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Abstract 

A recent report on the prevalence of autism spectrum disorder (ASD) from California describes 

unprecedented levels of ASD in that population. The data indicate a transition or changepoint in 

2015-2016 in which the prevalence of ASD began to accelerate more rapidly after almost a decade of 

relatively consistent yearly increases. The changepoint is associated strongly with socioeconomic 

status, being most readily observable in black children and in low-income counties. Herein we 

propose the hypothesis that legalization of recreational cannabis in late 2016 led to several cultural 

changes that in turn caused socioeconomic-dependent increases in very frequent cannabis use and/or 

cannabis use disorder (CUD). CUD is strongly associated with ASD and with socioeconomic status, 

and we hypothesize that an adverse drug-drug interaction between acetaminophen and a component 

or components of cannabis may be at play, resulting in an increased prevalence of ASD. It remains 

unknown whether prenatal or postnatal exposures may be more critical, and further work aimed at 

evaluating very frequent cannabis use and/or CUD and ASD rates in subsets of the population is 

strongly encouraged. Paradoxically, caution is urged so that work to decrease CUD does not impede 

ongoing and promising work using cannabis and cannabis-derived products for the treatment of 

patients with ASD. 
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Introduction 

The prevalence of autism spectrum disorder (ASD) has been increasing for more than 60 years, 

with increases noted in the early 1980s. Factors underlying the changing prevalence including 

changes in the number of individuals with ASD, changes in diagnostic practices, changing awareness, 

and a variety of other social factors, including financial resources to assist families who have children 

with ASD. The prevalence of ASD was relatively low prior to 1980, with some estimates as low as 1 

in 2500. Most recently, the Autism and Developmental Disabilities Monitoring Network (ADDM) 

reported that ASD affects 1 in every 31 children born in 2014 [1]. However, the latest data from the 

California public school systems, which include children born as late as 2019, were recently made 

available in a report by Nevison and Zahorodny [2]. These data show unprecedented increases in the 

prevalence of ASD, and may provide insight into the etiology of the disorder. 
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A Changepoint in Birth Years 2015-2016 Showing a Dramatic Uptick in ASD 

Prevalence 

The data reported by Nevison and Zahorodny [2] were obtained from the California Department 

of Developmental Services (DDS). Data from DDS includes information from more severe ASD cases, 

and thus underestimates the total prevalence of ASD, perhaps by a factor of 2 [2]. Further, due to 

governmental data sharing policies, the DDS data do not include information at the county level 

where populations are sparse. For that reason, Nevison and Zahorodny evaluated data from the most 

populated 36 counties out of 58 total counties. Further, data demarcated by race/ethnic background 

were not available in many counties due to low population counts, especially for black children and 

to a lesser extent white and Asian children. Thus, the trends observed are not necessarily 

representative of the entire population, but rather provide a sampling of data demarcated by 

race/ethnicity that represent the most populated areas of California. 

The DDS data reported by Nevison and Zahorodny [2] from public schools in California show 

that, in more than half of the counties evaluated, the changing prevalence of Autism underwent an 

upward shift affecting children born starting in 2015 or 2016, depending on the county. The first 

derivative plot reported by Nevison and Zahorodny clearly shows a switch point from a relatively 

low rate of increase, stable for almost a decade, followed by a discrete jump in the 2015-2016 time 

period to a new level. Based on that analysis, a steady increase (e.g., second order polynomial or 

exponential) does not fit the data, but rather a “hockey stick” model, with two discrete linear sections, 

is most appropriate. Of the 36 counties where data were available, significant changes in the 

increasing prevalence of ASD for children born during the 2015-2016 time period were noted in at 

least 20 (55.6%) of those counties. Three examples of the changepoint identified by Nevison and 

Zahorodny are shown in Figure 1. The 2015-2016 changepoint was quite striking in many counties, 

depending on race/ethnicity. Striking changepoints in the 2015-2016 time period, depending on 

race/ethnicity, were evident in Fresno, Kern, Kings, Los Angeles, Madera, Merced, Napa, San 

Joaquin, Santa Barbara, Shasta, Solano, Sonoma, Stanislaus, Tulare, and Ventura counties. 

 

Figure 1. Changes in ASD prevalence as a function of time in black children from Los Angeles (LA) County, 

California and for Hispanic and white children in Tulare County, California. Recreational cannabis was legalized 

in California in November of 2016. However, changes in cannabis use in 2017 would have altered second-hand 

smoke exposure for children born in 2015 and 2016 at a stage of neurodevelopment when regression into ASD 

is most likely. Data are from Nevison and Zahorodny [2]. 
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The 2015-2016 change point was associated with socioeconomic status. The rate of change in the 

prevalence of ASD following the 2015-2016 changepoint was significantly and strongly correlated 

with the proportion of students on Medicaid (r2 = 0.46, p < 0.001) and on median income (r2 = 0.42, p 

= 0.001) within a given county. The rate of change before the 2015-2016 changepoint was less strongly 

associated with the proportion of students on Medicaid (r2 = 0.14, p < 0.04) and on median income (r2 

= 0.20, p = 0.009) within a given county. Thus, economic/financial status was more strongly and 

negatively correlated with the prevalence of ASD after the 2015-2016 changepoint than before the 

2015-2016 changepoint. 

The rise in prevalence of ASD following the 2015-2016 changepoint was most striking among 

black children (Figure 2) when compared to Asians, Hispanics and whites. The mean increase in ASD 

prevalence for black children before and after the 2015-2016 changepoint was 0.155%/yr and 

1.073%/yr, respectively. This 7.0-fold difference in yearly prevalence increase before and after the 

changepoint was less than that seen in Hispanics (4.8-fold change), Asians (4.3-fold change) and 

whites (5.7-fold change). However, the yearly change in ASD prevalence was already higher among 

blacks before the 2015-2016 change point (Figure 2A), suggesting the factors driving up the 

prevalence of ASD among black children were present in that population before the changepoint. 

 

Figure 2. Change in prevalence of ASD prior to 2015 or 2016 (A) and starting in 2015-2016 (B). Data covered the 

years 2000 through 2019, as shown in Figure 1. The slope of the best fit line of the data was used as the change 

in prevalence. Data are derived from information published by Nevison and Zahorodny [2]. 
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Hypothesis Summary: 

Several factors suggest the hypothesis that legalization of cannabis may have increased the 

prevalence of cannabis use disorder in a manner associated with socioeconomic status, which is turn 

may adversely interact with acetaminophen, a potent trigger for the induction of ASD in the presence 

of oxidative stress [3–5], thus increasing the prevalence of ASD (Figure 3). Considering the different 

elements of Figure 3, starting from the top, the evidence supporting the hypothesis that legalization 

of recreational cannabis is connected to the 2015-2016 changepoint in ASD prevalence can be 

enumerated as follows: 

 

Figure 3. A hypothetical model that might potentially explain, perhaps in part, the socioeconomic status (SES)-

associated uptick of ASD prevalence observed starting with children born in 2015-2016 in several counties 

throughout the state of California [2]. 

• Recreational cannabis was legalized in California in November of 2016. The price of cannabis in 

California decreased by about 33% starting in early 2015, reaching a low point toward the end 

of 2017 [6]. However, oversupply following legalization [7] and dramatically decreased law 

enforcement activity (Figure 4) has apparently driven a black market supply, which can be at a 

considerably lower cost [7]. 

• Evidence suggests that use of cannabis, in general, is not strongly associated with ASD. 

However, cannabis use disorder (CUD) is strongly associated with ASD, with one study 

showing odds ratios for ASD between 4 and 5 for mothers with CUD compared to mothers 

without CUD [8]. See discussion. 

• Socioeconomic status profoundly interacts with cannabis use in terms of adverse outcomes. For 

example, as shown in Figure 5, the number of cannabis-associated emergency department visits 
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is strongly associated with racial/ethnic factors, with blacks being most adversely impacted by 

the use of cannabis. In addition, minority populations are more likely to be exposed to 

unlicensed cannabis retailers [9], who are more likely to engage in business practices that lead 

to CUD, including allowing onsite consumption and selling high potency cannabis products, 

products designed to be attractive to children, and products without child-resistant packaging 

[10]. 

• Legalization of cannabis in California has resulted in a dramatic increase in secondhand 

exposure of children to cannabis. 

• Cannabis may potentially have an adverse drug-drug interaction with acetaminophen, which is 

implicated in the induction of ASD [3–5]. Both drugs profoundly affect endocannabinoid 

signaling in the brain. A study from the University of Arkansas Children’s hospital showed that, 

in laboratory mice, neither acetaminophen nor a CBD-high, THC-low cannabis extract were 

lethal, but the combination was lethal [11]. Further, cannabis use has complex effects on 

metabolism, creating potential for drug-drug interactions [12]. 

• Exposure to cannabis smoke profoundly increases oxidative stress [13], a cofactor in the 

acetaminophen-mediated induction of ASD [14]. 

 

Figure 4. Number of cannabis-associated arrests and changes in California policy regarding cannabis possession 

and use. The graph is based on a report [42] by California NORML, the state chapter of the National Organization 

for the Reform of Marijuana Laws. 
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Figure 5. Cannabis-associated emergency department (ED) visits and wealth by race/ethnicity. Emergency 

department visits are from Los Angeles county in 2017 [10]. Median wealth (total household assets) was assessed 

in the National Asset Scorecard for Communities of Color (NASCC) telephone survey in approximately 2013-

2014 [43]. The median wealth values shown are for the Los Angeles–Long Beach–Anaheim, CA Metropolitan 

Statistical Area (including Los Angeles and Orange counties). Wealth data were reported based on areas of 

origin, and data for most prevalent areas of origin are shown in the graph. For Hispanics and Asians, data are 

from individuals of Mexican and Chinese ancestry, respectively. For blacks, data are from African Americans. 

Cannabis, Very Frequent Cannabis Use, Cannabis Use Disorder, and ASD 

It is probably not reasonable to suggest that cannabis alone is sufficient to induce ASD. Cannabis 

has been used for psychoactive purposes and for traditional medicine for thousands of years [15] 

without being connected with ASD. Further, no associations have been observed between ASD and 

cultures/countercultures that were known for heavy cannabis use, such as the Haight-Ashbury area 

of San Francisco in the 1960s, which saw use of cannabis in as much as 95% of the population [16]. In 

addition, recent work indicates that use of cannabis, even during pregnancy, is not associated with 

ASD. For example, DiGuiseppi and colleagues [17], comparing 1428 children with ASD and 1628 

neurotypical controls, found no significant associations between cannabis use during pregnancy and 

ASD (adjusted hazard ratio = 0.85; 95% CI 0.52 - 1.38). Similarly, Avalos and colleagues [18] examined 

cannabis use during pregnancy in 178948 pregnancies and found that cannabis use was not associated 

with ASD (adjusted hazard ratio = 1.05; 95% CI 0.84 - 1.32). 

The California data recently reported by Nevison and Zahorodny [2] indicate that socioeconomic 

status profoundly influences the observed trends in increasing ASD prevalence (Figure 2). This 

observation is consistent with the hypothesis that very frequent use of cannabis, and/or perhaps 

cannabis use disorder could be associated with ASD, since a variety of low socioeconomic status 

indicators, especially low education level, are associated with cannabis use disorder [19]. For 

example, in a Swedish study, almost half of individuals, three times the national average, with 

cannabis use disorder had less than 9 years of primary education [19]. Further, as shown in Figure 5, 

race/ethnic factors can contribute to the prevalence of adverse effects of cannabis use. With this in 

mind, the demographics of study participants should be assessed when considering the connection 

between cannabis and ASD. One study in the US showed that low socioeconomic status is strongly 
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associated (adjusted odds ratios between 2.38 and 2.64 for three different states in the USA) with 

cannabis use during pregnancy [20], but the extent of cannabis use disorder was not assessed in that 

study. 

A survey study conducted in California in late 2022/early 2023 [21] found that about 14% of 

15,208 survey responders were very frequent users (multiple times a day) of cannabis in late 

2022/early 2023. Very frequent use of cannabis was associated with less education (OR = 1.7, p < 0.001) 

and with lower incomes (under $50K vs $100K, OR = 2.3, p < 0.001). 

In the study by DiGuiseppi and colleagues cited above [17], only 5% of the mothers of children 

with ASD had not attained a high school education [22], suggesting a relatively high socioeconomic 

status in the sample population. Similarly, only 4.6% of the pregnancies assessed by Avelos and 

colleagues [18] were insured by Medicaid, which is less than a third of the number of individuals on 

Medicaid in even the richest counties in California assessed by Nevison and Zahorodny [2]. Thus, 

studies finding no association between cannabis use and ASD may be dominated by individuals with 

relatively high socioeconomic status, potentially obscuring associations that may exist in populations 

with lower socioeconomic status. Indeed, the loss of potentially important signals in healthcare data 

as a result of averaging data from different subgroups is expected [23]. 

Corsi and colleagues [24] found an association between cannabis use during pregnancy and ASD 

(adjusted hazard ratio = 1.51; 95% CI 1.17 - 1.96) in the entire birth cohort from Ontario, Canada 

between 2007 and 2012. However, the authors caution that interpretation of their finding should be 

considered in the light of likely “residual confounding”. It is important to note that a hazard ratio of 

1.5 for ASD can be considered “moderate” given the host of oxidative stress related factors associated 

with ASD, many of which carry a hazard ratio exceeding 2.0 [14]. 

One study from New South Wales has assessed the connection between cannabis use disorder 

and ASD. This study stands in contrast to the studies described above which examined cannabis use, 

but not cannabis use disorder. Tadesse and colleagues [8] found that, among individuals not using 

tobacco, prenatal cannabis use disorder was very strongly associated with ASD (crude relative risk 

5.27; 95% CI 2.91 - 11.43; p < 0.001) (adjusted relative risk 4.55; CI 2.26 - 9.16; p< 0.001). The relative 

risk was substantially less when individuals that used tobacco during the pregnancy were evaluated 

(adjusted relative risk 1.87; CI 1.21 – 2.91; p< 0.01), suggesting that some interaction might occur 

between tobacco use and cannabis use. Both psychosocial and physiological interactions might be 

envisioned when considering potential interactions between tobacco and cannabis use. For example, 

individuals using tobacco might, on average, use less cannabis as a matter of practice. On the other 

hand, perhaps cannabis smoke may not induce oxidative stress in tobacco users to the extent that it 

does in non-tobacco users. 

Very frequent cannabis use and/or cannabis use disorder may have been a contributor to the 

increasing pandemic of ASD for some time. 

Cannabis use is not a new phenomenon that was facilitated by legalization. The relative number 

of cannabis-associated ED visits among blacks have been more than 5-fold greater than whites since 

at least 2013 [10]. Further, nation-wide, use of cannabis in pregnant women tripled between 2002-

2003 and 2016-2017, with 3 to 4% of pregnant women reporting daily cannabis exposure by 2016-2017 

[25]. In addition, during the 2012-2016 time period in San Diego county, CA, before recreational 

cannabis was legalized, 27.3% of 275 children (mean age 3.6 years) had detectable urinary 

cannabinoids [26]. Thus, although the 2015-2016 changepoint described by Nevison and Zahorodny 

[2] may provide some insight into factors that potentially affect the etiology of ASD, this is not to 

suggest that cannabis use disorder has not affected the prevalence of ASD in the past. 

The yin and the yang of cannabis: Apparent medical benefits may be profound and should 

not be hampered in efforts to curb cannabis use disorder. 

Cannabis and components of cannabis extracts, particularly cannabidiol (CBD) and 

tetrahydrocannabinol (THC), have long been known to have medicinal effects that benefit a variety 

of medical conditions [27]. The impact of cannabis or cannabis related extracts on patients with ASD 

is one of the many conditions for which the utility of cannabis or cannabis extracts has been evaluated. 
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The results have been very encouraging. In a study of 20 children with ASD and treatment resistant 

behavioral symptoms, Fortini and colleagues reported that administration of CBD extracts was 

associated with improvement in 90% of cases, with an astounding 83.5% of all reported symptoms 

improving in the responders [28]. Psychotropic medication was reduced in 40% of the children 

following CBD treatment, and improvements in the quality of life of both the children and their 

families were reported [28]. A number of other studies have agreed. David and colleagues reported 

improvements in family life as a result of treating family members with ASD using CBD-rich 

products[29]. Hacohen and colleagues [30] concluded that “treatment with CBD-rich medicinal 

cannabis can lead to significant improvements in social communication skills of some ASD 

individuals, particularly those with more severe initial symptoms.” The authors point out that the 

improvements were sufficiently large enough to be identified by relatively coarse evaluation tools 

[30]. In another study, Aran and colleagues found that disruptive behavior was either much or very 

much improved in 49% of children treated with a cannabinoid extract containing both CBD and THC 

(n = 45) versus 21% of children much improved or very much improved on placebo (n = 47; p = 0.005) 

[31]. Further, Barchel and colleagues [32] reported improvements in children with ASD following 

treatment with CBD, finding improvement in a variety of behaviors for most children in their study 

(n = 53), including rage attacks, self-injury, and sleep problems. Finally, physicians at the Tufts 

University School of Medicine reported that the large majority (20 out of 22, 92%) of their patients 

who self-treated with cannabis or cannabis extracts reported improvements in ASD related 

symptoms [33]. 

The above studies point toward the possibility that cannabis and/or cannabis extracts may be 

beneficial to individuals with ASD. Indeed, some studies suggest that the benefit may be very 

substantial. However, as pointed out by Pereira and colleagues [34], large-scale, controlled trials 

evaluating the potential benefits for cannabis have not been conducted, and the long-term potential 

impact of cannabis on the treatment of ASD remains unclear. Riera and colleagues also concluded 

that there was insufficient information from randomized controlled trials to draw any conclusions at 

the present time [35]. With that in mind, a primary concern of voicing this hypothesis connecting 

cannabis use disorder with the induction of ASD is that we do not wish to impede (a) ongoing 

research evaluating the beneficial effects of cannabis on the treatment of ASD, or (b) the medicinal 

use of cannabis already approved and in use for the treatment of ASD. 

Thus, even if additional evidence emerges in the future which supports the hypothesis put forth 

in this paper, it is hoped that ongoing research evaluating the potential benefits of cannabis for ASD 

and ongoing treatment of individuals with ASD will not be impeded. 

Unknowns 

As with any hypothesis, the primary unknown is whether or not the hypothesis is correct. It 

seems highly unlikely that very frequent use of cannabis and/or cannabis use disorder do not result 

in at least some increased propensity for the induction of ASD. Indeed, most factors associated with 

inflammation and oxidative stress are associated with ASD [14], and likely play a role in the etiology 

of that disorder, contributing to a “total load” or burden, the cumulative weight of which predisposes 

individuals to ASD [3]. Given that cannabis smoke is a potent inducer of oxidative stress [13], it seems 

unlikely that cannabis would be an exception to the rule. However, it remains unknown whether 

cannabis use disorder might contribute significantly to the overall prevalence of ASD. Indeed, so 

many other factors induce oxidative stress and are associated with ASD [3] that it seems unlikely that 

any one factor along would contribute significantly enough to cause the 2015-2016 changepoint seen 

in the data reported by Nevison and Zahorodny [2]. On the other hand, the very high prevalence of 

very frequent cannabis use associated with socioeconomic status in California [21] coupled with 

extremely high associations of cannabis use disorder with ASD [8] indicate that very frequent 

cannabis use could account for dramatic socioeconomic-associated shifts in ASD prevalence within 

the population Further, acetaminophen is apparently a critical (necessary) trigger for the induction 

of many if not most cases of ASD [3–5,36–38]. Acetaminophen and cannabis both affect the brain 
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through alteration of cannabinoid-mediated brain function. A bioactive metabolite of 

acetaminophen, AM404, blocks endocannabinoid reuptake and activates endocannabinoid receptors 

[39,40], placing the drug in the same area of neurobiology affected by both CBD and THC. Thus, an 

adverse drug-drug interaction between cannabis and acetaminophen, as potentially suggested by 

experiments at the University of Arkansas Children’s hospital using a laboratory animal model [11], 

is not unthinkable. If such an adverse reaction exists, it is not unreasonable to hypothesize that it 

affects the induction of ASD mediated by the exposure of susceptible children to acetaminophen 

(Figure 3). 

Insufficient evidence is available to refine some elements of the hypothesis. For example, it is 

unknown whether cannabis use disorder during the prenatal period or the postnatal period might be 

more important. Indeed, the induction of autism occurs over a broad time frame, possibly starting 

during conception, peaking in the peripartum period, and diminishing slowly until about 6 years of 

age [14]. Thus, it is difficult to hypothesize whether exposure of the mother to cannabis or cannabis-

derived products during pregnancy is potentially more or less important than postpartum exposures. 

Post-partum exposures would presumably involve exposure during breastfeeding or second-hand 

exposure from one or more members of the household smoking cannabis. However, direct exposures 

to toddlers cannot be ruled out if caregivers believe that cannabis is safe and effective based on their 

own experience or on community beliefs (anecdote and consensus biases). Further, it is unknown 

whether CBD, THC, other cannabis related molecules, or some combination of the above, are more 

likely to mediate the induction of ASD. The study out of Arkansas Children’s Hospital pointing 

toward a potential adverse drug-drug interaction in laboratory mice [11] used a CBD-rich mixture, 

but THC was still present, albeit to a lesser extent. Further, comprehensive assessment of 

commercially available cannabis products has identified mixtures of CBD and TCH in the average 

product, regardless of its intended use for medicine or for recreation [41]. Finally, another inflection 

point is observable when evaluating changes in the prevalence of black children born in 2011, with 

an uptick in the rate of increase in ASD that is less severe than the changepoint noted in 2015-2016. 

This 2011 uptick is evident when all of the California data for black children are combined and [2], 

separately, when all of the data from Asian children are combined [2]. Whether this earlier uptick is 

connected in a causal relationship with changes in laws that might encourage the use of cannabis in 

California in 2011 (Figure 4) is also an interesting question. 

Suggested Course of Action 

At the present time, we encourage the careful evaluation of ASD prevalence in a manner that 

carefully evaluates the impact of very frequent use of cannabis and cannabis use disorder for both 

the prenatal and the postnatal period. The use of aggregated data for this purpose is of some concern, 

as data aggregation may obscure important trends present in subsets of the population. Finally, it is 

hoped that ongoing research evaluating the potential benefits of cannabis and cannabis-derived 

products for individuals with ASD, and ongoing use of cannabis and cannabis-derived products for 

the treatment of individuals with ASD will not be impeded. 

Author Contributions: Conceptualization, M.H., J.P.J.III, S.M.-K. and W.P.; validation, J.P.J.III, Z.K., and W.P; 

formal analysis, S.M.-K. and W.P.; writing—original draft preparation W.P.; writing—review and editing, M.H., 

J.P.J.III, Z.K., S.M.-K. and W.P.; project administration, W.P.; funding and resource acquisition, M.H., J.P.J.III, 

Z.K., S.M.-K. and W.P. All authors have read and agreed to the published version of the manuscript. 

Funding: This work was supported in part by generous donations to WPLab, Inc., a 501(c)3 non-profit focused 

on research and education regarding underlying causes of inflammatory-related diseases in high-income areas 

of the world. This research received no additional external funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0581.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0581.v1
http://creativecommons.org/licenses/by/4.0/


 10 of 13 

 

Data Availability Statement: All data generated or analyzed during this study are included in the published 

article. 

Acknowledgments: The authors wish to thank Kathryn J. Reissner, R. Randy Bollinger, Susan Poulton and John 

Poulton for invaluable insight and discussion. We thank Cynthia Nevison for identifying the time and 

socioeconomic-dependent California autism prevalence trends that inspired the hypothesis proposed in this 

manuscript. The authors also wish to thank Spencer Sharpe and Nathan Kohuth for vital logistical support. 

Conflicts of Interest: The authors declare that they have no financial conflicts of interest to report. All authors 

have non-financial conflicts of interest arising from reputational risk, a conflict shared among most scientists and 

clinicians conducting work related to autism. Coauthors W.P. is a paid employees of WPLab. Coauthors M.H., 

J.P.J. III, Z.K. and S.M.-K. are non-paid collaborators working with WPLab. Coauthors W.P. and S.M.-K. are 

husband and wife. 

References 

1. Shaw KA, Williams S, Patrick ME, Valencia-Prado M, Durkin MS, Howerton EM, et al. Prevalence and 

Early Identification of Autism Spectrum Disorder Among Children Aged 4 and 8 Years - Autism and 

Developmental Disabilities Monitoring Network, 16 Sites, United States, 2022. Morbidity and mortality 

weekly report Surveillance summaries (Washington, DC: 2002). 2025;74(2):1-22. Epub 2025/04/15. doi: 

10.15585/mmwr.ss7402a1. PubMed PMID: 40232988; PubMed Central PMCID: PMCPMC12011386. 

2. Nevison C, Zahorodny W. Accelerating Autism Prevalence in California with Changepoint Circa Birth 

Years 2015–2016 and Divergence by County and Socioeconomic Indicators. Preprints: Preprints; 2026. 

3. Parker W, Anderson LG, Jones JP, Anderson R, Williamson L, Bono-Lunn D, et al. The Dangers of 

Acetaminophen for Neurodevelopment Outweigh Scant Evidence for Long-Term Benefits. Children. 

2024;11(1):44. PubMed PMID: doi:10.3390/children11010044. 

4. Jones JP, 3rd, Williamson L, Konsoula Z, Anderson R, Reissner KJ, Parker W. Evaluating the Role of 

Susceptibility Inducing Cofactors and of Acetaminophen in the Etiology of Autism Spectrum Disorder. Life 

(Basel, Switzerland). 2024;14(8). Epub 2024/08/31. doi: 10.3390/life14080918. PubMed PMID: 39202661; 

PubMed Central PMCID: PMCPMC11355895. 

5. Parker W, Corrigan PT, Anderson R, Jones I, J. P., Konsoula Z, Williamson L, et al. Evidence that 

acetaminophen triggers autism in susceptible individuals has been ignored and mishandled for more than 

a decade. Journal of the Academy of Public Health. 2025. 

6. Dills A, Goffard S, Miron J, Partin E. The Effect of State Marijuana Legalizations: 2021 Update, Policy 

Analysis no. 908. Cato Institute, Washington, DC. 

7. Roberts C. ‘It’s Gonna Be A Bloodbath’: Epic Marijuana Oversupply Is Flooding California, Jeopardizing 

Legalization. Forbes. 2021 August 31. 

8. Tadesse AW, Ayano G, Dachew BA, Betts K, Alati R. Exposure to maternal cannabis use disorder and risk 

of autism spectrum disorder in offspring: A data linkage cohort study. Psychiatry Res. 2024;337:115971. 

Epub 2024/05/25. doi: 10.1016/j.psychres.2024.115971. PubMed PMID: 38788554. 

9. Unger JB, Vos RO, Wu JS, Hardaway K, Sarain AYL, Soto DW, et al. Locations of licensed and unlicensed 

cannabis retailers in California: A threat to health equity? Preventive Medicine Reports. 2020;19:101165. 

doi: https://doi.org/10.1016/j.pmedr.2020.101165. 

10. Nicholas W, Greenwell L, Washburn F, Caesar E, Lee G, Loprieno D, et al. Health Equity Implications of 

Retail Cannabis Regulation in Los Angeles County - Health Impact Assessment. Department of Public 

Health, County of Los Angeles Center for Health Impact Evaluation; 2019. p. 1-76. 

11. Ewing LE, McGill MR, Yee EU, Quick CM, Skinner CM, Kennon-McGill S, et al. Paradoxical Patterns of 

Sinusoidal Obstruction Syndrome-Like Liver Injury in Aged Female CD-1 Mice Triggered by Cannabidiol-

Rich Cannabis Extract and Acetaminophen Co-Administration. Molecules (Basel, Switzerland). 2019;24(12). 

Epub 2019/06/20. doi: 10.3390/molecules24122256. PubMed PMID: 31212965; PubMed Central PMCID: 

PMCPMC6630875. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0581.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0581.v1
http://creativecommons.org/licenses/by/4.0/


 11 of 13 

 

12. Smith RT, Gruber SA. Contemplating cannabis? The complex relationship between cannabinoids and 

hepatic metabolism resulting in the potential for drug-drug interactions. Frontiers in psychiatry. 

2022;13:1055481. Epub 2023/01/28. doi: 10.3389/fpsyt.2022.1055481. PubMed PMID: 36704740; PubMed 

Central PMCID: PMCPMC9871609. 

13. Sarafian TA, Magallanes JA, Shau H, Tashkin D, Roth MD. Oxidative stress produced by marijuana smoke. 

An adverse effect enhanced by cannabinoids. Am J Respir Cell Mol Biol. 1999;20(6):1286-93. Epub 

1999/05/26. doi: 10.1165/ajrcmb.20.6.3424. PubMed PMID: 10340948. 

14. Parker W, Hornik CD, Bilbo S, Holzknecht ZE, Gentry L, Rao R, et al. The role of oxidative stress, 

inflammation and acetaminophen exposure from birth to early childhood in the induction of autism. J Int 

Med Res. 2017;45(2):407-38. 

15. Bai Y, Jiang M, Xie T, Jiang C, Gu M, Zhou X, et al. Archaeobotanical evidence of the use of medicinal 

cannabis in a secular context unearthed from south China. J Ethnopharmacol. 2021;275:114114. doi: 

https://doi.org/10.1016/j.jep.2021.114114. 

16. Smith DE. Runaways and their health problems in Haight-Ashbury during the summer of 1967. American 

journal of public health and the nation’s health. 1969;59(11):2046-50. Epub 1969/11/01. doi: 

10.2105/ajph.59.11.2046. PubMed PMID: 5389184; PubMed Central PMCID: PMCPMC1226768. 

17. DiGuiseppi C, Crume T, Van Dyke J, Sabourin KR, Soke GN, Croen LA, et al. Peri-Pregnancy Cannabis Use 

and Autism Spectrum Disorder in the Offspring: Findings from the Study to Explore Early Development. 

J Autism Dev Disord. 2022;52(11):5064-71. Epub 2021/11/13. doi: 10.1007/s10803-021-05339-4. PubMed 

PMID: 34767135; PubMed Central PMCID: PMCPMC9112286. 

18. Avalos LA, Shenkute M, Alexeeff SE, Oberman N, Croen LA, Davignon M, et al. Maternal Prenatal 

Cannabis Use and Child Autism Spectrum Disorder. JAMA Netw Open. 2024;7(10):e2440301. Epub 

2024/10/18. doi: 10.1001/jamanetworkopen.2024.40301. PubMed PMID: 39422906; PubMed Central PMCID: 

PMCPMC11581557. 

19. Rabiee R, Lundin A, Agardh E, Allebeck P, Danielsson AK. Cannabis use disorder in relation to 

socioeconomic factors and psychiatric comorbidity: A cluster analysis of three million individuals born in 

1970-2000. Scandinavian journal of public health. 2023;51(1):82-9. Epub 2022/09/20. doi: 

10.1177/14034948221122431. PubMed PMID: 36120841; PubMed Central PMCID: PMCPMC9903242. 

20. Gupta PS, Upadhya K, Matson P, Magee S, Adger H, Jr., Trent M. Higher Marijuana use among Young 

Adults Persists Even during Pregnancy. Journal of gynaecology and obstetric advancements. 2021;1(1):23-

9. Epub 2021/01/01. PubMed PMID: 35419573; PubMed Central PMCID: PMCPMC9004448. 

21. Hill L, Ageze D, Dell’Acqua R, Gold A, Lanin-Kettering I, Rybar J, et al. Cannabis Use in California 

Following Legalization of Recreational Use. Cannabis and cannabinoid research. 2025:can20240179. Epub 

2025/06/09. doi: 10.1089/can.2024.0179. PubMed PMID: 40489356. 

22. DiGuiseppi CG, Daniels JL, Fallin DM, Rosenberg SA, Schieve LA, Thomas KC, et al. Demographic profile 

of families and children in the Study to Explore Early Development (SEED): Case-control study of autism 

spectrum disorder. Disabil Health J. 2016;9(3):544-51. Epub 2016/02/27. doi: 10.1016/j.dhjo.2016.01.005. 

PubMed PMID: 26917104; PubMed Central PMCID: PMCPMC4903880. 

23. Gloster AT, Nadler M, Block V, Haller E, Rubel J, Benoy C, et al. When Average Isn’t Good Enough: 

Identifying Meaningful Subgroups in Clinical Data. Cognit Ther Res. 2024;48(4):537-51. Epub 2024/08/26. 

doi: 10.1007/s10608-023-10453-x. PubMed PMID: 39184307; PubMed Central PMCID: PMCPMC11341641. 

24. Corsi DJ, Donelle J, Sucha E, Hawken S, Hsu H, El-Chaâr D, et al. Maternal cannabis use in pregnancy and 

child neurodevelopmental outcomes. Nat Med. 2020;26(10):1536-40. Epub 2020/08/12. doi: 10.1038/s41591-

020-1002-5. PubMed PMID: 32778828. 

25. Volkow ND, Han B, Compton WM, McCance-Katz EF. Self-reported Medical and Nonmedical Cannabis 

Use Among Pregnant Women in the United States. Jama. 2019;322(2):167-9. Epub 2019/06/19. doi: 

10.1001/jama.2019.7982. PubMed PMID: 31211824; PubMed Central PMCID: PMCPMC6582258 General 

Electric Co, 3M Co, and Pfizer Inc. No other disclosures were reported. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0581.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0581.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 13 

 

26. Tripathi O, Parada H, Jr., Sosnoff C, Matt GE, Quintana PJE, Shi Y, et al. Exposure to Secondhand Cannabis 

Smoke Among Children. JAMA Netw Open. 2025;8(1):e2455963. Epub 2025/01/23. doi: 

10.1001/jamanetworkopen.2024.55963. PubMed PMID: 39847355; PubMed Central PMCID: 

PMCPMC11758598. 

27. Kalant H. Medicinal use of cannabis: history and current status. Pain research & management. 2001;6(2):80-

91. Epub 2002/02/21. doi: 10.1155/2001/469629. PubMed PMID: 11854770. 

28. Fortini PS, Toibaro JJ, Caraballo RH. Purified cannabidiol leads to improvement of severe treatment-

resistant behavioral symptoms in children with autism spectrum disorder. Pharmacol Biochem Behav. 

2025;249:173971. doi: https://doi.org/10.1016/j.pbb.2025.173971. 

29. David A, Gal E, Ben-Sasson A, Kohn E, Berkovitch M, Stolar O. Effects of Medical Cannabis Treatment for 

Autistic Children on Family Accommodation: An Open-Label Mixed-Methods Study. Children (Basel, 

Switzerland). 2025;12(10). Epub 2025/10/29. doi: 10.3390/children12101373. PubMed PMID: 41153555; 

PubMed Central PMCID: PMCPMC12563248. 

30. Hacohen M, Stolar OE, Berkovitch M, Elkana O, Kohn E, Hazan A, et al. Children and adolescents with 

ASD treated with CBD-rich cannabis exhibit significant improvements particularly in social symptoms: an 

open label study. Translational Psychiatry. 2022;12(1):375. doi: 10.1038/s41398-022-02104-8. 

31. Aran A, Harel M, Cassuto H, Polyansky L, Schnapp A, Wattad N, et al. Cannabinoid treatment for autism: 

a proof-of-concept randomized trial. Molecular autism. 2021;12(1):6. doi: 10.1186/s13229-021-00420-2. 

32. Barchel D, Stolar O, De-Haan T, Ziv-Baran T, Saban N, Fuchs DO, et al. Oral Cannabidiol Use in Children 

With Autism Spectrum Disorder to Treat Related Symptoms and Co-morbidities. Front Pharmacol. 

2018;9:1521. Epub 2019/01/29. doi: 10.3389/fphar.2018.01521. PubMed PMID: 30687090; PubMed Central 

PMCID: PMCPMC6333745. 

33. Mostafavi M, Gaitanis J. Autism Spectrum Disorder and Medical Cannabis: Review and Clinical 

Experience. Seminars in Pediatric Neurology. 2020;35:100833. doi: 

https://doi.org/10.1016/j.spen.2020.100833. 

34. Pereira DA, Cheidde L, Megiolaro MDR, Camargo AEF, Weba ETP, Soares VG, et al. Efficacy and Safety of 

Cannabinoids for Autism Spectrum Disorder: An Updated Systematic Review. Cureus. 2025;17(3):e80725. 

Epub 2025/04/18. doi: 10.7759/cureus.80725. PubMed PMID: 40248548; PubMed Central PMCID: 

PMCPMC12005571. 

35. Riera R, de Toledo IP, Farinasso CM, Pacheco RL, Silva RB, Colpani V, et al. Therapeutic Use of Cannabis 

Derivatives and Their Analogs for Autism Spectrum Disorder: A Systematic Review. The Journal of Clinical 

Pharmacology. 2025;65(11):1339-49. doi: https://doi.org/10.1002/jcph.70068. 

36. Good P. Did acetaminophen provoke the autism epidemic? Alternative Medicine Review. 2009;14(4):364-

72. 

37. Shaw W. Evidence that Increased Acetaminophen use in Genetically Vulnerable Children Appears to be a 

Major Cause of the Epidemics of Autism, Attention Deficit with Hyperactivity, and Asthma. Journal of 

Restorative Medicine. 2013;2:1-16. 

38. Zhao L, Jones J, Anderson L, Konsoula Z, Nevison C, Reissner K, et al. Acetaminophen causes 

neurodevelopmental injury in susceptible babies and children: no valid rationale for controversy. Clinical 

and experimental pediatrics. 2023. Epub 2023/06/16. doi: 10.3345/cep.2022.01319. PubMed PMID: 37321575. 

39. Mallet C, Desmeules J, Pegahi R, Eschalier A. An Updated Review on the Metabolite (AM404)-Mediated 

Central Mechanism of Action of Paracetamol (Acetaminophen): Experimental Evidence and Potential 

Clinical Impact. Journal of pain research. 2023;16:1081-94. Epub 2023/04/06. doi: 10.2147/jpr.s393809. 

PubMed PMID: 37016715; PubMed Central PMCID: PMCPMC10066900. 

40. Zygmunt PM, Chuang H, Movahed P, Julius D, Högestätt ED. The anandamide transport inhibitor AM404 

activates vanilloid receptors. Eur J Pharmacol. 2000;396(1):39-42. Epub 2000/05/24. doi: 10.1016/s0014-

2999(00)00207-7. PubMed PMID: 10822052. 

41. Pennypacker SD, Cunnane K, Cash MC, Romero-Sandoval EA. Potency and Therapeutic THC and CBD 

Ratios: U.S. Cannabis Markets Overshoot. Front Pharmacol. 2022;13:921493. Epub 2022/06/24. doi: 

10.3389/fphar.2022.921493. PubMed PMID: 35734402; PubMed Central PMCID: PMCPMC9207456. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0581.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0581.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 13 

 

42. California NORML. California Marijuana Arrest and Prisoner Data. Accessed April 7, 2026. Available from: 

https://www.canorml.org/judicial/california-arrest-and-prisoner-data/. 

43. Duke University, The New School, the University of California, Los Angeles, and the Insight Center for 

Community Economic Development. De La Cruz-Viesca M, Z. C, Ong PM, D. H, Darity Jr. WA. The Color 

of Wealth in Los Angeles. 2016. Accessed April 7, 2026. Available from: 

https://www.aasc.ucla.edu/besol/color_of_wealth_report.pdf. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2026 doi:10.20944/preprints202604.0581.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0581.v1
http://creativecommons.org/licenses/by/4.0/

