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ABBREVIATIONS
BDNF Brain-derived neurotrophic fac-
tor

Paracetamol (acetaminophen) remains the first line for the treatment of pain and fever in
pregnancy. Recently published epidemiological studies suggested a possible association
between paracetamol exposure in utero and attention-deficit-hyperactivity disorder/hyperki-
netic disorder (ADHD/HKD) or adverse development issues in children. However, the effects
observed are in the weak to moderate range, and limitations in the studies’ design prevent
inference on a causal association with ADHD/HKD or child neurological development. In paral-
lel, recent animal data showed that cognition and behaviour may be altered following expo-
sure to therapeutic doses of paracetamol during early development. These effects may be
mediated by interference of paracetamol with brain-derived neurotrophic factor, neurotrans-
mitter systems (including serotonergic, dopaminergic, adrenergic, as well as the endogenous
endocannabinoid systems), or cyclooxygenase-2. However, no firm conclusion can be made
on the relevance of these observations to humans. We conclude that additional well-designed
cohort studies are necessary to confirm or disprove the association. In the context of current

EMA European Medicines Agency

HED Human equivalent dose

HKD Hyperkinetic disorder

MoBa Norwegian Mother and Child
Cohort study

SDQ Strength and Difficulties Ques-

tionnaire

knowledge, paracetamol is still to be considered safe in pregnancy and should remain the
first-line treatment for pain and fever.

Information on safety of the fetus exposed to drugs during
pregnancy is generally limited.! Among 172 medications
approved in the USA between 2000 and 2010, 73% had no
data on the safety in pregnancy and 98% had insufficient
data to evaluate teratogenic risk.” In the European Union
(EU), 68% of marketed product via the EU centralized
procedure, and published on the European Medicines
Agency (EMA) website, indicate in their Summary of
Product Characteristics that there is no clinical experience
during pregnancy.’ Pregnant females are typically excluded
from clinical trials, thus, there is often an absence of evi-
dence-based information in this group of patients at the
time of marketing authorization. The EMA recently con-
ducted an analysis of data sources on drug exposure during
pregnancy and has noted several issues in obtaining high
quality data.* However, use of medication during preg-
nancy is extremely common. Over-the-counter drugs, in
particular, are the most common medications used’ with
about 67% of females reporting the use of over-the-coun-
ter medication during pregnancy in Europe.® Figures are
probably more variable in developing countries. A recent
pharmacovigilance study conducted on 994 pregnant
females using the platform of the Rufiji Health and Demo-
graphic Surveillance System in Tanzania, found that more
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than 98% of these females reported taking at least one
medication during pregnancy.’ Analgesics were among the
most frequently reported medications (24%).

Paracetamol (acetaminophen) is a widely used analgesic
and antipyretic. It is also an active substance in a series of
readily available over-the-counter medicines. Taken during
pregnancy, paracetamol is generally considered safe and
effective when used at the recommended dosage. Approxi-
mately 51% of western EU females and 61% of northern
EU females reported the use of paracetamol during preg-
nancy.

The placental barrier is known to be permeable to par-
acetamol. Thus, paracetamol and its metabolites could be
detected in the infant’s urine after the mother had taken
the drug a few hours before delivery.® Data from epidemi-
ological and animal studies are reassuring regarding the
risk of malformations and, although lately a link was sug-
gested between paracetamol exposure in utero and cryptor-
chidism or asthma, available data show no conclusive
association.”

Very little, however, is known about the long-term
effects of paracetamol in utero exposure on child neurolog-
ical development. Recently, the results of three cohort
studies have cast some doubts on the reassuring picture of

DOI: 10.1111/dmen. 12745 1



neurodevelopmental safety associated with paracetamol use
during pregnancy. Two studies reported an association
between in utero exposure to paracetamol with attention-
deficit-hyperactivity disorder (ADHD)/hyperkinetic disor-
ders (HKD) disorders,'®!! and a third with detrimental
effects on several neurodevelopmental outcome measures.'?
It is essential to ensure that health providers can make pro-
portionate risk-benefit decisions supported by sufficient
and valid evidence-based data regarding the use of medica-
tion during pregnancy. Here, we critically review the evi-
dence for a potential deleterious neurological effect of
paracetamol in utero exposure and the non-clinical data on
the possible underlying mechanism.

PHARMACOEPIDEMIOLOGICAL STUDIES

Before 2013 only one study (Streissguth et al.'*) had evalu-
ated the impact of acetysalicylic acid (aspirin) and paraceta-
mol taken during pregnancy on the child’s IQ and attention
skills in a selected cohort of 421 infants examined at 4 years
of age. In this group, the authors concluded that maternal
paracetamol use during the first half of the pregnancy was
not significantly related to IQ or attention decrement.

In 2014, Liew et al.'® published a prospective cohort
study evaluating the risk of developing ADHD-like behavio-
ural problems or HKD in children following prenatal expo-
sure to paracetamol. The study is based on the Danish
National Birth Cohort, a cohort of pregnant females and
children with long-duration follow-up (about 11y). Over half
of all mothers reported paracetamol use during pregnancy
(56%). Danish registries were used to identify, among the
cohort of 64 322 children aged 5 years or more, those who
received a hospital diagnosis of HKD or who were using
ADHD medications. To assess ADHD-like behaviours, the
cohort was further restricted to children whose caregiver
responded to a self-administered online/mail questionnaire
when the child turned 7 (40 916 children). Parental reports
based on the standardized Strength and Difficulties Ques-
tionnaire (SDQ) were used for assessing the 7-year-old
child’s ADHD-like behaviours. Paracetamol use during
pregnancy was associated with significantly higher scores for
the following items: ADHD-like behaviours (risk ratio 1.13;
95% CI 1.01-1.27); diagnoses of HKD (hazard ratio 1.37;
95% CI 1.19-1.59); and prescriptions of ADHD medica-
tions (hazard ratio 1.29; 95% CI 1.15-1.44).

The major strengths of this study are the large sample
size, allowing the detection of small size effects on the out-
comes, and the prospective design, minimizing the potential
for recall bias. Database-recorded ADHD diagnoses and
prediction for ADHD medication are likely to be an accurate
reflection of the prevalence of ADHD.'* Moreover, the
robustness of the findings was enhanced by the inclusion of a
wide range of covariates in the regression models, including
fever or inflaimmation/infection during pregnancy, and
mother’s mental health problems, which are known risk fac-
tors for neurodevelopmental impairment and important
potential confounders for the association of interest.'*
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What this paper adds

® Animal data suggest that therapeutic doses of paracetamol may alter cogni-
tion and behaviour.

® Epidemiological studies suggest a weak to moderate association between
antenatal exposure to paracetamol and neurodevelopment or attention-defi-
cit-hyperactivity disorder, but limitations in the studies” design and weak-
ness of the observed associations prevent causal inference.

® Given the current knowledge, paracetamol is still to be considered safe in
pregnancy and should remain the first line for the treatment of pain and
fever.

However, as suggested by Cooper et al. in the editorial
associated with the study,'* the interpretation of the rela-
tionship is not straightforward. About 30% of the eligible
mothers were excluded for missing one or more telephone
interviews, which means that the sample may not be repre-
sentative because ADHD is thought to be largely heritable
and dropout may be different depending on the ADHD
status of the parents. In addition, the possibility of residual
confounding factors, such as indication for drug use,
ADHD-related genetic factors, maternal psychopathology,
or co-medication, cannot be excluded. Since the observed
associations are moderate, they might disappear if further
adjustment for unmeasured or imperfectly measured
confounders is applied.

Recently, investigators involved in a prospective birth-
weight longitudinal study in New Zealand looked at the
possible association between drugs commonly taken during
pregnancy and ADHD.'" Data on drug use were obtained
by interview-administered questionnaires with the mother
soon after the child’s birth. ADHD symptoms were evalu-
ated through questionnaires administered to parents at age
7 years and 11 years, and to the child at age 11 years,
using the SDQ and Conners’ Behavioural Rating Scale
Revised Long Format scales. Data were available for a sub-
group of 871 infants of European descent. Paracetamol
was used by 49.8% of the study mothers (anti-inflamma-
tory drugs 1.3%, aspirin 5.3%, antacids 17.4%, and antibi-
otics 23.5%). Statistically marginal significant differences
were observed in the total SDQ scores derived at 7 years
of age (maternal questionnaire) and at 11 years of age
(child questionnaire). SDQs showed moderately higher val-
ues for children who were exposed to paracetamol during
pregnancy. There were no statistically significant differ-
ences associated with any of the other drugs (anti-inflam-
matories: —1.3 [95% CI —3.5 to 0.9]; aspirin: 0.5 [95% CI
—1.5 to 2.4]; antacids: —0.1 [95% CI —1.0 to 0.7]; and
antibiotics: 1.2 [95% CI 0.4 to 2.0]). Children of mothers
who used paracetamol during pregnancy were also at
increased risk of having symptoms of ADHD at 7 years
(but not at 11y) as defined by Conners’ Rating System at
the univariable level (difference of continuous parental
Conners’ scores: 1.6; 95% CI 0.3-2.9), but the significance
was lost at the multivariable level.

This study suggests that the findings could be specific to
paracetamol as there were no associations found with other
commonly used drugs in pregnancy. However, the effect
observed is weak and marginally significant, as a small



amount of residual confounding would suffice to generate
spurious effect. The specificity of the effect could have
been influenced by the weak prevalence of use of the other
medicinal products. The study has, in addition, potential
sources of bias such as a low follow-up rate, and the
absence of information on the ADHD status of the par-
ents. Finally, no information was collected on dosage or
trimester use of paracetamol during pregnancy. Therefore
it seems hazardous to infer clinical relevance from this
study.

A few months before the publication of the Danish cohort
study, the results of a sibling-control study evaluating the
long-term neurodevelopmental effects of in utero exposure
to paracetamol became available.'? The study is a subproject
of the Norwegian Mother and Child Cohort study (MoBa)
conducted by the Norwegian Institute for Public Health.
The authors prospectively examined a potential association
between prenatal exposure to paracetamol and psychomotor
development (communication, fine and gross motor devel-
opment), externalizing and internalizing behaviour prob-
lems, and temperament (emotionality, activity, sociability,
and shyness) in children after 3 years of follow-up. The sib-
ling-control design allowed a separation of the effect of
shared environmental and genetic confoundings (i.e. familial
confoundings) from the effect of the medication. Within the
MoBa, 2919 same-sex sibling pairs were identified as match-
ing the inclusion criteria. The children were classified with
regard to paracetamol in utero exposure either as: ‘not
exposed’; ‘exposed for 1 to 27 days’ (short-term exposure);
or ‘exposed for >28 days’ (long-term exposure). The pairs of
siblings were considered concordant when both were equally
exposed (both exposed or both unexposed), and discordant
on exposure when the siblings differed on exposure (one
exposed for >28d, the other not exposed or exposed <28d).
Ibuprofen was used as a secondary predictor. The potential
association between prenatal paracetamol use and outcomes
of interest was assessed using generalized linear regression
on the intrapair differences. The mean difference in devel-
opmental outcomes in a discordant sibling pair was esti-
mated by the beta () parameter.

The main indications reported in case of long-term
exposure were as follows: headache or migraine (63.4%);
back pain and pelvic girdle pain (19.5%); fever (19.5%);
and influenza or cold (12.2%). The sibling-controlled
adjusted analysis showed that long-term prenatal exposure
to paracetamol (>28 cumulative days) was associated with
increased risk for the majority of the outcomes. The statis-
tically significant effects in the adjusted models concerned
the following items: delayed age of walking onset (=0.26;
95% CI 0.06-0.45); gross motor development (f=0.24;
95% CI 0.12-0.51); communication skills ($=0.20; 95% CI
0.01-0.39); externalizing behaviour problems ($=0.24; 95%
CI 0.12-0.37); internalizing behaviour problems ($=0.14;
95% CI 0.01-0.28); and active temperament (=0.22; 95%
CI 0.11-0.36).

Short-term exposure was associated with poor gross
motor development and delayed motor milestone (age at

onset of walking), but the effects were smaller than with
long-term use. As a comparison, the cohort analyses on the
total MoBa cohort only found a few weak associations
between paracetamol exposure and the child’s neurological
development, with no specific trend related to the exposure
duration. This suggests an underestimation of the effect in
the cohort analysis as compared to the sibling-controlled
analysis. Moreover, the high intraclass correlations
observed suggest a strong familial confounding on the
measured outcomes.

Assuming a prevalence of 6% for behavioural and psy-
chomotor problems and 4% for language disorders in the
general population of preschool children, the authors cal-
culated the relative risks for disorders to be 1.69 for
behavioural problems, 1.67 for psychomotor problems, and
1.51 for language disorders.

The major strength of the study lies in the sibling-con-
trol design, which naturally adjusts for familial confound-
ing, and stable selection factors (e.g. socio-economic
status). Additional strengths are the large sample size, the
adjustment for indication (fever, infections, muscle pain,
headache), and other potential confounders (e.g. co-medi-
cation, maternal depression, alcohol use).

Interestingly, ibuprofen was not associated with neuro-
developmental outcomes, which could suggest a specific
effect of paracetamol that would be less likely to be con-
founded by indication. However, the absence of a signifi-
cant association for ibuprofen might be because of the
insufficient power. Indeed, the number of discordant pairs
of same-sex siblings for ibuprofen was 155 (all exposures),
whereas for paracetamol there were 805 and 134 discor-
dant pairs for short- and long-term exposure respectively.
Other limitations to the comparison between ibuprofen
and paracetamol include the lack of information on the
pattern of ibuprofen exposure. Ibuprofen is usually not
recommended during pregnancy and contraindicated in the
third trimester. A shorter average exposure or a more
limited exposure to ibuprofen is therefore expected in the
third trimester as compared to paracetamol.

The authors also identified limitations such as the low
participation rate in MoBa that could potendally cause a
selection bias and the assessment by self-reporting poten-
tially leading to misclassification (e.g. smoking during
pregnancy may be underestimated). The possibility of
residual confounding because of unmeasured or imperfectly
measured variables (e.g. unreported infections or illness)
was not ruled out.

One of the main limitations is certainly the use of ‘soft’
outcomes, which can be prone to differential misclassifica-
tion and do not have a simple clinical interpretation. Psy-
chomotor, behaviour, and temperament problems detected
at 3 years of age will not systematically translate into clini-
cal disorders with time. Externalizing behaviour could be
associated later in development with ADHD or other dis-
orders such as opposition or anxiety disorders, but they
could also result in an absence of any disorder. A longer
follow-up or linkage with other available databases may be

Review 3



envisaged to identify those children receiving ADHD/
HKD diagnoses and further assess the clinical relevance of
the findings. Recently Damkier et al.'> have also criticized
the translation of questionnaire-based scores of neurode-
velopment into a single continuous scale variable. In their
opinion, clinically meaningful interpretation of such data
in terms of regression analyses are subject to underlying
assumptions that cannot be verified.

Furthermore, the different classes of pregnancies showed
important difference in patterns of paracetamol use, as indi-
cated by the median difference in discordance of exposure
between sibling discordant pairs (2d vs 37d in short- and
long-term discordant pairs respectively). Some differences
in other characteristics like smoking, alcohol use, and
maternal depression were also observed. Pregnancies with
long-term exposure to paracetamol differed from other
pregnancies and it is possible that residual confounding
could, at least partly, explain the reported association.

In both the Danish and the Norwegian studies, pro-
longed use resulted in stronger associations but both faced
limitations in determining paracetamol exposure. Only data
on the cumulative number of days/weeks of exposition
could be collected, which might not adequately reflect the
overall burden of exposure. The cut-off date set at 28 days
cumulative exposure in the Norwegian study (based on the
association between paracetamol and cryptorchidism)'®
might not be the most relevant choice. As a resul, it is not
clear which dosage is associated with the observed effects
(one-off intensive use or regular moderate dosing).

Finally, although the authors mention a trend towards a
third trimester effect in the Norwegian study and a stron-
ger association for use during both second and third tri-
mester in the Danish study, neither could clearly identify a
period at risk.

In sum, exposure to paracetamol in utero was associated
with a moderate (if not weak) statistically significant
increased risk of ADHD/HKD disorders (Danish and New
Zealand cohort studies'®'") or neurodevelopmental detri-
mental effects (Norwegian sibling-controlled study'?) for
the children. Though the three studies evaluate outcomes
related to neurological development, they do not all over-
lap and are not directly supportive of each other. A major
strength of the Danish and Norwegian studies is their large
sample size. Furthermore, the use of a sibling-controlled
design in the Norwegian study allowed to partially control
for familial and hereditary confounding. Nonetheless, in
each of the three studies, potentially unidentified or not
fully controlled confounding factors could have an unpre-
dictable impact on the moderate association observed. In
addition, sound ascertainment of the ADHD/HKD diag-
nosis, including the pervasive aspect, is essential, but this
has not been sufficiently addressed in the two concerned
studies. Therefore, these findings need to be confirmed
before a firm conclusion can be drawn. It must also be
borne in mind that, in addition to possible specific effects
on early brain maturation, postnatal effects might also
occur. Moreover, other environmental factors such as
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mode of parenting, attachment style, or socio-economic
status might also ameliorate or exacerbate those effects.

ANIMAL STUDIES

Several recent animal studies report that cognition and
behaviour are affected by therapeutic doses of paracetamol.
These data point towards different potential mechanisms
that may support effects of paracetamol on neurological
development.

Paracetamol administration in mice during neonatal
brain development was shown to subsequently affect cogni-
tive function, and alter analgesic and anxiolytic response in
adult male mice."” The dose administered in this study
(2x30mg/kg bodyweight, 4h apart) corresponds to a
human equivalent dose (HED) of 4.9mg/kg bodyweight
using the body surface area normalization method.'® Sub-
cutaneous administration of this clinically relevant dose of
paracetamol at postnatal day 10, resulted in altered loco-
motor activity, and a failure to acquire spatial learning in
adulthood without affecting thermal nociceptive respond-
ing or anxiety-related behaviour. However, when mice
exposed neonatally received paracetamol during adulthood,
they failed to exhibit paracetamol-induced antinociceptive
and anxiogenic-like behaviour.

Moreover, in the same study, levels of brain-derived neu-
rotrophic factor (BDNF) in the neonatal brain were affected.
BDNF is a neurotrophin that is widely expressed in the brain
with a distinct ontogeny pattern during the brain growth
spurt. It promotes neuronal survival and also regulates cell
migration, axonal and dendritic outgrowth, and formation
and function of synapses. In humans, the brain growth spurt
begins during the third trimester of pregnancy and continues
throughout the first 2 years of life, whereas in rodents the
brain growth spurt is confined to the neonatal period, span-
ning the first 3 to 4 weeks of life and peaking around postna-
tal day 10. Therefore, the observed behavioural and
cognitive alterations in adulthood might to some extent be
caused by paracetamol-induced changes in BDNF levels in
key brain regions at a critical time during development.

BDNF is also known to interact with the endocannabi-
noid system,'” which is involved in the development of the
brain. In particular, the cannabinoid receptor CBI is
required for normal axonal growth and fasciculation.”®
Embryonic CB1-receptor signalling may participate in the
correct establishment of neuronal connectivity. Conse-
quently, manipulations of the endocannabinoid system dur-
ing critical stages of brain development might have
persistent neurobehavioural consequences.

In a study by Gould etal,?' acute intraperitoneal
administration of paracetamol (100mg/kg bodyweight,
HED: 8.1mg/kg) enhanced social behaviour in adult male
mice. This was associated with elevated cortical levels of
endocannabinoids. The behavioural effects of paracetamol
were, however, distinct from a full CB1 agonist, which
suppressed locomotor activity.

Interestingly, indirect activation of cannabinoid CBl
receptors is suggested by several authors as a mechanism



of action of the analgesic effect of paracetamol. In particu-
lar, it has been shown that analgesic activity of paracetamol
in rats is blocked by CB1 or CB2 antagonists,”** and
analgesic activity is lost in CB1 ™/~ knockout mice.”* Why
paracetamol fails to elicit cannabimimetic effects in
humans is unknown. Gould et al.?! seem to point to spe-
cies differences since they demonstrated strain-specific dif-
ferences in mice. They also suggest that other indirect
actions of paracetamol, including enhanced serotonin (5-
HT) neurotransmission, may outweigh any CBl-mediated
effects in some mouse strains.

Indeed, another hypothesis is that the analgesic actions
of paracetamol are substantially linked to various neuro-
transmitter systems. The analgesic activity of paracetamol
is decreased by inhibitors of serotonin, endogenous opi-
oids, endogenous cannabinoids, and, possibly, acetylcho-
line. In addition, the activity of some neurotransmitters
like substance P, glutamate, and, possibly, noradrenaline is
inhibited by paracetamol.”’

In a recent review, Homberg et al.”® emphasized the role
of both 5-HT and BDNF in development and brain matu-
ration. Moreover, they suggested a mutual interaction
between BDNF and 5-HT to be central to the mainte-
nance of neuroplasticity. Hence, interference of paraceta-
mol with these two systems during critical stages of brain
development might be expected to have persistent neuro-
behavioural consequences.

Furthermore, in rats, therapeutic doses of paracetamol
cause significant changes in neurotransmission in the
brain structures involved in cognitive processes. In male
Wistar rats, repeated subcutaneous paracetamol treatment
of 10 or 50mg/kg bodyweight per day (HED: 1.6 or
8.1mg/kg respectively) for 8 weeks resulted in significant
modulation of neurotransmission, with subtle changes in
behaviour and working memory.?” Significant differences
in the content of monoamines and metabolites between
the experimental groups suggest that major changes after
paracetamol administration were related to serotonergic
and noradrenaline neurotransmission in the prefrontal
cortex, hypothalamus, and the striatum. A shift in the
metabolism of dopamine was also observed. In the same
rat model, an 8-week paracetamol treatment significantly
affected the balance of amino acids in the striatum,
prefrontal  cortex, and hypothalamus.”® Such  pro-
nounced changes in amino acid levels might significantly
affect the metabolism and transport of other neurotrans-
mitters, and thereby cause cognitive and behavioural
impairment.

In the mammalian brain, noradrenergic transmission is
closely related to anxiety and plays an essential role in the
regulation of fundamental brain functions such as atten-
tion, consolidation, and retrieval of some types of mem-
ory.”” The shift in the metabolism of dopamine-
neurotransmitter involved in movement may be responsible
for the observed alterations of motor activity. Hence, the
observed changes in neurotransmission may explain the
discrete alterations in animal behaviour.

A study in mice by Ishida et al.*” pointed to dose-depen-

dent effects for either inhibition of cyclooxygenase-2
(COX-2) or increased serotonergic neuronal activity based
on their observations that intraperitoneal paracetamol injec-
tions of high-dose paracetamol (302.3mg/kg bodyweight,
HED: 24.5mg/kg) caused spatial memory deficits in the
water maze, whereas low-dose paracetamol (15.1mg/kg,
HED: 1.2mg/kg) improved water maze performance. These
results are consistent with previous findings suggesting that
endogenous COX-2 participates in memory formation.

Taken together, evidence from non-clinical studies show
that cognition and behaviour may be affected by therapeu-
tic doses of paracetamol during early development. This is
supported by findings in neonatal mice corresponding to
the third trimester of pregnancy in humans. The other
studies that we discussed, however, report effects observed
in adult animals. It is difficult to translate these findings
into human risk for paracetamol use during pregnancy, and
currently no firm conclusion can be drawn with respect to
the relevance of these observations for humans. The
alleged association of paracetamol use and neurodevelop-
mental alterations may reflect underlying inhibition of
endogenous COX-2, 5-HT agonism, and endocannabinoid
system interactions. The critical window of exposure is
nevertheless not established, and the exact neuromodulato-
ry abilities of paracetamol and potential impact on behav-
iour or cognition are still poorly defined.

CONCLUSION

A review of the available non-clinical data indicates that
neuronal development may be affected by therapeutic doses
of paracetamol, and several plausible mechanisms have been
suggested. Additional studies are needed to substantiate
the proposed hypotheses regarding the underlying mecha-
nism(s) and the clinical relevance of the observed effects,
including their reversibility.

In the light of the currently available epidemiological
data, no causal relationship between paracetamol in utero
exposure and ADHD/HKD or neurodevelopmental issues
can be concluded. The observed effects are at most moder-
ate and could either be explained by unmeasured genetic
or environmental confounders in the case of the studies on
ADHD, or have an unclear clinical impact that might fade
out over time (Norwegian study).

Additional carefully designed studies are necessary to con-
firm or disprove the association. Randomized clinical trials
are not feasible in the pregnant population for ethical rea-
sons. Therefore, only longitudinal cohort studies could gen-
erate exploitable information. A prospective ascertainment
of exposure and outcome is important for avoiding reverse
causality and recall bias. Confounding by indication and
severity can seriously compromise the interpretation of the
results, and should be tackled by collecting detailed data
during pregnancy. In order to control for familial confoun-
dings, the study design should allow separating effects of
prenatal exposure to paracetamol from familial effects, as
was done in the Norwegian study. Contrasting maternal and
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paternal exposure, as proposed by Smith,*! could further
help investigate the causal inferences. Moreover, every effort
should be made to obtain good quality data of key potential
confounders (e.g. maternal stress, co-medication) for reduc-
ing the impact of residual confounding. Above all, studies’
outcomes should be carefully selected to characterize the
clinical relevance of the effect. Given the complex heteroge-
neity of AHDH/HKD, it is of the utmost importance to val-
idate the diagnoses on the basis of clinical criteria as well as
evaluation of neuropsychological assessment.*? Perhaps neu-
rophysiological recordings might be considered.’® To the
extent possible, subgroup analysis per trimester, exposure
duration, and cumulative dose would be needed to allow
practical clinical conclusions.

Based on currently available evidence, we conclude that
paracetamol is still to be considered safe in pregnancy, and
it remains the first line treatment for pain and fever. For
the indication of fever, no restriction beyond the standard
recommendations should be made to the use of paraceta-
mol in pregnant females, since untreated fever may lead to
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