had (1) a cohort design;

(2) available information on acetaminophen exposure
among pregnant women, either performed through

the assessment of biomarkers or medical records, or
self-reported; (3) an explicit definition of the primary
and if applicable, the secondary outcomes, diagnosed
using validated questionnaires or medical records;
(4) available adjusted estimates comparing pregnancy
outcomes in individuals taking paracetamol versus

those not taking paracetamol during pregnancy; and
(5) available information on underlying comorbidities

and pharmacological treatments during or before
pregnancy.
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The following outcomes were examined: (1) autism
spectrum  disorder, understood as a form of
neurodevelopmental diversity characterised by differences
in social communication, interaction, and behavioural
expression; ™ (2) ADHD, understood as a neurode-
velopmental condition involving differences in attention
regulation, activity level, and impulse control;® and
(3)intellectual disabilities, defined as a neurodevelopmental
condition involving differences in intellectual functioning
and adaptive skills.® We decided not to include studies
reporting language anomalies in children as developmental
language disorders in this analysis, since these do not
necessarily reflect broader development.

Although the most reported definitions of autism
spectrum disorder, ADHD, and intellectual disability in
children are those provided by the Diagnostic and
Statistical Manual of Mental Disorders, fifth edition
(DSM-5), numerous diagnostic guidelines are used in
the published literature and no specific restriction on
how to define any of the observed outcomes was applied.
Considering the heterogeneity of outcome ascertainment
across studies, we classified ICD or DSM-coded
outcomes as autism spectrum disorder, and treated
screening-based or questionnaire-based measures as
indicators of autistic traits rather than diagnostic autism
spectrum disorder.

Quality assessment of the included studies was
conducted using the Quality In Prognosis Studies
(QUIPS) tool, which evaluates the risk of bias in prognostic
factor research.” The tool examines six domains:
study participation, study attrition, prognostic factor
measurement, study confounding, outcome mea-
surement, and statistical analysis and reporting. In each
domain, studies are rated as having a high, moderate, or
low risk of bias. Two authors (FD and MEF) independently
graded risk of bias (high, moderate, or low risk of bias) for
each domain of the QUIPS tool for each study (appendix
pp 5-6). These assessments were then compared, and
disagreements resolved by discussion or by a third
reviewer (AK).*

Our primary analysis aimed to elucidate the
association between paracetamol exposure during
pregnancy and the risk of autism spectrum disorder,
ADHD, and intellectual disabilities, and included only
sibling comparison studies. The rationale behind this
choice is based on the fact that sibling comparison
studies can reduce potential confounders by
addressing shared familial factors, such as parental
genetics, socioeconomic status, and home environ-
ment, thus potentially providing a more robust
estimation of the possible association between a specific
prognostic factor and later development of these
neurodevelopmental outcomes.”? However, we also
explored the observed outcomes by including studies
not reporting sibling comparison in their analysis and
in studies with a low risk of bias according to QUIPS
assessment.

Considering the multifactorial nature of autism
spectrum disorder and ADHD, with several parental or
child characteristics potentially affecting the reported
risks, we excluded studies reporting only unadjusted
estimates.

This review was conducted according to a protocol
designed a priori and recommended for systematic
reviews and meta-analysis.” This study adhered to
PRISMA guidelines* and was registered with
PROSPERO, CRD420251156690.

Data analysis
Two authors (FD and LDV) independently screened titles
and abstracts, with discrepancies resolved by a senior
reviewer (AK). Each included article was independently
evaluated by two reviewers (FD and MEF), who extracted
the study characteristics and measures of effect. In cases
of discrepancies in data extraction, a third author (AK)
was contacted, and consensus was achieved through
discussion. Case reports, conference abstracts, and case
series with fewer than ten cases (five per group) were
excluded. Cases were defined as offspring identified with
autism spectrum disorder, ADHD, or intellectual
disability according to the diagnostic criteria or validated
records used in each primary study (appendix pp 9-22).
The units of the meta-analysis were single comparisons
of pregnant women taking versus not taking paracetamol
predicting: (1) autism spectrum disorders; (2) ADHD;
and (3) intellectual disability. The likelihood of each
outcome was assessed, using only adjusted estimates
from studies that reported sibling comparisons, in
studies at low risk of bias according to QUIPS
assessment, in all studies reporting adjusted estimates
and in those with a follow-up longer than 5 years. When
possible, we performed several additional meta-analyses
stratified by: trimester of paracetamol intake (first,
second, and third); duration of intake (<1 week,
1 week—-30 days, >30 days); sex of the newborn; and
duration of follow-up. We did not include studies
reporting the risk of each of the observed outcomes in a
subset of women and children with assessment of
paracetamol metabolites in different biological samples
in the meta-analysis, because they might not be
representative of the entire population, especially when
the risk of an adverse outcome was not reported in those
patients who did not have such a biological assessment.
Data were combined using a random-effects generic
inverse variance approach to account for between-study
heterogeneity.” Results were reported as odds ratios
(ORs) and 95% CIs. If a study reported the results of
different multivariable models, the most stringently
controlled estimates (those from the model adjusting
for more factors) were extracted. If different models
controlled for the same number of covariates, the model
containing the highest number of clinical covariates
(either genetics, sociodemographics, perinatal, or envi-
ronmental) was used for the analysis.” In case a study
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only reported separate estimates by subgroup, the overall
estimate of risk was computed from the separate relative
risks using the fixed-effect model for generic inverse
variance outcomes.” Between-study heterogeneity was
quantified using the I* statistic. For each outcome, the
total number of publications included in the meta-
analyses was less than ten, thus we were not able to assess
publication bias, either graphically, through funnel plots,
or formally, through Egger’s regression asymmetry test
(in such cases, the power is too low to distinguish chance
from real asymmetry). All meta-analyses were performed
using RevMan software (version 5.4).

Role of the funding source
There was no funding source for this study.

Results

Our initial search yielded 4147 articles, of which 4092 were
excluded because the reported outcomes were not relevant;
55 studies were obtained for full-text review. An additional
12 articles were excluded after full review; therefore,

4147 studies identified
4143 through database searches
4 through other sources

v

| 4147 screened |

—>| 4092 excluded
v

| 55 full-text articles assessed |

12 excluded
2 outcomes not relevant
3 review or meta-analysis only

(no original data)

3 case-control design
2 no adjusted estimates reported
1 overlapping cohort population
1insufficient data for extraction

A

43 included in the systematic review
and 17 included in the meta-analysis

Figure 1: Study selection

43 articles™"** were included in the systematic review
(figure 1; appendix pp 5-6). Of these, 17 studies were
lnCluded 11’1 the meta_analysis.10,11,14,27,32,34,37,42,44,4749,52,54,55,60,66

(appendix pp 4-6).

When considering sibling comparison studies,
paracetamol exposure during pregnancy was not
associated with the risk of autism spectrum disorder
(OR 0-98, 95% CI 0-93-1-03; p=0-45; 12=0%; figure 2;
table) The absence of association between paracetamol
intake during pregnancy and autism spectrum disorder
persisted when considering studies at low risk of bias
according to QUIPS (1-03, 0-86-1-23; p=0-78), all
studies with adjusted estimates (1-08, 0-95-1-22;
p=0-30), or those with more than 5 years of follow-up
(1-09, 0-95-1-26; p=0-22; table).

Maternal use of paracetamol was not associated with
an increased risk of ADHD among children when
considering sibling comparison studies (OR 0-95,
95% CI 0-86-1-05; p=0-31; [2=18%), those at low risk
of bias according to QUIPS (0-97, 0-89-1-05; p=0-49),
all published studies with adjusted estimates (1-10,
0-99-1-23; p=0-08), or those with a follow-up of longer
than 5 years (1-09, 0-95-1-25; p=0-21; figure 3; table).

No association was identified between paracetamol
intake during pregnancy and intellectual disability, when
considering sibling comparison studies (OR 0-93,
0-69-1-24; p=0-63; 12=48%,; figure 4), those at low risk of
bias according to QUIPS (1-11, 0-92-1-34; p=0-28), all
studies with adjusted estimates (1-04, 0-99-1-11; p=0-14),
or those with a follow-up longer than 5 years (1-11,
0-98-1-25; p=0-10).

I

Exposed Unexposed
pregnancies, n pregnancies, n
Ahlquist et al (2024)° 3956 41294
Okubo et al (2025)* 85853 131749
Total 89809 173043

Heterogeneity: 1°=0-00; y’=0-73, df=1, p=0-39; I’=0%

Weight (%) OR (95% )
J 97.0 098 (093-1.03)
L 30 086 (0-64-1-16)

1000 0-98 (0-93-1:03)

Test for overall effect: Z=0-92, p=0-36 r
02

Favours exposed children  Favours unexposed children

T T 1
05 1.0 2:0 5-0

Figure 2: Risk of autism spectrum disorder in children with in-utero exposure to paracetamol versus unexposed children
Only sibling comparison studies were included in this analysis. df=degrees of freedom. OR=odds ratio.
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subsets, resulting in insufficient statistical power and
unstable estimates.

Discussion

This systematic review and meta-analysis found no
evidence that maternal paracetamol use during
pregnancy increases the risk of autism spectrum
disorder, ADHD, or intellectual disability among
children. The null findings remained consistent when
analyses were harmonised to studies with longer follow-
up, those employing sibling comparisons, and those at
low risk of bias.

A comprehensive literature search across major
databases, exploration of a multitude of outcomes, and
stratified analysis by timing and duration of exposure,
and follow-up period, represent the main strengths of the
present systematic review.

Nevertheless, several limitations warrant consideration.
Few studies used sibling or family-based designs,
limiting our ability to account for genetic and shared
environmental confounders, which might influence
both use of analgesics and later neurodevelopment.
Heterogeneity in exposures and outcome assessment,
adjustment strategies used, and variability in the type of
neurodevelopmental assessment tools adopted to
characterise neurodevelopmental outcomes represent
the main weakness of the present systematic review.

Explaining the potential causal relationship between
paracetamol and conditions such as autism, ADHD, or
intellectual disability is challenging. Our results should be
interpreted in the context of the broader literature.
Earlier meta-analyses suggested increased likelihood
of autism spectrum disorder (pooled risk ratio (RR)
approximately 1-19) and ADHD (pooled RR approxi-
mately 1-34), but these were characterised by high
heterogeneity (12>70%) and by reliance on conventional
observational designs susceptible to residual confounding.
By contrast, the largest and most methodologically
rigorous studies provide strong evidence against a causal
link.

11« Swedish population-based cohort of 2-48 million
births using sibling comparisons, {lolificieaseallikeliiood
of autism spectrum disorder (hazard ratio [HR] 0-98,
95% CI 0-93-1-04), ADHD (0-98, 0-94-1-02), or
intellectual disability (1-01, 0-92-1-10) was identified
with prenatal paracetamol use.” Similarly, in a nationwide
(GPENSSENEHB® of more than 217000 children, §Hial
GREIAGEA increases in conventional analyses were
reported for ADHD (HR 1-22, 95% CI 1-09-1-36)."
However, these associations did not hold or were reversed
in sibling analyses and were further attenuated by
probabilistic bias modelling and negative-control
exposures. Together with our pooled results, these

findings suggest that{ifieViouSHMICPOTCANASSOCIAtONS

Datasets, Total Pooled estimates
n sample, n
OR (95% Cl) pvalue 2, %

Autism spectrum disorder
All studies 8 339040 1.08 (0-95-1-22) 0-30 57%
Studies with sibling comparisons only 2 262852 0-98 (0-93-1-03) 045 0
Studies with low risk of bias (QUIPS) 4 328413 1.03 (0-86-1-23) 078 75%
Studies with follow-up >5 years only 6 337038 1.09 (0-95-1-26) 0-22
ADHD
All studies 9 426629 110 (0-99-1-23) 0076  51%
Studies with sibling comparisons only 3 335255 0-95 (0-86-1-05) 031 18%
Studies with low risk of bias (QUIPS) 4 341659 0-97 (0-89-1.05) 0-49 10%
Studies with follow-up >5 years only 7 332924 1.09 (0-95-1-25) 0-22
Intellectual disabilities
All studies 9 502217 1.04 (0-99-1-11) 014  50%
Studies with sibling comparisons only 2 406681 0-93 (0-69-1-24) 063  48%
Studies with low risk of bias (QUIPS) 5 236781*  1.11(0-92-1-34) 0-28 57%
Studies with follow-up >5 years only 6 455666 111 (0-98-1-25) 0-10 50%

Sibling-comparison meta-analyses represent the primary evidence, since they account for shared familial and genetic
factors; all other analyses (overall adjusted estimates, low-risk-of-bias studies, and longer follow-up subsets) are
presented as secondary supportive analyses. All meta-analyses used a generic inverse variance random-effects model.
ADHD-=attention-deficit hyperactivity disorder. OR=odds ratio.QUIPS= Quality In Prognosis Studies. *The reported total
sample is incomplete, since one or more of the studies included in the meta-analysis did not report the raw data for the
subgroup.

Table: Primary and secondary pooled analyses of autism spectrum disorder, ADHD, and intellectual
disabilities among children with in-utero paracetamol exposure versus unexposed children

It is also important to recognise that heterogeneity in
diagnostic eras, reflecting changes over time in diagnostic
criteria, instruments, and assessment practices, is
inevitableacrosstheincluded studies. Neurodevelopmental
diagnoses have evolved substantially over time,” and the
outcomes reported here represent neurodevelopmental
diagnoses as defined in their time, rather than a
single uniform construct. Within this framework, the
most reassuring null findings consistently come from
large, registry-based cohort studies employing sibling-
comparison designs, which minimise confounding from
shared familial, genetic, and environmental factors. By
contrast, smaller questionnaire-based studies are more
susceptible to exposure misclassification, recall bias,
and variability in diagnostic thresholds, and therefore
tend to produce more heterogeneous and less reliable
associations.

Importantly, although prolonged analgesic use might
coincide with underlying maternal health conditions, the
null findings in sibling designs indicate that familial and
genetic factors, including the well established tendency
for autistic traits to run in families, are more plausible
explanations for previously observed associations than
any direct effect of paracetamol. These findings, therefore,
cannot be taken as evidence of causality, but instead
highlight the complexity of distinguishing medication
effects from underlying maternal and familial factors.

Biological mechanisms proposed to link paracetamol
with neurodevelopmental outcomes include endocrine
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Exposed Unexposed Weight (%)  OR(95% Cl)
pregnancies,n  pregnancies, n
Gustavson et al (2021)* 9368 12080 14-8 0-82 (0-65-1:03)
Ahlquist et al (2024)*° 8526 87679 816 0-98 (0-94-1-02)
Okubo et al (2025)™ 85853 131749 36 0-86 (0-52-1-42)
Total 103747 231508 1000 0-95 (0-86-1-05)
Heterogeneity: ’=0-00; y*=2-43, df=2, p=0-30; ’=18%
Test for overall effect: Z=1-03, p=0-30 r T T T 1
02 0-5 1.0 20 5-0
Favours exposed children  Favours unexposed children
Figure 3: Risk of attention-deficit hyperactivity disorder in children with in-utero exposure to paracetamol versus unexposed children
Only sibling comparison studies were included in this analysis. df=degrees of freedom. OR=odds ratio.
Exposed Unexposed Weight (%) OR(95% Cl)

pregnancies, n pregnancies, n

1.01(0-92-111)

Ahlqvist et al (2024)*° 175070 14009
Okubo et al (2025)* 85853 131749
Total 260923 145758

Heterogeneity: ’=0-03; x’=1-92, df=1, p=0-17; I’=48%

i 741
1 259

0-72 (0-45-1-15)

1000 0-93 (0-69-1-24)

Test for overall effect: Z=0-52, p=0-60 O|5

0-7 1.0 1.5 2.0

Favours exposed children

h—
Favours unexposed children

Figure 4: Risk of intellectual disability in children with in-utero exposure to paracetamol versus unexposed children
Only sibling comparison studies were included in this analysis. df=degrees of freedom. OR=odds ratio.

disruption and oxidative stress mediated by the
metabolite  N-acetyl-p-benzoquinone imine, altered
prostaglandin signalling, and epigenetic modifications.
The immature fetal liver has limited detoxification capacity,
potentially increasing susceptibility to these pathways.®”
Paracetamol also crosses the placental barrier, with fetal
concentrations approximating maternal levels. Although
these mechanisms are plausible, most supporting evidence
has been obtained from animal or in-vitro studies, and no
human data have established causality.

Our results have clear clinical relevance. Paracetamol
remains one of the most widely used medicines in
pregnancy, commonly taken for pain or fever, and is
included on the WHO List of Essential Medicines.” In
many settings, it is the only safe and accessible option
for treating fever and pain. Avoidance of paracetamol
based on inconclusive evidence could expose pregnant
women and their babies to known risks associated with
untreated fever or severe pain. Untreated maternal
fever, in particular, has been linked to miscarriage,
congenital anomalies, preterm birth, and differences in
neurodevelopment.”””” For this reason, discouraging
the appropriate use of paracetamol has the potential to
cause greater harm than the drug itself.

Our findings align with the guidance issued by leading
professional organisations, including the American
College of Obstetricians and Gynecologists, the Royal
College of Obstetricians and Gynaecologists, the
International Federation of Gynaecology and Obstetrics,
and the Society for Maternal-Fetal Medicine.*””” These
organisations continue to recommend paracetamol as
the first-line analgesic and antipyretic in pregnancy when

used as directed. Regulatory agencies such as the
European Medicines Agency, the UK Medicines and
Healthcare products Regulatory Agency, and Health
Canada hold similar positions.””

Our review highlights several weaknesses in the
existing literature and available data. Many existing
analyses rely on maternal self-report of paracetamol use,
which is susceptible to recall bias and misclassification,
particularly as mothers of children later identified with a
neurodevelopmental condition might be more likely
to recall or overreport medication use. Exposure
assessment should ideally incorporate pharmacy
dispensing records or biomarker validation to improve
accuracy. Outcome definitions also varied widely across
studies, with some relying on survey-based assessments
rather than validated diagnostic criteria.

Large longitudinal studies often lose substantial
numbers of participants (ie, due to adherence decline
and substantial loss to follow-up) over time due to
factors such as condition progression, lack of support,
or differences in socioeconomic status. Additionally,
the assessment of neurodevelopment over time might
be impacted by changes in diagnostic criteria,
variations in diagnostic tools, and the use of different
informants (parents vs teachers). Therefore, standar-
dising diagnostic methods and ensuring long-term
follow-up could improve comparability and strengthen
pooled estimates.

Furthermore, when calculating the prevalence of
neurodevelopmental outcomes, it is crucial to consider
the baseline risk of such conditions within families.
Family-based designs, such as sibling comparisons,
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represent a valuable approach to controlling for shared
genetic and environmental factors. Although these
studies mitigate bias from between-family confounding,
they also face reduced statistical power, as only
discordant sibling pairs contribute to identification,
and potential influence from time-varying confounders
across pregnancies. Computation of a specific
neurodevelopmental outcome in patients exposed to a
specific drug suspected of influencing such outcomes
should ideally take into account the concentration of a
drug in maternal or neonatal circulation. In this
scenario, future studies should stratify their analysis
according to the degree of drug exposure through
biomarker assessment.

Considering the extensive observational evidence
already available and the impracticality of further large-
scale prospective studies or randomised trials, future
progress in this field is likely to come from mecha-
nistic research, improved exposure measurement, and
genetically informed or quasi-experimental designs that
can Dbetter distinguish causal effects from residual
confounding. Importantly, future research should also be
guided by the autistic community, to ensure that priorities,
independence, and outcomes reflect lived experience.

Paracetamol is typically used only intermittently, and its
prolonged use raises questions about whether the
underlying health condition prompting extended use
might be more important in shaping neurodevelopmental
outcomes rather than the drug itself. Future research
should therefore prioritise dose-response analyses,
trimester-specific exposure, and integration of mechanistic
and epidemiological approaches to clarify whether
experimental hypotheses such as oxidative stress or
endocrine disruption, potentially exacerbated by immature
fetal liver metabolism, translate into clinically meaningful
effects in humans.

Our findings should be interpreted in the context of
recently published evidence. A 2025 meta-analysis
including 16 studies examined the association between
prenatal paracetamol exposure and autism spectrum
disorder and ADHD.® By contrast, our review
incorporated a larger body of evidence and extended the
scope to include intellectual disabilities. Furthermore, by
restricting analyses to cohort studies and conducting
sensitivity analyses limited to studies at low risk of bias
and with long-term follow-up, our study provides an
updated and methodologically more rigorous synthesis
of the current evidence.®

Future studies should employ designs that minimise
confounding by indication, such as sibling or other
quasi-experimental approaches, and, where feasible,
incorporate biomarker-based exposure assessment to
improve the precision of exposure measurement and
strengthen causal inference.

Maternal use of paracetamol during pregnancy does
not seem to increase the likelihood of autism spectrum
disorder, ADHD, or intellectual disability. This finding

supports the recommendations made by major medical
organisations regarding its use.
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