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Abstract

Overwhelming evidence shows that exposure of susceptible babies and children to acetaminophen
(paracetamol) triggers many if not most cases of autism spectrum disorder, and that oxidative stress
causes susceptibility. However, these conclusions have not yet been widely acknowledged or
integrated into clinical practice or regulatory guidelines, leaving the continued high prevalence of
autism spectrum disorder unchecked. To understand why the conclusions have not been widely
accepted, this study conducts systematic analyses of all PubMed-indexed papers with
“acetaminophen” and “autism” in any search field. In these papers, statements that failed to promote
changes in clinical practice or regulatory guidelines were pervasive. Also pervasive were
mishandlings of available evidence, including treating interacting variables as if they are
confounding factors (66% of studies affected) and considering too narrow a range of evidence (77%
of studies affected). Also present were erroneous criticisms of potentially groundbreaking research,
undermining the potential impact of that research. It is hoped that identification of these fundamental
problems will lead to widespread acceptance of the evidence that acetaminophen triggers autism
spectrum disorder in susceptible babies and children and to subsequent regulatory and clinical
changes that will effectively and quickly reduce the induction of autism spectrum disorder.

Keywords: acetaminophen; autism spectrum disorder; confounding factor; oxidative stress

Introduction

Based on overwhelming evidence, we have previously concluded that exposure of susceptible
babies and children to acetaminophen (paracetamol) causes many if not most cases of autism
spectrum disorder (autism) [1-4]. Further, we concluded that susceptibility is imparted by
inflammation and oxidative stress, which can be caused by a wide range of genetic, epigenetic and
environmental factors [5]. In addition, we concluded that acetaminophen is likely involved in the
etiology of the vast majority of cases of autism [2], a compelling view from a scientific perspective as
it satisfies Occam’s Razor [5], and a compelling view from a public health perspective as it holds the
key to a profound and readily obtainable reduction in the prevalence of autism. Further, we have
previously determined that the time window for risk of acetaminophen-mediated induction of
autism likely starts sometime during pregnancy [4] and, possibly with rare exceptions, ends by the
age of 5 or 6 years, with the most sensitive period being the peripartum period after the umbilical
cord is clamped [4].
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We have recently reviewed evidence pointing toward the induction of autism following
exposure of susceptible individuals to acetaminophen [1-4]. To summarize, while no single line of
evidence is, by itself, convincing, the body of evidence considered as a whole is sufficiently
compelling. That body of evidence includes over two dozen lines of evidence from clinical
observations, laboratory animal studies, pharmacologic considerations, and multiple, independent
associations through space, time and human behavior [2,3]. The body of evidence, when considered
as a whole, indicates that autism is a hallmark of acetaminophen exposure during neurodevelopment
in the presence of oxidative stress. That same body of evidence effectively rules out trivial
explanations for increases in autism such as changing awareness and diagnostic criteria, accepting
that a profound increase in the incidence of autism over the past century has led to improved
diagnosis and awareness, as might be expected.

Despite overwhelming evidence, current medical literature in the field adheres to the myth that
autism has a complex cause, with multiple factors contributing to the disorder, and with no single
factor being critical [2]. This myth, like many myths, contains some elements of reality. Evidence does
indeed demonstrate that oxidative stress, a cofactor in the acetaminophen-mediated induction of
autism, has a complex underpinning, with multiple genetic and environmental factors contributing
[5]. However, the myth misses the role of acetaminophen as a single, critical factor to the induction
of autism, and thus stands as an impediment to progress in reducing the prevalence of autism. The
myth itself is founded upon a widely known error in science: the fact that many risk factors are
associated with autism does not mean that those many risk factors cause autism. Association does
not equal causation.

It might be argued that strong evidence that acetaminophen triggers autism in susceptible babies
and children has only recently emerged, accounting for the current lack of awareness of the ongoing
and widespread induction of autism. However, evidence does not support this view. The first study
specifically probing the association between acetaminophen and autism was published in 2008 [6] by
Schultz and colleagues, finding that use of acetaminophen in early childhood was associated with
regressive autism. This observation provided grounds for a newly minted hypothesis that, in
hindsight, was supported by numerous lines of evidence already present in the scientific literature
prior to 2008. Much of that evidence was pointed out by Good in 2009 [7]. For example, the prevalence
of autism had been rising sharply since 1982 after aspirin was replaced with acetaminophen due to
concerns about Reye syndrome, a fact known by 1987 [8]. Further, it was found in the 1990s that
children with autism could not efficiently metabolize acetaminophen [9], rendering them susceptible
to enhanced production of the toxic metabolite of acetaminophen, which had itself been well
described by the 1970s [10]. In addition, veterinary science literature in the 1980’s supported the view
that administration of acetaminophen to domestic cats was ill advised due to metabolic deficiencies
that lead to enhanced toxicity [11-13]. The same metabolic deficiencies had been known since the
1970s to exist in human neonates [14,15]. As another example, a literature review prior to 1990, had
it been performed, would have revealed that the presumed safety of acetaminophen for pediatric use
was based solely on studies monitoring liver function [16], but studies in the 1980s had demonstrated
that even lethal doses of acetaminophen do not cause significant liver damage in neonatal laboratory
mice [17] or in domestic cats [13], which have limitations affecting acetaminophen metabolism similar
to those found in human neonates. Further, the fact that a drug which profoundly affects biosynthetic
pathways in the human brain was not tested for its impact on neurodevelopment even in laboratory
animals seems reckless and would have been evident even in the 1970s as acetaminophen was being
considered for widespread use in neonates.

As another example of evidence connecting acetaminophen and autism prior to 2008, parents
for decades have attributed their child’s autism to vaccination [18-21], and that attribution was noted
years prior to 2008 [22,23]. Indeed, what motivated the 2008 study by Schultz and colleagues [6] was
Schultz’s observation that his son’s regression into autism coincided with administration of the MMR
vaccine [24]. Schultz et al. [6] found that acetaminophen use during childhood, including
administration with the MMR vaccine, was strongly associated with regressive autism, providing an

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0006.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 August 2025 d0i:10.20944/preprints202508.0006.v1

3 of 20

explanation for parents’ observations, including his own. Importantly, given frequent use of
acetaminophen with vaccination, the parents’ observations that vaccination and regression into
autism are associated can then be considered as another line of evidence linking acetaminophen with
autism. Again, while that evidence alone is not overly convincing, it should be considered as part of
the larger body of evidence.

As we have described previously in some detail [5], observations of parents have historically
been extremely useful, and main-stream medicine has historically suffered when those observations
were disregarded. That disregard led to two decades of acceptance of the tragic “refrigerator mother”
hypothesis, followed by four decades of belief that regressive autism was not possible, an idea finally
disproven in 2005 [25]. Thus, while the study by Schultz et al. in 2008 was not, by itself,
overwhelmingly convincing that acetaminophen and autism were connected in a causal manner, it
did offer a plausible explanation for the observations of many parents who attributed their child’s
autism to vaccination.

The several lines of evidence available prior to 2008, including the observations of parents,
temporal associations, and various metabolic considerations, taken together did support a causal link
between acetaminophen and autism. That body of evidence in 2008, though perhaps not
overwhelming, was certainly concerning and should have driven immediate changes in clinical
practice and regulatory guidelines followed by intensive research efforts. Immediate research efforts
should have included work evaluating the impact of acetaminophen on neurodevelopment in
neonatal laboratory animals, which had, unfortunately not been conducted prior to approval of the
drug for use in babies and children. Indeed, when such work was eventually conducted, in 2013 at
Uppsala University by Viberg and colleagues [26], it showed conclusively that acetaminophen is a
developmental neurotoxin.

The goal of this work is to probe potential reasons why evidence pointing toward the
acetaminophen -mediated induction of autism, much of it now more than a decade old, has been
considered insufficient to stimulate change in clinical practice and regulatory guidelines. In order to
accomplish this goal, views expressed in the published literature regarding acetaminophen -
mediated induction of autism were assessed, and the rationale underpinning those views was
evaluated.

Methods
Overall Approach

To gain insight into why the medical literature has failed to consistently support changes in
clinical practice and regulatory guidelines based on convincing evidence that many if not most cases
of autism are triggered by acetaminophen in susceptible babies and children, the PubMed-indexed
literature addressing the role of acetaminophen in autism was evaluated. Two sets of manuscripts
were evaluated. First, all papers in PubMed that included the words “autism” and either
“acetaminophen” or “paracetamol” in any search field were evaluated. Second, seminal studies
contributing to current understanding of the connection between acetaminophen and autism were
selected as described below, and PubMed-indexed studies listed as citing those studies were
evaluated. This two-pronged approach facilitated assessment of the scientific literature in general,
and assessment of the handling of specific lines of evidence related to the connection between
acetaminophen and autism.

Papers were analyzed to identify previously reported mishandling of evidence that may have
impeded the authors of those papers from observing the role of acetaminophen in the induction of
autism. First, the presence or absence of a statistical error made in dealing with “potentially
confounding factors” was documented in each paper. This type of mishandling has been described
in detail previously [2] and is summarized in the relevant section in Results, below. A second type of
mishandling which can impede authors from observing evidence pointing toward the induction of
autism by acetaminophen is a failure to consider the entire time window of susceptibility to
acetaminophen -mediated neurodevelopmental injury. This type of mishandling has been previously
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documented [4], and the presence or absence of this problem was documented in all papers
evaluated. While it is recognized that data collection and evaluation in many papers is necessarily
limited to a narrow time period of sensitivity (e.g., the peripartum period or during pregnancy), it is
also expected that any medically relevant Discussion of the role of acetaminophen in
neurodevelopment will describe study data in context with other evidence in the field.

All studies published by one or more of the coauthors of this manuscript were excluded to avoid
biasing the results. The two errors described above were identified and categorized by two coauthors
independently, with a third coauthor adjudicating any differences between their evaluations (see the
Methods in the Supplemental File, including Supplemental Figure S1 and Supplemental Table S1 for
additional details on the article selection and assessment process).

Systematic Evaluation of All Articles Containing the Terms Autism and Acetaminophen in Any PubMed
Search Field

All papers in PubMed that included the words “autism” and either “acetaminophen” or
“paracetamol” in any search field were assessed as described above. In addition, all statements made
about acetaminophen’s contribution to neurodevelopmental disorders were systematically binned
into specific categories that ranged from the conclusion that acetaminophen is a neurodevelopmental
toxin to acetaminophen is not a neurodevelopmental toxin. The majority of papers fell into the middle
ground, describing some current evidence, but either suggesting that the evidence is not conclusive
(one bin) or is weak (another bin). Statements which included disclaimers such a “maybe”, “might”,
“suggests”, “potentially”, or “possibly” were considered to be inconclusive in nature and were
classified as accepting that some evidence of risk of acetaminophen for neurodevelopment exists, but
that the evidence is not conclusive. Whether authors called for safety reevaluation, change in clinical
practice, or more studies was documented. (see the Methods in the Supplemental File for additional
details on methods of identifying and categorizing statements made in all manuscripts.)

In light of conclusive evidence regarding the role of acetaminophen in the development of
autism, statements were categorized as “helpful” if they promoted an immediate change in clinical
practice or work toward regulatory change. Statements were classified as “futile” if they called for
caution in use without any specific suggestion for change, called for more studies to address
unresolved issues, or made qualified statements that some evidence of risk of acetaminophen for
neurodevelopment may exist, without calling for any change in clinical or regulatory practice.
“Harmful” statements, on the other hand, were considered those that reduced or assuaged concerns
regarding the risk of acetaminophen for neurodevelopment. As described in more detail in the
Results section, classification of a statement as futile or harmful did not necessarily reflect technical
inaccuracy, but did reflect potential harm from a practical perspective. Such statements presented a
distorted view of the neurodevelopmental impact of acetaminophen, either as a result of systematic
scientific errors or by focus on a very narrow time frame that did not consider the broader picture of
the neurodevelopmental impact of acetaminophen.

Treatment of Seminal Studies in The field by Subsequent Work

As a second approach to evaluating problems that have prevented acceptance of the role of
acetaminophen in autism, the treatment of seminal work in the field was assessed. For this purpose,
a panel of four coauthors and one ad hoc member selected three specific studies as providing “the
most compelling, stand-alone evidence of the risks of acetaminophen exposure in susceptible
individuals for neurodevelopmental problems”. The three studies selected for targeted analysis
included two hypothesis driven research efforts looking at the connection between acetaminophen
and autism in humans, one looking at autism and acetaminophen use with vaccination, published in
2008 [6], and the other evaluating autism and circumcision, a procedure commonly associated with
acetaminophen exposure, published in 2015 [27]. The third article selected for further analysis was
the first study showing profound, acetaminophen-mediated neurodevelopmental problems in
laboratory animals, published in 2013 [26]. All papers listed in PubMed as citing any of those three
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studies were assessed as described in the General Approach section. In addition, conclusions made
in those papers regarding the role of acetaminophen in neurodevelopmental disorders were
systematically binned into specific categories that ranged from the conclusion that acetaminophen is
a neurodevelopmental toxin to acetaminophen is not a neurodevelopmental toxin. Whether authors
called for safety reevaluation, change in clinical practice, caution in use, or more studies was
documented. Statements which included disclaimers such a “maybe”, “might”, “suggests”,
“potentially”, or “possibly” were considered to be inconclusive in nature and were not tallied.

Results

Predominance of Statements in the Medical Literature Either of Questionable Utility or not Helpful From a
Clinical Perspective

Out of 84,454 articles in PubMed with the term “autism” in any search field published in any
year, 64 articles contained the terms “acetaminophen” or “paracetamol” in any field and discussed
the safety of acetaminophen for neurodevelopment. These 64 studies were submitted to further
evaluation, identifying statements regarding the role of acetaminophen in the induction of
neurodevelopmental disorders. (See Supplemental Table S2 for statement assessments in all
manuscripts.)

The 64 studies considering the safety of acetaminophen for neurodevelopment spanned an 18-
year time frame, from 2008 to 2025. The summary data in Figure 1 indicate that, during that 18 years,
no significant shift in opinions or conclusions regarding the safety of acetaminophen for
neurodevelopment has occurred. It could be argued that, in 2008 when the connection between
acetaminophen and autism was first proposed [6], evidence was much weaker than it is at the present
time. However, that proposal, if it had been taken seriously at that time, would have led to a thorough
investigation. That investigation, if it had been conducted at that time, would have revealed a
considerable body of compelling evidence already in existence in the medical and scientific literature
pointing toward a critical role of acetaminophen in the induction of autism. The body of evidence
available prior to 2008 is addressed in some detail in the Introduction. The weight of that evidence
available at that time indicates that the risk of acetaminophen for neurodevelopment should have
been profoundly concerning, even at that time. Further, given that acetaminophen has no proven
long-term benefits, the precautionary principle should be in effect. If evidence of significant and
widespread harm exists without any evidence of long-term benefit, the drug should not be used.

3 APAP is toxic .

% 7] change in practice needed A . ® e o o

< |_safety reevaluation needed - L ORIOIKS .

o) call for caution in use A R o eee o

5 - some evidence of risk 4 R R R R e

- L more studiesneeded 4 + . X0 KO O T D D O X0 O D

_ [insufficient evidence of risk - . . e . .

E B risk is unlikely J .

E no evidence of risk .o . 5 o <
L evidence of safety .

O R e gt
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Figure 1. Statements regarding evidence that acetaminophen (APAP) is a neurodevelopmental toxin. All

available papers on PubMed with keywords “autism” and (“acetaminophen or “paracetamol”) and addressing
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the safety of acetaminophen for neurodevelopment were included, except for papers from coauthor WP, which
were excluded. All opinions and conclusions from each paper are included, so multiple points on the graph can
be attributed to one paper in some cases. If an article was published early online, prior to the journal issue release,
the earlier year of release was used. Statements were deemed to be helpful, futile, or harmful in terms of their
utility for clinical practice or regulatory guidance as described in the text. Points highlighted with a circle indicate

statements that included acetaminophen, but also included numerous other environmental exposures.

In light of conclusive evidence regarding the role of acetaminophen in the development of
autism, statements were categorized as “helpful”, “futile, or “harmful” from a practical perspective
focused on needed changes in clinical practice or regulatory guidelines (Figure 1). Statements deemed
helpful promoted an immediate change in clinical practice or work toward regulatory change that
would decrease exposure to acetaminophen during neurodevelopment. Fifteen papers with fifteen
such statements were found (Figure 1) in the literature. These statements either concluded that
acetaminophen is toxic for neurodevelopment (n = 1), called for a change in medical practice (n =8),
or called for a drug safety re-evaluation (n = 6). Thus, less than one out of every four papers (15/64,
23%) contained a statement or statements that were deemed helpful in promoting changes in clinical
practice or regulatory guidelines that are mandated by evidence regarding the critical role of
acetaminophen in the development of autism and perhaps other neurodevelopmental disorders.
However, two of the papers with helpful statements did not focus on acetaminophen in particular,
but rather on multiple environmental exposures (Figure 1), decreasing the potential usefulness of
those statements in terms of driving specific changes in clinical practice related to acetaminophen
use.

Statements deemed futile for practical intents and purposes were by far the most common. Such
statements did not call for a meaningful change in clinical practice or regulatory action, although they
often acknowledged that some evidence of risk for acetaminophen use exists. A call for “caution in
use” of acetaminophen was made 8 times, although such calls for caution do not support any specific
modifications to standards of care or recommendations for regulatory change that could potentially
affect over-the-counter use of the drug. Thus, these statements were considered futile since they do
not mandate immediate and profound changes in clinical practice and regulatory guidelines that are
based on current evidence (for reviews, [1-4]). More than 60% of all articles (40/64, 63%) concluded
that more studies need to be conducted to address unresolved issues. A similar number (39/64, 61%)
used disclaimers such as “maybe”, “might”, “possibly”, or “potentially” in describing the
neurodevelopmental impact of acetaminophen. These papers are listed in Figure 1 as accepting that
“some evidence of risk” of acetaminophen for neurodevelopment exists, although that evidence was
considered inconclusive, a view inconsistent with the overwhelming nature of current evidence.
While it is recognized that such statements might be considered technically accurate since no absolute
proof of the induction of autism by acetaminophen has been produced, these statements are
considered futile from a practical perspective since they are not expected to encourage immediate
changes in clinical practice or regulatory guidelines.

A total of 15 statements from 14 papers were found which were considered harmful from a
clinical or regulatory perspective (Figure 1) since the statements might discourage changes in clinical
practice or regulations regarding the use of acetaminophen during neurodevelopment. Although
unlikely, it was possible that statements considered harmful were not necessarily wrong from a
technical perspective. For example, the view that weak evidence supports a causal relationship
between acetaminophen use during early pregnancy and autism is probably defensible from a technical
perspective, but this statement does not address the bigger picture of the role of acetaminophen in
the induction of other neurodevelopmental disorders during pregnancy, or the induction of autism
at other times, particularly during the last hours of pregnancy [4,28] and up until early childhood [4].
Thus, statements that focused on a lack of evidence of harm within a limited context, without
consideration of a wider picture, were considered harmful from the practical perspective without
regard for technical accuracy.
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Harmful statements described conclusions that insufficient evidence of risk from acetaminophen
exposure exists (n = 6), that no evidence of risk of acetaminophen exposure exists (n = 7), that risk
from acetaminophen exposure is unlikely (n = 1), or that considerable evidence exists showing that
acetaminophen is safe for neurodevelopment (n=1).

Mishandling of Evidence 1: The Prevalent and Fundamental Statistical Error of Assuming Interacting
Variables Are Confounding Factors

One common and unfortunately profound way that data pertaining to the safety of
acetaminophen for neurodevelopment is mishandled is the fundamental statistical error of treating
interacting variables as confounding factors. Since the error was first introduced in 2013 to the
analysis of the neurodevelopmental effects of acetaminophen [29], it has affected 82% (45 out of 55)
of PubMed-indexed studies discussing the safety of acetaminophen for neurodevelopment either in
their own analysis or in papers considered in the introduction or the discussion of their paper
(Supplemental Table 2). All three studies published in 2025 were affected by this error.

Currently available evidence establishes that oxidative stress interacts with acetaminophen in
the induction of autism. In other words, acetaminophen triggers autism not on its own, but in
conjunction with oxidative stress, with oxidative stress creating the condition of susceptibility (Figure
2). However, all studies in the literature analyzing healthcare databases for the effects of
acetaminophen incorrectly treat variables leading to oxidative stress as confounding factors [30]. By
“adjusting for” factors related to oxidative stress in this way, these studies inadvertently hide the
effects of acetaminophen in conjunction with oxidative stress. This problem is particularly severe if
acetaminophen is widely used by susceptible and non-susceptible individuals [1], and worsened
further if some measures of acetaminophen exposure are not accurate or complete [2].

Correct Incorrect
Model based on evidence Assumed model
S— Interacting __ \ Confounding
v variables v factors

Risk Factors

Trigger

acetaminophen oxidative stress

{ Susceptibility }
]

(oF:1VET) Many Causes

acetaminophen oxidative stress

identifies the role of reduces or eliminates
APAP in ASD induction the role of APAP in ASD
induction ¥

Outcome

autism

Outcome

autism

Figure 2. Models describing the relationship between acetaminophen (APAP) and autism spectrum disorder
(autism, ASD). The model shown on the left panel is supported by overwhelming scientific evidence, whereas
the model shown on the right panel, widely assumed to be correct when analyzing data obtained from healthcare
databases, conflicts with that evidence. In both models, a wide range of genetic, epigenetic, and environmental
factors contribute to oxidative stress and inflammation, and have been identified as risk factors for the induction
of autism. In the correct model (left panel), investigators ask if acetaminophen in conjunction with variables
related to oxidative stress cause autism. In the incorrect model (right panel) investigators ask how much autism
is caused by either acetaminophen or variables related to oxidative stress, but not both. The incorrect approach
(right panel), when applied to healthcare data, reduces or even eliminates the real contribution of acetaminophen

to the induction of autism.
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An example of the impact of adjustment for oxidative stress-related factors can be seen in
interpretations of laboratory animal studies. For example, Viberg and colleagues reported in 2013 the
first observations of adverse neurodevelopmental impacts of acetaminophen in laboratory animals
[26], finding a profound, long-term loss of ability to find food in a maze following two doses of 30
mg/kg acetaminophen received four hours apart during the first days of life. This dose of
acetaminophen is lower than the 40 mg/kg received by some children receiving acetaminophen via
suppositories, and thus the results should have been of considerable concern. However, most studies
citing Viberg’s paper (31/39, 79%) were overtly affected by studies incorrectly adjusting for potential
confounding factors (Supplemental Table S3).

In a specific example of the influence of invalid adjustment for confounding factors, in 2018
Blecharz-Klin and colleagues [31] observed a ten-fold increase (p < 0.005) in wrestling behavior in
rats exposed to sub-therapeutic doses (15 mg/kg/day) of acetaminophen during fetal development.
By comparison, humans, regardless of age, can receive approximately 15 mg/kg oral acetaminophen
every four to five hours for indefinite periods of time. This 10-fold increases in wrestling should have
been alarming, but Blecharz-Klin and colleagues state that “Most studies do not provide strong
support for a change in clinical practice regarding the use of paracetamol by pregnant women”, citing
studies that adjust for oxidative-stress-related variables in analyzing human health data for risks of
acetaminophen exposure.

Given the role of oxidative stress in the induction of acetaminophen-mediated
neurodevelopmental injury [5], and given the very broad range of factors that can be associated with
oxidative stress [5], it is potentially an error to assume that any factor is “confounding” in the
acetaminophen-mediated induction of autism. Examples of oxidative stress related factors include
poverty [32] and a variety of other issues associated with socioeconomic status [33], many
medications, including morphine [34], which can be used during cesarean sections, and antibiotics
[35], heavy alcohol use [36], smoking [36,37], an elevated BMI [38], and genetics [39,40]. The number
of children a woman has borne apparently affects oxidative stress responses during pregnancy [37],
and a number of common medical conditions, including depression [41-43] and infections [44,45],
are directly related to oxidative stress.

With the above in mind, it is apparent that any valid analyses of healthcare databases or of data
from any cohort for associations between acetaminophen use and autism must avoid assumptions
regarding the presence or absence of confounding factors. While this rule limits the conclusions that
can be drawn from such analyses, we have argued that other evidence, abundant in nature, is more
than sufficient to draw conclusions regarding the causal relationship between acetaminophen use
and autism [2].

Mishandling of Evidence 2: Small Fraction of Available Evidence Used to Draw Conclusions

A second common way that data are mishandled is that only a fraction of available evidence is
relied upon to draw conclusions. Only 15 studies (15/64, 23%), for example, considered evidence
related to acetaminophen risks during pregnancy, the peripartum period, and the postnatal period
(Supplemental Table 52). The distinction between these three time periods is important because each
time period involves potentially different reasons for exposure to acetaminophen, different medical
specialties, potentially different levels of sensitivity to acetaminophen-mediated injury [4], and
different sources of data and evidence. Evidence regarding the neurodevelopmental risks of
acetaminophen during pregnancy, the peripartum period and the postnatal period became available
in 2013 [29], 2013 [46], and 2008 [6], respectively. Thus, only those articles published in 2014 or later,
55 of 64 in total, could possibly have considered all three time periods of induction. Unfortunately,
of those 55 papers published in 2014 or later, almost half (26/55, 47%) focused exclusively on risk
during pregnancy, although the risk of acetaminophen exposure for neurodevelopmental injury is
probably higher during the peripartum period and during early childhood than in pregnancy [4].

Another example of the lack of consideration of a wide range of evidence is the observation that
seminal studies were seldom cited in the list of 64 PubMed studies evaluating the role of
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acetaminophen in neurodevelopmental toxicity (Supplemental Table S4). The first paper describing
a connection between acetaminophen and autism, published in 2008 [6], was only cited by 27% of the
studies. Similarly, the first study showing that acetaminophen is a neurodevelopmental toxin in
laboratory animals [26] was only cited 24% of the time. In addition, work describing a 2-fold increased
risk of autism associated with circumcision [27], a minor medical procedure associated with
acetaminophen use, was cited by only 4% of the studies.

Another example of the lack of consideration of a wide range of evidence can be found in studies
concluding that no evidence of risk of acetaminophen for neurodevelopment exists (Figure 1). In the
past decade, all studies concluding that no evidence of risk of acetaminophen exists limited their
conclusions to laboratory animals or to exposure during pregnancy, when risks are most likely the
lowest, but possibly not completely absent [4]. Importantly, the critically important caveat that the
risks of acetaminophen exposure for neurodevelopment during the last hours of pregnancy, during
labor and delivery, are apparently extremely high, was never considered in studies concluding that
the risks of acetaminophen for neurodevelopment were low during pregnancy.

Mishandling of Evidence 3: Irrational Criticisms of Some Evidence

The third way that mishandling of evidence was observed in the literature consisted of irrational
criticisms of prior research. This type of mishandling resulted in the rejection or dismissal of evidence,
either completely or partially, with irrational or incorrect reasoning. The approach relied not on any
valid criticism, but rather on the weight of multiple, invalid and irrational criticisms being levied
successively or simultaneously. This type of mishandling affected two out of three papers selected as
some of the most compelling “standalone” evidence that acetaminophen is a developmental
neurotoxin. As described above in the Methods, three studies— Viberg et al. [26] in 2013, Schultz et
al. [6] in 2008, and Frisch and Simonsen [27] in 2015, present some of the most compelling
“standalone” evidence that acetaminophen triggers autism in susceptible babies and children. As
described above, the interpretation of the importance of the Viberg et al. study and other studies
using laboratory animal models has been profoundly affected by the first type of mishandling of
evidence described, mishandling of interacting variables. In contrast, interpretation of the importance
of the studies by Schultz et al. and by Frisch and Simonsen was affected by mishandling with
irrational criticism.

Schultz et al. [6] used a case-controlled online survey and found that acetaminophen exposure
concomitant with the MMR vaccination was associated with autism (HR 2.42, C1 1.25-4.69, p = 0.009).
Even more striking, the study also observed an association between acetaminophen use any time
between 12 and 18 months of age and regressive autism (HR 20.9, CI 1.33-32.9, p = 0.031). As
described in the Introduction, this study simultaneously pointed away from the MMR vaccine as a
cause of autism and presented for the first time the hypothesis that acetaminophen could be a critical
factor triggering autism. However, the study has rarely been cited, and only three studies citing
Schultz made statements that could be considered helpful in terms of promoting change in clinical
practice or regulatory guidelines (Supplemental Table 5). Several papers citing Schultz et al. rejected
that evidence with multiple irrational criticisms. One paper [47] dismissed Schultz et al. by claiming
there were “fatal flaws” regarding sample size and sample bias, although the sample size was large
enough to provide statistically significant results and no actual bias that could undermine the
conclusions of the study was identified [3,48]. Further, two Cochrane reports [49,50] dismissed
Schultz et al. with no explanation other than the note that “Data were obtained via a parent survey;
methods and results are questionable.” However, a survey is accepted as a valid approach in modern
research [51]. Indeed, a subsequent analysis finds that all of the immediate negative responses [47] to
the Schultz study similarly contained overt errors while lacking valid criticisms [3,48].

A perhaps even more haphazard example of “irrational criticisms of prior research” appeared
in responses to Frisch and Simonsen [27]. In 2015, Frisch and Simonsen [27] found male circumcision
was strongly associated with infantile autism (HR2.06, CI 1.36-3.13). This evidence points to
acetaminophen, often used in conjunction with male circumcision, as a trigger for autism. Given that
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Frisch and Simonsen adjusted for several interacting variables related to oxidative stress
(Mishandling of evidence 1, above), the study potentially underestimated the association between
acetaminophen and autism [2]. Further, Frish and Simonsen reported that “data limitations” most
likely resulted in underestimations of the actual associations between circumcision and autism. Thus,
the association between circumcision and autism was probably stronger than that reported by Frisch
and Simonsen.

Despite its compelling nature, only 18 manuscripts are listed in PubMed as citing Frisch and
Simonsen, and only one of those makes a statement that would be considered helpful in terms of
promoting changes in clinical practice or regulatory guidelines (Supplemental Table 56). For the most
part, the evidence from Frisch and Simonsen was irrationally dismissed. In particular, six articles by
Morris and various colleagues [52-57] levied approximately 20 relatively distinct criticisms against
Frisch and Simonsen, in various combinations of up to 10 distinct criticisms at a time (Supplemental
Table S7). But none of the criticisms were valid (Supplemental Table S7). Some criticisms
misunderstood or misrepresented the study, such as the claim that Frisch and Simonsen failed to
explain how it was possible that circumcision could be associated with autism [52]. However, Frish
and Simonsen [27] had in fact clearly explained the hypothesis, proposed earlier by Bauer and Kriebel
[46], that acetaminophen use during circumcision could trigger autism. Other criticisms involved
speculation, such as when Morris et al. [54] dismissed Frisch and Simonsen’s conclusions by claiming
that the association between circumcision and autism could be explained by undiscovered
confounding factors and when Morris and Wiswell [57] concluded that “Most likely, both autism
spectrum disorder diagnosis and early circumcision reflect parental conscientiousness.” However,
they offer no evidence for such claims. Still other criticisms are levied by citing “others” or “critics”
[52,54-56] who disagree with or are implied to disagree with the conclusions of Frisch and Simonsen.
However, “appeals to authority” are not valid arguments in scientific reasoning, especially here
where the “authorities” cited includes other studies with Morris as a coauthor, an informal blog
written by an anonymous source, a magazine article written by a science reporter, and a study that
does not actually criticize Frisch and Simonsen in any way (Supplemental Table S7). Taken together,
the Morris et al. papers’ many invalid criticisms of Frisch and Simonsen amount to an attempt to
undermine valid research using a haphazard, scattergun approach relying on volume and repetition
of arguments rather than valid scientific reasoning.

The study by Frisch and Simonsen has been validated by other work, which should have
undermined unfair criticism. For example, in 2019, a profound association between cord blood
acetaminophen metabolites and autism was described by Ji and colleagues [28], providing and
independent validation of the enhanced sensitivity of neurodevelopment to acetaminophen at the
time of birth that was first suggested by Bauer [46] and expected based on pharmacokinetic
considerations [4]. In addition, a 2020 study by Maini et al. found changes in social behavior
associated with circumcised males [58], including dramatic increases in attachment anxiety and
attachment avoidance. Approximately 44% of the circumcised males in that study were born prior to
1982 (See Supplemental Table S8), when use of acetaminophen in pediatrics was less common, so the
study may have underestimated the neurodevelopmental impact current circumcision practices that
do use acetaminophen. Nevertheless, the results obtained by Maini et al. add further support to the
observations made by Frisch and Simonsen. But, despite apparent validation, the lack of citations of
Frisch and Simonsen’s work in articles discussing the neurodevelopmental impact of acetaminophen
indicates that the work conducted by Frisch and Simonsen has been uninfluential in discussions of
the role of acetaminophen in the induction of autism.

Discussion
No Single Problem Underlying Widespread Failure to Accept Current Evidence
This study used two approaches to identify how evidence related to the acetaminophen

mediated induction of autism in susceptible babies and children, and possibly in utero, has been
mishandled. One approach surveyed literature discussing the connection between acetaminophen
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and autism, and the other approach probed the handling of specific lines of evidence related to the
connection between acetaminophen and autism. Three errors were identified, each involving a
distinct technical or conceptual error in the execution of the science involved: (1) erroneous
assumptions underlying statistical analyses, (2) consideration of limited evidence when drawing
conclusions, and (3) unfairly criticizing potentially ground-breaking research.

This study shows that the impact of aberrant adjustment for oxidative stress-related variables is
very widespread, and has affected the interpretation of many studies. For example, Khan and
colleagues [30] provide lists of potential confounding factors that were adjusted for in each of a dozen
studies published between 2016 and 2020 addressing the association between acetaminophen and
autism. In a more recent example, published in 2024, Ahlqvist and colleagues [59] adjusted for the
presence of more than 25 oxidative stress-related variables, incorrectly concluding that the almost 2-
fold increased risk of autism associated with heavy use of acetaminophen during neurodevelopment
(HR 1.87 (CI 1.71-2.06), p < 0.001) was entirely due to genetics and a host of other factors, most
associated with oxidative stress.

This study also shows that most studies addressing the neurodevelopmental impact of
acetaminophen fail to consider evidence from critical periods of development. Conclusive evidence
indicates that acetaminophen is a potent neurodevelopmental toxin in the peripartum period, and
that neurodevelopmental injury can occur up to the age of about 5, at which time regression into
autism becomes rare [4]. In addition, adverse neurodevelopmental effects of acetaminophen during
pregnancy seem likely, although the sensitive period during pregnancy is not well defined.
Importantly, only 15 studies (15/64, 23%) considered information about the neurodevelopmental
impact of acetaminophen during pregnancy, the peripartum period, and the postnatal period. This
issue is important for two primary reasons. First, focus on only one period of exposure will
necessarily exclude significant exposures and diminish the perceived overall impact of
acetaminophen on neurodevelopment and the perceived consequences of that impact for society.
Second, in terms of changes in clinical practice, physicians that treat women before and during
pregnancy (gynecologists and general practitioners) are different than physicians who specialize in
the peripartum period (obstetricians), who in turn are different than the physicians who treat children
after birth (pediatricians). Thus, when considering changes in clinical practice, it is necessary to
consider the entire neurodevelopmental window defined by sensitivity to injury, not subsets of that
window defined by current medical practice or other factors. Unfortunately, most studies describing
the connection between acetaminophen and autism are limited in their scope.

Study Limitations

The present study was not designed to cover every statement regarding acetaminophen and
autism made in the peer reviewed literature. Some studies that may address the topic are potentially
not listed in PubMed, and others that are listed in PubMed may not contain both autism and
acetaminophen in any PubMed search field. However, this approach was considered sufficient to
provide an overview of studies which focused on the connection between acetaminophen and autism,
with the understanding that not every view expressed in the literature would necessarily be included.

Other limitations of this study include the fact that unfair criticisms of studies were only
documented in two cases, and an exhaustive assessment of this type of mishandling of evidence was
not performed. Thus, the pervasiveness of this problem is currently unknown. In addition, some
types of mishandling of evidence not listed here were found, but not probed in detail. For example,
results were sometimes inaccurately described, or described in a misleading way. One study
containing this error [60] observed more than twice the prevalence of autism in acetaminophen
treated children compared to non-treated children (0.69% vs. 0.30%), but concluded that “Intravenous
paracetamol given to neonates did not associate with childhood disorders compared with the non-
exposed infants during the 5-year follow-up. The previous hypothesis that early paracetamol use
causes childhood morbidities was not confirmed.” A possibly more accurate and certainly more
informative description of the results would have been that acetaminophen use was associated with
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more than double the prevalence of autism, but that the study was not sufficiently powered to
determine if the association was statistically significant.

Another limitation of this study is that it does not probe the influence of waiting for the “gold
standard” of a randomized, controlled trial before any conclusions can be drawn. Some authors in
the field recognize that conducting a randomized, controlled trial with acetaminophen use during
early neurodevelopment is both infeasible and unethical [61-63]. Other authors have conducted a
controlled trial that spanned the first five years of life [60], but that trial follows a very limited number
of children, and it controlled exposures only during a very short time frame. However, other authors
suggest that a randomized, controlled trial (RCT) is necessary before any conclusions regarding the
role of acetaminophen in the induction of autism can be drawn. For example, in 2025 Coluzzi and
colleagues [64] stated that “despite some reports on the potential dangers of neurodevelopment
impairment in susceptible babies and children exposed to acetaminophen, especially during
pregnancy or in the early post-partum period [4], there is no evidence from RCTs to support or refute
its use in pediatric age.” The article cited here by Coluzzi and colleagues, a paper that includes
coauthors RA, JPJ, ZK, LW, and WP [4], describes 22 lines of evidence pointing to the conclusion
“without reasonable doubt and with no evidence to the contrary that exposure of susceptible babies
and children to acetaminophen induces many, if not most, cases of autism”. To characterize that
paper as describing “potential dangers” could be considered misleading. More importantly, waiting
for a randomized, controlled trial before drawing any clinically relevant conclusions is self-defeating
and constitutes a profound error given that such studies are not feasible or ethical to conduct in an
effective manner. The influence of this error may require studies aimed at assessment of attitudes
among recognized experts in the field, and no attempt was made to quantify that influence in the
present study.

Another limitation of this study is that it does not systematically probe economic or financial
factors that might have an adverse impact on the science related to acetaminophen and autism. For
example, the role of industry interference with the scientific process, long known to be a significant
inhibitor to progress in the field of science [65-72], was not probed systematically in this study. In the
course of conducting this review, only one manuscript stood out as clearly fitting the criteria of an
industry-based attempt to obfuscate the relationship between autism and acetaminophen established
by science. That industry-associated study [73], published in 2025, is the only one to conclude that
“strong evidence of no adverse effects (of acetaminophen on neurodevelopment)” exists (Figure 1).
This report contains a plethora of errors that are obvious (See footnotes on Supplemental Table 52),
and it is hoped that the report will have little impact on the field, possibly with the exception of
bringing more attention to this vitally important subject area. However, the “industry playbook”
contains much more sophisticated tools aimed at obfuscating and impeding science, and it remains
to be seen which of these will be or already has been deployed. For example, experiments can be
designed with the goal of producing negative results. In a possible example of this approach, one
measure of acetaminophen-mediated damage to adult mouse brains following a single dose of
acetaminophen was assessed and found to be negative in a 2025 study [74], despite the fact that older
studies [26,75] had already demonstrated that more than one dose of acetaminophen in neonatal
mice, not older mice, is required for acetaminophen-mediated neurodevelopmental brain injury to
occur. However, systematic evaluation of intentional misdirection or misinformation in science was
not the goal of this study, and awaits further investigation.

Another limitation to this study is that investigator biases and conflicts of interest could not be
readily assessed. Evidence for the influence of bias in science is apparent throughout the scientific
literature. For example, scientists are averse to certainty [76-78], and may embrace uncertainty to the
point of delaying necessary changes in policy [76]. Further, scientists may have conflicts of interest
when it comes to drawing firm conclusions. As pointed out by O'Ryan and colleagues [79] in their
assessment of current problems in academic research, “Avoidable waste in medical research is fuelled by
scientists pressed for funding, who consistently conclude more research (and funds) are needed”. This
viewpoint is certainly supported here, with (40/64, 63%) of all studies calling for more research. In
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addition, consensus bias, confirmation bias, and emotional compromise are present and may affect
biomedical researchers and clinicians who have long overlooked the contribution of acetaminophen
to neurodevelopmental problems (Reviewed in a preprint by Jones et al. [80]) However, again, this
issue was not addressed in the present study, and awaits further investigation.

Another limitation of this study is that it does not probe some problems found in the literature
related to medical considerations regarding the use of acetaminophen during neurodevelopment. For
example, clinical recommendations were sometimes made without considering either (a) the rights
of patients to be informed of available information, or (b) the cost-to-benefit ratio of acetaminophen
use during neurodevelopment. The latter error is of particular interest given that the use of
acetaminophen during neurodevelopment has no proven long-term benefits. For example, de Fays
and colleagues [81] conclude that “Care should be taken to avoid raising poorly founded concerns
among pregnant females because of the risk of switching to other analgesic/antipyretic drugs with
less favourable risk profile (e.g., nonsteroidal anti-inflammatory drugs).” In this case, the authors’
conclusions were affected by multiple errors in mishandling of evidence, including both adjustment
for interacting variables and consideration of limited evidence, documented in this study. In addition,
the authors are potentially suggesting that patients should not be informed of risks because they
might do something even riskier, an argument which is not likely supported by current ethical
guidelines in medicine. While systematic documentation of issues regarding inappropriate clinical
recommendations is potentially important, such documentation is beyond the scope of this study.

Conclusions

This systematic review of the literature suggests that several factors contribute to years of failure
to halt the ongoing adverse impact of acetaminophen on neurodevelopment. Mishandling and
misinterpretation of data are pervasive, particularly errors involving statistical analysis, limiting
consideration of acetaminophen-mediated neurodevelopmental injury to some fraction of the total
window of sensitivity to injury, and considering evidence from limited fields of research when
drawing conclusions. Unfair criticisms of some studies also apparently play a role in the problem.
The interpretation of potentially groundbreaking studies has suffered from more than one type of
mishandling, possibly representing crucial “forks in the road” that were missed, impeding progress
in the field. Although industry-based activity aimed at obfuscating and impeding scientific progress
has historically been a problem, published evidence suggests that such activity may not be
problematic at the present time with regards to the neurodevelopmental impact of acetaminophen.

Given the limited number of studies that have addressed the connection between
acetaminophen and autism (ASD), and given the fundamental nature of pervasive errors in the field,
it is apparent that modern science has not been applied to this issue in a vigorous and reasonable
manner. At the same time, available evidence is already more than sufficient to establish a causal
relationship between acetaminophen and autism, and resolution of the problem need not wait on
additional studies. It is hoped that a tipping point will soon be reached, in which stakeholders
critically evaluate all available evidence and, as a result, implement changes in regulation and clinical
practice, ending more than a century of acetaminophen-mediated neurodevelopmental injury.
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Figure 3. Factors impeding progress in addressing the high prevalence of autism.
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