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Abstract
Background: Most modern studies about human marijuana use have been made under a set
of arbitrary cultural standards and policies not related to drug harm potential, loosely called
Prohibition. Here we asked if potential health hazards generated by Prohibition are
addressed in research design and analysis.
Methods: For this, we have searched PubMed database (from inception to December 2017)
for citations of prevalent contaminants of illegal street cannabis: fungi and pesticides. In
addition, we performed full text evaluation of 23 studies selected from, and including, 2
meta-analysis reviews investigating potential health hazards from cannabis use.
Results: Different combinations of the keywords cannabis, prohibition, pesticides, fungi,
contaminants, cancer, schizophrenia, psychosis, show that these words coincide in less
than 1% of the cannabis human studies within the database. In the scope of 141 abstracts
in which the terms, cannabis and pesticides coincide, none is directed to distinguish
cannabis and pesticide adverse effects on CNS. A similar picture emerges when fungi is
the paired word. Full text evaluation shows that all but one of the studies analyzed,
completely neglect or comment on the nature of cannabis source, legal status, or
contamination as a confounding factor.
Discussion: Our results show a potential bias on scientific investigation that may affect
data reliability in informing about the health hazards of cannabis use. This finding suggests
that other aspects of the Prohibition environment may also go unacknowledged.
Conclusion: Prohibition related health risks usually go unacknowledged and unaccounted
for in biomedical research on Cannabis.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2020

doi:10.20944/preprints202009.0417.v1

1. Introduction
In 1961, the United Nations Single Convention on Narcotic Drugs banned Cannabis Sp
from international commerce, along with two other third world traditional cultivars.
Signatory countries agreed to terminate all cannabis use within their borders, except for
medical and scientific purposes (UN Convention 1961; Room and Reuter, 2012). The
follow-up sister treaties maintained, and increased this interdiction, directly suggesting that
countries applied intervenient criminal justice to reduce supply and demand (UN
Conventions 71, 88). The 1961 treaty is a culmination of political and sociological
phenomena that can be traced from the end of the XIX century onwards, described
elsewhere (Kendell, 2002; Bewley-Taylor et al., 2014; Fischer et al., 2015; Hall, 2017),
mostly related to post-colonialist politics and with a strong ethnic-racial bias (Mena and
Hobbs, 2009). Here we will call this general policy based on interdiction and
criminalization as Prohibition.
Prohibition can be defined as a public policy based on the belief that drug use and its
potential harms can be avoided by imposed abstinence and criminalization of supply, when
not, of demand also. In its purest sense, it involves a mechanism of social exclusion to
punish unwanted or unacceptable behavior. Social exclusion as a response to drug abuse
behavior has been described previously for herd or other social animals (Siegel, 2005). It
can be understood as a conceptual framework that manifests in many forms and has been
applied many times before as a public policy to quell unwanted drug use by different
societies and for different drugs (Mena and Hobbs, 2009). The United Nations Treaties for
Narcotic control are just one example of such manifestations, and despite the unanimity of
most world Nations (presently 186 signatory nations), this belief is not founded in any
reliable and rigorous evidence.
From its inception (circa 1930, for most countries in the League of Nations) cannabis
Prohibition policy was made with the claim of protecting public health. However, no
rigorous randomized controlled trials (RCTs) to evaluate safety and efficacy were
undertaken then, nor presently, that could justify this policy. This contrasts significantly
with the usual standards required to introduce a new public healthcare policy, such as
vaccination, for example. Notwithstanding the lack of solid evidence, this policy is widely
implemented and has led to the use of methods that are strange to any other public health
instrument and are more acquainted with financial and property protection. These can
include criminal penalties, incarceration, use of police force, and sometimes even harsher
measures. Prohibition efficacy is contested, controversial, and stands on feeble evidence
(Room and Reuter, 2012). Furthermore, such policies have many unintended consequences
on human rights with the criminalization of selective behaviors and ethnic groups (Strang
et al., 2012), irrational drug regulatory marks unrelated to harm (Nutt et al., 2007; 2010),
and obstruction of scientific research (Nutt et al., 2013). Other unintended consequences
of the treaties, such as violence, corruption, are widely recognized, even by the UN proper
(WDR, 2009).
Given its xenophobic or otherwise racist origins, its lack of rigorous evidence of safety and
efficacy, and its blatant infringement of human rights, the endurance of cannabis
prohibitionist policies is somewhat surprising. This unpredictable success supposedly rests
on some characteristic psychological trait that leads to a phobia of foreign culture drugs
(Mena and Hobbs, 2009). Here we will assume that Prohibitionist policies are maintained

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2020

doi:10.20944/preprints202009.0417.v1

in part through the manipulation of this phobic trait by governmental and private entities
with biased information and propaganda, and the use of unsubstantiated claims or even
false information to justify the illicit nature of cannabis (Bewley-Taylor et al., 2014;
Kendall, 2002; MacCoun, 2001; Fischer et al., 2015). Most currently working scientists
must have also been exposed since childhood to this kind of biased misinformation. Here
we ask if this cultural influence introduces bias and affects the objectivity of scientific
inquiry about cannabis use, as suggested previously (Macleod e Hickman, 2010; Temple
et al., 2011).
Due to its high prevalence, it is important to determine the health effects and impacts of
cannabis use on the human body, sane or diseased. However, in the last fifty years, cannabis
is mostly obtained in illegal marginalized settings, without any quality control and with
many social and individual health risks. This led us to ask if studies addressing the health
consequences of cannabis use controls for the pervasive Prohibition environment. Can we
differentiate the resulting outcomes attributed to cannabis compounds from those related
to the Prohibition environment?
The Prohibition environment is complex, multilayered, and difficult to model and control.
Because of its ubiquity, the Prohibition environment cannot be adequately controlled in
population studies. However difficult to measure, its effects are partially predictable. These
potential harms may arise from social factors related to the black market, violence, poverty,
incarceration, social stress, social exclusion, or other unique cultural response to drug use,
direct metabolic effects of street drug use without any quality control, and ignorance of
drug purity and potency. Individual responses to this environment can also be difficult to
predict without large, well-conducted RCTs with a controlled population due to the
physiological, psychological, and genetic diversity of the human population. Due to a
variable degree of relaxation of drug laws between countries and regions, some natural
experiments are possible (Degenhardt et al., 2010; Room and Reuter, 2012; Vuolo, 2013),
but criminalization is still the norm, which makes interpretation more complex. Holland's
tolerance policy is an example. Although the everyday user is kept distant from criminal
activity, cannabis is still illegal, and its production is associated with a criminal market,
with little or no quality control, containing chemical and microbiological contaminants.
Thus, contaminants present in street cannabis can be a standard and objective indicator for
cannabis prohibition in any of its diverse settings.
By using a directed literature review, we asked if potential adverse effects of Prohibition
over health are taken into account in research design and analysis. For this, we have used
contamination by fungi and pesticides as a proxy for Prohibition. Our initial approach was
to cross-reference cannabis to related words such as prohibition, pesticides, fungi, and
contaminants in the PubMed database, which resulted in a relatively low number of papers.
By examining the abstracts recovered from the combination of cannabis with either
pesticide or fungi, we found that none were directed to differentiate these contaminants'
health effects from those that would result from uncontaminated cannabis. Mentions to
possible synergistic effects of prohibition or contaminants with other components of
cannabis were also absent in the abstracts. This suggests that investigators seem to neglect
cannabis contamination health risks, and as a corollary, prohibition. As a proof-of-concept,
we have analyzed two recent meta-analysis reviews about the potential adverse effects of
cannabis use, such as the increased risk for schizophrenia and morphological brain
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alterations, and 21 studies cited therein. We also found within this set negligible or absent
mention of Prohibition by itself as a possible health-determining factor. As predicted, our
data reveal a potential bias that may affect data reliability about the health hazards of
cannabis use.
2. Methods
2.1. Search strategy, prevalence of studies, and Venn diagrams
To obtain an overall estimate the relative amounts of articles investigating health risks and
outcomes generated by Prohibition, we first performed a PubMed search for the broad term
“cannabis OR marijuana” which yielded 26273 results. Then, we performed an individual
search for each of the terms we defined as related to 1. Illegality-related health hazards:
“(cannabis OR marijuana) AND fungi”, “AND pesticide*”, “AND contaminant*”; 2. Main
health outcomes: “(cannabis OR marijuana) AND schizophrenia”, “AND psychosis”,
“AND cancer”; and 3. General Prohibition-related discussions: “(cannabis OR marijuana)
AND prohibition”. The percentage of articles found for each specific term was then
calculated in relation the broad search (Table 1). The search results were also used in the
InteractiVenn online software (Heberle et al., 2015), which generated the Venn diagrams
shown in Figure 1. Most searches were performed through January 2018. All searches
searches were limited to December 31st, 2017. All the search results files can be found as
Supplementary Material.
2.2. Frequency of terms
For the analysis of the most frequent terms, the output from the PubMed search “cannabis
or marijuana” was analyzed using the VosViewer software (Van Eck and Waltman, 2011).
Briefly, this software identified the terms contained on title, abstract and keyword list from
the articles, and accounted for repetitions among studies. The first 100 most frequent terms
were manually categorized as showed in Table 2. The complete list of words can be found
as Supplementary Material.
2.3. Screening of abstracts
To characterize the topics discussed by articles considering contaminants, we retrieved
abstracts from the PubMed search combining pesticides, fungi, with cannabis. Using the
Abstrackr online software (Wallace et al. 2012), we evaluated if the studies approached
discussed the illegal status of cannabis and possible health outcome. First, abstracts were
scrutinized by one researcher (JRLM) and classified as: human and non-human study;
epidemiological surveys; experimental, toxicological or clinical studies (any type); and
reviews. Abstracts were then examined for any mention of cannabis contaminants and their
health consequences for human use. A second researcher (JAJA) reviewed the output lists.
2.4. Full-text evaluation
A full-text screening was performed in articles within two meta-analytic studies, which
were selected non-randomly by one of the authors (JRLM), using the following criteria: 1.
A rigorous selection protocol for the studies used to conduct the meta-analysis, and
designed to settle understanding on a specific topic; 2. Popular articles and that had news
media exposure; and 3. Designed to evaluate the possible adverse effects of non-medical
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cannabis use. Only full texts of peer-reviewed published studies that contributed for the
meta-analysis were included. Datasets reports were not included. Studies were examined
for any mention of prohibition, illicit cannabis status, and its consequences, such as
contaminants and social distress.
3. Results
3.1. Popular terms in cannabis research
We can observe that within the entries in PubMed related to cannabis, words associated
with its illicit status are surprisingly underrepresented when compared with the frequency
of all words used in cannabis studies (Table 1).
3.2. Prevalence of terms related to health risk or illicit status
To identify papers that might have tackled the illicit nature of cannabis and its health risks,
we combined illicit-status related words (prohibition, pesticide, fungi, contamination) with
some health hazards terms usually related to cannabis (psychosis, schizophrenia, cancer).
Studies citing illicit status-related words are less prevalent in the database when compared
to psychiatric disorders terms, such as psychosis and schizophrenia (Table 2), with little or
no co-occurrence (Figure 1A). Almost no overlap occurs between illict-related words and
these psychiatric disorders related terms (Figure 1B). In a similar manner, only a small
fraction of the search results with the term ‘cancer’ (902), also contained the terms
‘pesticide’ (9) or ‘fungi’ (42) (Data not shown).
3.3. Screening of articles on cannabis contamination
We have screened the abstracts that combined cannabis with fungi (342 studies) or
pesticides (141 studies) to detect if any tackled the influence of the illegal status of cannabis
in health outcomes. From the fungi search list, after the exclusion of non-human studies,
223 abstracts were retrieved, the majority about diseases unrelated to cannabis. Only 22
studies reported on health issues related to fungi and cannabis use or production. Of these
7 were case reports; 1 clinical study, 6 without abstracts; 2 were about non-fungal
contamination. Of these 22, only 4 referred to the illicit nature of cannabis source, and only
one mentioned the black market as a source of contamination. No study attempted to
differentiate the adverse effects of cannabis compounds from its fungal contamination
within the abstract.
With pesticide articles the picture is not much different. Only 31 of the 141 studies were
about cannabis contamination. More than half of these (17) were related to the 70-80’s
Paraquat affair (Landrigan et al., 1983), mostly editorial comments, with no abstract. Of
the remaining abstracts, only 2 refer to the black market as an important source of
contamination and its health consequences. Of these, one specifically (McPartland and
Pruitt, 1997) called attention for the possible interpretation of data from contaminated
cannabis.
Lastly, we compiled a list of papers recovered from the searches with pesticides or fungi,
that had a distinct discussion of the putative health effects of contaminated cannabis on
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organic systems (Table 3). There is a notable absence of interest in the effects of
contaminated cannabis on the nervous system.
3.4. Full-text evaluation of meta-analytic studies
Even though we have detected little mention in the abstracts about the influence of illicit
cannabis nature, it is possible that within the text authors could still approach and recognize
prohibition and its consequences as a confounding risk factor. For this, we decided to
screen thoroughly a reduced set of papers pre-selected by relevance and rigorous study
design. Relevance was judged subjectively from media exposure, and meta-analytical
studies were taken as having rigorous study design. Using these and other criteria (see
Methods), two meta-analytical reviews were selected (Weiland et al., 2015; Marconi et al.,
2016) and studies included in their meta-analysis were screened (Table 4). We considered
information such as the source of cannabis, mode of acquisition, contact with criminal
activity and policing activities at supply sites, and cannabis chemical components, such as
phytocannabinoids and terpenes, fungi or pesticides. We also searched to see if any of these
items are added as possible confounding factors or at least acknowledged as relevant but
ignored variables.
The selected studies involved human subjects recruited from the general population, with
different recruiting strategies, in 8 countries, 13 different cities from 1990 to 2015.
Although regions varied in respect of cannabis regulatory marks, all were conducted under
the umbrella of the unregulated cannabis market. Some were longitudinal cohort studies,
and others were cross-sectional studies. Most studies controlled for sex, age, and some for
sociodemographic confounders, ethnicity, use of other drugs, etc. All studies were designed
to test the supposed adverse effects of non-medical cannabis use. The outcomes analyzed
in these two sets of references were the incidence of psychotic symptoms or schizophrenia
clinical diagnosis (Marconi et al., 2017; 11) or regional brain morphological alterations in
imaging studies (Weiland et al. 2015; 12).
None of the studies identified the source of cannabis used. None approached the
environment where cannabis was used. Most registered the amount of cannabis use
indirectly by the subject report. Only one set of these studies tried to identify the potency
of cannabis consumed (Di Forti et al., 2009, 2014), using an indirect strategy of deducing
potency from police reporting, without any further phytochemical and microbiological
analyses. With one notable exemption (Weiland et al., 2015), none of the studies
approached or mentioned the consequences of the illegal market, contact with criminality,
and other aspects of users in conflict with the law to understand the effects of cannabis use.
We found no specific mentions of pesticides, contaminants, or other variables due to the
illegal market. Finally, all studies failed to include a discussion about the possible effects
of the illegal, unregulated market, again with a partial exception of the Weiland study.
4. Discussion
Our findings reveal apparent neglect about the potential health harms of cannabis
prohibition in studies compiled in the PubMed database about human cannabis use since
database inception until December 2017. This neglect is somewhat surprising, as the
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majority of those studies analyzed the consumption effects of cannabis that was obtained
illegally or of otherwise unknown source and constituents. By searching the content of the
abstracts of articles about fungi or pesticides contamination, we found little or no indication
that the Prohibition environment is taken into account or discussed as a possible
confounding or contributing factor to the outcomes of drug use. Biomedical researchers
seem to regard prohibition as neutral, without any detrimental effect over cannabis users
or their surroundings. However, since even this premise goes unacknowledged, we have
interpreted it as a hidden bias possibly borne from the exposure of researchers to a
prohibitionist environment. It could be described as a form of intrinsic cognitive neglect,
similar to the retina’s blind spot. Alternatively, this neglect could be implicitly driven by
biased grant decision-making policy, as suggested by some NGOs in favor of legislative
changes, such as MAPS (Frood, 2007). We have not addressed this issue but given the
diversity of financing agents involved with cannabis research, with many different national
origins, it makes a concerted action rather unlikely.
It has been recognized before that prohibition hampers scientific investigation (Nutt et al.,
2013), introducing barriers in many forms, such as complex bureaucracy, security
requirements, or lack of directed financing. These barriers, although not insurmountable,
seem to undermine researchers' enthusiasm on the subject. It also represents a barrier for
randomized controlled trials to evaluate non-medical cannabis long-term use effects, since
cannabis used in these settings are rarely of pharmaceutical grade. Here, we introduce
another layer of complexity, the subjective influence of a prohibitionist environment that
seems to hamper research design and blinds the experimenter, reviewers, and financing
agencies for requiring adequate controls. We find this neglect unreasonable, revealing an
intrinsic bias that stands out in an otherwise rigorous methodological research environment
and culture.
Cannabis criminal legal status, and the environment it engenders, can potentially generate
a diverse array of health harms rarely acknowledged in biomedical research (Hall, 2017;
Shakoor et al., 2015; Proal et al., 2013; Temple et al., 2010; McLeod et al., 2004). However,
the Prohibition environment is complex and heterogeneous across distinct geographical
regions, from the neighborhood to national and international scales, regarding cultural,
sociopolitical, and legislative aspects at each specific geographical region. These potential
harms can arise from violence, social exclusion, incarceration, extortion, slave labor, and
sexual exploitation of users or their relatives. It can also arise from individual
vulnerabilities to unwanted social consequences of Prohibitionist policies such as:
exposure of users, adults or adolescents, to criminal activities; user avoidance of health
services; and conflict with parental, educational, and police authorities. Social fear,
although variable in intensity and eliciting different individual responses, is a constant
aspect of the illicit drug use and may affect health in a manner akin to poverty and social
exclusion (Murali e Oyebode, 2004; Santiago et al., 2013; Reiss, 2013). Social fear can
manifest as the fear of incarceration, criminal or parental punishments, loss of work
opportunities, or other forms of social and familial exclusion. This prohibition created fear,
and the stress derived from it has the potential to contribute to adverse outcomes from drug
use and may fall under the umbrella of the Social Causation Hypothesis (Warren, 2009).
Another constant aspect of Prohibition is the contamination of drug preparations of the
illicit market that are not subjected to rigorous quality control. Even in the licit market of
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plant products, contamination is a well-known issue in public health, leading to several
regulatory and overseeing agencies. Due to Prohibition, no such agency or attention is
universally available for cannabis. Due to the difficulty of establishing efficient regulatory
marks, contamination is reported even in the recently legal cannabis markets (Stone, 2014;
McKernan et al., 2016, Dryburgh, 2018). Cannabis potential contamination of cannabis by
fungi, pesticides, and heavy metals is also known in the scientific and grey literature
(Kagen et al., 1983; Sullivan et al., 2013; Lanaro et al., 2015; McLaren et al., 2008, Cole
et al., 2010). These pieces of evidence, coupled to the well-documented late 1970’s ordeal
of paraquat contamination of Mexican and US illicit market cannabis, and its potential
health consequences (Landrigan et al., 1983), makes the lack of acknowledgment of
cannabis contaminants in our literature search rather unexpected.
It is possible that our limited research strategy may have missed studies that consider
Prohibition variables in study design. If we had extended our study to other databases, we
might have retrieved more studies focusing on cannabis contamination and its possible
health effects. However, we argue that the PubMed database is representative of the
biomedical field, and given the ubiquity of cannabis prohibition, it is expected that the
consequences of its illicit status should be addressed often, independently of the database.
In addition, a recent systematic review of cannabis contamination, with a larger database
set, has also retrieved few studies about the contamination effect on cannabis use
(Dryburgh et al., 2018). Also, it is true that if we had extended our exhaustive analysis to
a wider set of studies, limited here to 23 papers, we might have found more papers taking
the full spectrum of the illicit environment in consideration. In fact, the concept of illegal
market as a source of adverse effects from cannabis use has been raised before (McLeod
et al., 2004; Temple et al., 2010; Sullivan et al., 1983), found in few of the retrieved
abstracts of the pesticide and fungi search (Kurup et al., 1983; McPartland and Pruitt,
1997), and also in a recent review outside of the period of investigation (Dryburgh et al.,
2018). We are also aware of at least one example in the literature of mentions about the
possible role of the illegal market in outcome (Fergusson et al, 2005), but these seem few
and far between. Given the rapidly evolving change in attitude towards cannabis in many
countries, awareness of cannabis contaminants may become more widespread, if only for
the establishment of industry standards. Recently, Leung and collaborators (2019) argued
for the possibility that contaminants can underlie adverse outcomes from prenatal exposure
to cannabis.
It is arguable that previous strong anecdotal and experimental evidence that THC is
sufficient to induce paranoid ideation (Freeman et al., 2014), especially in susceptible
subjects (D’Souza et al., 2005), may have misled investigators to neglect the effects of
Prohibition and associated cannabis contaminations on development of psychotic
disorders. The same cannot be said about possible gross anatomical changes attributed to
neurotoxicity of compounds of street cannabis, attributed solely to phytocannabinoids and
their metabolites, even though street cannabis is a heterogeneous potentially neurotoxic
mixture (Dryburgh et al., 2018), often obtained in a stressful environment and from illicit
source. Another possible explanation for the implicit dismissal of Prohibition as an agent
for adverse outcomes is the complexity imposed for experimental investigation. Illicit
cannabis contamination and phytochemical profile may vary in composition temporally
and geographically, combined with a wide spectrum of potentially hazardous agents
present in undetermined amounts. This list (see, Cole et al., 2010) can include potentially

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2020

doi:10.20944/preprints202009.0417.v1

hazardous agents such as illicit pesticides used in unregulated concentrations, many
different types of microbiological agents, mostly fungi, and heavy metals, the latter which
we have not addressed in this review. Furthermore, fungi, heavy metals and pesticides
intoxication have been related to psychiatric or neurological disorders, acting either
directly onto the CNS or through peripheral inflammation and cytokine mediated CNS
effects (Ismael et al., 2017; Yan et al., 2016; Stallones and Beseler, 2016; Harrison and
Ross, 2016; Dryburgh et al., 2018; Liew and Mohd-Redzwan 2018; McCusker and Kelley,
2013; Severance et al., 2016). Here we argue that it is plausible that cannabis contaminants
may influence outcomes usually attributed exclusively to the action of phytocannabinoids,
such as the induction of psychotic disorders, schizophrenia or gross morphological changes
due to direct neurotoxicity, often from chronic and cumulative exposure to contaminants
during adolescence.
Furthermore, the Prohibition environment, with its associated social stress and exclusion,
may be psychotogenic as, or act synergistically with, any of the usual risk factors ascribed
to psychotic diseases such as trauma, urbanicity, and ethnic minority participation (van Os
et al., 2010). These effects of Prohibition, psychological, infectious or toxic, can act in
synergy to phytocannabinoids leading to adverse outcomes. For organophosphates, the
most widely used agents for pest control, there are several potential molecular pathways
for interaction with the endocannabinoid system (Nomura et al., 2008; Carr et al., 2013,
2014). Thus, exposure to the Prohibition environment at any stage during human
development can co-occur with any potential schizophrenia triggering factors, such as
trauma, social defeat, inflammation, social cognition, within the framework of the multiple
hit hypothesis for schizophrenia pathogenesis (Davis et al., 2016). Thus, although
compelling, Prohibition and its multiple consequences are not considered in the set of 23
studies thoroughly analyzed, and rarely in the majority of biomedical literature. This
neglect is especially striking within the studies that used the GAP data (Marconi et al.,
2016; Di Forti et al., 2009, 2014), which associated increased frequency of use, and/or high
potency street cannabis, to increased psychotic symptoms and disorders. Since all cannabis
used by subjects in these studies, were from illegal markets, increase in cannabis use should
obligatory be accompanied with an increase exposure to contaminants, and to the illicit
environment. Both relationships went unacknowledged within these studies.
Our data are in conformity with our initial hypothesis that the pervasive secular Prohibition
culture influences scientist’s objectivity (Macleod e Hickman, 2010; Temple et al, 2010).
However, we can only speculate about the mechanism that could explain the origin of this
cognitive neglect, for our data sheds little light on how Prohibition culture creates such
pervasive bias. It is important to put in perspective that drug use is the result of a long
evolutionary history of plant and animal interaction, with many complex developments
(Hagen et al., 2013), human social organizations possibly included. Drug related bias and
social exclusion may be the human expression of an instinctive, constitutive biological
mechanism of social interaction, somewhat similar to those observed in other social
animals (Siegel, 2005). We are reluctant however, to bridge the enormous complexity of
novel human social and cultural interaction and the behavior of animals with limited inter
individual communication repertoire. Despite the lack of a reasonable mechanism, once
detected is imperative to acknowledge the existence of this environment-derived bias so to
understand its influence in past, present and future research about the medical and nonmedical use of cannabis, and related cannabinoids and terpenoids.
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FIGURE LEGEND

Figure 1. Venn diagrams showing little overlap between cannabis studies, illicitrelated keywords and common cannabis-related hazards such as psychosis and
schizophrenia. A. The overlapping results between the different searches for illicit
hazards-related terms shown in Table 2; and B. The overlapping of the outcome from these
terms and the results for often addressed cannabis health-risk terms.
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Table 1. Most frequent terms within cannabis-related articles. The top 100 expressions
present on the title, abstract, and keyword list from the articles were screened and
categorized (see Methods). The three most frequent terms for each category, as their
relative occurrence, are shown.

Category
Cannabis-related terms

Drug use or addiction

Health-related terms

Features from cannabis users

General study-related terms

Most frequent terms
"substance"/ "substance use"
"marijuana use"
"tetrahydrocannabinol"
"alcohol"
"drug use"
"cocaine"
"risk"
"development"
"health"
"age"
"user"
"adolescent"
"effect"
"conclusion"
"year"

Occurencies (% of
papers)
3561 (13.4%)
3508 (13.2%)
2646 (9.9%)
6241 (23.4%)
3353(12.6%)
2959 (11.1%)
3830 (14.4%)
2049 (7.7%)
1640 (6.1%)
4002 (15.0%)
3487 (13.1%)
3114 (11.7%)
7564 (28.4%)
7239 (27.1%)
5245 (19.7%)
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Table 2. Cannabis articles associated with health risks or illicit hazards. The number
of PubMed results for the chosen terms associated with cannabis health- or illicit-related
risks are shown, as their relative percentages to all cannabis articles. See Methods for the
exact search terms.

Search

Number of
results

Cannabis articles
Cannabis articles + fungi
Cannabis articles + pesticides
Cannabis articles + contaminants
Cannabis articles + schizophrenia
Cannabis articles + psychosis
Cannabis articles + prohibition

26673
342
141
35
1344
1810
97

% of “cannabis
OR marijuana”
results
100%
1.28%
0.53%
0.01%
5.04%
6.79%
0.04%
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Table 3. List of articles directly discussing possible effects on contaminated cannabis
on human physiology. After the screening abstracts retrieved when cannabis was
associated with pesticides or fungi, studies discussing organic systems affected by
contaminants were identified. References for this table are listed separately in the
supplementary material

Pesticide

First Author

Year Country

Brodifacoum La Rosa FG
Turner CE
Fairshter RD
Cross CE
Paraquat
Zavala DC
Liddle JA
Landrigan PJ
McPartland JM
Various
Stone D
Russo EB

1997
1978
1978
1978
1978
1980
1983
1997
2014
2016

USA
USA
USA
USA
USA
USA
USA
USA
USA
USA

Fungi

Year
1975
2018
1978
1981
1983
1987
1988
2000
2008
2015
1990

Country
USA
USA
USA
USA
USA
USA
USA
Netherlands
USA
USA
Bulgaria

Alternaria

Aspergillus

Fusarium

First Author
Chusid MJ
Min JY
Lhamas R
Kagen SL
Kagen SL
Schwartz IS
Hamadeh R
Verweiij PE
Cescon DW
McKernan K
Dimitrov M

Article Type
Case Study
Original data
Opinion
Opinion
Original Data
Original Data
Original Data
Review
Opinion
Review
Article Type
Case Study
Original Data
Case Study
Opinion
Original Data
Opinion
Case Study
Original Data
Case Study
Original Data
Original Data

Systems discussed
Hepatic, circulatory
Respiratory
Respiratory
Respiratory
Respiratory
Respiratory
Respiratory
Immune
Respiratory, dermal
Respiratory, immune, nervous
Systems discussed
Respiratory
Immune
Respiratory
Respiratory, Immune
Immune
Respiratory
Respiratory
Respiratory
Respiratory
Respiratory, Digestive
Respiratory
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Table 4. Analysis of full-text reports. Two meta-analysis and studies included therein (see Methods) were evaluated for any mention
of factors derived from cannabis legal status. Only full papers were included in the analysis. Within these studies cannabis legal status
was rarely considered. Recruitment strategies did not include any attempt to rule out prohibition effects except for Weiland and cols,
2015. No study directly characterized cannabis consumed by subjects. We considered if information such as the source of cannabis,
mode of acquisition, contact with criminal activity or policing activities at supply sites, and contamination were added as possible
confounding factors, or at least acknowledged as relevant but ignored variables. All studies had some manner of control for frequency
or amount used. However, no attention was given for details pertaining to drug experience under prohibition, such as level of stress,
acquisition strategies, parental or social deceit, delivery mode and route. Addiction was not included in our analysis since in some
studies this was a criterion for subject selection. The majority of studies made some form of policy recommendation. such as age or
potency restrictions, public health educational programs, and others; when social and health implications were discussed without
direct advice, we labeled it as in part. NA, not applicable.
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Study

Subject selection

Marconi 2016

NA, review only

Tien 1990

Survey

Cannabis
characterization
Potency and
phytochemical profile
None

Degenhardt 2001

Survey

Arseneault 2002
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Frequency and amount

Drug experience

Prohibition
discussed

Policy
recommendations

Self-report; interview

Not discussed

No

Yes

Self-report; interview

Not discussed

No

Yes

None

Self-report; interview

Not discussed

No

Yes

Cohort study

None

Self-report

Not discussed

No

Yes

Zammit 2002

Cohort study

None

Self-report

Not discussed

No

Yes

Henquet 2005

Cohort study

None

Self-report; interview

Not discussed

No

No

Wiles 2006

Survey

None

Self-report; interview

Not discussed

No

In part

Miettunen 2008

Cohort study

None

Questionnaire

Not discussed

No

No

Mcgrath 2010

Cohort study

None

Questionnaire

Not discussed

No

In part

Zammit 2011

Cohort study

Self-report

Not discussed

No

Yes

Diforti 2014

Hospital entry; structured interview

Self-report; interview

Not discussed

No

Yes

Diforti 2009

Hospital entry; survey; public ads

None
Potency and
phytochemical profile
Potency and
phytochemical profile

Self-report; interview

Not discussed

No

Yes

Weiland 2015

Recruited from general population
and juvenile court

None

Self-report; interview

Law-conflicts
considered

Yes

Yes

Block 2000

General population ads.

None

Not discussed

No

No

Tzilos 2005

General population ads.

None

Self-report; interview; urine
test pre-screen
Interview

No

No

Yucel 2008

General population ads.

None

Interview, urine analysis

No

In part

Medina 2007

High schools, universities, ads.

None

Interview

Not discussed
Consumption
quantity, duration,
and method
Not discussed

No

No

Medina 2007b

High schools, universities, ads.

None

Interview; urine analysis

Not discussed

No

No

Medina 2010

None

Interview; urine analysis

Not discussed

No

No

None

Interview; urine analysis

Not discussed

No

Yes

None

Self-report; toxicology

Not discussed

No

Yes

Mcqueeny 2011

Local schools via fliers distribution
Recruited from general population
and referral
Recruited from a therapeutic
community
Local schools

None

Anxiety scores

No

Yes

Cousijin 2012

Internet and coffeshops ads.

None

Not discussed

No

In part

Gilman 2014

Recruitment not described

None

Self-report; questionnaire
Self-report; urine analysis;
interview
Self-report; urine analysis;
interview

Pattern of use;
Anxiety scores

No

Yes

Solowij 2011
Ashtari 2011

