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ABSTRACT

Background: In recent years, several large cohort studies have drawn attention to a possible association between maternal
paracetamol use during pregnancy and the occurrence of neurodevelopmental disorders. Given the complex etiology of these
conditions and the fact that acetaminophen is considered the only safe analgesic and antipyretic during pregnancy, these
publications have generated both concern and controversy.

Methods: This paper is based on studies published in PubMed. The reviewed literature includes publications from 2000 to
2025, primarily involving large cohorts (typically at least 100 participants) and accounting for potential confounding factors.
The search terms used were “paracetamol,” “acetaminophen,” “neurodevelopmental disorders,” “autism,” and “ADHD.”
Based on these criteria, 41 articles were selected for analysis.

Results: Cohort studies demonstrated a slight increase in the risk of neurodevelopmental disorders associated with prenatal
acetaminophen exposure. However, a causal relationship has not been established.

Conclusions: Paracetamol may have an adverse effect on fetal nervous system development; therefore, its use during
pregnancy should be limited to cases with clear medical indication and in accordance with the product’s prescribing
information.
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Introduction:

Paracetamol is considered by the U.S. Food and Drug Administration (FDA) to be a safe medication for
use during pregnancy and is classified as a Category B drug (animal reproduction studies have failed to
demonstrate a risk to the fetus, but there are no adequate and well-controlled studies in pregnant women, or
animal studies have shown an adverse effect that was not confirmed in human studies). [41] It is an over-the-
counter medication and the only analgesic and antipyretic approved for managing high fever or pain in
pregnant women. Some sources report that up to every second pregnant woman uses paracetamol during
pregnancy. Paracetamol use has also been associated with promoting the closure of the patent ductus arteriosus
(PDA), making it one of the most frequently administered drugs in neonatal intensive care units—with some
reports ranking it as the third most commonly used medication. [1]

Despite the widespread knowledge regarding the adverse effects, pharmacokinetics, and mechanism of
action of paracetamol, recent studies have drawn attention to a potential association between maternal
paracetamol use during pregnancy and the occurrence of neurodevelopmental disorders (such as autism
spectrum disorder, ADHD, and emotional or behavioral disorders). [2]

Numerous studies report statistical correlations between acetaminophen exposure and increased rates of
autism or ADHD; however, these findings do not establish a causal relationship. [3] The non-selective
inhibition of peripheral cyclooxygenase and interference with cannabinoid receptors are proposed mechanisms
of acetaminophen action that make such an association biologically possible. [1] It has been suggested that
paracetamol may induce apoptosis and oxidative stress in the fetal brain, and may also indirectly affect the
synthesis of hormones, such as testosterone. [3] Furthermore, animal studies have demonstrated degenerative
and necrotic changes in the respiratory, reproductive, and nervous systems. [1]

In 2021, an international consortium of scientists and clinicians issued a statement recommending that
paracetamol be used during pregnancy only when absolutely necessary and medically justified. In addition to
the scientific community, the potential impact of acetaminophen on human neurodevelopment has also
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attracted political attention. Recent statements by the President of the United States have once again drawn
global focus to the issue of the origins of neurodevelopmental disorders and the possible influence of analgesic
treatment on their development. [4]

The present paper aims to review the current body of literature to provide a comprehensive overview of
paracetamol use during pregnancy in the context of neurodevelopmental disorders in the offspring. It also seeks to
evaluate the influence of additional modifying factors that may contribute to the occurrence of conditions such as
autism spectrum disorder and may be indirectly related to analgesic use during pregnancy, including maternal fever,
infections, and chronic diseases. An important aspect discussed in the reviewed studies is the method used to assess
acetaminophen exposure (maternal self-report versus meconium concentration analysis), as well as the potential
impact of confounding factors, such as genetic predispositions. [3]

2. Biological Mechanisms of Potential Paracetamol Effects

2.1 Pharmacokinetics and Placental Transfer

Paracetamol belongs to the group of organic compounds and is a hydroxyl derivative of acetanilide
(which itself is an acetyl derivative of aniline). It is absorbed from the gastrointestinal tract through passive
diffusion. [5] The onset of action occurs approximately 30 minutes after oral administration, with a duration
of up to 4 hours and a plasma half-life of about 2 hours. The drug is metabolized in the liver via two main
pathways. The first, accounting for approximately 95% of total metabolism, involves conjugation with
glucuronic acid or sulfate groups. The remaining 5% of acetaminophen metabolism proceeds via the
cytochrome P450 enzyme system, leading to the formation of toxic metabolites. [6]Although paracetamol is
considered relatively safe when administered at therapeutic doses, excessive or prolonged use may result in
severe hepatic and renal damage. [7] Paracetamol readily crosses the placental barrier. According to the
product characteristics, it has not been shown to cause congenital malformations in the fetus; however, the
summary of product characteristics recommends caution due to the uncertain effects of the drug on fetal
neurodevelopment. Acetaminophen is also excreted into breast milk in trace amounts. [6]

NH, 9)
O OH
+ e
C)J\CH;; ¢/
CH

Acetic
anhydride

OH

~Aminophenol Paracetamol

Fig. 1. Simplified schematic of paracetamol synthesis.

2.2 Effects on Brain Function and Neurochemistry

Several animal studies have investigated the potential impact of acetaminophen on neurotransmission
and brain function. Research conducted on mice has demonstrated altered monoaminergic metabolism in the
hypothalamus, cerebellum, medulla, and spinal cord following prenatal exposure to paracetamol. Moreover,
acetaminophen administration on postnatal days 3 and 10 resulted in reduced habituation patterns—
specifically, decreased locomotor and exploratory activity—observed in two-month-old mice. [8] Some
studies have also reported that paracetamol affects the brain’s endocannabinoid system, primarily through the
CBI1 receptor. [9] This system plays a crucial role in regulating mood, pain, appetite, and the metabolism of
lipids and glucose. The pharmacological action of paracetamol involves inhibition of anandamide reuptake
and activation of CBI receptors via its active metabolite, N-arachidonoylphenolamine (AM404). [10] An
experiment on mice demonstrated that a global CB1 antagonist attenuated the antiallodynic effects of
acetaminophen in a postoperative pain model induced by surgical incision. The study confirmed CB1 receptor
activation by paracetamol in both sexes, across two mouse strains, and following two routes of administration
(intraperitoneal and oral). [9] Another experiment suggested that acetaminophen may also exert its effects on
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the endocannabinoid system through vanilloid receptors (TRPV1), thereby questioning the exclusive role of
CBI1 receptors. The TRPV1 receptor is activated by AM404, triggering analgesic effects. Diminished AM404
activity was observed in TRPV1 knockout mice, while animals pretreated with selective CB1 inhibitors did
not respond to acetaminophen administration. These findings indicate the involvement of both receptor types
in acetaminophen activation within the central nervous system. [11] Additionally, the results suggest that
acetaminophen exerts its analgesic effects partly through descending serotonergic pathways in the spinal cord.
[12] The endocannabinoid system is therefore believed to contribute to acetaminophen’s modulation of acute
and chronic pain as well as its influence on pain threshold. [5]

As mentioned in the previous section, an important aspect to consider is the influence of paracetamol
on serotonergic neurotransmission. Serotonin plays a crucial role in human pain perception, primarily through
modulation of nociceptive transmission within the spinal cord. The bulbospinal serotonergic pathways appear
to be involved in the analgesic effects of paracetamol or its metabolites; however, this mechanism requires
further investigation. [11] Another experimental study in mice suggested the involvement of both the
serotonergic and opioid systems in the induction and maintenance of paracetamol’s pharmacological effects.
Following acetaminophen administration, laboratory animals exhibited approximately a 30% reduction in both
p-opioid and 5-HT2 receptor density after a 7-day treatment period (with two doses of paracetamol
administered per day). [13]

The analgesic effect of paracetamol through serotonergic pathways has been confirmed in studies
involving the co-administration of acetaminophen with 5-HT3 receptor antagonists, such as tropisetron and
granisetron. This combination resulted in the abolition of APAP-induced analgesia. [14]

Another experiment demonstrated that administration of APAP on the 10th postnatal day in mice led to
a reduction in brain-derived neurotrophic factor (BDNF) levels compared to the control group. BDNF supports
axonal growth, neuronal survival, synapse formation, and cell migration. [15]

2.3 Possible mechanism of neurotoxicity and oxidative stress.

Influence of paracetamol’s actions in human organism was examined in many aspects. The mechanisms
by which it damages the kidneys, liver, and potentially the nervous system are complex. Among these, notable
pathways include oxidative stress, inflammatory responses, apoptosis, and ferroptosis, first described in 2012.
Ferroptosis is characterized by iron-dependent accumulation of reactive oxygen species derived from lipid
peroxidation. The principal cell-damaging mechanisms in ferroptosis include disturbances in iron metabolism,
impaired antioxidant capacity, accumulation of lipid hydroperoxides, and mitochondrial dysfunction. [7]

The mechanism of hepatocyte injury involves the initiation of mitochondrial oxidative stress and
fragmentation of mitochondrial DNA. Reactive oxygen species derived from complex I and III of the electron
transport chain also play a significant, albeit not fully understood, role in hepatocyte damage. The details of
hepatocyte injury remain unclear. [16] Beyond the effects of ROS, this damage encompasses inflammatory
cascades and apoptosis. [17]

The current research focuses on the mechanisms underlying the potential neurotoxicity of paracetamol.
A cited study in mice indicates that prenatal exposure to acetaminophen resulted in offspring exhibiting
deviations such as impaired nest-finding ability, stereotypical behaviors, and increased vertical exploration.
[18] Similar to hepatocytes, neuronal damage may be associated with reactive oxygen species-mediated lipid
peroxidation within cells. Another study in experimental animals demonstrated impairments in cognitive
function, exploratory behavior, and social interactions in offspring whose mothers were administered
paracetamol from the first day of pregnancy. [8] In one study, RNA sequencing was employed for an unbiased
exploration of potential mechanisms of acetaminophen neurotoxicity. Experimental animals were subjected to
behavioral tests, including the open field test, elevated plus maze, and a 5-choice reaction time task. Despite
accounting for sex differences, no significant differences were observed between the control and paracetamol-
treated groups. [19]

In another mouse study, paracetamol exposure was associated with DNA damage induced by oxidative
stress, as well as excessive activation of the immune system. [15]

Despite numerous studies in human cohorts—accounting for confounding factors such as chronic pain,
maternal characteristics, advanced maternal age, and fever—as well as experimental animal studies, the precise
mechanism underlying paracetamol neurotoxicity has not been definitively established. [19]
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2.4. Individual Differences: Genetics, Metabolism, and Environmental Factors

Despite its reputation as a safe drug, paracetamol can behave differently in the body due to various
individual patient factors. In elderly individuals or those with impaired liver or kidney function, acetaminophen
metabolism is slower, increasing the risk of acute toxicity. The biotransformation of APAP can also be
influenced by other substances, such as salicylates, MAO inhibitors, or alcohol, with chronic alcohol
consumption increasing the risk of hepatotoxicity. [6] Acetaminophen metabolism is also affected by genetic
factors and chronic diseases. An experiment in rabbits demonstrated statistically significant differences in the
half-life of paracetamol between animals with experimentally induced diabetes and healthy controls. The study
indicated that disturbances in carbohydrate metabolism could prolong the elimination time of acetaminophen.
Additionally, an increase in clearance and volume of distribution was observed in diseased individuals. The
experiment also revealed variations in APAP metabolism according to circadian rhythms. [5]

3. Review of Epidemiological Studies

Contemporary research has long focused on potential causes of neurodevelopmental disorders, such as
ADHD, autism spectrum disorders, and emotional or behavioral problems. In one cohort study, the association
between prenatal exposure to paracetamol and the occurrence of attention-deficit/hyperactivity disorder
(ADHD) was investigated. Exposure to acetaminophen was assessed by measuring its concentration in
neonatal meconium (odds ratio [OR] 2.43; 95% CI 1.41-4.21). ADHD diagnoses were made prospectively
when the children were 6—7 years old. Detection of paracetamol in meconium was associated with an increased
likelihood of developing ADHD. Among 345 children, acetaminophen was detected in the meconium of 199,
and 33 were diagnosed with ADHD. The study demonstrated a dose—response relationship, with each doubling
of the paracetamol dose associated with a 10% increase in the odds of ADHD. [3]

Another large cohort study followed approximately 2.5 million children in Sweden from 1997 to 2019.
The study investigated the association between prenatal paracetamol exposure and the development of
neurodevelopmental disorders such as ADHD and autism. Diagnoses in children were verified using
International Classification of Diseases (ICD) codes from the National Patient Register, as well as the
Prescribed Drug Register, which confirmed the use of ADHD medications such as methylphenidate or
atomoxetine. Paracetamol use was recorded prospectively based on prenatal records and prescription data. The
study controlled for confounding factors, both genetic and environmental, by analyzing siblings from the same
biological parents. Multiple sensitivity analyses were also performed to validate the findings. Among the study
population, 7.49% of children were prenatally exposed to paracetamol. Exposure was more frequent among
children whose parents had lower socioeconomic status, higher body mass index in early pregnancy, smoked
during pregnancy, or had diagnosed psychiatric or neurodevelopmental conditions, as well as in children with
indications for paracetamol use and concurrent use of related medications.

The results demonstrated a slight increase in the risk of autism following prenatal paracetamol exposure
(the 10-year risk of autism was 0.09% higher among children exposed to acetaminophen compared with those
unexposed). However, in analyses comparing exposed children with their siblings, no association was found
between APAP use and the occurrence of autism (HR 0.98, 95% CI 0.93-1.04), ADHD (HR 0.98, 95% CI
0.94-1.02), or intellectual disability (HR 1.01, 95% CI 0.92—-1.10). [4]

In another cohort study involving 996 mothers and children, researchers at Johns Hopkins University in
Boston assessed the presence of paracetamol and its metabolites in cord blood samples collected immediately
after birth. The study controlled for variables including maternal age, ethnicity, stress, alcohol and drug use,
education, body mass index (BMI), fever during pregnancy, and others. The results indicated that children in
the high acetaminophen exposure group were 2.14-3.62 times more likely to be diagnosed with autism
spectrum disorders and 2.26-2.86 times more likely to be diagnosed with ADHD. [20]

Another sibling-based study examined the association between acetaminophen use for more than 28
days and neurodevelopmental disorders. However, results from sibling comparisons did not support these
associations. [21]

In another large study, six major European cohorts were evaluated: the Avon Longitudinal Study of
Parents and Children (ALSPAC), DNBC, Gene and Environment: Prospective Study on Infancy in Italy
(GASPII), Generation R Study, INMA (comprising four subcohorts), and the Mother—Child Cohort in Crete
(RHEA) (Methods S1). Mother—child pairs were assessed between 1992 and 2008. Approximately 73,000
children were included for whom data on prenatal paracetamol exposure were available and for whom at least
one early childhood symptom of ASD or ADHD was recorded. The results showed that prenatal
acetaminophen use was associated with a 19% increased risk of autism compared with unexposed children
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(OR =1.19; 95% CI: 1.07-1.33), with these disorders more frequently diagnosed in boys. For ADHD, the risk
increased by 21%, with a similar increase observed in both male and female children. Additional factors were
identified: children with ASD symptoms were more likely to be born to younger mothers with lower
educational attainment, alcohol-related problems, or poor mental health during pregnancy. In the case of
ADHD, there was a tendency for affected children to be born to primiparous mothers who smoked and also
experienced mental health challenges during pregnancy. [22]

A retrospective cohort study was also conducted to evaluate the association between prenatal
paracetamol exposure and early childhood language development. The study initially included 532 children
and their mothers. Paracetamol use was documented at approximately 10—14, 16-18, 22-24, 28-30, and 34—
36 weeks of gestation, as well as within 24 hours after birth, based on detailed maternal interviews regarding
medication use, including dosage and indication. This allowed identification of active acetaminophen use.
Children’s language abilities were assessed using the CDI questionnaire at 26.5-28.5 months of age and the
SLAS at 3638 months. The study controlled for variables including parental education, maternal age, parity,
household income, first-trimester tobacco and alcohol use, whether English was the participant’s native
language, child’s age at assessment, and number of older siblings. Additionally, average perceived stress (PSS)
and the Edinburgh Postnatal Depression Scale (EPDS) were considered. Paracetamol use during the second
and third trimesters was associated with reduced vocabulary size and complexity, regardless of the assessment
tool used. No such effects were observed for paracetamol use during the first trimester. [23]

Another study focused not only on the potential occurrence of neurodevelopmental disorders following
acetaminophen exposure but also on emotional difficulties in children. Brazilian researchers prospectively
assessed a cohort of 4,231 newborns born in Pelotas. The children were subsequently followed up at ages 3,
12, 24, 48, and 72 months, and 11 years. Paracetamol use was determined based on maternal interviews
regarding medications taken during pregnancy. Children’s symptoms were assessed using the Strengths and
Difficulties Questionnaire (SDQ), which evaluates 25 psychological attributes divided into five scales:
inattention/hyperactivity, conduct problems, emotional symptoms, peer relationship problems, and prosocial
behavior. The study accounted for variables including the National Economic Index, sex, maternal education,
maternal skin color, parity, maternal smoking during pregnancy, alcohol consumption, maternal BMI,
infections during pregnancy, and use of NSAIDs during pregnancy. After adjusting for these factors, emotional
problems were observed (OR = 1.47; 95% CI: 1.07-2.02), as well as inattention and hyperactivity in boys.
These associations were not observed in girls. [24]

A long-term cohort study conducted in the United Kingdom, involving several thousand pregnant
women, reported a slight increase in the risk of behavioral problems, conduct disorders, and difficult
temperaments in children, primarily during the preschool years, after adjusting for confounding variables. [25]

Numerous meta-analyses and literature reviews have also assessed the association between paracetamol
use during pregnancy and an increased risk of neurodevelopmental disorders. In one such review, databases
were analyzed to link acetaminophen use, the occurrence of irregular breathing during pregnancy, and a
subsequent ADHD diagnosis. The literature also supported correlations between prenatal APAP exposure and
language impairments as well as psychomotor delays. [26]

Another meta-analysis proposed a bold hypothesis suggesting that oxidative stress combined with
acetaminophen use may underlie the pathology of autism spectrum disorders (ASD). This implies that in
susceptible individuals, paracetamol use could act as a trigger for ASD development. [27]

The Polish Society of Gynecologists and Obstetricians also issued a statement on this topic. They cited
two large studies, one of which, conducted in Sweden, was mentioned earlier. The second study was conducted
in Japan. Initially, researchers reported a slight increase in the risk of ASD (HR = 1.06); however, after analysis
of the control group, this value decreased to HR = 0.68. The initial analysis contained errors in classification,
inappropriate selection of the study group, and failure to account for confounding factors. [28]

In another meta-analysis, 46 studies were evaluated. Of these, 27 reported an association between prenatal
paracetamol exposure and neurodevelopmental disorders, 9 found no significant association, and 4 reported a
negative association. The analysis was conducted using the Scientific Literature Navigation Guide. [29]
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Table 1. Summary of Selected Cohort Studies

Amount of . .
Area of the examined Affliction Increase risk of NDD Disturbing factors References
research . (amount)
children
Quebec, . 2,5x
Canada 345 children ADHD [OR], 2,43; 95% CI, 1,41-421 Counted (1) [3]
0,0?x . .ASD Counted multiple:
ADHD After analysis of siblings:lack of cconomic status
risk for ASD HR, 0,98 [95% CI, . ”
2 480 797 ASD illnesses, apearence of
Sweden hild Intellectual 0.93-1,04] NDD in family, d d (4]
chuidren mielicctua ADHD (HR, 0,98 [95% CI, 0,94- 1n family, drugs an
disability 1.02] alcohol during pregnancy
ID HR, 1,01 [95% CI, 0,92-1,10] and others
ADHD
3 . 0, . |
II tercile [OR 23,2669,]95 % CI: 1,40 Counted multiple: age of
. T tercyl [OR 2,86; 95% CI: mother, ethnic origin,
996 pair of stress, taking drugs and
Boston, ADHD 1,77-4,67] .
mother and alcohol, education, Body [20]
USA child ASD ASD Mass Index (BMI), fever
II tercile [OR 2,14; 95% CI: 0,93— . ’
5.13}] during pregnancy and
I tercyl [OR 3,62; 95% CI: others
1,62-8,60]
Exposition to paracetamol:
Under 28 days - Lack of risk
26 613 ;
children Over 28 days - Increase of risk Counted: analysis of
Norway ADHD (aHR) = 2,02 (95%(CI) = 1,17— o [21]
12 902 3.25) siblings
families Control of siblings do not confirm
the connection
19% for ASD Counted: age of mother,
6 curopean 73 881 pair ASD OR=1,19; 95% CI: 1,07-1,33 BMI drugs and alcohol,
h l;[ of mother ADHD 21% for ADHD psychiatric disease during [22]
cohorts and child OR=1,21, 95% CI 1,07-1,36 pregnancy, fever,
infections and others
Counted: education of
532 pair of parents, age of mother,
Ilinois, mother and Language Nonsignificant growth for II and amount of births, salary, 23]
USA child functions III trimester smoking and alcohol
during I trimester and
others.
Counted: sex, education,
. . Emotional problems OR = 1,47; 95% CI: P & [24]
Brazil children . and alcohol during
Disorders 1,07-2,02
pregnancy, BMI,
infections and others.
12 418 Behavioural Insignificant increase of risk of Counted: diseases of
Avon, Great problems . mother, current health
D pregnant behavioural problems and . . . [25]
Britain Character . condition, lifestyle, social
women . character disorders. o
Disorder conditions and others
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4. Types of Neurodevelopmental Disorders Examined in the Context of Paracetamol Exposure

4.1. Attention-Deficit/Hyperactivity Disorder (ADHD)

Attention-deficit/hyperactivity disorder (ADHD) is characterized by a highly complex etiology. Among
the mechanisms implicated in its pathogenesis are oxidative stress and impaired mitochondrial autophagy. [30]
Electroencephalography (EEG) studies have demonstrated reduced functional connectivity in individuals with
ADHD, particularly within the alpha, theta, and delta frequency bands, contributing to symptoms primarily in
the emotional and behavioral domains. Two brain regions were found to be most prominently involved: the
left fusiform gyrus and the left rostral anterior cingulate cortex. [31] Genetic factors play a significant role in
the pathogenesis of ADHD. One study investigating the genetic basis of neurodevelopmental disorders
identified similar variants of dopaminergic genes in children with ADHD. The same study also emphasized
the importance of environmental factors such as maternal stress during pregnancy, pregnancy complications,
low socioeconomic status, and maternal medication use during gestation in the development of
neurodevelopmental disorders, including ADHD. [32] Representative symptoms of ADHD include inattention,
hyperactivity, and impulsivity. Additional characteristic features comprise excessive talkativeness,
restlessness, carelessness, and avoidance of tasks requiring sustained mental effort. Diagnosis requires the
presence of at least six features as specified in the DSM-5 criteria. [33]

An increasing number of studies link attention-deficit/hyperactivity disorder (ADHD) with oxidative
stress and subsequent mitochondrial dysfunction. Due to the involvement of high-energy-demand systems—
such as the central nervous system, gastrointestinal tract, and musculoskeletal system—the etiology of ADHD
has been associated with disrupted cellular metabolism. The oxidative stress that underlies this disruption may
originate as early as during maternal pregnancy, subsequently activating in the fetus and triggering a cascade
of inflammatory responses, increased mitochondrial production of reactive oxygen species (ROS),
neuroinflammation, and neuronal damage. These processes may ultimately contribute to the development of
neurodevelopmental disorders. [15]

4.2. Autism Spectrum Disorder (ASD)

Autism spectrum disorder (ASD) is characterized by two core diagnostic domains: (1) deficits in social
communication and social interaction, and (2) restricted, repetitive patterns of behavior, interests, or activities.
[33] Furthermore, symptoms must be present from early infancy and must limit or impair social functioning.
[34] As in the case of ADHD, the etiology and pathogenesis of ASD are highly complex. Autism has been
associated with mitochondrial dysfunctions. Mitochondria are essential for neuronal migration, and aberrant
localization or delayed migration of neurons often leads to abnormal cortical stratification. [30] Genetic factors
may also play a role—for example, the loss of fragile X messenger ribonucleoprotein (FMRP) results in Fragile
X syndrome, a severe form of autism spectrum disorder. [35] However, most ASD cases appear to follow a
polygenic inheritance pattern, indicating that no single gene is solely responsible for the disorder.

Among environmental factors implicated in the development of ASD are prenatal exposure to air
pollution, low birth weight, advanced parental age, viral infections during pregnancy, prematurity, multiple
gestation, maternal autoimmune diseases, and prenatal stress. [36], [37]

Genetic factors underlying ASD and ADHD frequently overlap. One study identified 17 loci shared
between autism and ADHD. Similar to attention-deficit/hyperactivity disorder, autism may be linked to
oxidative stress and consequent mitochondrial pathology. Developmental neurotoxins that induce oxidative
stress have been associated with both disorders. Up to 80% of individuals with autism display markers of
mitochondrial abnormalities, such as altered mitochondrial-to-nuclear DNA ratios. Structural alterations in
mitochondrial DNA and deficiencies in electron transport chain proteins have also been demonstrated. [15]
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Fig. 2. Potential mechanism of neurodevelopmental disorders.

4.3. Other Potential Consequences of Prenatal Exposure to Paracetamol

Due to its potential effects on the central nervous system, paracetamol may also influence other aspects
of cognitive and emotional functioning in children.

Cohort studies, after adjusting for confounding variables, have indicated possible adverse effects of
acetaminophen exposure on language development, emotional regulation, and behavioral outcomes.
Specifically, prenatal exposure to paracetamol has been associated with reduced language abilities, increased
incidence of emotional difficulties, problems with attention and concentration, behavioral disturbances, and
the presence of difficult temperament traits in children. [23-25]

5. Factors Modifying the Risk of Paracetamol Exposure

Contemporary scientific literature highlights the complex etiology of neurodevelopmental disorders
such as attention-deficit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD). The occurrence
of these conditions is most likely associated with a combination of genetic predisposition and environmental
influences. When considering the potential impact of paracetamol on the development of neurodevelopmental
disorders, several modifying factors must be taken into account. One important factor is maternal infection
during pregnancy — prenatal exposure to influenza, cytomegalovirus, or rubella has been shown to correlate
with an increased risk of autism in offspring. These infections are frequently accompanied by fever, which
may lead pregnant women to use paracetamol — currently the only antipyretic medication considered safe
during pregnancy. Advanced parental age may also modulate the risk of neurodevelopmental disorders. With
increasing paternal age, the accumulation of de novo mutations in the germline becomes more likely, while
maternal age is associated with a higher prevalence of autoimmune conditions. Additionally, older parents may
have increased use of analgesic medications due to the presence of chronic or degenerative diseases. [37], [4]

The dose and duration of paracetamol exposure also appear to influence the likelihood of
neurodevelopmental disorders. One cohort study demonstrated that acetaminophen use for less than seven days was
associated with a relatively small risk of attention-deficit/hyperactivity disorder (ADHD) in offspring. However,
exposure exceeding 29 days was linked to a (HR) of 2.20 (95% CI: 1.50-3.24), regardless of the indication for its
use. This association was also observed in fathers who used paracetamol prior to conception. [38§]

A separate study assessing paracetamol metabolite concentrations in neonatal meconium categorized
exposure into three quantitative levels. For the lowest exposure level, the risk to the fetus did not differ
significantly from that observed in unexposed pregnancies. In contrast, the highest level of prenatal
acetaminophen exposure was associated with a fourfold increase in the risk of developing ADHD. [3]

The most critical period for exposure to teratogenic substances during pregnancy is between days 14
and 56, corresponding to the phase of organogenesis. Drug intake during this window carries the greatest risk
of inducing structural malformations. The perinatal period may also present risks, as certain substances can
influence uterine contractility or exacerbate bleeding during labor. [39]

The nervous system develops continuously throughout pregnancy, beginning around day 20, when the
primordial structures of the brain and spinal cord become visible. The fifth week represents the peak period of
neural development, encompassing the formation of the pituitary gland and the establishment of spinal
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synapses. Subsequent months involve the progressive enrichment of the nervous system through the addition
of new neurons and glial cells. During the third trimester, the already advanced brain architecture undergoes
functional refinement, including processes such as differentiation, learning, memory formation, acquisition of
habits and preferences, and the emergence of primary emotions. [40] A cohort study evaluating language
development in children suggested that the second and third trimesters of pregnancy constitute the most
vulnerable periods for the potential neurodevelopmental effects of acetaminophen exposure. [23]

6. Discussion

At present, numerous researchers are investigating the potential causes of neurodevelopmental disorders,
with particular attention given to the possible role of acetaminophen (paracetamol)—the most commonly used
medication during pregnancy—in the etiology of ADHD, ASD, and other neurological dysfunctions.

A growing body of evidence suggests an association between prenatal paracetamol exposure and later
neurodevelopmental abnormalities. When confounding variables are not accounted for, the relationship
between acetaminophen exposure and the development of ADHD or autism appears relatively straightforward.
[3] Furthermore, concerns have been raised regarding the drug’s broad impact on various brain systems and
functions. Animal studies have demonstrated significant effects of acetaminophen on both the
endocannabinoid and serotonergic systems. [9], [11], [13]

In addition, experiments involving APAP exposure have shown that animals display deficits in
environmental adaptation and behavioral regulation, such as difficulty locating their nests and exhibiting
stereotypic or abnormal behaviors. [8], [18] Several studies and experimental findings also emphasize potential
mechanisms of acetaminophen-induced neurotoxicity, including oxidative stress, DNA damage, immune
system overactivation, and mitochondrial dysfunction. [7], [15—17]

Some cohort studies have reported only minor differences between control groups (unexposed to
paracetamol) and exposed groups in terms of the incidence of neurodevelopmental disorders. Other studies
have emphasized the significant contribution of confounding factors, such as genetic predisposition (many
sibling-comparison studies have challenged the causal role of acetaminophen), advanced parental age, and
maternal conditions during pregnancy, including fever and chronic illnesses. The aforementioned studies
suggest that the presence of acetaminophen exposure may be coincidental or clinically insignificant in the
pathogenesis of neurodevelopmental disorders. Instead, they propose that the underlying causes of ADHD and
ASD may be related to other factors that are indirectly associated with acetaminophen use. [4], [37] Notably,
studies reporting a strong association between acetaminophen exposure and the development of
neurodevelopmental or neurodegenerative abnormalities often failed to account for critical confounders, such
as environmental influences, pregnancy complications, or maternal comorbidities. Furthermore, even in
analyses that adjusted for confounding variables, the increased risk linked to acetaminophen use was rarely of
clinical or statistical significance. [3], [21], [25]

Some studies also rely on indirect or insufficiently reliable measures of paracetamol exposure, such as
prescription records or medical documentation. These data sources do not allow for accurate estimation of the
actual dose ingested or even confirmation of whether the medication was truly consumed, given that
paracetamol is readily available over the counter and is commonly used without prescription. [4], [22—24]

Considering the critical importance of fetal exposure to potentially harmful agents, it is essential to
conduct further research that accounts for as many confounding factors as possible. Future studies should also
aim to employ more precise and standardized methods for quantifying acetaminophen exposure, thereby
improving the reliability and interpretability of results.

7. Conclusions

Paracetamol remains an essential medication for the management of fever and pain in pregnant women.
However, current evidence does not provide a definitive answer as to whether the drug constitutes a causal
factor in the development of neurodevelopmental disorders in children. At present, the medical literature does
not confirm a cause-and-effect relationship between prenatal acetaminophen exposure and the subsequent
occurrence of autism spectrum disorder (ASD) or attention-deficit/hyperactivity disorder (ADHD) in offspring.
Nonetheless, both human cohort studies and animal experiments have reported certain correlations between
acetaminophen exposure and an increased risk of neurodevelopmental abnormalities. These findings indicate
that paracetamol should be used with caution during pregnancy, and only when clinically necessary, in strict
accordance with the product characteristics and medical recommendations.
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