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Selection of studies for evaluation 
As described in the manuscript, studies in PubMed which contained the words “autism” and either “acetaminophen” or “paracetamol” were evaluated. (No study contained the word “paracetamol” without also containing the word “acetaminophen”.) 
Specific studies that provided crucial lines of evidence pointing at APAP as a trigger for the induction of ASD were selected for additional study.  To select studies providing crucial lines of evidence, a committee was formed to answer the question: Which lines of evidence are, without consideration of other evidence, the most compelling with regard to the connection between APAP and neurodevelopmental disorders (See Supplemental Table 1)? A scale of 1 to 5 was employed, with 1 being uncompelling, and 5 being very compelling. Lines of evidence enumerated previously by the authors [2-4] were considered, although lines of evidence that originated from the authors’ lab were excluded from consideration, and more recent lines of evidence, published within the past 5 years, were excluded. Three studies associated with the lines of evidence having the highest average score were selected (See Supplemental Figure 1), and are (a) the 2008 study showing the APAP given with vaccination is associated with ASD [5] providing the first evidence of an association between APAP and ASD, (b) the first study in laboratory animals showing that APAP is a developmental neurotoxin [6], and (c) a study finding an association between ASD and circumcision [7], a procedure frequently used with APAP. The committee was composed of coauthors WP and RA, two reviewers (VP and CT, cited in the acknowledgements) and one additional member (LP, cited in the acknowledgements).
PubMed-listed articles citing the three studies selected as described above were compiled, and views expressed regarding the induction of ASD or other neurodevelopmental problems by APAP were then critically evaluated in those articles.  This approach facilitated the assessment of views related to specific lines of evidence connecting APAP and ASD. Calls for additional studies or changes in clinical practice involving use of APAP were documented, and conclusions regarding the safety of APAP use during neurodevelopment were evaluated.  

Study evaluation parameters:
Studies were divided into the following categories, with most studies fitting into more than one category:
(a) Concludes that acetaminophen (APAP) is a neurodevelopmental toxin
(b) Calls for change in clinical practice
(c) Calls for safety reevaluation
(d) Calls for caution in use
(e) Concludes that some evidence of risk exists, although that evidence may not be conclusive. 
(f) Concludes that more studies are needed
(g) Concludes that insufficient evidence of risk exists
(h) Concludes that risk is unlikely
(i) Concludes that no evidence of risk exists
(j) Concludes that evidence of safety (or evidence of no adverse effects) exists.

Studies which used disclaimers such as may, maybe, might, possibly, potentially, or suggests in describing the neurodevelopmental impact of APAP were taken to be statements that some evidence of risk of APAP use for neurodevelopment exists. Studies describing results only with no statements regarding the implications of those results were classified as drawing no inferences or conclusions from the data.  Studies involving cord blood or circumcision were taken to involve the peripartum period, distinguishing them from studies involving pregnancy or early childhood.
Four rules were applied to the literature assessment during the course of the work, as statements were encountered which did not fit cleanly into the categories above, which described most statements. First, statements that requested longer term follow-ups of existing studies were categorized as requesting additional studies. Second, if the authors stated an idea “in theory”, it was assumed that the authors had not concluded that the view in question was either proven or even likely, but rather that the view was hypothetical. Third, one author [8] stated that evidence of harm from current clinical practice is “considerable”, and it was assumed that they were in favor of a change in clinical practice, even though this change was not explicitly stated. Fourth, one study [9] concluded that evidence of safety (evidence of no harm) exists, and a separate category was created for that study (category j, above). Reviewers VP and CT, and coauthors WP and RRB were involved in assessing articles, with at least two reviewers/coauthors assessing each article. In the event that two reviewers/coauthors did not agree on an assessment, a third coauthor broke the tie. 
93 articles were identified which contained the words “acetaminophen” or “paracetamol” in any field (all queries made on May 24, 2025). The full text of those 93 articles was evaluated. Of these 93 articles,16 were excluded because they did not include any discussion of APAP safety for neurodevelopment, 1 was excluded because it dealt with fevers in general, not actual APAP use, one was excluded because it presented data but drew no inferences or conclusions, and 2 articles were not available through any of the university libraries. Seven manuscripts by one or more of the authors of this study, all written with the view that APAP is likely [10] or is definitely [2-4, 11-13] a neurodevelopmental toxin, are excluded from the analysis in order to avoid biasing the results towards the authors’ viewpoint. 
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Supplemental Figure 1. Results of group scoring of the seminal nature of studies relating APAP to neurodevelopmental disorders. Group members William Parker, Vishnu Patel, Rachel Anderson, Caitlin Travers, and Lauren Piper participated. The question posed was: What studies, without consideration of other evidence, should have alerted the medical or scientific community regarding the safety of APAP for neurodevelopment, assuming no bias in the field and passing familiarity with the possible connection between APAP and neurodevelopmental disorders. A rating scale of 1 to 5 in 0.5 increments was used, with 1 being that a study should have raised zero concern, and 5 being that a study should have raised very high concern. All participants scored all evidence, and then scores were tallied and options to change scores were allowed. WP (senior investigator) did not divulge his score until after all other scores were divulged to avoid biasing other members of the group. High scoring lines of evidence attributable to studies from the coauthors were excluded. 

	Evidence / references
	Background / additional information

	1. Mechanisms of APAP-mediated injury are plausible. For review, see Jones et al. [1]  
	The first study showing that children with ASD are deficient in a metabolic pathway necessary to safely detoxify APAP in babies (sulfation) is now more than a quarter of a century old [2], and was subsequently corroborated [3, 4]. One enzyme (CyP450 2E1) which produces the toxic metabolite of APAP (NAPQI) is expressed in the human brain from before birth [5] and is a target of epigenetic alterations in mothers who have children with ASD [6]. In addition, polymorphisms in another enzyme (CyP450 1A2) that produces the same toxic metabolite of APAP is associated with ASD [7, 8]. 

	Score: 1, 1, 1, 2, 1 = 6
	Not specific for a particular neurodevelopmental problem. Literature diffuse: no single study can be identified as providing authority on the topic.

	2. APAP use during early childhood is associated with a 20-fold greater risk of regressive ASD [9]. 
	This case-controlled study, now more than 16 years old, has been widely criticized, but careful analysis does not reveal any credible objections [10]. 

	Score: 5, 5, 5, 5, 5 = 25
	Discussed as an example prior to scoring. 

	3. APAP use with mild adverse reactions to a vaccine, but not mild adverse reactions to a vaccine alone, is associated with ASD [9].
	This study, the same as in line of evidence #2, was the first study to separate the impact of vaccines from APAP on neurodevelopment, and the first to implicate APAP with the etiology of ASD. 

	Score: 1, 1, 2, 3, 2 = 9
	This is the same paper as in line of evidence # 2, which is already on the evaluation list.

	4. APAP was never demonstrated to be safe for neurodevelopment [11]. Over two hundred papers in the medical literature claim that APAP is safe for babies and/or children when used as directed, but all studies were based on the false assumption that adverse reactions in babies would involve easily measured liver injury, the same as in adults [11].
	Like APAP, opioids have also never been shown to be safe for neurodevelopment [12]. However, unlike APAP, opioids are not generally assumed to be safe for neurodevelopment when used as directed. Further, one study probing the safety of prenatal opioid exposure found reductions in communication skills in children associated with prenatal APAP exposure, but not with prenatal opioid exposure [13]. 

	Score: 5, 4, 4, 3, 5 = 21
	Excluded since it is from coauthor WP’s laboratory. 

	5. Numerous studies in laboratory animals from multiple laboratories indicate that early life exposure to APAP causes long term changes in brain function [14-21].
	After adjusting for weight, the amount of APAP that causes profound changes in laboratory animals in some studies is very close to [15] or even less than [14] the amount administered to human babies and children. Thus, APAP could never be used in babies or children if current guidelines for drug safety were applied.

	Score: 5, 4, 5, 4, 5 = 23
	For this assessment, we will use the oldest study showing profound behavior deficits in laboratory animals, which is the Viberg study in 2014.

	6. Early life exposure to APAP has a greater long-term impact on male laboratory animals than female laboratory animals [17, 20, 22]. ASD is more common in males than in females.
	The reason or reasons why males are more susceptible to APAP-mediated injury has been considered in some detail, and several plausible mechanisms have been proposed [17, 22].

	Score: 3, 1, 2, 2, 2 = 10
	The connection with ASD was not obvious in the initial studies from the University of Maryland.

	7. Prenatal exposure of laboratory rats to APAP causes problems with the processing of sound [23]. Some degree of auditory dysfunction is seen in the majority of individuals with ASD. Reviewed by Graeca and Kulesza [23].
	The investigators found developmental delays with ear opening and, essentially, difficulty with hearing later in life after exposure to APAP as a fetus. It is unknown whether these affects in laboratory animals are related to impairments in some individuals with ASD.

	Score: 1, 2, 3.5, 3, 3 = 12.5
	Hearing loss does not seem specific for any neurodevelopmental problem. Too recent to evaluate.

	8. APAP causes apoptosis-mediated death of cortical neurons in adult laboratory rats [24], and cortical neurons may be involved in the pathology of ASD [25, 26].
	Increased levels of biomarkers for neuronal apoptosis [27-29] and impaired autophagy [30] are associated with ASD. Autophagy is necessary to clearing damaged organelles such as mitochondria [31], which are created by aberrant metabolism of APAP [32].

	Score: 2, 1, 2, 2, 1 = 8
	The connection with ASD was not obvious.

	9. Genetic, epigenetic, and environmental factors associated with an increased risk of ASD have an adverse effect on the body’s ability to safely metabolize APAP [2, 33, 34].
	The wide array of factors associated with ASD have led to the hypothesis that many things can come together to cause ASD, but ASD is characterized by impairment of social function and other particular behavioral phenotypes, suggesting specificity in the etiology of the condition.

	Score: 5, 5, 2, 4, 2.5 = 18.5
	[bookmark: OLE_LINK7]Use the oxidative stress paper by Cendejas-Hernandez in 2017. 4th highest rated line of evidence, and it has been cited sufficiently to study. Excluded since it is from coauthor WP’s laboratory. 

	10. Cystic fibrosis is associated with unusually efficient (effective) metabolism of APAP [35, 36], and the prevalence of ASD is apparently very low in patients with cystic fibrosis [34].
	The mental health of patients with cystic fibrosis has been characterized extensively, but no association between ASD and cystic fibrosis has been reported.

	Score: 4, 2, 2, 2, 1 = 11
	Literature diffuse: no single study can be identified as providing authority on the topic. Evidence provided only as a small component within reviews only. 

	11. APAP temporarily blunts social trust [37] and awareness [38], emotional responses to external stimuli [39], and the ability to identify errors [40] in adults. 
	Although the mechanisms are unknown, these studies show that APAP affects aspects of mental function that are impaired in individuals with ASD.

	Score: 5, 1, 2, 1.5, 1 = 10.5
	The connection with ASD was not obvious.

	12. Higher levels of APAP in cord blood are associated with ASD [41].
	For the analysis, the authors divided the women into three groups based on cord blood APAP levels. The third with the highest levels had 3.6 times more likelihood of having a child with ASD that the third with the lowest levels of APAP.

	Score: 5, 3, 4, 3, 5 = 20
	5th highest rated study: Not included in further analysis. 

	13. Use of APAP during pregnancy has been associated with adverse long-term effects on the mental health of offspring in numerous studies  [13, 41-63].
	This line of evidence has received more attention than any other line of evidence, to the point of being the only line of evidence considered by many investigators. However, the numerous studies underpinning this line of evidence are hampered by several factors which can cause errors in estimation of the association between APAP and ASD [1]. A recent study found a dramatic association (odds ratio (OR) for ASD with APAP use = 1.8) [64], but incorrectly and completely cancelled out that association using an error in the assumptions underlying the statistical analysis [1, 63, 65]. 

	Score: 1, 1, 2, 3.5, 3 = 10.5
	WP (score = 1) noted that the odds rations are generally low. RA (score = 1) noted a bias against ASD induction during pregnancy in herself. Literature diffuse: no single study can be identified as providing authority on the topic.

	14. Analysis of the Danish National Birth Cohort (DNBC) revealed an odds ratio (OR) of 1.3 (CI 1.02–1.66) for ASD associated with postnatal APAP exposure [47], despite the fact that the use of APAP appears to be dramatically underreported in the DNBC [10].
	The study authors averaged the results from the DNBC with assessments of autism-like symptoms (not ASD) from smaller data sets, and reported no association between APAP use and those symptoms (not ASD) in the abstract of the paper [47]. This issue has been addressed in detail by us in the literature [10, 65], but unfortunately may still result in confusion [23]. In addition, the study [47] employed invalid statistical adjustments expected to underestimate the association between APAP and ASD [1, 65]. See text for additional discussion.

	Score: 1, 1, 2.5, 2, 1 = 7.5
	This one is buried in the manuscript, not readily visible except to experts carefully examining the data. 

	15. The incidence of ASD began to increase in the early 1980s, coinciding with the increase in APAP use after aspirin was associated with Reye’s syndrome [34]
	Temporal associations do not prove causality, but are a necessary prerequisite for causality to exist. Alternative explanations for the rise in prevalence of ASD face several insurmountable problems, previously reviewed [1, 10].

	Score: 5, 1, 3, 4, 4 = 17
	Noted that this is too easy to dismiss. Literature diffuse: no single study can be identified as providing authority on the topic.

	16. The incidence of ASD has steadily increased [34] as direct-to-consumer advertising [66] and perhaps other factors such as mandated use of APAP with the MenB vaccine (see discussion) have led to increased APAP exposure early in life.
	Temporal associations do not prove causality, but are a necessary prerequisite for causality to exist. Alternative explanations for the rise in prevalence of ASD face several insurmountable problems, previously reviewed [1, 10]. One possible explanation for the persistence of unrealistic alternative explanations may be that many investigators are unaware of a satisfactory explanation consistent with available evidence.

	Score: 5, 3, 3, 3, 1 = 15
	Noted that this is too easy to dismiss. Literature diffuse: no single study can be identified as providing authority on the topic.

	17. The ratio of regressive to infantile ASD rose at the same time as pediatric APAP use rose [67] after aspirin was associated with Reye’s syndrome [34].
	This observation, made in 2000, would suggest that something was introduced into the environment that could induce ASD after months or even years of neurodevelopment. This factor was tragically and incorrectly suspected to be a vaccine at that time, an issue that was decisively addressed by Stephen Schultz eight years later (see line of evidence #3).

	Score: 1, 3, 3, 3.5, 2 = 12.5
	Obscure reference.

	18. Circumcision of males is associated with a 2-fold increase in the risk for early-onset (infantile) ASD [68].
	Circumcision is often performed using APAP as an analgesic despite the fact that such use is of highly questionable effectiveness [69]. 

	Score: 5, 4, 4.5, 4, 5 = 22.5
	

	19. The popularity of APAP use and the prevalence of ASD was substantially higher in Denmark than in Finland in the mid-2000s [70].
	Geographic-dependent associations do not prove causality, but do contribute to the total body of evidence. Particularly in the absence of alternative explanations, these associations can be compelling. 

	Score: 1, 1, 2.5, 2, 1 = 7.5
	Seems anecdotal in nature. Obscure: This is mentioned only as a small component of a much larger review.

	20. An exceptionally high prevalence of ASD was identified in South Korea [71, 72] following repeated findings of levels of APAP exceeding the package label of children’s products [73]. 
	Repeating mistakes made when the initial determination of APAP safety for pediatric use was determined (See line of evidence #4), public health authorities assessed the prevalence of reports of liver failure in the pediatric population, and determined that no harm was caused by the excess active ingredient (APAP) in the formulation. Liver failure is the primary adverse event from APAP overdose in adults. However, a study in laboratory animals in the 1980s demonstrated that the liver is not susceptible to APAP-mediated injury in very young animals, even with lethal doses of APAP [74].

	Score: 1, 4, 4.5, 3.5, 1 = 14
	We closed discussion on this after I pointed out that few people would have been aware of both the business reports of APAP production and the ASD prevalence stats. Literature diffuse: no single study can be identified as providing authority on the topic.

	21. Ultra-Orthodox Jews [75] in Israel have a reported prevalence of ASD less than half of that of reform Jews. Traditional circumcision practices employed by Ultra-Orthodox Jews do not utilize APAP. 
	Circumcision is often performed using APAP as an analgesic despite the fact that such use is of highly questionable effectiveness [69]. Almost all Israeli Jews are circumcised [76]. 

	Score: 1, 2, 2, 2, 3 = 10
	Literature diffuse: no single study can be identified as providing authority on the topic.

	22. APAP is not used in domestic cats because they lack of a robust glucuronidation-dependent capacity for metabolism [77-80], making them susceptible to APAP-mediated injury. Human neonates also lack a robust glucuronidation-dependent pathway [81, 82].
	Based on liver function in human babies and children, APAP was incorrectly determined to be safe for pediatric use in the 1960s and 1970s (see line of evidence # 4), before this evidence from veterinary science became available in the 1980s. One study in laboratory animals in the 1980s showed that even lethal doses of APAP do not cause liver failure in neonates [74], but the first study showing APAP-mediated neurodevelopmental brain injury in laboratory animals was not published until 2013 [15]. 

	Score: 1, 1, 1, 3, 1 = 7
	Discussed as an example prior to scoring. Connection with problems in neurodevelopment not obvious. Literature diffuse: no single study can be identified as providing authority on the topic.

	23. Surveys show that up to 50% of parents who have a child with ASD believe that their children’s ASD was induced by a vaccine [83, 84]. 
	Although this belief has been widely attributed to a 1998 report describing 12 patients [85], the title of that report is not intelligible to individuals outside of the medical profession, and medical papers have seldom affected public opinion. A more likely explanation involves the induction of ASD by APAP use concurrent with vaccination, as suggested by Schultz [9, 86].

	Score: 5, 2, 2, 1, 1, = 11
	The connection with APAP is not obvious. 

	24. Studies in several countries with chronic shortages of medication found dramatically lower-than-expected levels of ASD relative to other developmental issues, including Down syndrome. Reviewed by Jones et al. [1] 
	Not included in the previous review of this issue [1] is the apparently low levels of ASD in Cuba, where 241 cases of ASD in the entire nation (1 in 25,000 children) have been identified based on a 2016 report [87]. APAP is available in Cuba by prescription only [88], and multiple travel advisors cite APAP in particular as being in short supply in Cuba [89-92].

	Score: 1, 1, 2, 2, 2 = 8
	Highly specialized literature not read by most dealing with ASD in developing countries. Too recent to evaluate.

	25. APAP binds directly to arachidonic acid [93] and affects arachidonic acid metabolism [94]. Alterations of arachidonic acid [95] and enzymes involved in arachidonic acid metabolism [96] are associated with ASD.
	It is unknown what role arachidonic acid plays in ASD, but arachidonic acid plays a role in both the analgesic and antipyretic properties of APAP, and its metabolism is associated with ASD. 

	Score: 1, 2, 2, 2, 3 = 10
	[bookmark: OLE_LINK2]Too recent to evaluate.

	26. The “missing heritability” paradox of ASD suggests that epigenetic factors or very early exposure to environmental factors might influence the onset of ASD [97].
	The role of APAP in the induction of ASD nicely resolves the missing heritability paradox connected with ASD, in which sibling studies indicate a high contribution of genetics, but genome wide studies fail to identify the genes involved [97]. The observation that abuse of a mother when she was a child is associated with ASD in the offspring [98] is one example of evidence that supports this view.

	Score: 1, 1, 1, 2, 2, = 7
	Connection to APAP not obvious.

	27. ASD and fetal alcohol spectrum disorder (FASD) are similar in many regards. Reviewed by Jones et al. [1] A spectrum disorder can also be triggered by the drug valproate [99].
	These observations demonstrate that a complex spectrum disorder (FASD) sharing many similarities with ASD can (a) be induced by a single chemical and (b) be influenced by a variety of genetic and environmental factors.

	Score: 5, 1, 2, 1, 1 = 10
	Does not point to APAP as a problem. Too recent to evaluate. Obscure: This is mentioned only as one component of a much larger review.



Supplemental Table 1. Subjective evaluation of the seminal nature of studies related to APAP and neurodevelopmental problems. The table of 27 lines of evidence was taken from version 1 of a preprint: Jones et al https://www.preprints.org/manuscript/202501.0319/v1. WP’s score is always listed first. The remaining scores are listed randomly. Lines of evidence number 2 and 22 were discussed as examples before the scoring started. Scoring was conducted as described in Supplemental Figure 1 caption. 

	Articles with APAP and ASD
(PubMed ID)
	Year
	Concludes APAP is toxic for n.d. (time)
	Call for change in practice C
	Call for safety reevaluation
(7)
	Call for caution in use
	Concludes some evidence of risk
	Call for more studies
(4)
	Concludes insufficient evidence of risk
	Concludes risk for n.d. is unlikely
	Concludes no evidence of risk for n.d.

	18445737
	2008
	(3)
	
	
	
	
	X
	
	
	

	19176580
	2009
	(3)
	
	
	
	
	
	
	
	X

	20030459
	2009
	(1,3)
	
	
	
	X
	
	
	
	

	20030462
	2009
	(1,3)
	X D
	
	
	X
	
	
	
	

	19748189
	2009
	(1,3)
	
	
	
	
	X
	
	
	X

	20675420
	2010
	(3)
	
	
	
	
	
	X
	
	

	20628445
	2010
	(3)
	
	
	
	X
	
	
	
	

	22154541
	2011
	(3)
	
	
	
	X
	
	
	
	

	23656698
	2013
	(1,2)
	
	
	
	X
	X
	
	
	

	24518930 A
	2014
	(1,2, 3)
	
	
	
	X
	
	
	
	

	25758061
	2015
	(1, 2, 3)
	
	
	
	X
	X
	X
	
	

	25607892
	2015
	unspecified
	
	
	
	
	X
	
	
	

	26688372 A
	2015
	(1,2,3)
	
	
	
	X
	X
	
	
	

	[bookmark: OLE_LINK1]27507847 A
	2016
	(1)
	
	
	
	
	
	X E
	
	

	26930528 A
	2016
	(1, 2)
	
	
	
	
	
	
	
	X F

	27695658
	2016
	(1, 2, 3)
	
	X
	
	X
	
	
	
	

	27458336 A
	2016
	(1,2)
	
	
	
	
	
	X G
	
	

	27984170 A
	2016
	(1,2,3)
	
	X
	
	
	X
	
	
	

	27353198 A
	2016
	(1,2,3)
	
	
	
	X
	X
	
	
	

	27401730 A
	2016
	(1)
	
	
	X
	
	X
	
	
	

	28315722 A
	2017
	(1)
	X
	X
	
	X
	X
	
	
	

	28986045 A
	2017
	(1,3)
	
	X
	X
	X
	
	
	
	

	29460795
	2017
	X(1,2,3)
	
	
	
	
	
	
	
	

	29624206 A
	2018
	(1,2,3)
	
	
	
	
	X
	
	
	

	29341895 A
	2018
	(1,2,3)
	
	
	X
	X
	X
	
	
	

	29970852 A
	2018
	(1)
	
	
	
	X
	X
	
	
	

	29327281
	2018
	(1,2,3)
	
	
	
	
	X
	
	
	

	29688261 A
	2018
	(1)
	
	X
	
	X
	X
	
	
	

	30192910 A
	2018
	(1)
	
	
	
	X
	X
	
	
	

	30192922 A
	2018
	(1)
	
	
	
	
	X
	
	
	X

	30500431
	2019
	(1)
	
	
	
	X
	
	
	
	

	30325529
	2019
	(1,3)
	
	
	
	
	X
	X H
	
	

	30849458 A
	2019
	(1)
	
	
	
	X
	X
	
	
	

	31565625
	2019
	(1)
	
	
	
	
	X
	
	
	

	31042271 A
	2019
	(1)
	
	
	
	
	X
	
	
	

	31644948 A
	2019
	(1,2)
	
	
	
	X
	
	
	
	

	31906400 A
	2020
	(1,2,3)
	
	
	
	X
	X
	
	
	

	31985831 A
	2020
	(1,2,3)
	
	
	
	X
	X
	
	
	

	31576399 A
	2020
	(1)
	
	
	
	X
	X
	
	
	

	31576401 A
	2020
	(1)
	
	
	
	
	X
	
	
	

	31664451 A
	2020
	(1,2)
	
	
	
	X
	X
	
	
	

	33805951 A
	2021
	(1,3)
	
	
	
	X
	X
	
	
	

	33925648 A
	2021
	(1)
	
	
	
	X
	X
	
	
	

	33836167 A
	2021
	(1)
	
	
	
	X B
	
	
	
	

	34046850 A
	2021
	(1,3)
	
	
	X
	X
	X
	
	
	

	32943529 A
	2021
	(1,3)
	
	
	
	
	X
	X H
	
	

	34681816 A
	2021
	(1,2,3)
	
	
	
	
	X
	
	
	

	35276298 A
	2022
	(1)
	X
	
	X
	X
	X
	
	
	

	35989852 A
	2022
	(1,3)
	X
	
	X
	X
	X
	
	
	

	37246699
	2022
	(1,2,3)
	X
	X
	X
	X
	X
	
	
	

	36549432 A
	2023
	(1)
	
	
	
	X
	X
	
	
	

	36909164 A
	2023
	(1)
	
	
	
	X
	
	
	
	

	37113974 A
	2023
	(1)
	X
	
	X
	X
	X
	
	
	

	37391024 A
	2023
	(1)
	
	
	
	X
	
	
	
	

	38250995 A
	2024
	(1,3)
	
	
	
	X
	X
	
	
	

	39184946
	2024
	(1)
	
	
	
	X
	X
	
	
	

	38672454 A
	2024
	(1,3)
	
	
	
	X
	X
	
	
	

	38592388 A
	2024
	(1)
	
	
	
	
	
	
	
	X

	39114279 A
	2024
	(1,2,3)
	X
	
	
	X
	X
	
	
	

	39102714 A
	2024
	(1)
	
	
	
	
	
	
	
	X

	39550993 A
	2024
	(1,3)
	
	
	
	X
	
	
	
	

	39637384 A
	2025
	(1)
	
	
	
	
	
	
	X
	

	39982125 A
	2025
	(1)
	
	
	
	
	
	
	
	X (and one more category) I

	40245419 A
	2025
	(1)
	X
	
	
	
	
	
	
	



Supplemental Table 2: Conclusions and inferences in all citations with keywords autism and (paracetamol or acetaminophen).
Co-author WP and either reviewer VP or CT evaluated all articles independently, with co-author RRB making decisions on any discrepancies that were not resolved following initial discussion.
Articles (PubMed  ID’s)  8711748, 10435209, 12010627, 20642023,  22206685, 25957927, 27366523, 27766914, 27707814, 27993427, 29392100, 32878642, 33328191, 3866573, 38689608, and 38951467 did not discuss the safety of APAP for neurodevelopment and are not included in the table.
PubMed ID’s 29910617,  39817414 and 40065514 discusses data but draws no conclusions regarding the safety of APAP, and are not included in the table.
PubMed ID 12952554 (2003) proposed that treating fevers (not pain) was neurotoxic, and was not specific for APAP. This paper was excluded from the study. 
24316883 and 27612914 requested on interlibrary loan from UNC, Duke, and NYU libraries, but was not found.
Author’s studies (28415925, 35175416, 35822581, 38255358, 37321575, 39202661, and 39534665) not assessed.
Time: 1 = pregnancy only. 2 = peripartum. 3 = postpartum only. NS = not specified (refers to the evidence considered in the authors’ introduction and discussion of material, not necessarily the time period regarding the focus of their study.) 
A. Either a study correcting for cofactors or a study affected by other studies correcting for co-factors (PubMed ID highlighted with tan color)
B. This study is in rats and shows adaptation at higher doses along with specificity for males. 
C. Changes in clinical practice include informing patients and health professionals of the risks. 
D. The author stated that evidence of harm was “considerable”, but did not explicitly state that a change in practice should be implemented.
E. This is an “authoritative” and dismissive pronouncement by the BMJ that there is no need to be concerned about a new study (Claudia B Avella-Garcia et al (2016)). It does not cite any other study or any other evidence, and concludes that “Current advice (regarding use of APAP during pregnancy) should not change.”.
F. Example of discussion focused on weaknesses in specific studies, not on big picture.
G. Discussion of limited evidence with the conclusions that “It is obvious that the data is insufficient to draw any conclusion from these studies.”
H. These two studies from the same authors inflate the implications of negative studies to create a sense of uncertainty. For example, although over a dozen studies in laboratory mammal models show neurodevelopmental effects of APAP, a negative study using Zebrafish was cited (PubMed ID 27116683). One of the negative studies cited finding “no effect” is a self-citation measuring only a single exposure window with only 19 individuals in the study group, with no cases of ASD (PubMed ID 30325529). Another, also measuring a single exposure window, has only 30 patients in the study group, and ASD was not measured (PubMed ID 28395364). Further, the actual data (PubMed  ID 32943529) show more than twice as much ASD (0.69% vs. 0.30%) in APAP treated children compared to non-treated children, but the conclusion is reached 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 more accurate conclusion would have been that APAP was associated with more than double the prevalence of ASD use, but that the study was not sufficiently powered to determine if the association was statistically significant. 
I. This is an industry (Kenvue)-associated study which concludes that there is “Strong evidence of no adverse effects” from APAP when considering all available evidence from laboratory animal models.  In terms of their evaluation of the Viberg study, which showed almost complete impairment of learning in animals receiving 2 doses of 30 mg/kg APAP compared to excellent performance of control animals receiving saline only, the “industry report” assessment was: “However, the finding at this dose level is questionable for a multitude of reasons.” These stated reasons were (a) wrong species (rats would have been better) (b) wrong mouse strain (c) poor testing procedure, and (d) inconsistency with other studies.  By way of review, all adult mice used by Viberg et al ran the maze they were presented, and they all made multiple mistakes on the first day. However, after two days of practice, the mice exposed to saline early in life ran the maze with almost no mistakes, and with a much faster time. The adult mice exposed to APAP early in life, on the other hand, showed almost no improvement in their ability to run the maze after two days of practice. Further, the amount of drug used by Viberg et al was two doses of 30 mg/kg, an amount similar to that received by human children, especially if administered as a suppository. The fact that the results observed in the Viberg et al study were highly significant with extremely clear and dose-dependent adverse effects of APAP exposure indicates that the concerns raised in the industry report are invalid: the testing procedure and the choice of animal species and strain were quite adequate. 
The industry report also points out that Viberg et al did not actually know exactly what was wrong with the mice after exposure to APAP. However, most observers would conclude that the fact that the APAP-exposed mice do not run the maze more efficiently with practice indicates that they were unable to do so, not that they were somehow motivated to keep making mistakes in running the maze for some unknown reason. Regardless, a hypothetical drug-induced motivation to make mistakes is probably not desirable any more than a drug-induced inability to learn to avoid mistakes. 
The industry report also claimed that the Viberg et al study was “inconsistent with other reports”, citing two reports in particular. First, the industry report claimed that the Viberg et al study was inconsistent with a study that used juvenile mice [14], not neonatal mice as in the Viberg et al study. However, a follow-up study by Viberg and other colleagues [15] had already determined that the window of sensitivity for APAP-mediated neurodevelopmental injury in mice ended sometime after day 10, but before the animals were weaned and became juveniles.  Thus, Viberg’s work was entirely consistent with work showing that juvenile mice do not incur neurodevelopmental problems as a result of APAP exposure. 
The industry report also stated that the Viberg et al study was inconsistent with a second study, one utilizing pregnant rats [16] rather than neonatal mice, as in the Viberg et al study. The study using pregnant rats, by Blecharz-Klin and colleagues [16], administered very low amounts of APAP, 15mg/kg/day, compared to doses received by humans, who can receive multiple oral doses per day of up to 15 mg/kg. Blecharz-Klin and colleagues did have some exposure to APAP in their neonatal animals, but APAP was administered in the drinking water. Thus, any neonatal exposure to APAP would have been through nursing and would have been at a much lower dose by weight in the pups than in the nursing dams: Milk may contain concentrations of APAP similar to that found in the dams, but any substance in the milk is extensively diluted in the pup since the amount of milk consumed is much less than the weight of the pup at any given time. Thus, it is not expected that Blecharz-Klin et al and Viberg et al should have observed the same effects. Even if the drug had been administered the same, it seems highly unlikely that rats and mice would respond the same.
While reproducibility of studies is a hallmark of science, it is not necessarily a hallmark of excellent work conducted for purposes of probing developmental problems caused by drugs. Even rats purchased from different suppliers respond to a variety of neuroactive drugs differently [17], and decades may be required to sort out the many factors that dictate variation in adverse responses to toxins in laboratory animal models [18]. Thus, requirements that concerning results be exactly reproducible by other laboratories are unwarranted in this case and undermine the utility of laboratory animal studies in general for sorting out the effects of environmental toxins. Nevertheless, many laboratories have identified adverse effects of early life exposure to APAP in laboratory animal models, as described above.
The assessment of the aforementioned Blecharz-Klin et al study [16] in the industry report was itself interesting. Blecharz-Klin and colleagues found 10-fold (1000%, p < 0.005) greater pinning behavior, a type of wrestling behavior, in animals exposed in utero to 15 mg/kg/APAP compared to controls. The industry report assessment of this result stated that “pinning (along with pouncing) is considered to be the most reliable index for social play behavior in rats, as this behavior strongly co-varies with other playful social behavior; therefore, this finding would suggest a beneficial effect of developmental exposure to APAP on social behaviors.” (Supplemental Data 2 from the industry report). However, we argue that most unbiased observers would consider a 10-fold increase in wrestling behavior induced by fetal drug exposure to be undesirable.     
The industry report [9] claiming strong evidence of safety for APAP during neurodevelopment (Figure 1) utilized systematic approaches that were overtly constructed to minimize all work in the field. For example, the industry report minimizes the relevance of any study that did not perform a thorough screen for liver toxicity, despite the fact that (a) work prior to 1990 demonstrates that the liver of neonatal laboratory mice is not damaged significantly by even lethal doses of APAP [19], and (b) whether APAP-mediated neurodevelopmental problems are secondary to liver injury is not important when deciding whether APAP is safe for neurodevelopment.  Thus, the industry report minimizes the relevance of studies examining neurodevelopmental problems associated with early life exposure to APAP if they do not perform a costly and time-consuming assessment of liver function that is not necessary to evaluate the safety of APAP for neurodevelopment. 

Summary data: 
93 studies identified (autism AND (paracetamol OR acetaminophen). May 24 2025.

16 did not include any discussion of APAP safety for neurodevelopment. 
7 by coauthor WP excluded from analysis
3 papers were excluded because they described data but did not draw any conclusions from that data.
1 was excluded because it dealt with fevers in general, not APAP
2 papers not available through the UNC library.
64 studies included
Of those 64 studies, 15 studies included information about APAP risks during pregnancy, the peripartum period, and the postnatal period.
Studies comprise only a very minor topic in the field of ASD research: 84,454 results for “autism” in PubMed (Query also on May 24, 2025).

“autism” AND “cause” yields 32,178 results (Query also on May 24, 2025)


45 out of 64 studies were overtly influenced by correction for cofactors.
Since 2013, when the error of correction for cofactors first appeared, 45 out of 55 studies (82%) were overtly influenced by correction for cofactors. All 3 studies published in 2025 thus far were affected. (8 studies published prior to 2013 were not affected.)
26 out of 64 studies only considered exposure during pregnancy.
20 out of 64 studies considered the peripartum period. (e.g., labor and delivery)
40 call for more studies
39 conclude that some evidence of risk exists.
8 call for a change in clinical practice
8 call for caution in use
6 call for a safety reevaluation
1 concludes that APAP is a neurodevelopmental toxin


On the other hand, 
6 conclude insufficient evidence of risk
7 conclude that there is no evidence of risk
1 concludes risk is unlikely

None of the 15 studies which consider all three periods of risk conclude that risk is unlikely, insufficient evidence exists, or that no evidence exists. 



	Articles citing Viberg (PubMed ID)
	Year
	Found in search for ASD and APAP
	Periods considered
	Concludes APAP is toxic for n.d.
	Call for change in practice
	Call for safety reevaluation
	Call for caution in use
	Call for more studies
	Concludes insufficient evidence of risk
	Indicates risk is moderate
	Concludes no evidence of risk for n.d.

	27038970
	2016
	No
	1, 2
	
	X
	
	
	
	
	
	

	27116683 A
	2016
	No
	1
	
	
	
	
	X
	X
	
	

	27364566 A
	2016
	No
	1, 2
	
	
	X
	
	X
	
	
	

	27452664 A
	2016
	No
	Unspecified
	
	
	
	
	X
	
	
	

	27695658
	2016
	Yes
	1, 2, 3
	
	
	X
	
	
	
	
	

	27716943 A
	2016
	No
	1, 2 
	
	
	
	
	X
	
	
	

	27533796 A
	2016
	No
	1
	
	
	
	
	X
	
	
	

	27585674 A
	2016
	No
	1
	
	
	
	XB
	X
	XB
	XB
	

	28785368 A
	2017
	No
	1
	
	
	
	
	X
	
	
	

	29276647
	2017
	No
	1, 2
	
	
	
	
	X
	
	
	

	29084830 A
	2017
	No
	1
	
	
	
	
	X
	XB
	
	

	30895271 A
	2017
	No
	1, 2, 3
	
	
	
	
	X
	X
	
	

	29149272 A
	2018
	No
	1
	
	
	
	
	X
	
	
	

	29624206 A
	2018
	Yes
	1, 2, 3
	
	
	
	
	X
	
	
	

	29863746 A
	2018
	No
	1, 2
	
	
	
	
	X
	X
	
	

	30458756 A
	2018
	No
	1
	
	
	
	
	X
	
	
	

	30202886 A
	2019
	No
	1
	
	
	
	
	X
	
	
	XB

	32133328
	2019
	No
	2, 3
	
	
	
	
	X
	
	
	

	31025304
	2019
	No
	1, 2
	
	
	
	
	X
	
	
	

	31636565
	2020
	No
	Unspecified
	
	
	
	
	X
	
	
	

	31906400 A
	2020
	Yes
	1, 2, 3
	
	
	
	
	X
	
	
	

	31985830 A
	2020
	No
	1, 2
	
	
	
	
	X
	X
	
	

	31985831 A
	2020
	Yes
	1, 2, 3
	
	
	
	
	X
	
	
	

	39439697 A
	2020
	No
	1
	
	
	
	
	X
	X
	
	

	32879417
	2020
	No
	1, 2
	
	
	
	
	X
	
	
	

	34681816 A
	2021
	Yes
	1,2,3
	
	
	
	
	X
	
	
	

	34556849 A
	2021
	No
	1
	
	
	
	X
	X 
	
	
	

	33230558 A
	2021
	No
	1, 3
	
	
	
	
	X
	
	
	

	35253098 A
	2022
	No
	1, 2
	
	
	
	
	X
	
	
	

	35391823 A
	2022
	No
	1
	
	
	X
	
	X
	
	
	

	35908584 A
	2022
	No
	1
	
	
	
	
	X
	
	
	

	36519620 A
	2022
	No
	1, 2
	
	
	
	
	X
	X
	
	

	36170224 A
	2022
	No
	1
	
	
	
	XB
	X
	
	
	

	36549432 A
	2023
	Yes
	1
	
	
	
	
	X
	
	
	

	37089952 A
	2023
	No
	1
	
	
	
	X
	X
	XB
	
	

	37198403 A
	2023
	No
	1, 2
	
	
	
	
	X
	
	
	

	38149049 A
	2023
	No
	1
	
	XB
	
	
	X
	
	
	

	38902507
	2024
	No
	Unspecified
	
	
	
	
	X
	
	
	

	39695341 A
	2024
	No
	1, 2, 3
	
	
	
	
	X
	
	
	



Supplemental Table 3. Conclusions and inferences in PubMed-listed articles citing the Viberg study published in 2014. 
Co-author WP and either reviewer CT or VP evaluated all articles independently, with co-author RRB making decisions on any discrepancies that were not resolved following initial discussion.
Studies by the author’s group that cite the Viberg study (28415925, 35175416, 34170958, 38255358, 37321575, and 39202661) are excluded from the study and not included in the table. Studies (PubMed IDs 27980393, 34795520, 36281406, 38951182, 28671614, and 32270873 which describe evidence only, with no conclusions or inferences, are not included in the table. n.d., neurodevelopment
Summary: Total 51 studies, with 6 studies from coauthor WP excluded (not included in that total) and 6 studies not drawing any conclusions regarding neurodevelopment (not in table). (39 studies in Table)
Note that 21 studies (red font) were, for unknown reasons, NOT listed on the first pass in May, but were picked up on the Second pass on June 3, 2025 and again found on June 8th. 
Footnotes.
A. (also tan highlight) Actual risks obscured to some degree by adjustment for cofactors, either in study itself or in studies considered when describing evidence and/or drawing conclusions.


Summary Data:
39 studies included
Of those 39 studies, 7 studies included information about APAP risks during pregnancy, the peripartum period, and the postnatal period.
31 out of 39 studies were overtly influenced by correction for cofactors.
16 out of 39 studies only considered exposure during pregnancy.
19 out of 39 studies considered the peripartum period. (e.g., labor and delivery)
37 call for more studies
1 concludes that risk is moderate
2 call for a change in clinical practice
4 call for caution in use
3 call for a safety reevaluation
6 were found in search for ASD and APAP
0 conclude APAP is toxic for neurodevelopment

On the other hand, 
9 conclude insufficient evidence of risk
1 concludes that there is no evidence of risk

1 of the 7 studies which consider all three periods of risk conclude that insufficient evidence exists or that no evidence exists. 


	Articles with APAP and ASD
(PubMed ID)
	Year
	Cited Schultz
	Cited Viberg
	Cited F&S

	18445737
	2008
	NA
	NA
	NA

	19176580
	2009
	Y (response)
	NA
	NA

	20030459
	2009
	No
	NA
	NA

	20030462
	2009
	Y (Good)
	NA
	NA

	19748189
	2009
	Y (Schultz)
	NA
	NA

	20675420
	2010
	Y
	NA
	NA

	20628445
	2010
	Y (Schultz)
	NA
	NA

	22154541
	2011
	Y
	NA
	NA

	23656698
	2013
	No (Bauer)
	NA
	NA

	24518930 A
	2014
	No
	No
	NA

	25758061
	2015
	No
	Yes
	No

	25607892
	2015
	No
	No
	No

	26688372 A
	2015
	Yes (Liew)
	No
	No

	27507847 A
	2016
	No
	No
	No

	26930528 A
	2016
	No
	No
	No

	27695658
	2016
	Yes (Schultz)
	Yes
	No

	27458336 A
	2016
	No
	No
	No

	27984170 A
	2016
	Yes
	No
	No

	27353198 A
	2016
	No
	No
	No

	27401730 A
	2016
	No
	No
	No

	28315722 A
	2017
	No
	Yes
	No

	28986045 A
	2017
	No
	No
	No

	29460795
	2017
	Yes (Good)
	No
	No

	29624206 A
	2018
	No
	Yes
	No

	29341895 A
	2018
	Yes (Bauer)
	Yes
	Yes

	29970852 A
	2018
	No
	No
	No

	29327281
	2018
	No
	No
	No

	29688261 A
	2018
	Yes
	No
	No

	30192910 A
	2018
	No
	No
	No

	30192922 A
	2018
	No
	No
	No

	30500431
	2019
	No
	No
	No

	30325529
	2019
	No
	No
	No

	30849458 A
	2019
	No
	No
	No

	31565625
	2019
	No
	No
	No

	31042271 A
	2019
	No
	No
	No

	31644948
	2019
	No
	Yes
	No

	31906400 A
	2020
	Yes (Bittker)
	Yes
	Yes

	31985831 A
	2020
	No
	Yes
	No

	31576399 A
	2020
	No
	Yes
	No

	31576401 A
	2020
	No
	No
	No

	31664451 A
	2020
	No (cord study)
	No
	No

	33805951 A
	2021
	Yes (Schultz)
	No
	No

	33925648 A
	2021
	No
	No
	No

	33836167 A
	2021
	No
	Yes
	No

	34046850 A
	2021
	Yes (Alemany)
	No
	No

	32943529 A
	2021
	No
	Yes
	No

	34681816 A
	2021
	No
	Yes
	No

	35276298 A
	2022
	No
	No
	No

	35989852 A
	2022
	No
	No
	No

	37246699
	2022
	No
	No
	No

	36549432 A
	2023
	No
	Yes
	No

	36909164 A
	2023
	No
	Yes
	No

	37113974 A
	2023
	No
	No
	No

	37391024 A
	2023
	No
	No
	No

	38250995 A
	2024
	Yes
	No
	No

	39184946
	2024
	No
	No
	No

	38672454 A
	2024
	No
	No
	No

	38592388 A
	2024
	No (Ahlqvist)
	No
	No

	39114279 A
	2024
	Yes (Shaw)
	No
	No

	39102714 A
	2024
	No
	No
	No

	39550993 A
	2024
	No
	No
	No

	39637384 A
	2025
	No
	No
	No

	39982125 A
	2025
	No
	Yes
	No

	40245419 A
	2025
	No
	No
	No

	Total since published
	2008-2025
	Yes = 17
17/63 = 27%
	Yes = 13
13/55 = 24%
	Yes = 2
2/54 = 4%












Supplemental Table 4. Citations of Schultz et al., Viberg et al., and Frisch and Simonsen (F&S) by PubMed-listed articles with autism and with acetaminophen or paracetamol. 

	Articles citing Schultz 
(PubMed ID)
	Year
Green font checked for (A)
	Found in search for APAP and ASD
	Periods studied
	Concludes APAP is toxic for n.d.
	Call for change in practice
	Call for safety reevaluation
	Call for caution in use
	Call for more studies
	Concludes insufficient evidence of risk
	Indicates risk is moderate
	Concludes no evidence of risk for n.d.

	39114279 A
	2024
	Yes
	1, 2, 3
	
	X
	
	
	X
	
	
	

	34806766 B
	2021
	No
	3
	
	
	
	
	
	X
	
	

	34046850 A
	2021
	Yes
	1, 3
	
	
	
	X
	X
	
	
	

	33805951 A
	2021
	Yes
	1, 3
	
	
	
	
	X
	
	
	

	33398668 A
	2021
	No
	1
	
	
	
	
	X
	X
	
	

	32309885 B
	2020
	No
	3
	
	
	
	
	
	X
	
	

	31906400 A
	2020
	Yes
	1, 2, 3
	
	
	
	
	X
	
	
	

	31212856
	2019
	No
	3
	
	
	
	
	X
	
	
	

	31143033 A
	2019
	No
	1, 3
	
	
	
	
	X
	
	
	

	30895271 A
	2017
	No
	1, 2, 3
	
	
	
	
	X
	X
	
	

	28413424 A
	2017
	No
	1, 2, 3
	
	X C
	
	
	
	
	
	

	28102992
	2017
	No
	1, 2, 3
	
	
	
	
	X
	X
	
	

	27695658
	2016
	Yes
	1, 2, 3
	
	
	X
	
	
	
	
	

	26290670
	2015
	No
	3
	
	
	
	
	X
	
	
	

	22917844
	2013
	No
	3
	
	
	
	
	
	X
	
	

	23924882
	2013
	No
	3
	
	
	
	
	X
	
	
	

	22336803 B
	2012
	No
	3
	
	
	
	
	
	X
	
	

	24149029
	2011
	No
	3
	
	
	
	
	X
	
	
	

	19748189 D
	2009
	Yes
	1,3
	
	
	
	
	X
	
	
	X



Supplemental Table 5. Conclusions and inferences of articles citing the Schultz study published in 2008. Reviews by the author’s group that cite the Schultz study (PubMed ID’s 35175416, 39202661, 37321575, 38255358, 34170958, 28415925, and 25634608) were excluded from the study and the Table. Studies (PubMed IDs 39077045, 29910617, 28671614, 25956238, 23990817, 31652518, 24734177) which describe evidence only, with no conclusions or inferences, are not included in the table. n.d., neurodevelopment
Co-author WP and reviewer VP evaluated all articles independently, and agreement was reached. 
Summary: 33 total citations: 7 by coauthor WP (excluded). 19 in table + 7 that did not make any conclusions on inferences.
Footnotes.
A. (also tan highlight) Actual risks overtly obscured to some degree by adjustment for cofactors, either in study itself or in studies considered when describing evidence and/or drawing conclusions.
B. Cochrane database report (light blue highlight): The Schultz study was under assessment in the first publication (2012, PubMed ID 22336803), but was excluded in the next two publications (2020 and 2021) with the explanation that “Data were obtained via a parent survey; methods and results are questionable.”
C. PubMed ID 28413424 was not specific for APAP, but covered a range of environmental toxins, including recommendations for changes in use of APAP.
D. This is a follow-up from Schultz, who concluded that “No evidence is presented here that acetaminophen in any way causes autism. Readers of this hypothesis should not conclude that acetaminophen is central to the etiology of autism or speculate beyond what is presented here. This hypothesis is largely based on multiple lines of often weak evidence. It is hoped that further research can clearly strengthen or disprove the ideas presented here.”








Summary Data:
19 studies included
Of those 19 studies, 6 studies included information about APAP risks during pregnancy, the peripartum period, and the postnatal period.
8 out of 19 studies were overtly influenced by correction for cofactors.
1 out of 19 studies only considered exposure during pregnancy.
6 out of 19 studies considered the peripartum period. (e.g., labor and delivery)
13 call for more studies
0 conclude that risk is moderate
2 call for a change in clinical practice
1 calls for caution in use
1 calls for a safety reevaluation
6 were found in search for ASD and APAP
0 conclude APAP is toxic for neurodevelopment

On the other hand, 
7 conclude insufficient evidence of risk
1 concludes that there is no evidence of risk

2 of the 6 studies which consider all three periods of risk conclude that insufficient evidence exists or that no evidence exists. 




	Articles citing F&S (PubMed ID)
	Year
	Time period
	Concludes APAP is toxic for n.d.
	Call for change in practice
	Call for safety reevaluation
	Call for caution in use
	Call for more studies of APAP use
	Concludes no evidence of risk
	No conclusions regarding APAP
	No discussion of APAP

	36274189
	2023
	NA
	
	
	
	
	
	
	
	X

	36041835 A
	2022
	NA
	
	
	
	
	
	
	
	X

	36034719 A, B
	2022
	NA
	
	
	
	
	
	
	
	X

	35785439 A
	2022
	2
	
	
	
	
	
	
	X
	

	34564796
	2022
	NA
	
	
	
	
	
	
	
	X

	33299934 Y
	2020
	NA
	
	
	
	
	
	
	
	X

	31906400 C
	2020
	1, 2, 3
	
	
	
	
	X
	
	
	

	31496128
	2019
	2
	
	
	
	
	
	
	X
	

	30626392
	2019
	NA
	
	
	
	
	
	
	
	X

	28980135
	2017
	NA
	
	
	
	
	
	
	
	X

	28915865
	2017
	NA
	
	
	
	
	
	
	
	X

	28351877
	2017
	NA
	
	
	
	
	
	
	
	X

	28291263
	2017
	2
	
	
	
	
	
	
	X
	

	27364566 C
	2017
	1, 2
	
	
	X
	
	X
	
	
	

	27637182
	2016*
	NA
	
	
	
	
	
	
	
	X

	26268917 Z
	2015
	2
	
	
	
	
	
	
	X
	

	26268916
	2015
	2
	
	
	
	
	
	X
	
	

	25853108
	2015
	NA
	
	
	
	
	
	
	
	X







Supplemental Table 6. Conclusions and inferences of articles citing the F&S study published in 2015.
All papers graded independently by reviewer CT and coauthor WP, and agreement was reached following discussion.
*PubMed ID 27637182 (2016) Article in German with translation by Microsoft Edge (by Coauthor WP) or Google Translate (coauthor CT).
Summary: 23 results in PubMed: Five papers from the coauthors (PubMed ID’s 35175416, 39202661, 38255358, 37321575, and 28415925) were excluded and not in the table. Eighteen studies included in the table. 
Footnotes.
A. (Also green highlight) Studies by Morris and colleagues.
B. Here Frisch and Simonson are cited (“Data from a Danish study of meatal stenosis (reference Frisch and Simonson…”) but it appears to be a mistake, since Frisch and Simonson did not mention meatal stenosis, even in passing.  
However, the Frisch and Simonson study was critiqued in the following sentence: “A systematic review found there was little effect on breastfeeding or cognitive ability, and that low quality studies reporting associations with sudden infant death syndrome, autism, alexithymia, impaired sexual experience and socio-affective processing contained flaws in study design, statistical analysis, sample size and other factors rendering them unreliable [78]” Citation 78 referred to PubMed ID 31496128, another paper by Morris and colleagues, in the table above.  
The invalidity of another argument by Morris and colleagues (Morris BJ, Krieger JN, Klausner JD. CDC's Male Circumcision Recommendations Represent a Key Public Health Measure. Global health, science and practice. 2017;5(1):15-27.) is described in a preprint here: https://www.preprints.org/manuscript/202501.0319/v3.  Some of the same arguments are used in multiple times by Morris. One additional paper by Morris (https://pmc.ncbi.nlm.nih.gov/articles/PMC5478224/) (PubMed ID 28351877) makes the same arguments. 
C. Actual risks obscured to some degree by adjustment for cofactors, either in study itself or in studies considered when describing evidence and/or drawing conclusions. (PubMed ID highlighted with tan color)


Z. F&S effectively rebutting Morris here: https://pubmed.ncbi.nlm.nih.gov/26268917/  It seems like Morris is simply throwing things against to wall to see what might stick. 
Y. This study shows that early male circumcision alters social attachment, sometimes is dramatic ways. https://pubmed.ncbi.nlm.nih.gov/33299934/


Text only: Summarize reasons for dismissing the circumcision study (All rationale in the peer-reviewed literature is provided by a single group. 


Summary Data:
18 studies included
Of those 18 studies, 1 study included information about APAP risks during pregnancy, the peripartum period, and the postnatal period.
2 out of 18 studies were overtly influenced by correction for cofactors.
None of the 18 studies only considered exposure during pregnancy.
7 out of 18 studies considered the peripartum period. (e.g., labor and delivery)
2 call for more studies of APAP use
0 call for a change in clinical practice
0 call for caution in use
1 calls for a safety reevaluation
0 conclude APAP is toxic for neurodevelopment

On the other hand, 
1 concludes that there is no evidence of risk
4 reach no conclusions regarding APAP
11 do not discuss APAP at all

The study which considers all three periods of risk did not discuss APAP. 




	Criticism
	Associated PubMed IDs
	Validity assessment

	1. Frisch and Simonsen did not address the question of biological plausibility
	36041835
	Factual error. The hypothesis proposed by Bauer that APAP induces ASD during circumcision was cited by F&S.

	2. calculations suggest that their cohort likely suffers from substantial residual confounding from ethnicity
	36041835
31496128
	Not valid: Ethnicity was accounted for in the Frisch and Simonson study.

	3. Problems with statistical analyses, inclusion criteria, and other issues in each study were identified by the present authors143–145 and others.146–149 
	36041835
31496128
	Error/misleading: Citation of “others” is partly incorrect, and partly misleading (see footnote A below) (No novel objections to the F&S paper were apparently raised by this text.)

	4. This paper mis-identifies the study by F&S as a study on meatal stenosis, but quotes “flaws in study design, statistical analysis, sample size and other factors rendering them unreliable [78]” when referring to studies connecting ASD and several other factors (sudden infant death syndrome, autism, alexithymia, impaired sexual experience and socio-affective processing) connected with circumcision.
	36034719
	Error: Apparently, the F&S paper was not meant to be cited in this paper, or was cited in the wrong place. A self-citation is used to describe the F&S paper as “unreliable”. (No novel objections to the F&S paper were apparently raised by this text.)

	5. In the autism study, criticisms 16 , 34 mentioned that overall statistical significance was marginal (hazard ratio 1.46; 95% CI 1.11–2.96). In response, Frisch and Simonsen acknowledged that their study had limited statistical power. 24  (Text from PubMed ID 35785439.)

	35785439
31496128
26268916
	Invalid: The hazard ratio was higher when considering only infantile ASD (the type that is expected to occur following induction at the time of early male circumcision) (HR = 2.06; 95% CI: 1.36–3.13), and a 95% confidence interval is very conservative when considering lifelong disability induced by a drug shown to be ineffective for the pain of circumcision.

Error not affecting validity: The actual CI reported by F&S was 1.11-1.96, not 1.11-2.96, as reported by Morris et al.)

	6. Another Danish study found an astonishingly high ASD prevalence (7.2%) in uncircumcised boys, 34 leading the authors to suggest that the 1.5% figure reported for Danish boys aged 0–9 years (98.9% uncircumcised) in Frisch and Simonsen's ASD study 21 indicated confounding.

	35785439
31496128
28351877
	Error: This statement indicates that Morris and colleagues did not understand the study cited (their reference 34). This error is described in some detail in a preprint here: https://www.preprints.org/manuscript/202501.0319/v3 

	7. We calculated that ASD in their general population was 4986/342,877×100 = 1.45%. In the circumcised group we calculated ASD prevalence to be 55/(2903 + 444) × 100 = 1.64%. The difference between these figures is 13% rather than the 46%–62% claimed. *****
	35785439
	Invalid. The reason for the difference was the adjustment for cultural factors, which is described accurately in the F&S paper. This indicates that Morris et al did not understand statistical manipulations necessary to correct for cultural factors. 

	8. Critics (this is a self-citation: PubMed ID 26268916, in Table below) pointed out that only 11% of Muslim boys in the study were recorded as being circumcised

	35785439
31496128
26268916
	Invalid as a criticism: An important point highlighting the importance of the F&S study: Under-recording of diagnosis is expected to cause underestimation of the effect. It is unclear why Morris et al used this as a criticism.

	9. a significant association with ASD diagnosis was found in boys under the age of 4 years, but association was not significant in boys aged 5–9 years, which was relevant to alternative explanations. 16 (this is a self-citation: PubMed ID 26268916)
	35785439

	Not valid as a criticism: The association was more prevalent in younger children, which was to be expected if infantile ASD is induced by APAP exposure with early circumcision (the “alternative explanation”).  

	10. Supporting acetaminophen rather than NMC (neonatal male circumcision) being responsible for ASD, Bauer and Kriebel found the association of NMC with ASD was “considerably weaker” prior to 1995. 22 Acetaminophen breakdown by sulfation is the primary metabolic route in children, and is very much lower in neonates, and even more so in ASD. 22 Bauer criticized the Danish ASD study for falsely suggesting that her group's findings applied to NMC. 53 And she explained why older boys in the Danish study (born before the 1999 guidelines 7 ) showed only a weak association of circumcision with ASD, whereas those born after 1999 showed a stronger association, 16 , 53 thus supporting the acetaminophen hypothesis.
	35785439
31496128
26268916
	Not valid as a criticism: As stated by F&S, evaluation of the role of APAP in the etiology of ASD was part of the purpose of their study. 

	11. One critic (PubMed ID 25715006, see “reference 147” below in Footnote A) suggested that Frisch and Simonsen's study involved only those assessed for ASD, not those who remained undiagnosed, and that parents who are more aware of ASD symptoms are more “likely to present their children for early assessment.” 23 
	35785439
	Ref 147. Abstract which posits (post-hoc speculation without evidence) that confounders may still be present, although the results were specific for males (girls with circumcised brothers did not have more ASD) and for infantile ASD.

	12. (see reference 148 below in Footnote A) Ava Neyer stated that the study was flawed, that even if pain perception in autistic children is higher than neurotypical children, it would be quite a stretch to speculate that lifelong deficits in stress response show that early pain causes autism. 56 Rather than deficits in their stress response she suggested that autistic children may find the world more inherently stressful because of other mechanisms. She also suggested that the huge differences in cultural background between circumcised and uncircumcised boys in the study may mean that cultural differences contributed to the findings. She questioned why circumcision might be a risk factor for only classic autism, and emphasized the need for a confirmatory study, something that has not happened in the six years since the study was published. 

	35785439
	Speculation and error: Some invalid and some irrelevant objections were posted by an anonymous writer of a blog, identified by Morris et al as Ava Neyer. (See footnote A below)

Error: This comment was written in 2022 by Morris and colleagues, but the F&S study was supported in 2000 by a study (PubMed ID 35785439) finding profoundly different adult socio-affective processing in circumcised males compared to uncircumcised males. 




	13. (Reference Danish magazine… see reference 149 below) Carsten Obel, who studies children's mental disorders at Aarhus University, Denmark, was similarly skeptical, suggesting that rather than circumcision there could easily be another explanation, such as cultural or other differences between parents who want their boy circumcised and those who don't. 57

	35785439
	Speculation without evidence about additional confounding factors in a Danish magazine. (Culture was considered as a confounding factor by Frisch and Simonson.)

	14. It was mentioned in the Discussion section of a 1978 study of circumcision and tonsillectomy rates by Calnan et al. 61 that the 1946 UK National Survey of Health and Development birth cohort showed no difference in developmental and behavioral indices between circumcised and uncircumcised boys.
	35785439
	Invalid as a criticism: APAP was not extensively used in the pediatric population prior to the mid 1980s, therefore the results are as expected if APAP use during circumcision induces neurodevelopmental problems.

	15. Diagnosis of ASD has been rising steady over the years but has now plateaued in males at 3.6% in the United States103, 104 and 3.7% in South Korea,105 whilst rate of MC has been steadily declining in each country.
	31496128
	Invalid. Even in a country with 60% circumcision, the Frisch and Simonson data indicated that only about 17% of cases of ASD are due to APAP exposure during circumcision. (For calculations, see Patel et al. [2]. Other factors are causing more dramatic increases in the prevalence of ASD that overwhelm relatively small changes in circumcision practice.

	16. Frisch and Simonsen reported that circumcised boys may be at increased risk for autism spectrum disorder (ASD) due to MC-related pain.45 Their conclusion was based on their finding of ASD prevalence of 6.3% in circumcised and 1.5% in uncircumcised Danish boys. 
	28351877
	Factual error: These numbers are not close to the actual numbers reported by Frisch and Simonsen. 

	17. That report has been criticized.41,46,47 
	28351877
	(Reference 41 is PubMed ID  27244821 (See reference 146 in footnote A, below), which does not criticize the F&S study. Reference 46 is a self-citation, PubMed ID  26268916, and reference 47 is a listed as a comment by Bauer, an ardent proponent of research on the connection between APAP and ASD. 


	18. The authors cite a survey that found pain was high in 4% of infants during six weeks post-circumcision. Since the Danish study was about pain why didn’t Frisch and Simonsen examine other painful conditions? Urinary tract infections are associated with excruciating pain, are common and very much higher in uncircumcised male infants and boys.2 If the authors’ pain hypothesis were correct, then autism spectrum disorder should be associated with urinary tract infections and therefore being uncircumcised
	26268916
	Invalid: UTIs are associated with ASD, but the effect size is probably very small. (PubMed ID  17200260) According to the AAP ( https://www.aap.org/en/patient-care/infant-fever/?srsltid=AfmBOoqfwSFokQBKG3KiGcDSJkZYGUoi3b94f_Lp-xGXDQ5JbYLW6_dN ), “ About 14 out of every 1,000 healthy infants born full term develop a fever during the ages 8 days to 60 days old.”, and about 20% of febrile babies (uncircumcised) will have a UTI. So, circumcision drops the UTI rate from about 2.8/1,000 to about 0.64 UTIs (75% reduction) ( https://pmc.ncbi.nlm.nih.gov/articles/PMC6119846/ ) or a decrease of about 2/1,000 within the first 3 months of age.  Therefore prevention of infection by circumcision is predicted to have a possibly very small effect on risk of ASD in about 2 out of every 1000 circumcised children, which would not be detectable in any population study.

	19. Anaesthetics are neurotoxic to the developing brain. Systemic use in children aged under 3 years is associated with later cognitive impairment.3 Could unnecessary general anaesthesia, not pain, have contributed to autism spectrum disorder?
	26268916
	Invalid: General anesthesia has never been indicated for circumcision, so any speculation that general anesthesia used with circumcision causes ASD is nonsensical. 

	20. Most likely, both autism spectrum disorder diagnosis and early circumcision reflect parental conscientiousness.
	26268916
	Speculation inconsistent with evidence: Male circumcision status did not affect ASD in female siblings, and it affected only the type of ASD (infantile) that is expected based on timing of induction with early circumcision.



Supplemental Table 7: Objections posed by Morris et al papers to the Frisch and Simonson (F&S) study, listed by objection.
Footnote:
A. References cited by Morris and colleagues to support claims that others do not agree with the work of Frisch and Simonson (F&S).
(a)	Reference 146. PubMed ID 27244821 This study does not find any problems with the F&S study, but rather notes that they avoid the possibility of the induction of ASD during circumcision by looking at individuals with circumcision conducted later in life. In other words, they accept the results of F&S as a possibility, and consider that in their study design. The misunderstanding of this work by Morris and colleagues is described in some detail in a preprint here: https://www.preprints.org/manuscript/202501.0319/v3
(b)	Reference 147. PubMed ID 25715006.  This is a very short paper, essentially an abstract, which states that “Papers on ritual circumcision are always controversial and this one, as expected, attracted some criticism in the media. In this study there are many potential confounders. They could identify only those assessed for ASD, not those who remained undiagnosed, and the differences may reflect parents’ awareness of the problem. It seems plausible that the type of parent who asks for a circumcision, whatever their cultural or religious background, may also be the type of parent who produces a boy with autistic tendencies, or at least is more likely to present him for early assessment.”
(c)	Reference 148. This article is a blog post on WordPress by an individual identified by a pseudonym as “The Chimerical Capuchin” and is entitled “The problem with articles on autism risks and how to evaluate studies. Or why circumcision is unlikely to increase rates of autism.” The article has been attributed by Morris to Ava Neyer, a self-employed “payroll coordinator” with a BA in anthropology and no history of academic peer reviewed publication. However, the article itself does not provide any information regarding its author. The objections to the article are listed below, and entail (i) statement of a limitation of the study that does not affect the conclusions, unsubstantiated opinions (ii - iv), one of which (iii) suggests that the author did not understand the predicted outcome of APAP-mediated induction of ASD at the time of circumcision :
(i)	Frisch and Simonson did not measure APAP use. (Note: use in the hospital and at home following the procedure would need to be monitored. Obtaining such information would likely require a prohibitively expensive prospective study.)
(ii)	“Based on the huge differences in cultural background between these two groups, I am suspicious of the results of this study, as I don’t believe the authors did enough to control the cultural differences”
(iii)	“All of these diagnosis (non-infantile) are including under the autism spectrum umbrella, so it seems odd that only classic (infantile) autism shows a greater risk factor if circumcision is the mechanism by which it is caused.”
(iv)	“I find it highly unlikely that” differences in the timing of ASD diagnosis in Israel and the UK could be due to circumcision practices.

(d)	Reference 149. This is also not a peer reviewed article, but rather an article in a Dutch magazine entitled “Researchers find link between autism and circumcision”. It does not mention APAP, and generally accepts the conclusions of F&S, stating that a causal relationship is not established. The only “dissenting opinion”, which is only moderately dissenting, is from Carsten Obel, who is Professor of General Child Health at the Department of Public Health at Aarhus University and conducts research into children's mental disorders. “"The crux of the matter here is causal relationships. I would say that there could easily be another explanation for the correlation that the study finds," says Carsten Obel. The professor points out, among other things, that people who have their male children circumcised may differ from those who do not have their children circumcised, and these differences are related to a predisposition to autism. Of note is that the article ends with this statement from Obel: “"Once suspicion has been raised, we need to move on to uncover whether it is right or wrong that circumcision can be related to autism."
	Year of birth
	Number of patients

	1950
	2

	1951
	2

	1952
	2

	1953
	2

	1954
	2

	1955
	3

	1956
	3

	1957
	3

	1958
	3

	1959
	3

	1960
	3

	1961
	3

	1962
	3

	1963
	4

	1964
	4

	1965
	4

	1966
	4

	1967
	5

	1968
	6

	1969
	6

	1970
	7

	1971
	7

	1972
	8

	1973
	8

	1974
	9

	1975
	10

	1976
	9

	1977
	9

	1978
	10

	1979
	11

	1980
	12

	1981
	13

	1982
	15

	1983
	17

	1984
	18

	1985
	19

	1986
	20

	1987
	20

	1988
	19

	1989
	19

	1990
	18

	1991
	17

	1992
	14

	1993
	12

	1994
	9

	1995
	7

	1996
	4

	total
	408




Supplemental Table 8: Number of circumcised participants by age in the study by Maini et al. [1]. Data were obtained by digitization of the graph shown in the top panel of Figure 2 from Maini et al. [1]. Out of 408 participants, 228 (55.9%) were born in 1982 or later. 
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