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Epidemiologist Austin Bradford Hill recognized that no one type of study could
fully address the causal relationship between an agent and an outcome in human
populations. The analysis he developed to categorize the different types of
research necessary to substantiate causation have withstood the test of time.
Although not all key elements he defined can be applied to all types of outcomes,
in the case of cannabis causing psychosis, their full application is possible. You
will find below what we will term "elements of causation" and the studies that
satisfy them. This is intended to be a living document, with edits from leading
researchers incorporated as more relevant and up-to-date literature is made
available. The sequential versions of the document will be archived for the record.
Updated June 4, 2021

1. Strength of the association (the stronger the association, the more likely that it is causal)

Daily use of marijuana with a low to moderate potency of A-tetrahydrocannabinol
(THC) increases the risk of psychotic outcome by 4 to 5 fold, respectively (Marconi et
al, 2016; Di Forti et al., 2015), a very strong association. Moderate potency includes what
is known as "skunk" in the UK, which, at ~10% to 15% THC, was considered high potency
in the UK but moderate potency by US standards.
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2. Consistency of the evidence (consistent findings observed by different researchers in
different places with different types of subjects strengthens the likelihood of an effect.)

i.  Two large meta-analyses of studies into the association between cannabis use and
psychosis have been published, one in 2007 (Moore et al.) and one in 2016 (Marconi
et al.), in total covering research from the USA, Germany, The Netherlands, the UK,
Sweden, New Zealand, Australia and Finland. The types of data ranged from cross
sectional case control comparisons in catchment areas or registries, to prospective studies
and birth cohorts. The subjects varied in age range as well as in occupation, from the
general population to military conscripts. The two meta analyses covered a range of
potencies and use frequencies and overlapped in six studies, but did not overlap for five.
Both reported a significant association between marijuana use and psychosis and/or
schizophrenia. Although a few studies have found no significant association, most have
either been too small in size to detect, at a minimum, the 1.8-fold increase in risk reported
by Moore et al.; e.g. Bechtold et al. (2015) did not obtain adequate data on use frequency
("ever use" versus more frequent use) and/or analyzed the prior use of
marijuana/followed the subjects over too short a period of time, e.g. Phillips et al. (2002).
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ii. In addition to research results included in the meta analyses, many relevant
publications have occurred since that time. Both small and large research projects
worldwide have continued to find a significant association between cannabis use and
psychosis/schizophrenia, including but not limited to the following reports: in 11
different cities in Europe (Di Forti et al., 2019); in a countrywide registry-based study in
Denmark (Nielsen et al., 2017); in a prospective study from Finland (Mustonen et al.,
2018); in a population-based case control study from a hospital in Africa (Lasebikan and
Aremu., 2018); in a large case control study from the USA that assessed use frequency
(Davis et al., 2013); in a retrospective temporal study of a first-episode psychosis
population in the USA (Kelley et al., 2016); in a population-based study from Canada
(Maloney-Hall et al.,2020); and in case-control reports from South America (Allende
Serra et al., 2019; Libuy et al., 2018).
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3. Specificity (this element of causation dates to a time when one agent was considered
causative of one outcome, before science had advanced to an understanding of the complexity of
outcomes from one agent, and the number of agents that can cause a similar outcome, as
described by van Reekum et al., 2001. Although the Specificity element of causation is limited in
its application, it can be considered in the cannabis-psychosis connection in two respects: 1) the
effect size of cannabis relative to other drugs of abuse and 2) with respect to the population
attributable fraction size for cannabis as compared to that of family history risk)

i. How marijuana compares to other recreational drugs in the progression from
temporary psychosis to schizophrenia: the effect size of cannabis surpasses all other
drugs —i.e., as compared to other hallucinogens, cocaine, amphetamines, opioids, or alcohol
(Niemi-Pynttari et al., 2013; Starzer et al., 2018). Nearly 50% of cases of cannabis induced
psychosis transition to a chronic psychotic disorder, and the other drugs do so at a lower rate.

Niemi-Pynttiri JA, Sund R, Putkonen H, Vorma H, Wahlbeck K, Pirkola SP. Substance-induced
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350.



https://ajp.psychiatryonline.org/doi/abs/10.1176/appi.ajp.2017.17020223?rfr dat=cr pub%3Dpu
bmed&url ver=739.88-2003&rfr_id=ori%3 Arid%3Acrossref.org&journalCode=ajp

ii. The fraction of schizophrenia cases attributable (PAF) to heavy use of higher potency
cannabis use exceeds the PAF for family history of psychosis.

The PAF for 1st degree family history in schizophrenia cases is reported to be 5.5%, and the
PAF for a 1st or 2nd degree family history in schizophrenia cases is reported to be between
12% (Boydell et al., 2007) and 26% (Ruhrmann et al., 2010). Reaching out to 3rd degree
relatives reduces the effect size such that it is not meaningfully different than the family
history of the non-affected population.

The PAF for cannabis use in schizophrenia cases depends on the potency and use rates,
ranging from 8% for low potency cannabis (Arseneault et all, 2004) up to 50% for heavy use
of higher potency cannabis by a significant proportion of the population (Di Forti et al.,
2019).
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4. Temporality (the effect has to occur after the cause, and in this case the concept is
important to rule out self-medication as a driver of the association)

In prospective studies, cannabis use has been found to significantly predict developing
psychosis (Arseneault et al, 2002; Henquet et al., 2005; Kuepper et al., 2011; Mustonen
et al., 2018; van Os et al., 2020), whereas psychotic symptoms at study onset, including
those that are prodromal in nature, have generally not been predictive of commencing
cannabis use. However, evidence for some degree of bi-directionality exists (psychosis
leading to cannabis use) in almost all the prospective studies, and it reached significance in
the work of Griffith-Lendering et al., (2013). Incipient, "prodromal" symptoms of psychosis
appeared to have significantly increased the propensity to commence cannabis use, as well as
vice-versa. Yet critics of the Griffith-Lendering study have pointed to the use of
questionnaires to collect the prodromal data rather than clinical interviews common in the
other research reports, which from our perspective, may have resulted in overly inclusive
responses to poorly phrased questions relevant to prodromal symptoms. For example, the
question pertaining to "seeing things that other people do not see" could be misinterpreted to
mean having insight into things that other people fail to perceive, a misunderstanding that a
clinical interview could correct.
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5. Biologic Gradient (a dose-response relationship, which in pharmacology is considered to
be one important element for illustrating that a drug causes a certain outcome)

Dose-response correlations demonstrate that the heavier the use of cannabis and the
more potent the THC content, the more likely a psychotic outcome.
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6. Plausibility (a plausible biological mechanism) and 7. Coherence (the coherence
between a plausible biological mechanism and what is already known about the disease (see van
Reekum et al., 2001, above). These two elements of causation are best discussed together, and it
must be noted that the plausible mechanisms are not mutually exclusive, nor do they preclude
other more important mechanisms being added to an understanding of the phenomenon, as they
are uncovered.

i. A plausible mechanism concerning dopamine and coherence with what is already
known about a chronic psychotic disorder like schizophrenia: similar to other drugs
of abuse, THC has been shown to increase dopamine synthesis and release in the brain in
the majority of animal models (reviewed by Bloomfield et al., 2016) and in human
studies (Bossong et al., 2015). Much work has been done illustrating over-activity of the
catecholamine dopamine in psychotic disorders like schizophrenia, and most
antipsychotic drugs block one or more of the dopamine receptors (reviewed by Seeman et
al., 2013), though other interactions of the antipsychotic drugs with catecholamine or
indoleamine function may also contribute to their mechanism of action (Miller, 2013).
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ii. A plausible mechanism concerning the kynurenine pathway and coherence with what is
already known about schizophrenia and bipolar disorder with psychosis: THC has been
shown to activate the kynurenine pathway in immune cells, in the concentration range known
to be intoxicating, from 10 ng/ml up to several hundred ng/ml (Jenny et al., 2009). Although
the immune cells themselves should not cross the blood brain barrier, two of the pathway
intermediates can (kynurenine and 3-hydroxykynurenine; Schwarcz et al, 2012). In addition,
the older literature on animal models demonstrated that THC increased the activity of one of
the initiating enzymes of the pathway (tryptophan 2,3- dioxygenase) in the liver (Poddar and
Gosh, 1972). This is coherent with what is known about schizophrenia because many studies
have shown an upregulation in kynurenine pathway enzymes and metabolites in psychotic
disorders, including schizophrenia (Schwarcz et al., 2001; Miller et al., 2006; reviewed more
recently by Chiapelli et al, 2018).
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iii. A plausible mechanism concerning structural changes to the brain and coherence with
what is already known about schizophrenia: The strongest studies of brain structure are
those that are longitudinal in nature; i.e., that follow the same individuals over time. In one
such study employing MRI scans, Yu et al. (2020) found developmental differences in the
right parahippocampal gyrus (a lowered expansion of the uncus) in cannabis users with
psychotic experiences. Coherent with this finding, in a cross-sectional study of early
schizophrenia patients, Du et al (2018) found a reduced functional connectivity between the
right parahippocampal gyrus and the temporal pole. Such findings merely mark the
beginning of MRI studies that will help discern anatomic corollaries of psychotic-like
experiences in cannabis users, as schizophrenia involves many brain regions.
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iv. A plausible mechanism involving gene-environment interactions and coherence with
what is known about genetic risk for psychosis. That there is a genetic component to
schizophrenia is well established from studies showing how risk level is proportional to
degree of relatedness to the affected individual (Gottesman and Shields, 1967). The potential
for interactions between whatever those genes are and environmental factors is
incontrovertible from well accepted biological principles. Here, the environmental factor in



question is cannabis and there are reports that specific genes or combinations of genes may
interact with cannabis use to augment risk for psychosis, even though they may not have led
to psychosis in most carriers who were not cannabis users. For example, a "C" allele of
AKT1 was determined by Di Forti et al. (2012) to be significantly more prevalent in first
episode psychosis patients who were cannabis users as compared to psychosis patients who
were not users. Unfortunately, the ethnic matching between cases and controls was poor and
the adjustment for the differing ethnic frequencies in the genetic marker of interest does not
solve the problem (for a discussion of this issue see Oetjens et al., 2016). A subsequent
AKTT1 study in subjects with no family history of psychosis (Morgan et al., 2016) also found
a significant association between the AKTI "C" allele and risk for developing psychotic
symptoms after cannabis administration under controlled conditions in the clinic, including a
strong trend for an effect of ethnicity on the occurrence of the symptoms. Confirmation of the
study results would be helpful, in particular because the sign of the standardized regression
"B"coefficient for AKT1 does not match that of the raw regression coefficient in Table 2A,
an inexplicable result for which no erratum was issued.

A different approach involving multiple genes contributing to what is known as a "polygenic
risk score" (PRS) appears promising when applied to a large, ethnically uniform group of
subjects. Wainberg et al. (2021) found that frequent cannabis use interacted with the PRS for
schizophrenia to significantly augment specific psychotic features (most notably delusions of
reference) as compared to PRS gene carriers who did not frequently use cannabis.

In addition to AKT1 and PRS genes, candidate genes predicted to interact with THC from
work in animal models have the potential to explain a portion of the gene-environment
interactions, for example: 1) genes for receptors that bind THC and have been shown to
mediate THC's effect on dopaminergic tone in an animal model; 2) genes for enzymes
involved in metabolizing THC and responding to its metabolites; or 3) genes involved in the
effect of THC on kynurenine pathway metabolites (see Element 6, parts i and ii above); some
of which could theoretically pose risk solely through interaction with cannabis use.

Genetic studies have also been interpreted to undermine cannabis use as being a significant
independent risk factor for the general population. A recent study by Kendler et al. (2019),
demonstrated the family history of psychosis was statistically equivalent between cannabis-
related schizophrenia cases and typical schizophrenia cases from the general population.
What this and some prior studies of family history failed to do, however, was to determine
whether the psychosis cases in the family trees had any association with cannabis or other
drug use, which would obviously confound the magnitude of the genetic contribution to
psychosis in the group under study.

Yet other genetic association publications point to an overlap between the polygenic risk
markers for schizophrenia and polygenic risk markers for lifetime cannabis use (e.g. Pasman
et al., 2018). This could be interpreted to signify that the association between the two
disorders may not be causal but instead results from the coincidence of the two disorders
having the same genes of risk rather than deriving from a gene-environment interaction.
However, the Pasman et al. study was heavily criticized for not actually ascertaining a
diagnosis in the subjects labeled as having schizophrenia (Erratum in Nature Neuroscience)



and regardless, the PRS for schizophrenia generally explains only a small percentage of "all
cause" schizophrenia patients (Laursen et al., 2017), particularly so for the genes covered by
Pasman et al. (3.4 %). Furthermore, other research groups have reported that the
schizophrenia-PRS genetic signal in cannabis-using controls was not significantly different
than in controls who were non-users (unpublished data in a reply to author, Di Forti et al.,
2015), a finding confirmed by the work of Hjorthoj et al. (2021) who found no significant
evidence for an association between a high schizophrenia-PRS signal and the development of
a cannabis use disorder in otherwise normal controls. And a recent genome-wide meta-
analysis of markers for cannabis use disorder identified only a modest correlation between
individual genetic markers of risk for cannabis use disorder and schizophrenia (Figure 2,
Johnson et al., 2021), In addition, schizophrenia was not one of the 12 mental disorders
found to be significantly associated with the PRS genes for cannabis use disorder.

For these reasons, and because only a minority of individuals who develop schizophrenia
have a 1st or 2nd degree family history of psychosis (see element 3 ii above), gene-
environment interactions will continue to have merit as a mechanism worthy of exploration.
But the genes identified as having the strongest interaction may not have been manifest in a
family history of psychosis absent cannabis use, and will likely not be genes that predispose
to cannabis use.

Di Forti M, Iyegbe C, Sallis H, Kolliakou A, Falcone MA, Paparelli A, Sirianni M, La Cascia C,
Stilo SA, Marques TR, Handley R, Mondelli V, Dazzan P, Pariante C, David AS, Morgan C,
Powell J, Murray RM. Confirmation that the AKT1 (rs2494732) genotype influences the risk of
psychosis in cannabis users. Biol Psychiatry. 2012 Nov 15;72(10):811-6. doi:
10.1016/j.biopsych.2012.06.020. Epub 2012 Jul 24. PMID: 22831980.
https://pubmed.ncbi.nlm.nih.gov/22831980/

Di Forti M, Vassos E, Lynskey M, Craig M, Murray RM. Cannabis and psychosis - Authors'
reply. Lancet Psychiatry. 2015 May;2(5):382. doi: 10.1016/S2215-0366(15)00177-7. Epub 2015
Apr 28. PMID: 26360275.
https://www.thelancet.com/journals/lanpsy/article/PI1S2215-0366%2815%2900177-7/fulltext

Gottesman II, Shields J. A polygenic theory of schizophrenia. Proc Natl Acad Sci U S A. 1967
Jul;58(1):199-205. doi: 10.1073/pnas.58.1.199. PMID: 5231600; PMCID: PMC335617.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC335617/pdf/pnas00677-0218.pdf

Hjorthgj C, Uddin MJ, Wimberley T, Dalsgaard S, Hougaard DM, Berglum A, Werge T,
Nordentoft M. No evidence of associations between genetic liability for schizophrenia and
development of cannabis use disorder. Psychol Med. 2021 Feb;51(3):479-484. doi:
10.1017/S0033291719003362. Epub 2019 Dec 9. PMID: 31813396.
https://pubmed.ncbi.nlm.nih.gov/31813396/

Johnson EC, Demontis D, Thorgeirsson TE, Walters RK, Polimanti R, Hatoum AS, Psychiatric
Genomics Consortium Substance Use Disorders Workgroup, et al. A large-scale genome-wide
association study meta-analysis of cannabis use disorder. Lancet Psychiatry. 2020



Dec;7(12):1032-1045. doi: 10.1016/S2215-0366(20)30339-4. Epub 2020 Oct 20. PMID:
33096046; PMCID: PMC7674631.
https://www.thelancet.com/action/showPd{?pi1i=S2215-0366%2820%2930339-4

Kendler KS, Ohlsson H, Sundquist J, Sundquist K. Prediction of Onset of Substance-Induced
Psychotic Disorder and Its Progression to Schizophrenia in a Swedish National Sample. Am J
Psychiatry. 2019 Sep 1;176(9):711-719. doi: 10.1176/appi.ajp.2019.18101217. Epub 2019 May
6. PMID: 31055966; PMCID: PMC6718312.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6718312/pdf/nihms-1525260.pdf

Laursen TM, Trabjerg BB, Mors O, Berglum AD, Hougaard DM, Mattheisen M, Meier SM,
Byrne EM, Mortensen PB, Munk-Olsen T, Agerbo E. Association of the polygenic risk score for
schizophrenia with mortality and suicidal behavior - A Danish population-based study.
Schizophr Res. 2017 Jun;184:122-127. doi: 10.1016/j.schres.2016.12.001. Epub 2016 Dec 6.
PMID: 27939829.

https://pubmed.ncbi.nlm.nih.gov/27939829/

Morgan CJ, Freeman TP, Powell J, Curran HV. AKT1 genotype moderates the acute
psychotomimetic effects of naturalistically smoked cannabis in young cannabis smokers. Transl
Psychiatry. 2016 Feb 16;6(2):¢738. doi: 10.1038/tp.2015.219. PMID: 26882038; PMCID:
PMC4872423.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4872423/pdf/tp2015219a.pdf

Oetjens MT, Brown-Gentry K, Goodloe R, Dilks HH, Crawford DC. Population Stratification in
the Context of Diverse Epidemiologic Surveys Sans Genome-Wide Data. Front Genet. 2016 May
6;7:76. doi: 10.3389/fgene.2016.00076. PMID: 27200085; PMCID: PM(C4858524.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4858524/pdf/fgene-07-00076.pdf

Pasman JA, Verweij KJH, Gerring Z, Stringer S, Sanchez-Roige S, Treur JL, et al., GWAS of
lifetime cannabis use reveals new risk loci, genetic overlap with psychiatric traits, and a causal
influence of schizophrenia. Nat Neurosci. 2018 Sep;21(9):1161-1170. doi: 10.1038/s41593-018-
0206-1. Epub 2018 Aug 27. Erratum in: Nat Neurosci. 2019 Jul;22(7):1196. PMID: 30150663;
PMCID: PMC6386176.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6386176/pdf/nihms-1003328.pdf

Wainberg M, Jacobs GR, di Forti M, Tripathy SJ. Cannabis, schizophrenia genetic risk, and
psychotic experiences: a cross-sectional study of 109,308 participants from the UK Biobank.
Transl Psychiatry. 2021 Apr 9;11(1):211. doi: 10.1038/s41398-021-01330-w. PMID: 33837184;
PMCID: PMC8035271.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8035271/pdf/41398 2021 Article 1330.pdf

8. Experimental evidence (obtained under controlled conditions where cause and effect are
more easily discerned).



i.  When studied in controlled clinical settings, a moderate dose of the active ingredient
in cannabis (THC) elicits transient psychotic symptoms in normal cohort controlled
subjects with no family history of psychosis, and an increase in the average PANSS,
a well-accepted clinical assessment tool to measure positive and negative symptoms
of psychosis.
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ii. Two studies reported the percentage of subjects that experienced psychotic
symptoms, specifically 40% of subjects (Morrison et al, 2011, and see fig. 2 of
Bhattacharyya et al., 2012).
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9. Analogous evidence (if something similar to A causes something similar to B, then A
likely causes B).



This condition is satisfied by the observation that other drugs of abuse that increase
dopamine release in the brain (Koob and Volkow, 2016) are capable of resulting in a
chronic psychotic disorder similar to that caused by cannabis (Niemi-Pyntarri et al.,
2013; Starzer et al., 2017). The experimental findings in section 8 are also relevant, because
in the clinic, THC elicits a precursor to chronic psychotic disorders (psychotic symptoms);
therefore, THC should also cause chronic psychotic disorders.
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Conclusion

The currently available research on cannabis causing chronic psychotic
disorders satisfies the Bradford Hill elements of causation. This means that
some people who develop a chronic psychotic disorder after using cannabis, would
not have developed the disorder had they not used cannabis. Even if a certain
amount of residual confounding remains, for example unquantified variations in
other environmental risks or in genetic background, it is not enough to undermine
the effect of cannabis as an independent risk factor.
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