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Abstract 

 

The association between the use of Cannabis and the development of schizophrenia has 

been a heavily researched and debated topic for over three decades. Due to the high 

morbidity and mortality of schizophrenia, and to the extensive, widespread use of 

cannabinoids, it is important to clarify if Cannabis abuse is in fact a a component cause, or 

even a direct trigger, of the onset of this disease.  

The present Dissertation aimed at conducting a systematic review of the available 

literature to determine the likelihood of an association of between the consumption of 

cannabinoid substances and the incidence of schizophrenia.  

A thourough research of scientific publications was performed on multiple 

databases, including PubMed, Scielo, Science.gov, BMC, Cochrane, Google Scholar, and 

other relevant sources. A total of 6,328 published articles were found through specific 

combinations of keywords related Cannabis/cannabinoids and schizophrenia. After 

application of preestablished sets of inclusion and exclusion criteria, 58 studies were 

included in this systematic review.  

The majority of the studies described a close association between Cannabis 

consumption and the onset of schizophrenia, or at least an increased risk of development 

of the disease. Some of these further showed a dose-response relationship. An 

association only in vulnerable individuals was described in 13 of these publications. Six 

studies found that Cannabis use was associated with an earlier onset of schizophrenia 

when compared to schizophrenic patients who had no consumption history. Only 5 out of 

58 studies were not able to find any connection between Cannabis use and the 

development of schizophrenia.  

Data from the analysed studies collectively support an involvement of Cannabis 

abuse in the onset of schizophrenia, which substantiates the need to raise public 

awareness about the consumption of cannabinoid substances. Nevertheless, further 

studies are essential to determine the precise role of Cannabis use on the development of 

this type of psychotic disorders, and the potential factors (genetic or environmental) 

influencing this association.  
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Resumo 

 

A associação entre o uso de Canábis e o desenvolvimento da esquizofrenia tem sido um 

tema bastante investigado e debatido nas últimas três décadas. Devido à elevada 

morbilidade e mortalidade associada à esquizofrenia, e ao uso extensivo e generalizado 

de canabinóides, é importante esclarecer se o abuso de canábis é de facto um 

componente causal, ou até mesmo uma causa directa, do aparecimento desta doença. 

 A presente Dissertação visa a realização uma revisão sistemática da literatura 

disponível, com o objetivo de avaliar a probabilidade de existência uma associação entre 

o consumo de substâncias canabinóides e a incidência de esquizofrenia. 

 Foi realizada uma pesquisa de publicações científicas em múltiplas bases de 

dados, incluindo PubMed, Scielo, Science.gov, BMC, Cochrane, Google Scholar, e outras 

fontes relevantes. Um total de 6.328 artigos publicados foram encontrados através de 

combinações específicas de palavras-chave relacionadas com Canábis/canabinóides e 

esquizofrenia. Após a aplicação de conjunto de critérios de exclusão e inclusão pré-

estabelecidos, 58 estudos foram incluídos nesta revisão sistemática. 

 A maioria dos estudos descreveram uma relação forte entre o consumo de 

Canábis e o início da esquizofrenia, ou pelo menos um risco acrescido de desenvolver a 

doença. Alguns destes estudos revelaram ainda uma relação dose-resposta. Uma 

associação, apenas em indivíduos vulneráveis foi descrita em 13 destas publicações. 

Seis estudos evidenciaram que o consumo de Canábis estava associado a um início 

precoce de esquizofrenia, quando comparado com pacientes esquizofrénicos que não 

tinham antecedentes de consumo. Apenas 5 dos 58 estudos não conseguiram 

estabelecer qualquer ligação entre o consumo de canábis e o desenvolvimento da 

esquizofrenia. 

 No seu conjunto, os dados dos estudos analisados apoiam um envolvimento do 

consumo de Canábis no início da esquizofrenia, o que comprova a necessidade de 

aumentar a consciência pública sobre o consumo de substâncias canabinóides. Apesar 

disso, são ainda necessários estudos adicionais para determinar o papel preciso do 

consumo de Canábis no desenvolvimento deste tipo de perturbações psicóticas, e os 

possíveis factores (genéticos ou ambientais) que influenciam esta associação.   
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1 Introduction 

 

1.1  Cannabinoids 

 

Cannabinoids is a generic term used to describe a distinct group of terpenophenolic 

compounds that interact with cannabinoid receptors (Kim & Mahlberg, 1999). They can be 

differentiated into phytocannabinoids, which are the main botanical compounds of 

Cannabis and natural occurring cannabinoids that can be extracted from plants, especially 

Cannabis (Chicca et al., 2018; Zou & Kumar, 2018). Synthetic cannabinoid receptor 

agonists or more commonly known as synthetic cannabinoids (SCs), they have a 

synthetic or semisynthetic origin, that modulates one or more targets of the 

endocannabinoid system (ECS) (Giorgetti, Busardo, Tittarelli, Auwarter, & Giorgetti, 2020; 

Gurney, Scott, Kacinko, Presley, & Logan, 2014). And finally, the endocannabinoids 

(ECs), which are cannabinoids naturally produced by mammals, such as anandamide and 

2-arachidonylglycerol (2-AG), belonging to the ECS (Degenhardt, Stehle, & Kayser, 2017; 

Maldonado, Banos, & Cabanero, 2016). 

Phytocannabinoids and SCs are characterised for having a carbocyclic structure 

with 21 carbons and are  generally formed by 3 rings, a cyclohexene, a tetrahydropyran, 

and a benzene (Barrales-Cureño et al., 2020). Their structure is normally assembled by 2 

parts, the dihydroxyphenol (resorcin) carrying an alkyl chain, and a monoterpene moiety 

(Figure 1) (Degenhardt et al., 2017). Both phytocannabinoids and SCs interact with the 

ECS to produce the most prominent pharmacological effects, but also with other non-ECS 

pathways, producing desired and undesired effects (Brown et al., 2021; Zou & Kumar, 

2018). 
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Figure 1 General structure of cannabinoids and their precursors, olivetolic acid, and geranyl diphosphate. 
Cannabinoids are composed of two parts: a cyclic monoterpene part (red), and a diphenol (resorcin) part, 

carrying an alkyl chain (blue). The dibenzopyran-numbering system is used (Degenhardt et al., 2017). 

1.1.1 Endocannabinoids and the endocannabinoid system 

 

The ECS, as shown in Figure 2, is a lipid-based signalling system of the brain composed 

by two major G protein-coupled receptors, namely the cannabinoid receptor 1 (CB1) and 2 

(CB2), found in different cell types (Maldonado et al., 2016); by the ECs, such as 

anandamide and 2-AG , which are the endogenous, high affinity agonists of CB1 and CB2 

(Baggelaar, Maccarrone, & van der Stelt, 2018; Cristino, Bisogno, & Di Marzo, 2020; 

Maldonado et al., 2016; Scherma et al., 2019); by a broader group of enzymes and 

transporters involved in the synthesis, degradation, and inactivation of ECs; and other 

molecular targets that compose the larger endocannabinoidome, which are lipids and 

specific receptors, whose main function is neuromodulation (Di Marzo V. & Wang J., 

2014; Kokona, Tarricone, Di Forti, & Carra, 2017; Pazos, Nuñez, Benito, Tolón, & 

Romero, 2005; Pertwee et al., 2010), but are also involved in the control of many other 

functions, such as the immune response, appetite, gastrointestinal function, pain 

sensation, mood, differentiation and proliferation, and apoptosis of cells, and in processes 

of regulation such as fertility, pregnancy, pre- and post-natal development (Cristino et al., 

2020; Kokona et al., 2017; Micale & Drago, 2018; Sharkey & Wiley, 2016). 
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Figure 2 Receptors, enzymes, and ligands that constitute the endocannabinoid system and the expanded 
endocannabinoidome. Complex interplays between these systems modulate many biological processes, 
conveying therapeutic benefits and adverse effects of Cannabis and cannabinoids. 2-AG; CB1; CB2; DAGL, 
diacylglycerol lipase; FAAH, fatty acid amide hydrolase; GABA, gammaaminobutyric acid; GPCR, G-protein 
coupled receptor; HPA; MAGL, monoacylglycerollipase; NAPE-PLD, N-acyl phosphatidylethanolamine 
phospholipase; PPARα; PPARγ; TRPM8, Transient receptor potential cation channel subfamily M (melastatin) 
member 8; TRPV1 (Brown et al., 2021). 

 

The ECs are endogenous lipid-based retrograde neurotransmitters that act 

presynaptically to inhibit the release of neurotransmitters on the terminals of neighbouring 

gamma-aminobutyric acid (GABA)-ergic and glutamatergic neurons (Kokona et al., 2017). 

As a consequence, they are involved in the regulation of cognitive functions in neuronal 

circuits of the cortex, memory in hippocampal neurons, emotions in neurons of the 

amygdala, motor activity in striatal projections neurons, in central processing of pain, and 

finally in the reinforcing effects of abuse substances in the mesolimbic system (Di Marzo, 

Bifulco, & De Petrocellis, 2004; Piomelli, 2003). 

Anandamide is the major EC (Ramsay & Compton, 2011). It was the first to be 

identified as an endogenous ligand of the G protein-coupled CB1, and exhibits higher 

affinity towards CB1 than CB2 (Barnett-Norris et al., 2002). The anandamide-CB1 

interactions result in the activation of the G proteins, particularly of the Gi/o family (Barnett-

Norris et al., 2002). Anandamide is not stored in cells, but formed when needed, being 

rapidly inactivated in the brain by enzymatic hydrolysis after receptor activation 

(Mechoulam & Hanuš, 2004). 

The 2-AG is a EC that acts as an agonist of the CB1 and CB2, and it is an ester 

formed from omega-6-arachinodic acid and glycerol (National Center for Biotechnology 
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Information, 2021). This EC is an important modulator of oligodendrocyte functions in 

different physiopathological settings (Ilyasov, Milligan, Pharr, & Howlett, 2018). 

As referred, CB1 and CB2 belong to a family of receptors coupled to the G 

proteins, specifically the inhibitory type, and their activation is directly involved in the 

control of the GABAergic and glutamatergic neurotransmission (mediated by CB1), and in 

the modulation of the immune system and neuroinflammation (mediated by CB2) 

(Barrales-Cureño et al., 2020; Kaur, Ambwani, & Singh, 2016; Lupica & Riegel, 2005; 

Melis et al., 2004; Scherma et al., 2019; Zou & Kumar, 2018). 

CB1 is generally a “neuronal” receptor (Norrod & Puffenbarger, 2007). It was first 

described in 1988 by Devane, Dysarz, Johnson, Melvin, and Howlett (1988), and is a 7 

segment transmembrane protein that is encoded by the gene CNR1 and composed by 

472 amino acids in humans (Howlett, 1998; Zou & Kumar, 2018). This receptor is 

especially located on the presynaptic axons and nerve terminals and maintains 

homeostasis by preventing excessive or insufficient release of diverse neurotransmitters 

such as dopamine, norepinephrine, glutamate, GABA, and serotonin, by presynaptic 

regulation (Gareeva et al., 2020; Ishac et al., 1996; Ramsay & Compton, 2011). CB1 is 

highly expressed in the central nervous system (CNS), specifically in the nuclei of the 

hippocampus, the cerebral cortex (especially frontal regions), the limbic forebrain 

(particularly in the hypothalamus and anterior cingulate cortex), the thalamus, the 

cerebellum, the basal ganglia (striatum, globus pallidus, and substantia nigra), and the 

periaqueductal grey matter  (Figure 3), making it the most widely expressed receptor in 

the brain (Cristino et al., 2020; Davis, 2014; Iversen, 2004; Kaur et al., 2016; Zou & 

Kumar, 2018). These localizations of CB1 in the CNS are closely related to the majority of 

cannabinoid effects including modulation of the cognitive function, pain, short-term 

memory, motor control and coordination, hypothermia and hyperphagia (Bonfa, Vinagre, & 

de Figueiredo, 2008). CB1 also has high expression in the peripheral nervous system 

(PNS), especially in the sympathetic nerve terminals, dorsal root ganglia and dermic nerve 

ending, and it is less expressed in testis, immune system, adrenal glands, bone marrow, 

heart, blood vessels, lungs, prostate, thymus, tonsils, and spleen (Figure 3) (Bouaboula et 

al., 1993; Galiegue, Mary, Marchand, & al., 1995; Hampson, Grimaldi, Axelrod, & Wink, 

1998; Harvey, N.A.; Pertwee, 1997; Veress et al., 2013). The activation of CB1 might lead 

to a subsequent inhibition of adenylate cyclase, initiating depletion of intracellular cAMP 

that results in reduction of protein kinase A activity. On the other hand, some studies have 

also reported that CB1 might stimulate adenylate cyclase, thereby being able to increase 

intracellular cAMP levels (Di Marzo, 2008). Additionally, the CB1 is also able to control ion 

channels in the neuronal cell membrane: upon G protein-coupled activation, cannabinoids 

may positively influence inwardly rectifying potassium currents in a βγ-subunit-mediated 



5 
 

manner, resulting in an elevated resting potential in neurons (Guo & Ikeda, 2004; Henry & 

Chavkin, 1995). Besides, the neuronal calcium channels can also be inhibited by 

cannabinoids in the same manner (Guo & Ikeda, 2004). Since the CB1 expression in 

neurons is largely restricted to presynaptic terminals, the effects of cannabinoids on these 

ion channels suggest a important role in modulating presynaptic functions and consequent 

neurotransmitter release (Katona & Freund, 2008). 

By its turn, CB2 is known as an “immune system” receptor (Norrod & Puffenbarger, 

2007), being mainly expressed in the periphery where it has been shown to produce 

immunomodulating effects with anti-inflammatory action (Brown et al., 2021; Gareeva et 

al., 2020). It has a 68% nucleotide homology with CB1 within the transmembrane regions 

(Berdyshev, Boichot, & Lagente, 1996), and 44% sequence homology at the protein level 

(Zou & Kumar, 2018). The CB2 is encoded by the gene CNR2, and consists of 360 amino 

acids in humans (Zou & Kumar, 2018). Its activation is also involved in the modulation of 

adenylate cyclase, but does not inhibit the calcium channels or overstimulates the output 

of potassium (Netzahualcoyotzi-Piedra, Muñoz-Arenas, Martínez-García, Florán-Garduño, 

& Limón-Pérez de León, 2009). This receptor is highly expressed in the immune cells 

(myeloid and erythroid cells, macrophages, mast cells, circulating leukocytes and T and B 

lymphocytes) of lymphoid organs, such as the spleen, thymus, tonsils, bone marrow and 

pancreas (Howlett et al., 2002; Pertwee, 1997); and moderately expressed in other 

peripheral tissues, like the liver, adipose tissue, bone, and cardiovascular or reproductive 

systems (Zou & Kumar, 2018); it is also expressed in the CNS (in microglia) (Núñez et al., 

2008), in which it associates directly with the neuroinflammation processes (Lunn et al., 

2006). So, although CB1 and CB2 are expressed in CNS, only the CB1 is present in the 

PNS and responsible for altering neurotransmitter release and sensory perception 

(Castaneto et al., 2014). 
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Figure 3 Major localization sites and associated functions of the CB1 in the human body. In the brain, CB1 is 
involved in many neurological activities; in peripheral sites, CB1 regulates the local tissue functions, although 

to a lesser extent (Zou & Kumar, 2018). 

 

Overall, the release of ECs requires the enzymatic cleavage of phospholipid 

precursors present in the membranes of neurons and other cells. Once released, ECs 

activate the cannabinoid receptors on nearby cells and are rapidly inactivated by active 

reuptake by neurons and subsequent enzymatic hydrolysis by fatty acid amide hydrolase 

(FAAH) (an enzyme that hydrolysis anandamide (Ramsay & Compton, 2011)) (Piomelli, 

Giuffrida, Calignano, & Rodriguez de Fonseca, 2000). At the presynaptic nerve terminal, 

the activation of the CB1 by the ECs will lead to a decrease in the membrane permeability 

to calcium and potassium, and a decrease in the activity of adenylate cyclase, thus 

inhibiting the release of glutamate, dopamine, acetylcholine and noradrenaline (Wobrock, 

Czesnik, & Malchow, 2011). So, in the end, the ECS works as a retrograde messenger 

system tuning and regulating the potential hyper- and hypoactivation of the 

neurotransmitter systems mentioned above (Wobrock et al., 2011). 

 

1.1.2  Cannabis and phytocannabinoids 

 

Cannabis is the most used psychoactive substance in the world (EMCCDA, 2021; 

Ramsay & Compton, 2011; World Drug Report, 2021a, 2021b), its prevalence being 
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around 5 times over that of other drugs (EMCDDA, 2021). There were an estimated 200 

million past-year users of Cannabis in 2019, corresponding to 4.0% of the global 

population aged 15–64, and 14 million past-year users of Cannabis among students aged 

15–16 (World Drug Report, 2021a). The annual prevalence of the use of Cannabis 

remains the highest in North America, Australia and New Zealand (12.1%), and West and 

Central Africa (9.4%) (World Drug Report, 2021b). Cannabis was also the most common 

drug reported by the European Drug Emergencies Network in 2019 (EMCDDA, 2021), 

being also  the most common substance that European people try (47.6 million males and 

30.9 million females) (EMCDDA, 2021). Last year, in Europe, 22.2 million (7.7%) adults 

and 15.8 million (15.4%) young adults (aged 15-34) used Cannabis (EMCDDA, 2021). 

The mean age for users was 17 years, the majority being male users, the mean use was 

5.2 days a week, and 49% used it daily (EMCDDA, 2021). The resin of Cannabis sold in 

Europe is currently more potent than in the past, with delta-9-tetrahydrocannabinol (Δ9-

THC) content on average ranging between 20-28%, almost twice that of the herbal one (8-

13%) (EMCDDA, 2021). Over the past decade, an increasing number of Cannabis 

products with high potency have been introduced to the Cannabis market. These products 

tend to be high in Δ9-THC and low in cannabidiol (CBD) (World Drug Report, 2021a). 

The taxonomic classification of the Cannabis plant, more precisely Cannabis Sativa 

spp., is presented in Figure 4 (ElSohly, Radwan, Gul, Chandra, & Galal, 2017). Cannabis 

is a dioecious plant species, which means that it has 2 separate genders (stem male and 

stem female) (Figures 5 (Farag & Kayser, 2017; Netzahualcoyotzi-Piedra et al., 2009). 

This plant is typical of temperate zones, although its cultivation is widespread as it is very 

resistant and tolerates well climate changes. Cannabis height is around between 1.6 to 6 

meters (Farag & Kayser, 2017), with the female being more durable and leafier 

(Netzahualcoyotzi-Piedra et al., 2009). 
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Figure 4 The Taxonomic classification of Cannabis sativa (ElSohly et al., 2017). 

 

 

Figure 5 Differentiation between male stem and female stem in Cannabis sativa spp.. Retrieved from: 
https://www.alchimiaweb.com/blogen/distinguish-marijuana-males-females/ and https://dutch-
passion.com/en/blog/sexing-cannabis-how-to-tell-if-your-plant-is-male-or-female-n988. Accessed: 20 of June 

of 2021. 

https://dutch-passion.com/en/blog/sexing-cannabis-how-to-tell-if-your-plant-is-male-or-female-n988
https://dutch-passion.com/en/blog/sexing-cannabis-how-to-tell-if-your-plant-is-male-or-female-n988
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The Cannabis leaves are arranged in the shape of palm, with about 5-7 leaves per 

palm, the biggest being located in the centre. The male plant has a head in the flower that 

produces pollen, while the flowers of the female plant are much smaller 

(Netzahualcoyotzi-Piedra et al., 2009). The male plant dies slightly after spreading the 

pollen, whilst the female survives to maturity of the seeds (Netzahualcoyotzi-Piedra et al., 

2009). The phytocannabinoids are present in all parts of the plant except the seeds (van 

Bakel et al., 2011), they are highly concentrated in the resin (or hashish) produced by the 

glands of the base of the thin layer of villi in the leaf, particularly in the bracts of the heads 

in the female plant flower (Netzahualcoyotzi-Piedra et al., 2009). 

Besides phytocannabinoids, Cannabis is constituted by terpenes, alkaloids, 

amides, flavonoids, fatty acids, and non-cannabinoid phenols (ElSohly et al., 2017; 

Elsohly & Slade, 2005), as shown in the Figure 7. Quite a few of these compounds are 

responsible for the colour and unique smell of Cannabis and might have further 

pharmacological effects or even modulate the pharmacological effects of the cannabinoids 

(ElSohly et al., 2017; Elsohly & Slade, 2005). As of 2015, 565 compounds have been 

identified, more than 100 are phytocannabinoids (ElSohly et al., 2017; Elsohly & Slade, 

2005), with the most abundant ones being the Δ9-THC, cannabinol (CBN), and CBD 

(Elsohly & Slade, 2005; Netzahualcoyotzi-Piedra et al., 2009). The 2 main 

phytocannabinoids found in Cannabis (Δ9-THC and CBD) have opposite effects: while the 

Δ9-THC is psychotomimetic, CBD has antipsychotic properties (Morgan & Curran, 2008). 

 

 

Figure 6 Classes of chemicals constituents of Cannabis sativa L.. CBD; Δ9-THC; Δ8- Tetrahydrocannabinol, 
Delta-8-Tetrahydrocannabinol; CBN (Elsohly & Slade, 2005). 
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Δ9-THC is the most abundant psychoactive constituent of the plant Cannabis and 

was first discovered in the 1960s, but its biological targets were only discovered in the 

1980s (Honorio et al., 2010). Similar to the other cannabinoids, (Zuurman, 2008)it displays 

lipophilic properties, being easily absorbable and, which consequently speeds the onset of 

effects (Mechoulam, Devane, & Glaser, 1992). The main effect Δ9-THC produces is 

euphoria, which depends on the concentration and speed at which it is absorbed, which in 

turn depends on the route of administration (Ramsay & Compton, 2011). Besides the 

euphoric effect, commonly known as “high”, Δ9-THC consumption can also result in at 

least two well-defined psychological state changes, namely the derealization of self and 

surroundings and an anxious/depressive state (Dittrich & Woggon, 1972). It can also 

result in perceptual changes, for example, colours become brighter, the music becomes 

more vivid, and time appears to go faster (Ashton, 2001). Its consumption can also 

increase diastolic blood pressure and heart rate, decrease body temperature, increased 

expired carbon monoxide, and after chronic consumption, the individual present 

respiratory problems and reduced lung tissue density (Aldington et al., 2007; Cooper & 

Haney, 2009; Dittrich & Woggon, 1972). 

CBD is the second most abundant constituent of Cannabis, and it has been of 

great interest due to its anxiolytic and antipsychotic properties (Ramsay & Compton, 

2011). Due to the lack of psychoactive properties, CBD opened opportunities for its 

medical use, without dose-limiting side effects (Ibeas Bih et al., 2015; Netzahualcoyotzi-

Piedra et al., 2009). A few studies suggest that CBD attenuates Δ9-THC effects, like 

anxiety, cognitive deficits and psychosis (Boggs, Nguyen, Morgenson, Taffe, & 

Ranganathan, 2018). Likewise, it has a neuroprotective role by acting as an antioxidant 

against oxidative stress produced in neurons by excessive glutamate release (Hampson 

et al., 1998). This compound is a weak partial antagonist of CB1 and inhibits the reuptake 

and hydrolysis of anandamide, displaying pharmacological actions such as anti-

convulsive, sedative, hypnotic, anti-inflammatory, neuroprotective and antipsychotic 

(Roser, Vollenweider, & Kawohl, 2010; Scuderi et al., 2009). Without significant intrinsic 

activity on cannabinoid receptors, CBD might be an inverse agonist of CB2, which has 

implications for the immune system, including anti-inflammatory effects (Pisanti et al., 

2017). Due to its therapeutic potential, it is commercially available as tinctures and oils, 

infused in lip balms, vaporizers, edibles, topicals, essential oils, and pet food (Brown et al., 

2021). 

By its turn, CBN is a phytocannabinoid that is also a degradation product of Δ9-

THC, being found in larger quantities in dried products (De Petrocellis et al., 2011). This 

cannabinoid also has psychoactive properties, but much lower than Δ9-THC. CBN has 

also more affinity for the CB2, compared to CB1 (Netzahualcoyotzi-Piedra et al., 2009). Its 
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action on CB2 on the splenocytes (macrophages of the spleen) and thymocytes 

(macrophages of the thymus) is to inhibit adenylate cyclase and reduce the activity of the 

protein kinase A and transcription factors dependent on cAMP, leading to a decrease in 

the transcription of the gene for interleukin-2 that participates in the regulation of the 

system, which, among others, might explain the capacity of immunomodulation attributed 

to Cannabis (Condie, Herring, Koh, Lee, & Kaminski, 1996).  

The use of Cannabis either medically or recreationally is very controversial, with 

many supporters and opponents. Although Cannabis abuse may cause adverse effects, it 

appears to also have many benefits in diverse pathologies, including end-stage cancer, 

sclerosis (amyotrophic lateral sclerosis and multiple sclerosis), seizure disorders, Crohn’s 

disease, mitochondrial diseases, sickle cell disease, debilitating epileptic conditions, life-

threatening seizures, wasting syndrome and chronic pain (World Drug Report, 2021b). It 

can also be used in the treatment of chemotherapy-induced nausea and vomiting, in 

motor disorders associated with neurodegenerative diseases, such as Huntington and 

Parkinson’s disease, in mental disorders, like Sleep Disorder, Post Traumatic Stress 

Disorder, and anxiety, in treatment of glaucoma and dystonia, as well as an appetite 

inducer and decreasing weight loss associated with HIV/AIDS (National Academies of 

Sciences Engineering and Medicine, 2017). 

As a consequence, by virtue of the plethora of distinct pharmacological actions 

attributed to Cannabis constituents, the plant products are used/or advocated to be used 

as hypnotic agents, analgesics, antiasthmatics, antihypertensives, immunomodulatory, 

anti-inflammatory, or neuroprotective and antiepileptic drugs, spasticity, motor and eating 

disorders, and even neurogenerative diseases, like Alzheimer’s and Parkinson’s 

(Svíženská, Dubový, & Šulcová, 2008). 

On the other hand, there is much evidence that the consumption of Cannabis can 

cause adverse effects that can remain for days, weeks, months, and even years (Hall & 

Solowij, 1998). The effects of Cannabis use can be divided into short and long-term 

(Vindenes & Mørland, 2017), and many of the acute effects had a dose-response 

relationship (Heishman, Stitzer, & Yingling, 1989).  

The short-term effects are normally the cognitive impairment/deterioration (affects 

the memory, learning, attention/time perception, and information processing), 

psychomotor impairment (affects the react time, the divided attention, and the driving 

skills), and paranoia or psychotomimetic effects (e.g., those measured by the PANSS 

(Positive and Negative Syndrome Scale)) (Hall & Solowij, 1998; Vindenes & Mørland, 

2017). These psychotomimetic effects will depend on the strain of the plant, the part of the 

plant ingested, the proportional content of ∆9-THC in the plant, the dose consumed, the 

type of preparation, the route of administration, the personality of the consumer, and the 
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cultural and social background, but the typical euphoric effects tend to be consistent 

(Castle & Solowij, 2004; Netzahualcoyotzi-Piedra et al., 2009). 

The long-term use of ∆9-THC might increase the risk of neuropsychiatric disorders 

later in life and result in poorer brain development (Dharmapuri, Miller, & Klein, 2020). 

These effects can be cognitive impairment (downregulation of receptors, which produces 

activity in different brain regions, altered brain development, learning deficit and reduction 

in the intelligence coefficient), psychosis (several psychoactive effects that are similar 

signs and symptoms of schizophrenia (SCZ)) and related psychotic disorders, which are 

group of serious mental illnesses, and addiction, which can lead to Cannabis use disorder, 

also known as Cannabis abuse/dependence (American Psychiatric Association, 2013; 

Casarella, 2020; Ramsay & Compton, 2011; Vindenes & Mørland, 2017). .  

 

1.1.3  Synthetic cannabinoids 

 

SCs comprise a wide range of chemically dissimilar man-made substances that have the 

common feature of acting on CB1 and CB2 (World Drug Report, 2021a). Many were 

originally developed for therapeutic purposes or as probes for the ECS (Tamba et al., 

2020), but in the last decades they resurged in the drug markets for recreational 

purposes. Either used as pure substances or blended in herbal mixtures marketed as 

“Spice”, “K2”, “fake weed”, and “legal highs” (Seely, Lapoint, Moran, & Fattore, 2012; 

World Drug Report, 2021a), SCs are now the most commonly used new psychoactive 

substances (World Drug Report, 2021a), with their consumption being associated to 

greater abuse potential and more severe toxic effects than Δ9-THC (Diao & Huestis, 2019; 

Seely et al., 2012; Vemuri & Makriyannis, 2015). 

Chemically, they are very difficult to categorise because the group is comprised of 

several compounds with highly distinct structures, and many new molecules keep 

appearing in the drug markets all the time to avoid legal ramifications (Krotulski, Cannaert, 

Stove, & Logan, 2021; Mills, Yepes, & Nugent, 2015; Potts, Cano, Thomas, & Hill, 2020; 

Seely et al., 2012). Nevertheless, in general, they are lipid-soluble, nonpolar, and highly 

volatilised drugs (Gurney et al., 2014; Mills et al., 2015; Seely et al., 2012). 

SCs can also activate or inhibit the ECS directly or indirectly in the CNS and 

periphery (Brown et al., 2021), having affinity and acting as agonists of one or both 

cannabinoid receptors. There is also evidence that they interact with other receptors, such 

as vanilloid or serotonergic receptors (Morales, Hurst, & Reggio, 2017; Pertwee, 2008). 

SCs use grown rapidly since the 2000’s, such that, in 2018, 0.5% of England and 

Wales adult population reported to have used NPS, which were mainly SCs (World Drug 
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Report, 2021a), while in Egypt the use of SCs (“Strox”) was reported to be 6.8% among 

university students. In 2019, 2.5% of adolescents in 32 countries in Europe reported the 

use of NPS at least once that year, the majority also being SCs. The highest prevalence 

was observed in Monaco, Poland, Estonia, Latvia and Czechia (4.0-4.9%), while the 

lowest was reported  in North Macedonia, Finland and Portugal (0.4-0.8%) (World Drug 

Report, 2021a). On a positive note, there has been a decrease in the number of new SCs 

appearing on the market in recent years. Nevertheless, SCs have one of the highest 

number of seizures amongst all NPS groups, and their abuse is still responsible for a large 

percentage of NPS-related intoxication cases (about 8.7% between January, 2019 and 

April, 2020) (EMCDDA, 2021; World Drug Report, 2021a). 

Europe is reported to produce both Cannabis and SCs. While Cannabis is mostly 

for internal consumption, the synthetic drugs are manufactured both for the European 

market and exported to other countries (EMCDDA, 2021). There are also reports that 

Cannabis has been adulterated with new SCs and being sold to unsuspecting users 

(EMCDDA, 2021). 

There are continuously new potent SCs emerging, which poses a major health and 

social threat. For instance, the changes to the basic structure of Δ9-THC (e.g., the 

lengthening of the alkyl side chain, which enhances the selectivity and affinity to the 

receptors), is a starting point for the development of SCs (Bow & Rimoldi, 2016; Prandi, 

Blangetti, Namdar, & Koltai, 2018). The best-known family of SCs is named “JWH”, after 

John W. Huffman, being the main compounds in Spice/K2 products. Chemically, they are 

aminoalkylindoles (Tamba et al., 2020), as seen in Table 1 with more than 60 known 

compounds so far (Schlatter & Atta, 2014). The JWH-018 was one of the first SCs to 

appear in the drug markets (World Drug Report, 2021a). It is the only SC, to date, to have 

been studied in controlled clinical trials (Theunissen et al., 2021), and it is very popular 

because it has a strong pharmacological effect, is easily synthesized, and used as a 

precursor of other SCs with varying characteristics and affinity towards cannabinoid 

receptors (Banister et al., 2015; Schlatter & Atta, 2014). There are two other very well-

known groups, namely the classical cannabinoids HU (Hebrew University) and the CP 

(cannabimetics), the later one was originally developed by Pfizer in 1970 (Banister et al., 

2015; Schlatter & Atta, 2014). The HU-210 was the first to be synthesized in Israel in 

1988, and it is almost identical to the structure of ∆9-THC, although 100 times more 

potent, but contrary to JWH-018 it is challenging to synthetize, and it is thus not commonly 

detected in the products appearing in the illicit market (Banister et al., 2015; Schlatter & 

Atta, 2014; World Drug Report, 2021a). Other potent SCs are JWH-018, JWH-250, and 

JWH-081 (World Drug Report, 2021a). There are also new SCs with indazole-based 

structure, such as 5F-ADB (5F-MDMB-PINACA), which was the most common SCs 
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identified by US Drug Enforcement Agency seizures in 2016 (Krotulski et al., 2021). 

Currently, the most popular SCs circulating through the markets are the HU-210, JWH-

018, JWH-073, JWH-250, JWH-081, MDMB-CHMICA, AMB-FUBINACA, MDMB-4en-

PINACA and 4F-MDMB-BICA (EMCDDA, 2021; World Drug Report, 2021a). There was a 

total of 209 new SCs detected in Europe since 2008, including 11 for the first time in 2020 

(EMCDDA, 2021). Many of these SCs are considered illegal or are controlled substances 

in many countries, especially in Europe, USA, Australia, New Zealand, and China. 

 

Table 1 Classification of the synthetic cannabinoids, the year of their appearance, number of reported deaths, 
and countries were they are currently banned or controlled. 

 

4F-MDMB-BICA – methyl 2-({[1-(4-fluorobutyl)-1H-indol-3-yl]carbonyl}amino)-3,3-dimethylbutanoate; 5F-ADB 
(5F-MDMB-PINACA) – N-[[1-(5-fluoropentyl)-1H-indazol-3-yl]carbonyl]-3-methyl-D-valine methyl ester; AM-
2201 – 1-(5-fluoropentyl)-3-(1-naphthoyl)indole; AMB-FUBINACA – methyl 2-(1-(4-fluorobenzyl)-1H-indazole-
3-carboxamido)-3-methylbutanoate; HU-210 – (6aR,10aR)-9-(Hydroxymethyl)-6,6-dimethyl-3-(2-methyloctan-
2-yl)-6a,7,10,10a-tetrahydrobenzo[c]chromen-1-ol; JWH-018 – 1-pentyl-3-(1-naphthoyl)indole; JWH-073 – 1-
Butyl-3-(1-naphthoyl)indole; JWH-81 – (4-Methoxynaphthalen-1-yl)(1-pentylindol-3-yl)methanone; JWH-250 – 
1-pentyl-3-(2-methoxyphenylacetyl)indole;  MAM-2201 – [1-(5-fluoropentyl)-1H-indol-3-yl](4-methyl-1-
naphthalenyl)-methanone; MDMB-4en-PINACA – methyl 3,3-dimethyl-2-(1-(pent-4-en-1-yl)-1H-indazole-3-
carboxamido)butanoate; MDMB-CHMICA – methyl 2-[[1-(cyclohexylmethyl)indole-3-carbonyl]amino]-3,3-
dimethylbutanoate; SC – Synthetic Cannabinoids; UK – United Kingdom; USA – United States of America. 

 

SCs produce effects like ∆9-THC, but much more potent by virtue of the stronger 

efficacy and higher affinity for the CB1 (Mills et al., 2015; Prandi et al., 2018). As such, 

they also cause more severe neuropsychiatric manifestations and sympathomimetic-

cardiac toxic effects, like seizures, loss of consciousness, severe hallucinations, 

psychosis, vomiting, drowsiness, chest pain, agitation, hot flushes, dilation of pupils, dry 

mouth, anxiety, suicide ideation, self-harm, strokes and heart attacks, anti-nociception, 

concentration problems, changed perception, and acute memory impairment, often 
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leading to hospitalization and death (Bulbena-Cabre, DiGenova, Sigel, Dunn, & Swift, 

2018; Kaló, Kassai, Rácz, & Van Hout, 2018; Mills et al., 2015; Moeller et al., 2017; 

Muller, Kornhuber, & Sperling, 2016; Nurmedov et al., 2015; Spaderna, Addy, & D'Souza, 

2013; World Drug Report, 2021a). Of note, 33 cases of AMB-FUBINACA-related 

intoxication were reported in 2016 in New York City; Turkey reported 300 deaths caused 

by the use of SCs in 2018, the majority with JWH-018 (World Drug Report, 2021a); while 

21 deaths associated with the SC MDMB-4en-PINACA and 4F-MDBM-BICA were 

reported in 2020 in Hungary (EMCDDA, 2021). 

Although the majority of the SCs have adverse effects, some of them are used 

therapeutically. Nabilone is one of them, imitating the ∆9-THC actions to treat pain, 

chemotherapy-induced nausea and vomiting, and anorexia and weight loss in HIV/AIDS 

(Brown et al., 2021). 

 

1.2 Schizophrenia 

 

SCZ is a chronic, severe, and often progressive disabling mental disorder (Nielsen, 2011), 

that affects millions of people globally (World Health Organization, 2019). Data from the 

Global Burden of Disease Study 2016 (Charlson et al., 2018) reported around 20.9 million 

prevalent cases of SCZ that year, with an estimated global prevalence of 0.28%. This 

disease is characterized by positive, negative and mood symptoms, impaired capacity for 

coping, elevated distress and a significant decline in cognition, quality of life and 

psychological functioning (Ritsner & Lerner, 2011). SCZ has a variable phenotypic 

expression, which is poorly understood, and a complex etiology that involves a major 

genetic contribution, with multiple genes and different combinations of their polymorphic 

variants, as well as environmental factors interacting with the genetic susceptibility 

(Jablensky, 2010). It is agreed that the glutamate deficit is probably the key contributor to 

the pathophysiology of SCZ since it is thought to lie in the inhibitory control of 

glutamatergic neurotransmission, resulting in pathological neuronal excitability (Mortimer, 

2011). There is also the N-Methyl-D-Aspartate (NMDA) receptor that inhibits the 

glutaminergic neurotransmission, making the NMDA antagonists evoke SCZ-like 

symptoms in healthy volunteers (Mortimer, 2011). 

The psychotic features of SCZ usually appear between the late adolescence and 

mid-30s, while its appearance before adolescence is rare. On the other hand, the peak 

age of onset of the first psychotic episode is between the beginning and mid-20s for males 

and late 20s for females (American Psychiatric Association, 2013).  
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The decreasing of psychotic symptoms throughout life might be associated with the 

decline of the dopaminergic activity, since this activity is age-related (American Psychiatric 

Association, 2013). The age effect on the onset of the disorder is possibly related to 

gender, with male individuals presenting worse premorbid adaptation, lower academic 

performance, more prominent negative symptoms (NSs) and cognitive impairment, and, in 

general, a worse prognosis (American Psychiatric Association, 2013). 

Psychosis (plethora of abnormalities) is a symptom whereas, as mentioned above, 

SCZ is a chronic, lifelong illness, characterized by the presence of severe psychotic 

symptoms (American Psychiatric Association, 2013; Tandon et al., 2013). These 

psychotic symptoms occur over a spectrum from acute to chronic and from mild to severe 

and the manifestations of psychosis can be divided into positive symptoms (PSs) and 

NSs, both more detailed below (American Psychiatric Association, 2013). PSs are 

characterized by hallucinations, delusions, disorganized thinking/speech/behaviour, and 

disorganized or abnormal motor behaviour (American Psychiatric Association, 2013), 

these PSs might extend to schizotypic and dissociative states, e.g. depersonalization, 

found outside of SCZ itself (O'Connor & Lecomte, 2011). Whereas NSs are characterized 

by diminished emotional expression, avolition, alogia,  anhedonia, and asociality 

(American Psychiatric Association, 2013). The psychotic symptoms of SCZ are relatively 

severe and quite specific for this disorder (Heinz et al., 2016; Soares-Weiser et al., 2015) 

and they include PSs like hallucinations and delusional perceptions, experiences of 

thought interference, and passivity experiences (Cutting, 2015; Soares-Weiser et al., 

2015).  

The hallucination is an experience similar to a perception that has the clarity and 

impact of a true perception but occurs without an external stimulation from a relevant 

sensory organ. Hallucinations can be divided in auditory (involves the perception of 

sounds, the most common is hearing voices), congruent with mood, geometric (visual 

hallucinations involving geometric shapes such as tunnels and funnels, spirals, trellises or 

spider webs), gustatory (involves the perception of taste, it is usually unpleasant), 

incongruent with mood, olfactory (hallucination involving the perception of odour, such as 

burning rubber or decaying fish), somatic (involves the perception of physical experience 

located within the body, e.g., a sensation of electricity), tactile (involves the perception of 

touch or the presence of something under the skin, the most common is the sensation of 

electric shocks and toggling, there is also the sensation of something crawling over or 

under the skin), and visual (involves the vision, which can consist of images with shape, 

such as people, or images without form, such as flashes of light) (American Psychiatric 

Association, 2013).  
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Delusions are false beliefs based on an incorrect inference about external reality 

that is firmly held despite what the majority of people believe and despite incontestable 

and obvious evidence to the contrary, and they can be divided into bizarre (involves a 

phenomenon that a person’s culture would consider physically impossible), delusional 

jealousy (delusion that the sexual partner is unfaithful), congruent with mood, of reference 

(delusion in which facts, objects or other people around are perceived as having a 

particular and unusual meaning, these are usually negative or pejorative in content, but 

they can also be grandiose), of being controlled (feelings, impulses, thoughts or actions 

are experienced as being under control of some external force rather than under the 

control of the individual himself), erotomaniac (delusion that another person, usually of a 

higher position, is in love with them), grandiose (delusion of inflated worth, power, 

knowledge, or identity or of having a special relationship with a deity or famous person), 

incongruent with mood, thought insertion (delusion that certain thoughts are not theirs but 

are inserted in their mind), thought broadcast (delusion that one’s thoughts are being 

broadcast aloud so that they can be perceived by others), persecutory (delusion in which 

the central theme is that the individual, or someone close to him, is being attacked, 

persecuted, cheated, harassed or the victim of a conspiracy), somatic (delirium whose 

main content concerns appearance or functioning of the body itself), and finally can be of 

mixed type (American Psychiatric Association, 2013). 

To diagnose SCZ, 2 diagnostic systems were implemented: the Diagnostic and 

Statistical Manual of Mental Disorders (DSM) in the 50s 

(https://courses.lumenlearning.com/abnormalpsychology/chapter/history-of-the-dsm), and 

the International Classification of Diseases (ICD) in 1900 (Hirsch et al., 2016). Nowadays 

the diagnostic systems used are the 5th edition of DSM (DSM-5) and the 10th revision of 

ICD (ICD-10). The diagnostic criteria of DSM-5 and ICD-10 were made to achieve 3 

different goals: to identify groups of patients with broadly similar clinical presentation and 

prognosis, to facilitate early diagnosis and choice of treatment, and finally to define a 

homogenous heritable diagnostic category for genetic and other aetiological research 

(Kendell & Jablensky, 2003). 

 

1.2.1  DSM-5 

 

The DSM is a manual detailing diagnostic criteria for mental health disorders and 

substance use disorders (Center for Behavioral Health Statistics and Quality, 2016), and 

was issued by the American Psychological Association having its 1st edition published in 

1952, the 2nd edition in 1968, the 3rd edition in 1980, the 4th edition in 1994, and finally the 
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5th edition, which has been the official diagnostic system since 2013 

(https://courses.lumenlearning.com/abnormalpsychology/chapter/history-of-the-dsm/).  

According to the American Psychiatric Association (2013), the psychotic disorder is 

considered to last for more than a day and less than a month. The schizophreniform 

disorder is characterized by a symptomatic presentation equivalent to SCZ, except for the 

duration (less than 6 months) and the absence of the requirement for functional decline. 

On the other hand, to be diagnosed with SCZ, the patient needs to have 2 or more 

symptoms from delusions, hallucinations, disorganized speech, grossly disorganized or 

catatonic behaviour, and NSs (diminished emotional expression or apathy), for 1 month 

(less if treated), and at least one of those symptoms should be delusions, hallucinations, 

or disorganized speech. The patient needs to present continuous signs of disturbance, 

persistent for at least 6 months, and this period must include at least 1 month of the 

symptoms mentioned above (or less if treated), and can include periods of prodromal or 

residual symptoms [they can be characterized by mild forms or at subclinical levels of 

hallucinations or delusions (American Psychiatric Association, 2013)]. During these 

prodromal or residual periods [time interval between the onset of the 1st prodromal 

symptom and the onset of the characteristics signs/symptoms of the fully developed 

illness (Molnar, Feeney, & Fava, 1988)], the signs of the disturbance may be manifested 

only by NSs or by 2 or more symptoms present in an attenuated form. The specifications 

should only be used after 1 year of follow-up if they are not in contradiction with the 

diagnostic course criteria. The characteristic symptoms of SCZ involve a range of 

cognitive, behavioural, and emotional disorders, but none of the symptoms are 

pathognomonic of the disorder (American Psychiatric Association, 2013). Substance-

induced psychotic disorders [condition caused by the use of or withdrawal from drugs 

(Casarella, 2020)] are placed in the category of ‘Schizophrenia Spectrum and Other 

Psychotic Disorders’. The diagnosis of Cannabis-Induced Psychotic Disorder (CIPD) is 

given when hallucinations or/and delusions are present; these develop during or soon 

after Cannabis intoxication. The disturbance that Cannabis produces should be seen and 

cannot be better explained by an independent psychotic disorder that is not Cannabis-

induced and only psychotic symptoms occurring in the recent intoxication are thought to 

lead to CIPD diagnosis (American Psychiatric Association, 2013). 

The difference between a Cannabis Intoxication (a DSM diagnosis) and CIPD is 

that in CIPD the hallucinations and/or delusions are the focus of the clinical presentation 

and are severe enough to warrant clinical treatment/attention. While in Cannabis 

Intoxications the psychotic symptoms are mild and self-limited and are not required to 

make the diagnosis. The hallucinations in CIPD are experienced without insight, while in 

the Cannabis Intoxications they are experienced with insight intact, and they are 
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considered by DSM-5 to be perceptual disturbances. The high intensity/severity of the 

symptoms of CIPD also have a much longer duration, from days to even weeks, although 

it can also last for some hours if the symptoms are severe. In Cannabis Intoxication it is 

resolved within 24 hours (D'Souza et al., 2016; Pearson & Berry, 2019). 

 

1.2.2  ICD-10 

 

The 1st edition of the International Statistical Classification of Diseases and Related Health 

Problems or more commonly known as ICD, was published with a different name for the 

1st time in 1900, the 2nd revision in 1910, the 3rd revision in 1920, the 4th revision in 1929, 

the 5th revision in 1938, and in 1948 the World Health Organization took charge of this 

classification system, renamed with the present name and in the same year published the 

6th revision (Hirsch et al., 2016). The 10th revision (ICD-10), endorsed in May of 1990, is 

used as the official diagnostic system instead of the DSM by more than 150 countries 

(World Health Organization, 2021). Although the ICD-10 is currently the official revision, 

some studies used the ICD-8 (published in 1968), and ICD-9 (published in 1977) (Hirsch 

et al., 2016) posteriorly to ICD-10 (Allebeck, Adamsson, Engstrom, & Rydberg, 1993; 

Andreasson, Allebeck, Engstrom, & Rydberg, 1987; Andreasson, Allebeck, & Rydberg, 

1989; Hambrecht & Hafner, 2000; Manrique-Garcia et al., 2012; Nielsen, Toftdahl, 

Nordentoft, & Hjorthoj, 2017; Zammit, Allebeck, Andreasson, Lundberg, & Lewis, 2002). 

From January 1st, 2022, the 11th will be officially released (World Health Organization, 

2021). 

The ICD-10-based diagnostic of SCZ requires at least 1 of the following criteria to 

diagnose a patient with SCZ: echo, insertion or withdrawal, broadcasting; delusional 

perception and delusions of control, influence, or passivity; hallucinatory voices 

commenting or discussing with the patient in the 3rd person; and persistent delusions that 

are culturally inappropriate and completely impossible. Or at least 2 of the following: 

persistent hallucinations in any modality, when accompanied by delusions; neologisms, 

breaks or interpolations in the train of thought and incoherence; catatonic behaviour; and 

NSs, such as apathy, paucity of speech, emotional blunting, or incongruity. Its course can 

be either continuous, or episodic with a progressive or stable deficit, or there can be one 

or more episodes with complete or incomplete remission. Furthermore, it should be 

present most of the time during an episode of psychotic illness lasting for at least 1 month, 

whereas the period of observation is at least 1 year. The SCZ diagnosis should not be 

made in presence of extensive depressive or manic symptoms, except if the 

schizophrenic symptoms precede the affective disturbance, or in the presence of brain 
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disease or during states of drug intoxication or withdrawal (Kendell & Jablensky, 2003; 

World Health Organization, 1992). 

For the diagnosis of schizophreniform or, as in ICD-10, of acute schizophrenia-like 

psychotic disorder, the psychotic symptoms should be comparatively stable, but they last 

for less than a month and the polymorphic unstable features need to be absent. If the 

psychotic symptoms persist even after one month, then the diagnosis needs to be 

changed to SCZ (World Health Organization, 1992) 

A psychotic disorder in a mental and behavioural syndrome due to psychoactive 

substance use is a group of psychotic phenomena that occurs or follows the use of 

psychoactive substance but that are not explained based on acute intoxication alone and 

are not in a withdrawal state. It is characterized by hallucinations (majority auditory, but 

usually in more than one sensory modality), perceptual distortions, delusions (majority 

paranoid or of persecutory nature), psychomotor disturbances (excitement or stupor), and 

an abnormal affect (World Health Organization, 1992). 

 

1.2.3  Comparison of diagnostic systems 

 

There are some similarities between these two systems. For instance, both require the 

presence of an active phase of the symptoms through at least 1 month. The criteria for 

both systems refer to characteristic symptoms present in the cross-section of the clinical 

picture, weighted differently for diagnostic significance, the duration of symptoms required 

for a reliable ascertainment, and finally the longitudinal pattern (Jablensky, 2010). 

There are some differences between the ICD-10 and the DSM-5 in terms of 

diagnosing SCZ. The ICD-10 was designed as a family of inter-related versions 

addressing different users, while the DSM-5 provides a single set of operational diagnostic 

criteria for all users. The ICD-10 defines SCZ as a group of disorders, while the DSM-5 

suggests a unitary view of the disorder. The requirement of having 6 months with any 

disturbance, which include the prodromal and residual symptoms, that relegates the cases 

of shorter duration to the schizophreniform disorder, is absent in the ICD-10, since only 4 

weeks is needed to eliminate the majority of acute non-schizophrenic psychoses that are 

associated with the use of substances. The DSM-5 also requires the presence of social or 

occupational dysfunction as part of the definition of SCZ, while the ICD-10 is context-

dependent and not an invariant attribute of the clinical syndrome (Jablensky, 2010). 
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1.3 Cannabinoid-induced schizophrenia 

 

It is a fact that environmental exposure may cause psychiatric symptoms or disorders and 

that such effects may be more present among individuals that are already predisposed to 

the psychiatric disorder, and to this day there are studies and convincing evidence that 

premorbid use of Cannabis is likely a one of many risk factors of the schizophrenia 

spectrum disorder (SSD) (Ramsay & Compton, 2011). Some studies found that Cannabis 

consumption during a critical period of brain development could serve as a contributor of 

later psychiatric illness through effects on important neurobiological systems, which is 

coherent with both the largely accepted neurodevelopment theory and diathesis-stress 

model of SCZ (Ashtari et al., 2009; Realini, Rubino, & Parolaro, 2009).  

Cannabis-induced psychosis (CIP) is a psychosis that happens after the 

administration of Cannabis. Depending on the way of administrations and the individuals, 

the symptoms can appear immediately after, after several hours, or even after days. 

Contrarily, SCZ can only be diagnosed if there are no substances involved in the 

symptoms of the individual. But many investigators have argued that CIP might be an 

early sign of SCZ rather than a distinct clinical entity (Arendt, Mortensen, Rosenberg, 

Pedersen, & Waltoft, 2008). Arendt, Rosenberg, Foldager, Perto, and Munk-Jorgensen 

(2005) found that 50% of the patients with CIP received an SSD diagnosis within a mean 

period of follow up of 5.9 years. The study of Crebbin, Mitford, Paxton, and Turkington 

(2009) found that in 35 first-episode psychosis (FEP) cases [FEP is when there is the 

presence of delusions, hallucinations, thought disorder, bizarre or distorted behaviour, 

NSs, mania, or clinical suspicion of psychosis and no previous contact with psychiatric 

services for the psychotic symptoms were yet placed (Kokona et al., 2017)], diagnosed 

with drug-induced psychosis, one third developed an SSD within 2 years. In a study by 

Caton et al. (2007) one fourth of the patients in the early-phase psychosis diagnosed with 

substance-induced psychosis received a primary psychotic disorder diagnosis after 1 

year. Some studies found that the use of Cannabis is associated with a 2-fold higher risk 

of developing psychosis (Henquet, Murray, Linszen, & van Os, 2005; Moore et al., 2007). 

Others found that the use of Cannabis generally precedes the development of these 

disorders, and provokes an early onset of SCZ. For example, Donoghue et al. (2014) 

found that Cannabis users developed SCZ 2.7 years earlier than non-users. If considering 

the daily use of high-potency Cannabis, it would increase this difference to 6 years (Di 

Forti et al., 2014). Stefanis et al. (2013) suggested that the early age of onset of psychotic 

disorders among users of Cannabis is not associated with the age per se, but with the 

period of use.  



22 
 

In a study by Kristensen and Cadenhead (2007), which involved 48 individuals at 

ultra-high risk, it was found that at 1-year follow-up, only 1 out of 32 subjects that had 

Cannabis or minimal use of Cannabis had converted to psychosis (3.1%), while 5/16 

(31.3%) met the criteria for Cannabis abuse or dependence. The use of Cannabis 

appears as a risk factor for the development of SCZ-like psychotic disorders (Henquet, 

Murray, et al., 2005; Moore et al., 2007), but among regular users, only 3% develop 

psychosis (Murray, Morrison, Henquet, & Di Forti, 2007). 

To answer the many existing questions about this association, many hypotheses 

have been proposed. One systematic review (Smit, Bolier, & Cuijpers, 2004) analysed 5 

population-based, longitudinal studies (Arseneault et al., 2002; Fergusson, Horwood, & 

Swain-Campbell, 2003; van Os et al., 2002; Weiser, Knobler, Noy, & Kaplan, 2002; 

Zammit et al., 2002) to address 5 hypotheses about this association. Two of them, 

regarding self-medication hypothesis and co-occurring drug use, were eliminated. The 

hypothesis of the cofounding effects needed more research to be ruled out potential. The 

last 2 hypotheses, one on the potential of Cannabis use to increase the risk of SCZ 

development, especially in vulnerable individuals, and on Cannabis unique contribution to 

the increased risk for SCZ, were considered viable.  

There is also the hypothesis of “window of vulnerability”, which postulates that the 

period of development and maturation is critical in the early adolescence where the brain 

is very susceptible to the psychotic effects of Cannabis (Radhakrishnan, Wilkinson, & 

D'Souza, 2014). This is a phase where many processes take place, such as neuronal 

migration and differentiation, synaptogenesis, axon formation, and dendritic proliferation, 

myelination, pruning, apoptosis, and the activity-dependent changes [these changes begin 

in the uterus and continuous to early 20s or later (Molina-Holgado et al., 2002)], and the 

use of Cannabis might disrupt these processes (Vindenes & Mørland, 2017).  

Many studies support the hypothesis found in the study of D’Souza, et al. 2004, 

which distinguishes between the exogenous hypothesis, where the cannabinoids like ∆9-

THC produce psychotic disorders by mechanisms extrinsic to the pathophysiology of 

naturally occurring psychoses, and the endogenous hypothesis, where the components of 

the ECS, like CB1, are dysfunctional, which contributes to the pathophysiology of SCZ (or 

some of its subtypes), perhaps unrelated to the cannabinoid ingestion.  

 Susser (1991) used the Hill (1965) criteria, which is strength, consistency, 

specificity, biological gradient, temporality, coherence, and plausibility, to distil 3 

properties that may define the causes for Cannabis potentially causing SCZ, as well as an 

exposition of 3 main criteria for establishing causality, which is the association, the cause 

and the disease appearing together. The temporal priority, the putative cause is present 
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before the disease, and the direction, changes in the putative cause lead to changes in 

the outcome, as opposed to being driven by a confounding 3rd variable.  

The stronger an association, the more likely is to have a casual component 

(Ramsay & Compton, 2011). So, the use of Cannabis has a weak but consistent 

association with psychotic disorders. In the review (of 7 prospective studies) of Henquet, 

Murray, et al. (2005) it was found that the effect persisted after the analysis was controlled 

for various potential confounding factors. Although this association is relatively weak 

compared to other casual risk factors for SCZ, some established environmental risk 

factors for SCZ, like obstetric complications during birth and a history of sexual abuse, 

have a similar effect size (OR: 2.0, CI: 1.6-2.4 and OR: 2.9, CI: 1.3-6.4, respectively) 

(Bebbington et al., 2004; Clarke, Harley, & Cannon, 2006). As it was mentioned above, 

the relationship between Cannabis use and psychotic disorders are consistent (Ramsay & 

Compton, 2011), but not only it is associated with SCZ, more broadly defined psychotic 

disorders, and psychotic symptoms, but Cannabis use has also been associated with 

greater schizotypy, which is a personality characterized by anhedonia, ambivalence, 

interpersonal aversiveness, body image distortion, cognitive slippage, and sensory, 

kinesthetics, or vestibular aberrations (Meehl, 1962; Rado, 1960), among undergraduate 

college students (Bailey & Swallow, 2004; Dumas et al., 2002; Nunn, Rizza, & Peters, 

2001; Schiffman, Nakamura, Earleywine, & LaBrie, 2005), as well as symptoms consistent 

with the prodrome (early or premonitory sign or symptoms of a disorder (American 

Psychiatric Association, 2013)) among adolescents (Miettunen et al., 2008).  

In terms of specificity, where the factor influences specifically a particular outcome 

or population (Ramsay & Compton, 2011), L. Arseneault, M. Cannon, J. Witton, and R. 

Murray (2004a) and L. Arseneault, M. Cannon, J. Witton, and R. M. Murray (2004b) 

observed that many studies indicate both specificity of the exposure (the use of Cannabis) 

and specificities of the outcome (SCZ and other psychosis-related outcomes) (Arseneault 

et al., 2002; van Os et al., 2002; Zammit et al., 2002).  

In the majority of studies that studied the temporal sequence of Cannabis use and 

psychosis, it was found that the first-episode patients reported initiating the use of 

Cannabis before the onset of psychotic symptoms, in some cases by several years 

(Bersani, Orlandi, Gherardelli, & Pancheri, 2002; Compton & Ramsay, 2009). And some 

studies found that many individuals with a recent-onset psychosis stated that they initiated 

the use before the first sign of the prodrome (Compton et al., 2009; Compton & Ramsay, 

2009).  

When it comes to the biological gradient, which is when the outcome increases 

monotonically with the increase of dose exposure or according to a function predicted by a 

substantive theory, larger doses, or longer exposure to Cannabis (particularly in early 
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adolescence) appears to be related with a higher risk for psychosis and an accelerated 

onset of psychosis (Ramsay & Compton, 2011). Many studies compare patients in 

dichotomized groups. They can be with the presence or absence of the use of Cannabis 

beyond a certain threshold or with the presence or absence of a Cannabis use disorder 

(Ramsay & Compton, 2011). Henquet, Krabbendam, et al. (2005) showed a dose-

response relationship between the use of Cannabis and psychotic outcomes, with odds 

ratio (OR) of developing psychosis gradually increasing with the frequency of use, ranging 

from 1.0 (CI: 0.5-1-9) among those using Cannabis once a month or less, to 2.6 (CI: 1.5-

4.3) among daily users.  

The biological plausibility is the observed association that can be reasonably 

explained by substantive explanations (Ramsay & Compton, 2011). And there are several 

possible mechanisms by which ∆9-THC might increase or cause positive, negative, and 

cognitive symptoms of SCZ (D'Souza et al., 2005; D'Souza, Perry, et al., 2004). For 

instance, the effect of cannabinoids on increasing mesolimbic dopaminergic activity might 

explain the fact that PSs can be induced by ∆9-THC (D'Souza, Cho, Perry, & Krystal, 

2004).  

Regarding the specific phenotypes (or endophenotypes), the administration of ∆9-

THC in healthy volunteers results in an impairment in visual information processing that is 

similar to those observed in individuals with SCZ or those who are at a high risk of 

developing the disorder (Koethe et al., 2006). Many researchers are studying several 

aspects of EC ligands, such as the CB1, and genetic polymorphisms that could further 

elucidate the biological plausibility of the association between Cannabis and psychosis 

(Ramsay & Compton, 2011). The randomized experiments are very important since the 

causation is more likely if the evidence is based on these types of experiments and the 

experimental administration of ∆9-THC is going to support the notion that this agent is 

going to induce various experiences like those observed in SCZ, that the observational 

one could not do (Ramsay & Compton, 2011). The ECS is involved in many important 

functions that are relevant to SCZ (Wobrock et al., 2011). For instance, CB1 is abundantly 

expressed at the presynaptic terminals in regions involved in cognition, specifically in 

learning and memory, in the hippocampus, the prefrontal cortex, the anterior cingulate, the 

basal ganglia, and the cerebellum (Wilson & Nicoll, 2002). The ECS (through anandamide 

and 2-AG) mediates the flow of information in the brain through retrograde signalling, 

modulating inhibitory and excitatory neurotransmitter release crucial for synaptic plasticity, 

depolarization-induced suppression of inhibition or excitation, long-term potentiation (and 

therefore learning), memory and other cognitive functions (Piomelli et al., 2000). So, this 

system interacts through the CB1 with various other neurotransmitter systems, including 
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the glutaminergic and dopaminergic systems, that have been implicated in the aetiology of 

SCZ (Piomelli et al., 2000).  

Although substantial findings strengthen the theory that Cannabis might have a 

causal effect in SCZ, not every study validates this concept. Other plausible theories have 

been proposed to explain this link (Ramsay & Compton, 2011). For example, Degenhardt, 

Hall, and Lynskey (2001) found that the incidence of SCZ and the age at onset did not 

change with trends in the use of Cannabis, as what should be expected by using 

mathematical models.  

Some data appears to fit well with the hypothesis that the use of Cannabis 

accelerates the onset of individuals with pre-existing vulnerabilities or is associated with 

psychosis either through reverse causality or shared diathesis (Ramsay & Compton, 

2011). 

About the reverse causality, it was proposed by Bersani et al. (2002) that Cannabis 

consumption might represent an effort to self-medicate in some to reduce NSs, rather 

than PSs. On the other hand, Henquet, Murray, et al. (2005) argues on this explanation 

for the association between Cannabis and psychosis, since many prospective studies 

found Cannabis being associated with later development of psychosis, even when 

excluding those individuals with early indicators of vulnerability. Another explanation is 

based on a shared diathesis between Cannabis and psychosis, since in the cohort study 

of Ferdinand et al. (2005) it was found that the use of Cannabis in youth predicted future 

psychotic symptoms, and psychotic symptoms in those who had never used Cannabis 

predicted future Cannabis use. So, some findings suggest a bidirectional effect, which 

might be supported by a shared genetic diathesis for the use of Cannabis and psychosis 

(Ramsay & Compton, 2011). 

The seeming casual effect suggested by the replicated association could have 3 

different directionalities: Cannabis use might cause psychosis; or in those individuals with 

underlying vulnerabilities, psychosis may make individuals more likely to consume 

Cannabis; and finally there is a shared diathesis that may underlie both outcomes 

(Ramsay & Compton, 2011). The first theory is viewed as the most probable explanation 

and is explored further below through a consideration of criteria for establishing causality. 

There are many studies about this association at different levels, from 

epidemiological studies (Allebeck et al., 1993; Andreasson et al., 1987; Andreasson et al., 

1989; Arseneault et al., 2002; van Os et al., 2002; Weiser et al., 2002; Zammit et al., 

2002), age of onset (Dekker et al., 2012; Donoghue et al., 2014; Galvez-Buccollini et al., 

2012; Sevy et al., 2010), brain physiology (Bhattacharyya et al., 2009; Delisi et al., 2006), 

post-mortem (Dean, Sundram, Bradbury, Scarr, & Copolov, 2001) and even genetic 
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relation (Bossong et al., 2009; Bossong et al., 2019; Caspi et al., 2005; Costas et al., 

2011; Lodhi et al., 2017; Zammit et al., 2007).  

Several findings indicate that Cannabis plays a causal role in the onset of psychosis 

(Ferdinand et al., 2005), many of them are large-scale epidemiological studies that give 

credibility to the allegation that Cannabis use may be a component cause of SCZ. The 

first study to find evidence in the association between Cannabis and SCZ was the study of  

Andreasson et al. (1987), a Swedish national cohort involving over 50,000 Swedish 

conscripts, where it was observed a dose-response relationship between the use of 

Cannabis at conscription and the diagnosis of SCZ, demonstrating a convincing dose-

relationship between the use of Cannabis and subsequent risk of SCZ. It was observed 

that young men (18 years old), self-reported as heavy Cannabis users, were 6 times more 

likely to be later diagnosed with SCZ. Although very few (3%) of heavy Cannabis users 

developed SCZ, it indicates that the use of Cannabis may increase the risk of developing 

SCZ only among individuals that are already vulnerable to develop psychosis, it supports 

the view that Cannabis might act as an independent risk factor for SCZ, and supports a 

dose-response relationship between Cannabis and SCZ diagnoses.  

 Zammit et al. (2002) did a follow-up study of the same cohort that showed that 

Cannabis users were 6.7 times more likely than non-users to be diagnosed with SCZ  27 

years later, even when controlled for potential confounding variables, concluding that the 

observations are consistent with a causal relationship between the use of Cannabis and 

SCZ.  

 van Os et al. (2002), found, in a study of 4,000 individuals in the general 

population, that those using Cannabis at baseline were nearly 3 times more likely to 

manifest psychosis 3 years later compared to non-users, even after controlling for 

potential confounders; it was also observed a dose-response relationship. They concluded 

that the use of Cannabis is an independent risk factor for the emergence of psychosis in 

psychosis-free people and that those with vulnerability to psychotic disorders are 

particularly sensitive to its effects, resulting in a poor outcome.  

 Arseneault et al. (2002) observed a general population birth cohort of over 1,000 

individuals. 10.3% of those using Cannabis at the ages between 15 and 18 had higher 

rates of being diagnosed with the schizophreniform disorder at age of 26 compared to 

non-users (3%), and the effect was stronger the earlier the use, concluding that the use of 

Cannabis in adolescence increases the likelihood of experiencing the symptoms of SCZ in 

adulthood.  

 In another birth cohort of 4,000 individuals, it was found that early initiation of 

Cannabis use (before age of 15 years) was linked with an increased risk of nonaffective 

psychosis. This association continued when assessed in sibling pairs, thus reducing the 



27 
 

likelihood that this relationship was driven by residual confounding due to unmeasured 

shared genetic and/or environmental influences (McGrath et al., 2010).  

The majority of the evidence suggests that the use of Cannabis is related to greater 

levels of PSs, since in the study of D'Souza et al. (2005) it was found that ∆9-THC 

transiently increases PSs in a sample of individuals with SCZ (Grech, Van Os, Jones, 

Lewis, & Murray, 2005; Van Mastrigt, Addington, & Addington, 2004; Wade et al., 2006). 

And in the study of Koen, Jonathan, and Niehaus (2009), the frequent use of Cannabis 

was related to an increase in hallucinations, delusions, thought disorders, and bizarre 

behaviours. Bersani et al. (2002), found that in a group of Cannabis users, the 

hallucinations were greater among those who started using Cannabis before the onset of 

SCZ and that this association was not present when comparing those who initiated after 

the onset of the illness. 

Several studies found that individuals that consistently consumed large amounts of 

Cannabis have an increased risk of developing SCZ-like symptoms later in life (Kuepper 

et al., 2011; Moore et al., 2007; Potter, Clark, & Brown, 2008; Radhakrishnan et al., 2014). 

In a study where it were investigated 280 cases presenting FEP, it was found that FEP 

was not more likely to occur in individuals who had used Cannabis or those that started to 

use earlier than the control group, but psychosis was indeed associated with a more 

frequent and long-lasting Cannabis use (Di Forti et al., 2009). Di Forti et al. (2014) also 

found that individuals that smoked Cannabis with high potency every day had the earliest 

onset of psychosis, compared to the group of individuals that never used Cannabis, as 

daily users had an average onset of psychosis of 6 years before the non-users.  

Many studies associate the use of Cannabis and the age of onset of psychotic 

symptoms (Ramsay & Compton, 2011). Some found that Cannabis users had an earlier 

age of onset of psychosis than non-users (Barnes, Mutsatsa, Hutton, Watt, & Joyce, 2006; 

Mauri et al., 2006; Van Mastrigt et al., 2004; Veen et al., 2004). Although the study of 

Gonzalez-Pinto et al. (2008) included patients with non-affective and affective psychoses, 

it was found a decrease in age at onset of psychosis of 7, 8.5, and 12 years in individuals 

with Cannabis use, abuse, and dependence, respectively, when compared with non-

users. 

Compton et al. (2009) found that there is an early progression to frequent premorbid 

Cannabis use associated with an early age at the onset of prodromal symptoms and 

psychotic symptoms. Arseneault et al. (2002) found that the earlier the use of Cannabis is 

initiated, the greater the risk of developing a psychotic disorder.  

In contrast, the study of Bersani et al. (2002), patients with SCZ that used Cannabis 

did not have a significantly younger age at onset of symptoms than non-users. Although 

Sevy et al. (2010) found that compared to non-substance-abusing first-episode patients, 
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those with a Cannabis use disorder had an earlier age at onset of PSs. However, this 

association did not persist when controlling for many other demographic and clinical 

variables, like gender and premorbid adjustment.  

Other studies suggested that the earlier the exposure to Cannabis, the greater the 

risk of a psychotic outcome (Arseneault et al., 2002; Casadio, Fernandes, Murray, & Di 

Forti, 2011; Di Forti et al., 2014; Sewell, Ranganathan, & D'Souza, 2009). The greater risk 

in those who started Cannabis use earlier can be due to the high cumulative exposure to 

Cannabis in early users and, adolescence is a period with an increased vulnerability to ∆9-

THC during the critical phases of brain maturation, like in early puberty (Casadio et al., 

2011; Copeland, Rooke, & Swift, 2013), since during adolescence the levels of ECs and 

cannabinoid receptors increase, with a peak in puberty (Schneider, Schomig, & Leweke, 

2008).  

With all the evidence available, it was suggested that premorbid Cannabis use is a 

component cause of SCZ, rather than being a sufficient cause or necessary cause, which 

means that it probably contributes to forming a complex casual constellation, along with 

other component causes, that lead to the disorder (Arseneault et al., 2004a; Arseneault et 

al., 2004b; Di Forti & Murray, 2005). Overall, the findings suggest that the use of Cannabis 

doubles the risk of developing SCZ in the long term (Arseneault et al., 2002; Arseneault et 

al., 2004b). But as pointed out by McGrath et al. (2010), the relationship is probably not 

unidirectional, as individuals that are vulnerable to developing psychotic disorders might 

be more likely to initiate the use of Cannabis, which could consequently contribute to an 

increased risk of disorder.  

There is a question that pertains to why only a small portion of individuals that use 

Cannabis develop psychotic symptoms or SCZ, but the use of Cannabis is conceptualized 

as a component cause rather than a sufficient cause, making its use act in conjunction 

with genetic susceptibilities or with other environmental risk factors (Di Forti & Murray, 

2005; Ramsay & Compton, 2011). So, Caspi et al. (2005) found that a functional 

polymorphism in the catechol-O-methyltransferase (COMT) gene moderated the influence 

of the use of Cannabis in adolescents on developing adult psychosis, particularly the 

carriers of the valine allele are more likely to develop psychotic symptoms and to develop 

the schizophreniform disorder if they had used Cannabis, but the use of Cannabis did not 

have those adverse influences on those with 2 copies of the methionine allele. Another 

study (Pelayo-Teran et al., 2010) found evidence that suggests that this same gene-

environment interaction might be related to the age at onset of psychosis among first-

episode patients. 

Arseneault et al. (2004b) reviewed 5 studies that included properly delineated 

samples drawn from population-based registers or cohorts and controlled for diverse 
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potential confounders (Andreasson et al., 1987; Arseneault et al., 2002; Fergusson et al., 

2003; van Os et al., 2002; Zammit et al., 2002), and computed a pooled OR of 2.3 (95% 

confidence interval (CI), 1.7-2.9).  

There is a SR that used 11 studies that examined the relationship between the use 

of Cannabis and psychosis, that found a pooled OR of 2.9 (95% CI: 2.4-3.6), which 

suggests that Cannabis use is an independent risk factor for psychosis and the 

development of psychotic symptoms in non-clinical samples (Semple, McIntosh, & Lawrie, 

2005). Two years later, Moore et al. (2007), reviewed 35 studies and revealed an 

increased risk of any psychotic outcome in non-user individuals, with a pooled adjusted 

OR of 1.4 (95% CI: 1.2-1.6), and results were consistent with a dose-response effect.  

There are several limitations in many studies conducted to date, that include the 

diversity of operationalizations of psychosis outcomes, the fact that measures of the use 

of Cannabis are usually based on self-report and not complemented by objective 

biological assays, potential confounding by the effects of other concurrently used drugs, 

and difficulty in ruling out the possibility that prodromal manifestations of SCZ precede 

Cannabis use (Arseneault et al., 2004b; Di Forti & Murray, 2005). 

There is a model that is very useful and explains how and why a subject develops 

SCZ, and that is the “gene x environment” interaction model, which includes the genetic 

and environmental risk factors, that combine to influence the risk of developing SCZ and 

psychotic disorders ( Schizophrenia Working Group of the Psychiatric Genomics, 2014; 

van Os, Rutten, & Poulton, 2008).  

Andreasen (2000) found that using neuroimaging techniques in brain abnormalities 

identified in SCZ, shows evidence for structural and functional impairment in multiple brain 

regions with a focus on the frontal cortex, temporal cortex, thalamus, hippocampal 

complex, basal ganglia, and the cerebellum. It was suggested that the abnormalities of the 

temporal lobe structures linked to the mesolimbic system is responsible for the cognitive 

and emotional disturbances that are common in SCZ (Shenton et al., 1992), meanwhile, 

the temporal volume reductions have been linked to clinical features (Gur et al., 2000).  

The reduction of the bilateral hippocampal size has been associated with memory 

deficits, and the decrease of the total volume of the superior temporal gyrus is related to 

the severity of thought disorder and auditory hallucinations (Barta, Pearlson, Powers, 

Richards, & Tune, 1990; Shenton et al., 1992).  

There has been suggested by neuroimaging studies that ∆9-THC might increase 

dopamine release in the nucleus accumbens, inhibiting, via CB1 activation, the release of 

glutamate on to GABAergic neurons that project from the nucleus accumbens to the 

ventral tegmental area. This lifts the inhibitory effect on the firing of dopaminergic neurons 

which project back to the nucleus accumbens (Pertwee, 2008).  Such a model explains 
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how ∆9-THC can affect dopamine levels in cerebral regions, including the striatum, which 

is implicated in the pathogenesis of psychotic symptoms and offers crucial information to 

understand the biology of CIP (Morrison & Murray, 2009). It also seems like ∆9-THC can 

exert opposite effects, such as stimulating or inhibiting the CNS transmission via the 

activation or blockade of the CB1 (Berrendero, Sepe, Ramos, Di Marzo, & Fernandez-

Ruiz, 1999). This model also fits with the findings that genetic variation at the AKT1 gene 

(a gene that influences post-dopamine 2 receptor signalling) renders some individuals 

more vulnerable to CIP (Di Forti et al., 2012; van Winkel, van Beveren, Simons, & Genetic 

Risk and Outcome of Psychosis (GROUP) Investigators, 2011). Englund et al. (2013) 

showed that by pre-treating healthy subjects with CBD, it reduces the ∆9-THC induced 

paranoia, and also inhibits the detrimental effects of the ∆9-THC on episodic memory. This 

can explain why the high potency Cannabis, which has high levels of ∆9-THC and almost 

no CBD, is related to the highest risk of psychosis (Di Forti et al., 2015; Di Forti et al., 

2009). 

There are specific genetic factors that may moderate the effects of the exposure of 

Cannabis on the risk for psychosis, the majority of available studies to date focus on the 

COMT gene, the neuregulin 1 gene, and the CB1 gene (D'Souza, Sewell, & Ranganathan, 

2009). The most noteworthy genetic interaction effect on Cannabis abuse and psychosis 

goes to the COMT polymorphism (Wobrock et al., 2011). COMT is an enzyme that is 

involved in the breakdown of dopamine in the synapse, and the functional polymorphism 

(Val108/155Met) of the COMT gene results in the 2 allelic variants influencing the efficacy 

of dopamine metabolism, especially in the prefrontal cortex (Meyer-Lindenberg et al., 

2006). The valine allele leads to higher expression of COMT and lower levels of dopamine 

in the prefrontal cortex, and the following increase in the dopamine levels in the midbrain 

neurons that projects to the ventral striatum (Meyer-Lindenberg et al., 2006).  

In the study of Henquet et al. (2006), it was found that carriers of the Val allele were 

more sensitive to ∆9-THC induced psychotomimetic effects than Met carriers, but only if 

they had prior evidence of psychometric psychosis liability. In another birth cohort study, it 

was found that carrying the COMT valine allele leads to a 5-fold higher risk to suffer from 

psychotic symptoms, and a 2-fold increase in the risk for SCZ in adults if they used 

Cannabis frequently in adolescence (Adler et al., 1982).  

The best predictions for the association between Cannabis use and psychotic 

symptoms can be, in summary, early age for initiating Cannabis use, frequent use, the 

high potency Cannabis (Di Forti et al., 2015; Di Forti et al., 2009), and genetic vulnerability 

(Caspi et al., 2005; Di Forti et al., 2014; Henquet, Murray, et al., 2005; van Winkel et al., 

2011).  
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2 Aims 

 

The present Dissertation aimed at collecting available scientific publications regarding the 

association of cannabinoids abuse and the incidence of SCZ, in the form of a systematic 

review. 

A comprehensive discussion of several types of human studies, from 

epidemiological to genetic findings, was conducted to evaluate the plausibility and 

causality of Cannabis use as a trigger of SCZ. 

 

3 Methods 

 

There are many types of studies, and they can be separated into primary and secondary 

studies. Primary studies can be subdivided into observational and experimental ones. The 

secondary studies comprise meta-analysis and systematic reviews. Both use the existing 

scientific literature on empirical data, compiling the most robust evidence into one 

theoretical study (Rodrigues, 2012). Meta-analysis as defined by Huque (1988) is ‘A 

statistical analysis that combines or integrates the results of several independent clinical 

trials considered by the analyst to be ‘combinable.’’, although this definition is still 

debatable. Meta-analysis portrays the statistical integration of separate studies (Egger & 

Smith, 1997), or a ‘statistical analysis of a large collection of analysis results from 

individual studies for the purpose of integrating the findings’ (Glass, 1976).  

On the other hand, the systematic review is described as a way to denote any 

review of the body of data that uses well-defined methods and inclusion/exclusion criteria, 

which may include a meta-analysis, appraisals of single trials, and other sources of 

empirical evidence (Egger & Smith, 1997).  

This systematic review was based on the work of Donato and Donato (2019), 

which determines the essential steps of the process of organizing a systematic review. 

The flow diagram presented on Figure 7 was designed according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, 

depicting the flow of data through the different phases, and maping out the number of 

identified records, included publications, and the applied exclusion criteria. As shown in 

Figure 7, the search engines used were PubMed, Scielo, Science.gov, BMC, Cochrane, 

and Google Scholar. Although the use of the latter database is controversial, it was used 

due to a large number of results retrieved. Some studies were obtained from other 

sources, including other systematic reviews and studies that could be pertinent to the 



32 
 

present work. For database, it was used a different combination of keywords, adapted to 

the search criteria of each engine. As shown in Figure 7, the keyword “Cannab*” was 

used, whenever allowed by the engine, so it would include every word starting with this 

term, such as Cannabis, cannabinoids, ∆9-THC, CBD, cannabivarin, and many others. 

Each combination of keywords was carefully selected in order to obtain the maximum 

results of each search engine.  

The exclusion criteria used for this systematic review were the following: 

duplicates; studies in idioms other than English, Portuguese and Spanish; conference 

abstracts or articles that were not fully available; animal studies; in vitro and in situ 

studies; studies comprising symptoms of SCZ other than PSs or psychosis; letters to the 

Editor; comments; reviews; meta-analysis; systematic reviews; research notes; studies on 

the treatment of SCZ or Cannabis-related complications; studies on SCZ remission; 

studies were Cannabis was not the main drug; postmortem studies; questionnaires; and 

studies focused on CIP but with no reference to SCZ diagnostics. 

A final total of 58 studies were included in this systematic review, which fully 

complied with the following inclusion criteria: human studies where the association of 

Cannabis use with SCZ was evaluated; studies on PSs and psychosis leading to a final 

the diagnosis of SCZ; papers in English, Portuguese, or Spanish. Unfortunately, due to a 

great amount of missing data, we were unable to complement our revision work with a 

meta-analysis. 



 
 

 

Figure 7 Flux Diagram on the search engines, repective key-words, exclusion criteria, and total number of studies included in this systematic review. SCZ; PSs; CIP.
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4 Results 

The main characteristics of the 58 studies included in this systematic review are 

presented in Table 2. 

 

4.1 Epidemiological studies 

 

Andreasson et al. (1987) aimed at evaluating the role of Cannabis as a causal factor for 

SCZ in the Swedish population, taking into account other factors that could act as 

confounders. They found a strong association between the level of Cannabis exposure 

and the development of SCZ. The risk of developing SCZ in the group of Cannabis users 

that used at least once compared to non-users was of 2.4-fold higher (95% CI: 1.8-3.3), 

while on those who used more than 50 times, the relative risk was 6.0 times higher (95% 

CI: 4.0-8.9). Two years later Andreasson et al. (1989) analysed the possible role of other 

drugs in causing SCZ, if Cannabis abuse preceded mental symptoms or vice-versa and 

what is the mode of onset and clinical course of SCZ in Cannabis abusers compared to 

controls, evaluating only participants from the Stockholm County. As in the previous study 

(Andreasson et al., 1987), they found a strong association between the level of Cannabis 

consumption and the treatment of SCZ. It was reported a relative risk of ddeveloping SCZ 

of 2.1 (95% CI: 1.1-3.8) in a group that used Cannabis at least once compared to non-

users, and for those who used more than 50 times it was 4.1 (95% CI: 1.8-9.3). Both 

studies support the view that Cannabis has a precipitating role in the development of SCZ, 

with an increasing potential dependent on the level of exposure. 

 Allebeck et al. (1993) attempted to analyse all cases of SCZ and other psychoses 

in the Stockholm County, assessing the clinical features of the psychotic outcomes 

identified and the temporal relation between the use of Cannabis and the first symptoms 

of psychosis. They found that from 229 cases that had a diagnosis of Cannabis 

dependence and psychosis, 112 of these were diagnosed with SCZ, and 69% of the 

cases had a record of heavy Cannabis abuse for at least 1 year before the onset of 

psychotic symptoms. Supporting the hypothesis that Cannabis is a risk factor for SCZ, 

they also found that Cannabis-associated SCZ often has a sudden and prominent PSs. 

Unfortunely the authors were not able to assess the risk of SCZ among Cannabis users 

compared with non-users.  



 
 

Table 2 - Characteristics of the studies included in the systematic review. 

Study Country Number of 

participants 

Age of the 

participants 

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Aas et al. (2018) Norway 1,016 18-65 years Patients with SSD (SCZ, 

schizophreniform disorder, 

schizoaffective disorder and other 

psychosis), with Bipolar disorder 

with or without history of psychosis 

(bipolar I, bipolar II, bipolar not 

otherwise specified) and healthy 

controls. 

Male 

(49.1%) and 

Female 

(50.9%) 

N.R. DSM-4 SCID-I and Affymetrix Genome-

Wide Human SNP Array 6.0.  

Addington and 

Addington 

(2007) 

Canada 203 Mean= 25 years  Subjects that were admitted to the 

Calgary Early Psychosis Program. 

Male (142) 

and Female 

(61) 

3 years DSM-4 SCID-I, PANSS, CDSS, Quality of 

Life Scale, PAS and Case Manager 

Rating Scale for Substance Use 

Disorder. 

Allebeck et al. 

(1993) 

Sweden 229 N.R. Inpatients in the Stockholm CARE 

inpatients CARE register. 

Male (192) 

and Female 

(37) 

12 years ICD-8 & 

DSM-3-R 

RDC. 

Andreasson et 

al. (1987) 

Sweden 45,570 18-20 years Swedish men conscripted for 

compulsory military service. 

Male 15 years ICD-8, & 

DSM-3 

Structured Interview, Psychological 

Tests and 2 Non-anonymous 

Questionnaires. 

Andreasson et 

al. (1989) 

Sweden 

(Stockholm 

County) 

7,695 18-20 years Sub-population of Swedish males 

conscripted for compulsory military 

service from Stockholm County. 

Male 15 years ICD-8 Structured Interview and 2 Non-

anonymous Questionnaires. 

Arendt et al. 

(2005) 

Denmark 535 patients 

2,721 controls 

N.R. Patients treated at a Danish 

psychiatric hospital with a 

diagnosis of CIPD. 

Male 

(441/1560) 

and Female 

(94/1161) 

> 3 years, 

with a 

Mean= 5.9 

years 

ICD-10 DPCR and Danish Cause of Death 

Registry. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants 

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Arendt et al. 

(2008) 

Denmark 7,085 15-50 years Data from the Danish Civil 

Registration System about history 

of psychiatric treatment in a first-

degree family member and 

patients treatment to psychotic 

symptoms. 

N.R. 11 years ICD-10 DCRS and DPCR. 

Barrigon et al. 

(2010) 

Spain 112 18-57 years Patients in their first episode of 

non-affective psychosis. 

Male (66) 

and Female 

(46) 

6 months DSM-4 SCID-I and CIDI. 

Bossong et al. 

(2015) 

The 

Netherlands 

17 20-44 years Healthy volunteers with previous 

experience of Cannabis use 

without significant adverse effects. 

Male (13) 

and Female 

(4) 

> 2 weeks N.R. Positron Remission Tomography. 

Boydell et al. 

(2007) 

United 

Kingdom 

757 > 16 years Cases of SCZ from the 

Camberwell Case Register 

between 1965-2004. 

Male (147) 

and Female 

(35) 

N.R. OCCPI RDC 

Buadze, Stohler, 

Schulze, 

Schaub, and 

Liebrenz (2010) 

Switzerland 10 26-53 years Patients fulfilling criteria for SCZ 

and for a current harmful use 

of/dependence from Cannabis. 

Male (8) and 

Female (2) 

1.5 hours ICD-10 Single, unstructured, in depth 

interviews that were later 

transcripted. 

Costas et al. 

(2011) 

Spain 

(Valencia & 

Santiago de 

Compostela) 

155 Mean= 34.2 & 

37.9 years 

SCZ Patients from Santiago de 

Compostela and SCZ patients 

from Valencia. 

Male and 

Female 

N.R. DSM-4 Medical Records and Genotyping. 

De Hert et al. 

(2011) 

Belgium 766 16-65 years Patients recruited through the 

outpaient and inpatient units at the 

University Psychiatric Centre. 

Male (472) 

and Female 

(294) 

3 years DSM-4 CIDI, CGI and GAF. 



 
 

Table 2- Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Degenhardt, 

Hall, and 

Lynskey (2003) 

Australia 8 birth cohorts 

of men and 

women born in 

1940–44 to 

1975–79 

15-60 years  Patients born between 1940 and 

1979. 

Male and 

Female 

30 years N.R. N.R. 

Dekker et al. 

(2010) 

The 

Netherlands 

36 16-28 years Male patients with SCZ from the 

open-ward inpatient and day-care 

units of the Adolescent Clinic of 

the Academic Medical Centre. 

Male N.R. DSM-4 CGI-Severity of Illness and GAF. 

Donoghue et al. 

(2014) 

United 

Kingdom 

143 18-64 years 

(<45 years) 

Potential cases from the  Aetiology 

and Ethnicity of Schizophrenia and 

Other Psychoses study, 

individuals with SCZ or 

schizoaffective disorder. 

Male (87) 

and Female 

(56) 

N.R. ICD-10 Personal and Psychiatric History 

Schedule, SCAN or Item Group 

Checklist, Clinical Case Notes and 

Interviews. 

Ermis et al. 

(2015) 

Turkey 74 18-65 years Patients diagnosed with SCZ and 

between ages of 18 and 65, some 

had a premorbid Cannabis use 

and others didn't. 

Male N.R. DSM-4-TR PANSS, Interview and Genotyping. 

Estrada et al. 

(2011) 

Spain 157 Mean= 17.01 

years 

Cannabis use profiles and COMT 

Val158Met genotypes from young 

Caucasian psychiatric inpatients 

with SSD or with non-psychotic 

disorders. 

Male (83) 

and Female 

(74) 

N.R. DSM-4-TR Semi-structured Interview based on 

the DIGS and DSM-4-TR. 

 

  



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants 

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

French et al. 

(2015) 

Canada & 

England 

1,577 12-21 years Adolescents recruited in the 

context of the Saguenay Youth 

Study. The first replication sample 

consisted of 504 male youth 

recruited from the Avon 

Longitudinal Study of Parents and 

Children. The second replication 

sample consisted of 426 

adolescents recruited in 8 

European cities. 

Male and 

Female 

N.R. N.R. MRI and IMAGEN 

Frisher, Crome, 

Martino, and 

Croft (2009) 

United 

Kingdom 

600,000 

patients/each 

study year 

16-44 years Patients from the General Practice 

Research Database. 

N.R. 10 years ICD General Practice Research 

Database, Oxford Medical 

Information Systems Codes, Read 

Codes and Office of Population and 

Census Statistics. 

Gage et al. 

(2017) 

United 

Kingdom 

308,993 N.R. 21 SNPs extracted from the SCZ 

PGC2 GWAS, a GWAS of 

educational attainment by the 

SSGAC and the GIANT. 

N.R. N.R. N.R. International Cannabis Consortium, 

PGC2, SSGAC, GIANT and 

PhenoScanner. 

Galvez-

Buccollini et al. 

(2012) 

USA (New 

York - 

Boston) 

57 18-40 years Individuals diagnosed with SCZ, 

schizoaffective disorder, 

schizophreniform disorder or 

psychosis not otherwise specified 

that used Cannabis before the 

onset  of psychosis. 

Male and 

Female 

N.R. N.R. DIGS and FIGS. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Gicas et al. 

(2021) 

Canada 424 Mean= 39.6 & 

43.4 years 

Subjects recruited from single 

room occupancy hotels in the 

Downtown Eastside 

neighbourhood of Vancouver. 

Male (328) 

and Female 

(96) 

N.R. DSM-4 PANSS, Time Line Follow Back 

Questionnaire, Hopkins Verbal 

Learning Test Revised, Stroop 

Color-Word Test, Rapid Visual 

Information Processing, Intra-

Dimensional Extra-Dimensional 

Subtest, Iowa Gambling Task and 

MRI. 

Giordano, 

Ohlsson, 

Sundquist, 

Sundquist, and 

Kendler (2015) 

Sweden 5,456 < 50 years All individuals in Sweden 

diagnosed with SCZ over the 

period 2000-2010 and individual 

without SCZ diagnosis from 1987 

to 2010. 

N.R. N.R. ICD Total Population Register, Multi-

Generation Register, the Swedish 

Hospital Discharge Register, the 

Out-patient CARE Register, the 

Swedish Crime Register and the 

Swedish Mortality Register. 

Goldberger et al. 

(2010) 

France 190 ≥ 18 years Male Caucasian patients with SCZ 

recruited from University 

Department of Psychiatry at Saint-

Anne Hospital. 

Male N.R. DSM-4 DIGS, PANSS, CGI, GAF and FIGS. 

Gutierrez et al. 

(2009) 

Spain 279 N.R. Patients with SCZ diagnosis and 

healthy individuals. 

Male (162) 

and Female 

(121) 

N.R. DSM-4 PANSS and 28-item General Health 

Questionnaire. 

Hambrecht and 

Hafner (2000) 

Germany 265 12-59 years People admitted to the psychiatric 

hospital for the first time with a first 

episode of SCZ or paranoid 

disorder and individuals without 

any history of SCZ or paranoid 

disorder. 

Male and 

Female 

N.R. ICD-9 IRAOS. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Helle et al. 

(2016) 

Norway 1,119 18-65 years Data from the patients recruited 

from the Thematically Organized 

Psychosis Study, the Early 

Treatment and Intervention in 

Psychosis study and the Bergen 

Psychosis Project 2, in some 

areas of Norway diagnosed 

according to DSM-4 and screened 

for substance use history. 

Male (688) 

and Female 

(431) 

N.R. DSM-4 SCID (modules A-E), Clinical Drug 

Use Scale, Clinical Alcohol Use 

Scale, PANSS and GAF. 

Hickman, 

Vickerman, 

Macleod, 

Kirkbride, and 

Jones (2007) 

United 

Kingdom 

Birth cohorts 

of men and 

women born in 

1945–49 to 

1985–89 

N.R. The modelling analysis used 

estimates of prevalence, incidence 

and trends in Cannabis use 

derived from the Offending and 

Criminal Justice Survey in England 

and Wales from 1970-2002 and 

from 1945-1984. 

Male and 

Female 

32 years N.R. Offending Crime and Justice Survey 

and Computer-assisted Self-

interviewing. 

Hiemstra et al. 

(2018) 

The 

Netherlands 

372 13-20 years Adolescents randomly selected 

from Secondary Schools. 

Male (57%) 

and Female 

(43%) 

N.R. N.R. Questionnaires. 

Hollis et al. 

(2008) 

United 

Kingdom 

135 14-21 years Participants recruited from a large-

scale study, all adolescents (non-

psychotic siblings of patients with 

adolescent-onset SCZ, healthy 

control adolescents and 

adolescents with Attention Deficit 

Hyperactive Disorder). 

Male (70) 

and Female 

(63) 

N.R. DSM-4 SCAN, SIPS, Psychosis Screening 

Questionnaire, Schizotypal 

Personality Questionnaire, Strengths 

and difficulties questionnaire and 

GAF. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Jain and 

Srivastava 

(2017) 

India 1 18 years Patient with history of traumatic 

brain injury, who later developed 

SCZ like symptoms soon after 

initiation of Cannabis use. 

Male 3 years N.R. N.R. 

James et al. 

(2011) 

United 

Kingdom 

60 13-18 years Adolescents with SCZ that used 

Cannabis and those who didn't 

and healthy adolescents. 

Male (40) 

and Female 

(20) 

N.R. DSM-4 K-SADS-PL, PANSS, FH-RDC, 

Wechsler Abbreviated Scale of 

Intelligence and Edinburgh 

Handedness Questionnaire. 

Kristensen and 

Cadenhead 

(2007) 

USA 48 12-30 years Individuals at risk for SCZ. Male and 

Female 

2 years DSM-4 SIPS, SCID-I, K-SADS-PL and the 

FH-RDC. 

Kumra et al. 

(2012) 

USA 115 10-21 years Adolescents with early-onset SCZ, 

with Cannabis use disorders, both 

and healthy controls. 

Male (61) 

and Female 

(54) 

N.R. DSM-4 & 

other 

MRI, SCID-I, Collateral Interview, 

WRAT-3 Reading Subtest and CPT-

IP. 

Lodhi et al. 

(2017) 

Canada 169 11-40 years Patients with a DSM-4 diagnosis 

that never used Cannabis and 

those who did use Cannabis. 

Male (119) 

and Female 

(50) 

N.R. DSM-4 Structured Clinical Interview for 

DSM-IV, SCID-I and Self-report 

Computerized Questionnaire. 

Malchow et al. 

(2013) 

Germany 77 18-40 years Fisrt-episode SCZ patients and 

healthy controls. 

Male and 

Female 

N.R. ICD-10 Structured clinical interview, PANSS, 

CGI, GAF, MRI and Proton Magnetic 

Resonance Spectroscopy 

Mallet, Ramoz, 

Le Strat, 

Gorwood, and 

Dubertret (2017) 

France 61 18-50 years Patients with SCZ that reported 

heavy Cannabis use before the 

onset of psychosis, those who 

didn't report such use and those 

that never used Cannabis.  

Male (48) 

and Female 

(13) 

1 year DSM-4-TR CDSS, National Adult Reading Test, 

DIGS, PANSS, GAF, Neurological 

Evaluation Scale, WCST, Rey–

Osterrieth Complex Figure Test, 

CVLT, Attention Network Test, Digit 

span Forward Test and the 

Backward digit span task. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Manrique-Garcia 

et al. (2012) 

Sweden 41,943 18-19 years Swedish males that were 

conscripted for compulsory military 

service. 

Male 35 years ICD-8, ICD-

9 & ICD-10 

2 Non-anonymous Questionnaires, a 

Structured Interview, a 

Psychological Test and IQ Test. 

Martin, 

Robinson, 

Reutens, and 

Mowry (2014) 

Australia 633 Mean= 22.3 

years 

Probands and relatives with a 

diagnosis with SCZ or 

schizoaffective disorder from two 

consecutive studies (MGS1 

(genome-wide linkage study) and 

MGS2 (genome-wide association 

study)). 

Male and 

Female 

12 months DSM-4 DIGS, FIGS, Medical Records and 

Lifetime Dimensions of Psychosis 

Scale. 

McGrath et al. 

(2010) 

Australia 2,575 18-23 years Women and their singleton 

offspring. 

Male and 

Female 

5, 14 and 

21 years 

ICD-10 Youth Self-Report, 21-item version 

of the Peters et al Delusions 

Inventory and CIDI. 

McHugh et al. 

(2017) 

Australia 190 14-30 years Individuals at ultra high risk for 

psychosis. 

Male (76) 

and Female 

(114) 

Mean= 5.0 

years 

(range 

2.4-8.7 

years) 

DSM-4 Comprehensive assessment of at-

risk mental states, GAF and SUQ. 

Monteleone et 

al. (2014) 

Italy 43 18-60 years Patients with SCZ and healthy 

controls. 

Male (32) 

and Female 

(11) 

N.R. DSM-4-TR SCID-I-P (Patient edition), PANSS 

and Symptom Onset in 

Schizophrenia, Clinical Records, a 

Questionnaire, and Structured 

Clinical Interview for DSM-4-TR, 

non-patient edition (SCID-I-NP). 

Nielsen et al. 

(2017) 

The 

Netherlands 

3,133,968 18-62 years Danish population. Male 

(1,618,840) 

and Female 

(1,515,128) 

N.R. ICD-8 & 

ICD-10 

DCRS, Danish National Patient 

Register, DPCR, Danish National 

Prescription Registry, National 

Alcohol Treatment Register and 



 
 

National Substance Abuse Register. 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Pasman et al. 

(2018) 

The 

Netherlands 

184,765 16-94 years Data from individuals of European 

ancestry from 16 cohorts from 

North America, Europe and 

Australia, data from the personal 

genetics company 23andMe Inc. 

and data from the UK Biobank. 

Male and 

Female 

N.R. N.R. GWAS, UK Biobank and 23andMe 

Inc.. 

Peters et al. 

(2009) 

The 

Netherlands 

56 Mean= 22.4 & 

22.6 years 

Male patients with SCZ, 

schizophreniform disorder, with 

schizoaffective disorder and 

healthy controls. 

Male N.R. DSM-4 Longitudinal Expert Assessment of 

Diagnosis procedure, Annett 

Handedness Questionnaire and 

MRI. 

Power et al. 

(2014) 

Australia 2,082 Sample 1: 23-29 

years; Sample 2: 

18-91 years. 

Healthy individuals. Male  N.R. N.R. Australian Twin Registry, GWAS and 

Semi-Structured Assessment of the 

Genetics of Alcoholism. 

Rodrigo et al. 

(2010) 

Sri Lanka 3,644 11-70 years Patients that received treatment in 

the Provincial General Hospital. 

Male 5-9 years ICD-10 Clinical Records and Self Report. 

Roos, Pretorius, 

Karayiorgou, 

and Boraine 

(2006) 

South Africa 341 Mean= 34.09 

years 

Subjects recruited by the 

Department of Psychiatry at the 

University of Pretoria. 

Male (209) 

and Female 

(132) 

N.R. DSM-4 DIGS. 

Sarrazin, 

Louppe, 

Doukhan, and 

Schurhoff (2015) 

France 171 Mean= 34.0 

years 

SCZ subjects with and without pre-

onset Cannabis use disorder. 

Male (114) 

and Female 

(57) 

N.R. DSM-4-R OCCPI, DIGS, FIGS, Montgomery 

and  Asberg Depression Rating 

Scale and Beck-Rafaelson Mania 

Assessment Scale. 

 

  



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Sevy et al. 

(2010) 

USA (New 

York) 

100 16-40 years First-episode SCZ subjects with 

Cannabis use disorder and first-

episode SCZ subjects without any 

substance use disorder. 

Male (69) 

and Female 

(31) 

3 years DSM-4 SCID-I, Schedule for Affective 

Disorders and Schizophrenia 

Change Version with psychosis and 

disorganization items, SANS, 

Hillside Clinical Trials version of the 

SANS, Simpson–Angus Rating 

Scale, Barnes Akathisia Scale, PAS, 

CPT-IP, Trail Making Test, WCST, 

WAIS-R digit span and digit symbol, 

Delayed Match to Sample Task, the 

Set Shifting Task, CVLT, Judgment 

of Line Orientation, WAIS-R, Block 

Design Subtest, and the WRAT-3. 

Shahzade, 

Chun, DeLisi, 

and Manschreck 

(2018) 

USA (New 

York City & 

Boston) 

178 18-40 years Healthy controls with Cannabis 

use and SCZ patients with 

Cannabis use. 

Male and 

Female 

N.R. Axis 1 

Psychotic 

Disorder 

DIGS and SIS. 

Sugranyes et al. 

(2009) 

Spain 116 15-35 years Patients suffering from a first 

episode of non-affective 

psychosis, these patients had first-

episode psychosis and 

subsequents diagnosis of SCZ. 

Male (76) 

and Female 

(40) 

1 year DSM-4 SCID-I. 

Vaucher et al. 

(2018) 

Switzerland 79,845 N.R. Recent and comprehensive review 

of the literature (published in 2016) 

and a meta-analysis from 2007 

and 10 leading SNPs from a 

recent GWAS. 

N.R. N.R. N.R. GWAS, Mendelian Randomization 

analyses and Egger Mendelian 

Randomization. 

 



 
 

Table 2 - Characteristics of the studies included in the systematic review (continued). 

Study Country Number of 

participants 

Age of the 

participants  

Participants Gender  

(% or n) 

Follow-up 

period  

Diagnostic 

system 

Assessment tool 

Veen et al. 

(2004) 

The 

Netherlands 

133 15-54 years Residents who made a first-in-

lifetime contact with a physician for 

a psychotic disorder during the 

time of recruitment. 

Male (97) 

and Female 

(36) 

N.R. DSM-4 IRAOS and Comprehensive 

Assessment of Symptoms and 

History. 

Welch et al. 

(2011) 

United 

Kingdom 

57 16-25 years People at high genetic risk of SCZ 

at the point of entry to the EHRS. 

Male (30) 

and Female 

(27) 

N.R. N.R. EHRS and MRI. 

Welch et al. 

(2013) 

United 

Kingdom 

55 16-25 years People at high genetic risk of SCZ 

at the point of entry to the EHRS. 

Male (30) 

and Female 

(25) 

N.R. N.R. EHRS, MRI and Tensor-based 

morphometry. 

Zammit et al. 

(2002) 

Sweden 50,053 18-20 years Swedish males that were 

conscripted for compulsory military 

service. 

Male 27 years ICD-8 & 

ICD-9 

IQ Tests, Non-anonymous 

Questionnaires and a Structured 

Psychological Interview. 

CARE; CDSS – Calgary Depression Scale for SCZ; CGI – Clinical Global Impression; CIDI – Composite International Diagnostic Interview; CIPD; COMT; CPT-IP – Continuous 
Performance Test – Identical Pairs version; CVLT – California Verbal Learning Test; DCRS – Danish Civil Registration System; DIGS – Diagnosis Interview for Genetic Studies; 
DPCR – Danish Psychiatric Central Register; DSM-3 – Diagnostic amd Statistical Manual of Mental Disorders, 3rd Edition; DSM-3-R – Diagnostic and Statistical Manual of 
Mental Disorders, 3rd Edition Revised; DSM-4 – Diagnostic and Statistival Manual of Mental Disorders, 4th Edition; DSM-4-TR – Diagnostic amd Statistical Manual of Mental 
Disorders, 4th Edition, Text Revised; EHRS – Edinburgh High Risk Study; FH-RDC – Family History Research Diagnostic Criteria; FIGS – Family Interview for Genetic Studies; 
GAF – Global Assessment of Functioning; GIANT – Genetic Investigation of Anthropometric Traits; GWAS – Genome-wide Association Study; ICD-8; ICD-9 - International 
Classification of Diseases, 9th Edition; ICD-10; IQ – Intelligence Quotient; IMAGEN – Project that uses brain imaging and genetics; IRAOS – Interview for the Retrospective 
Assessment of the Onset of SCZ; K-SADS-PL – Kiddie Schedule for Affective Disorders and SCZ; MRI – Magnetic Resonance Imaging; OCCPI – Operational Criteria Checklist 
for Psychotic Illness; PANSS; PAS – Premorbid Adjustment Scale; PGC2 – Psychiatric Genetics Consortium; RDC – Research Diagnostic Criteria; SANS – Scale for 
Assessment of Negative Symptoms; SCAN – Schedules for Clinical Assessment in Neuropsychiatry; SCID – Structured Clinical Interview for DSM-IV; SCID-I – Structured 
Clinical Interview for DSM-IV Axis I Disorders; SCZ; SIPS – Structured Interview for Prodromal Symptoms; SIS – Structured Interview for Schizotypy; SNP; SSD; SSGAC – 
Social Science Genetics Association Consortium; SUQ – Substance Use Questionnaire; UK – United Kingdom; USA – United States of America; WAIS-R – Wechsler Adult 
Intelligence Scale—Revised; WCST – Wisconsin Card Sorting Test; WRAT-3 – Wide, Range Achievement Test – 3rd Edition. 
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 Hambrecht and Hafner (2000) examined the prevalence, clinical characteristics 

and temporal sequence of SCZ and comorbid Cannabis abuse at early onset of 

psychosis, and they found that 27.5% of the first-episode schizophrenic patients have had 

a drug problem for over 1 year (more often over 5 years) before the first sign of SCZ. This 

group was named as the ‘vulnerability group’, which are thought to might suffer from 

chronic mental health deterioration caused by Cannabis.   

 Zammit et al. (2002) performed a follow-up study of the Andreasson et al. (1987) 

study, with a follow-up period of 27 years. Of 50,053 subjects, 362 were diagnosed with 

SCZ, 5,391 subjects (10.8%) had used Cannabis, and 73 of these (1.4%) developed SCZ. 

The risk of developing SCZ on Cannabis users was of 2.2 (95% CI: 1.7-2.8), and 1.5 (95% 

CI: 1.1-2.0) after adjustment to diagnosis at conscription, IQ score, poor social integration, 

disturbed behaviour, cigarette smoking, and place of upbringing. It was found a dose 

dependent relationship between the frequency of use of Cannabis and the risk of SCZ, 

with an OR of 6.7 (95% CI: 4.5-10.0) for the heaviest Cannabis users when compared to 

non-consumers. The association of Cannabis use and SCZ was greater in subjects 

admitted in the first 5 years after concription (adjusted OR=2.1; 95% CI: 1.2-3.7) 

compared with those admitted after 5 years (adjusted OR=1.2; 95% CI: 0.8-1.8). The 

frequency of the use of Cannabis was associated with SCZ in both the early onset group 

(adjusted OR=1.3; 95% CI: 1.1-1.6) and the later onset group (adjusted OR=1.2; 95% CI: 

1.1-1.3). This study found that, in early adulthood, Cannabis use increases the risk of 

developing SCZ, in a dose-dependent way. Furthermore, this relation was mantained 

even after restricting analysis to users of only Cannabis. This study did not find a 

correlation between Cannabis use and other mental illnesses, impling just an increased 

risk of developing SCZ.  

 Manrique-Garcia et al. (2012) assessed the psychotic outcomes of Cannabis use 

in adolescence and variation in risk over time. The OR for psychotic outcomes among 

frequent Cannabis users compared with non-users was 3.7 (95% CI: 2.3-5.8) for SCZ, 2.2 

(95% CI: 1.0-4.7) for brief psychosis, and 2.0 (95% CI: 0.8-4.7) for other non-affective 

psychoses. Subjects with the highest level of exposure to Cannabis had an approximately 

4-fold increase in risk of developing SCZ, confirming a dose-dependent association 

between the frequency of use and risk of onset of the disease. The risk of SCZ declined 

over the decades in moderate user, but in much lesser extent in frequent users. 

Furthermore, the presence of a brief psychosis did not increase risk of later SCZ onset in 

Cannabis users compared with non-users. The findings of this study confirms there is an 

increased risk of SCZ in a long-term perspective, although the risk declines over time in 

moderate users. There is little evidence that those with a Cannabis-induced psychotic 
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disorder have a greater risk of transition from brief psychosic episodes to SCZ compared 

with non-users. 

 Giordano et al. (2015) used a national-level data and a co-relative control design to 

investigate the causal nature of the association between Cannabis abuse and the 

subsequent SCZ diagnosis. The authors found that the mean time between registration for 

Cannabis abuse and the subsequent diagnosis of SCZ was approximately 7 years and 3 

months, and that Cannabis abuse was strongly associated with later SCZ diagnosis 

(OR=10.44; 95% CI: 8.99-12.11). This association was substantially attenuated both by 

increasing temporal delays between the exposure of Cannabis abuse and SCZ diagnosis, 

and by controlling for increasing degrees of familial confounding. Extrapolated discordant 

monozygotic pairs suggested that fully controlling for confounding familial factors reduced 

the association between the Cannabis abuse and later SCZ to more modest levels (OR of 

approximately 3.3 and 1.6 with 3 and 7 year temporal delays respectively). In conclusion, 

Cannabis abuse had an interesting causal impact on future risk for SCZ. However, the 

population-based estimates of Cannabis-SCZ comorbidity substantially overstimate their 

causal association.  

 Nielsen et al. (2017) investigated if the substance abuse increases the risk of 

developing SCZ, showing that a diagnosis of substance abuse increased the overall risk 

of developing SCZ (hazard ratio (HR)=6.04, 95% CI: 5.84-6.26). Cannabis and alcohol 

had the strongest associations (HR=5.20, 95% CI: 4.86-5.57; HR=3.38, 95% CI: 3.24-

3.53, respectively). The risk was found to be significant even 10-15 years subsequent to a 

diagnosis of substance abuse. In conclusion, the findings show a robust association 

between almost any type of substance abuse and an increased risk of developing SCZ 

later in life. 

 

4.2 Longitudinal studies 

 

Arendt et al. (2005) attempted to determine whether CIPD are followed by development of 

persistent psychotic conditions and the timing of their onset. They showed that, in a 3 year 

follow-up study, a total of 238 people (44.5%) diagnosed with CIP symptoms later 

developed a SSD, patients with an history of CIP developed SCZ at a significantly 

younger age (agreeing with the findings of Veen et al. (2004)), and for the majority of 

patients, CIP symptoms proved to be a starting point for the development of SSD or other 

severe psychopathology. In another study, Arendt et al. (2008) aimed at establishing the 

rate ratios of developing CIP associated with predisposition to psychosis and other 

psychiatric disorders in a first-degree relative and comparing them with rate ratios for 



48 
 

developing SSD. The authors found that about half of the subjects that received treatment 

for CIP developed SSD within 9 years after treatment, but in terms of ratio there were no 

differences for those who developed SSD and other psychiatric disorders by having an 

history of CIP or not. So, the findings in this study indicate that CIP might not be a valid 

diagnosis but an early marker of SCZ. 

 Kristensen and Cadenhead (2007) examined the rate of use of Cannabis among 

participants in the Cognitive Assessment and Risk Evaluation (CARE) Program and 

explore the conversion of substance abuse to psychosis. After a 1 year follow-up study, 6 

of 48 at-risk subjects made a transition to psychosis, and of those that became psychotic, 

3 developed SCZ. It was also found that of the 32 individuals that did not use or had 

minimal use of Cannabis, 1 developed psychosis, while of the 16 subjects that abused or 

where dependent of Cannabis, 5 converted to psychosis, depicting a significant 

association between the abuse of Cannabis and the development of psychosis. 

To determine the prevalence of substance use and its impact on outcome, 

Addington and Addington (2007) followed over the course of 3 years the presentation for a 

FEP. They found that, as the impact of Cannabis was limited to PSs, this substance may 

have its impact by moving an otherwise vulnerable population from an at-risk state of 

psychosis. 

 

4.3 Birth cohorts studies 

 

Degenhardt et al. (2003) wanted to model the impact of rising rates of the use of Cannabis 

on the incidence and prevalence of psychosis. And it was found an increase of prevalence 

of Cannabis in Australia with a corresponding decrease in the age of initiation of the use 

of Cannabis throught out the past 30 years, although there was no evidence of a 

significant increase in the incidence of SCZ over the same 3 decades. The data on the 

trends of the age of onset of SCZ also didn’t show a clear pattern. The Cannabis use 

among people with SCZ has been found to be more common compared to the general 

population. So, in conclusion this study showed that the use of Cannabis does not appear 

to be causally related with the incidence of SCZ, since there is no evidence to say 

otherwise, but its use might precipitate disorders on people who are vulnerable to 

psychosis, and it also worsens the disorder in those who already had it. 

 The study of Hickman et al. (2007) aimed to estimate the long-term trends in the 

use of Cannabis and projections of SCZ, assuming a causal relation between the use of 

Cannabis and SCZ. Unfontunately they couldn’t provide a direct evidence on whether the 

use of Cannabis causes SCZ, but appears to confirm substantial increases in the use of 
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Cannabis in the United Kingdom population for the last 30 years, and suggest a prolonged 

use initiated in younger ages. Between 1970 and 2002 the exposure to Cannabis has 

increased, it’s incidence increased by 4-fold, the period prevalence increased by 10-fold, 

and its use in yougsters under 18 year old by 18-fold. But in 2010 the model projections, 

assuming that there is a link between SCZ and light and heavy use of Cannabis, suggest 

that about one-quarter of new SCZ cases could be due to the use of Cannabis, so if the 

association is 2-fold and only in heavy Cannabis users, then about 10% of the SCZ cases 

might be caused by the use of Cannabis. In conclusion, if the use of Cannabis causes 

SCZ, and other causes are inchanged, then an increase in both prevalence and incidence 

of SCZ should be apparent by 2010. 

To explore the association between the use of Cannabis and psychosis-related 

outcomes McGrath et al. (2010) used a sibling pair analysis from a prospective birth 

cohort. And he found that the duration since first Cannabis use was associated with all 

psychosis-related outcome, and for those with of 6 or more years of duration since first 

Cannabis use were 2 times more likely to receive a diagnosis of nonaffective psychosis, 

which is having an increased risk of developing a nonaffective psychosis, they also were 4 

times more likely to being the highest quartile of Peters et al Delusions Inventory score 

and 2 times more likely to have hallucinations. In conclusion the longer the duration since 

the first time using Cannabis, the higher the risk of developing a nonaffective psychosis, 

supporting the hypothesis that early use of Cannabis is a risk-modifying factor for 

psychosis-related outcomes in young adults. 

 

4.4 Schizophrenia spectrum disorder and retrospective studies 

 

Due to the known association between Cannabis use and SCZ, Frisher et al. (2009) 

assumed that the prevalence of SCZ would increase as the use of Cannabis also 

increases, in the United Kingdom, from 1990 onwards, but between 1996 to 2005 the 

incidence and prevalence of SCZ and psychoses were either stable or declining. So, this 

study doesn’t support the specific casual link between the use of Cannabis and the 

incidence of psychotic disorders. 

 Rodrigo et al. (2010) asseesed the characteristics of the use of Cannabis and its 

association with SSD, they found that in the lifetime Cannabis user group, 47 patients 

(45.6%) were diagnosed with SSD during the follow-up, and 43 of them were diagnosed 

with SCZ. The relative risk of a lifetime Cannabis user to develop a SSD was 3.05 (95% 

CI: 2.44-3.82) compared to non-users, but when only males were considered, it was 2.91 

(95% CI: 2.31-3.68). Both being statistically significant. Two of the 4 first time users 
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developed SSD during the follow-up. Forty three patients (91.5%) used Cannabis before 

the diagnosis of SSD. Seven out of the 17 of the patients diagnosed with CIP, were 

subsequently diagnosed with SSD. So, in conclusion lifetime Cannabis users and the 

male gender were significantly associated with SSD, and the use of Cannabis might be 

one risk factor for SSD.  

 To find out if subjects without pre-onset Cannabis use disorder would have a 

higher familial genetic liability to SCZ than SCZ subject with pre-onset Cannabis use 

disorder Sarrazin et al. (2015) used an Opperational Criteria Checklist for Psychotic 

Illness in SCZ subjects with and without pre-onset Cannabis use disorder. The author 

found similar results in symptoms patterns or family history between patients with and 

without pre-onset Cannabis use disorder. The results clearly argue against Cannabis-

associated SCZ being a relevant distinct clinical entity of SCZ with specific features and 

does not support the hypothesis of Cannabis associated SCZ being a distinct nosographic 

entity. 

 Shahzade et al. (2018) investigated if the adolescence use of Cannabis is a risk 

factor for SSD, and they found that individuals that started to use Cannabis for treating 

psychiatric discomfort purposes began doing it earlier and had a greater associated risk 

than those who started for recreational purposes. It was also observed that the 

sedation/treatment for PSs and stimulation/treatment of NSs were positively associated 

with receiving an SSD diagnosis, supporting the hypothesis that motives for introductory 

use of Cannabis signal and increase SSD risk. The data revealed that a big contributing 

factor was the treatment of PSs, followed by treatment for NSs, then recreation, and finally 

social use, these indicates that the motives for the use of Cannabis fit a hierarchical 

structure, which might explain their individual contributions to SSD symptomatology. In 

conclusion, this study found that early use of Cannabis not only increases the overall risk, 

but also signals and ampliflies many of the most impairing symptoms. 

 

4.5 Age of onset studies 

 

Veen et al. (2004) wanted to assess the independent influences of gender and the use of 

Cannabis on Dutch patients with SCZ. They found that, male Cannabis users had a mean 

of 6.9 years younger at the illness onset than male non-users, supporting an association 

between the use of Cannabis and an earlier age at first psychotic episode in male SCZ 

patients. The median age at onset of NSs for non-users male patients was 26.5 years, 

while in females was 41.6 years. In Cannabis users the median age at onset of negative 
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symptoms was 23.7 years, while in non-users was 38.4 years. Concluding that Cannabis 

use was a stronger predictor than gender of age at first psychotic episode. 

 Roos et al. (2006) collected information from a genetic database of Afrikaners with 

SCZ, so that they could understand the link between the use/abuse of Cannabis and SCZ. 

With that information thay discovered that males with Cannabis use/abuse had an earlier 

age at onset of illness (22.7 years) compared to non-users/abusers males (24.4 years). 

So, this study concludes that Cannabis use/abuse was more common in male subjects 

with SCZ, and that affects the age at onset of illness. It also found that approximately half 

of the male SCZ subjects and a quarter of the female SCZ subjects had used or abused 

Cannabis. 

 Sugranyes et al. (2009) aimed to determine the prevalence of the use of Cannabis 

and to evaluate the relationship between the use of Cannabis and the age at onset of 

psychosis. They found that the age of the first treatment decreased as the degree of use 

of Cannabis increased, while post-hoc analysis showed that the use of Cannabis was 

associated with a decrease in age at first treatment, the mean decrease was 1.93 years. 

This concludes that in patients with a FEP, the age of onset of SCZ was lower in those 

with a Cannabis use history, also the age at onset of the disease correlated with the 

Cannabis use frequency. So this study agrees with others authors on the suggestion that 

Cannabis act as a contributing cause triggering psychosis in vulnerable individuals.  

 Barrigon et al. (2010) assessed the hypothesis that the use of Cannabis is 

associated with an earlier onset of psychosis, especially in adolescence, and they found a 

dose-response relationship between Cannabis age at onset of its heaviest use and the 

age at onset of psychosis treatment, the earlier the age at onset of its heaviest use the 

earlier the age at onset of psychosis treatment. After 6 months the patients were re-

evaluated and 69.6% (78/112) developed SCZ. The data showed that the age at onset of 

psychosis treatment of patient with an history of Cannabis use 23,5 years and for patients 

without it was 33,5 years. The age at onset of psychosis treatment in patient with 

Cannabis use history was earlier than for patients without a history. In the patients that 

developed a non-affective psychosis, the hazard of having their FEP at a particular age 

had an increase by 3 in Cannabis users compared to non-users. The heaviest use in 

adolescence had a higher risk of an earlier age at onset of psychosis treatment compared 

to having its heaviest use at a later age or compared to non-users patients. This study 

concludes that the evidence corrobors with the catalytic role of the use of Cannabis in the 

onset of psychosis, since the patients with a Cannabis use history had a higher chance of 

having a FEP than the other patients. And it also agrees to that psychosis is caused by 

interaction of genetic factors and environmental events, like Cannabis use. 
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 The purpose of the study of Sevy et al. (2010) was to determine if an earlier age at 

onset of PSs in SCZ was associated with a Cannabis use disorder. This study found that 

75% of subjects with Cannabis use disorders had Cannabis use disorders before the 

onset of PSs, these subjects had an early age of onset of PSs and less motor 

abnormalities but more severe hallucinations and delusions compared to non Cannabis 

use disorder subjects, So, althought the use of Cannabis preceeded the onset of illness in 

most subjects, there was no significant association between the onset of illness and 

Cannabis use disorders. So, the findings of this study suggest that there are common risk 

factors for Cannabis use disorders and a poor prognosis of SCZ.  

 De Hert et al. (2011) wanted to investigate if the frequently reported association 

between the use of Cannabis and the age of onset differed as a fuction of psychiatric 

diagnosis, and what he found was that the use of Cannabis and a diagnosis of SCZ 

predicted an earlier age at onset. In 95.4% of the cases the fist Cannabis use preceded 

the disease onset and in the period of most intense use preceded first admission in 

87.1%. So, in the end the author found that the use of Cannabis might decrease the age 

at onset in SCZ and reduce the effect of diagnosis, supporting the view where Cannabis 

use may unmask a pre-existing genetic liability that is partly shared between patients with 

SCZ.  

 Galvez-Buccollini et al. (2012) tested whether the onset of use of Cannabis had an 

effect on the initiation of psychosis in subjects of Boston, and it was found that, after 

adjusting for potential confounding factors, the age at onset of Cannabis was significantly 

associated with age at onset of psychosis (β=0.4, 95% CI: 0.1-0.7) and age at first 

hospitalization (β=0.4, 95% CI: 0.1-0.8). The mean time between the initiation of Cannabis 

use and the onset of psychosis was 7.0±4.3, where the most common diagnoses were 

SCZ and schizoaffective disorder. In conclusion, the age at onset of Cannabis is directly 

associated with age at onset of psychosis or age at first hospitalization, these association 

remain significant even after adjusting for potential confounding factors. Although 

Cannabis is not sufficient or necessary to trigger SCZ, but this findings are consistent with 

the hypothesis that Cannabis could cause or precipitate the onset of psychosis after 

prolonged period of time,  

 Donoghue et al. (2014) examined the interaction effect of gender and the use of 

Cannabis on age of onset of SCZ and schizoaffective disorder. And they found that 

Cannabis users had an ealrier age of first symptoms than non-users. The gender 

difference in age of onset was diminished in Cannabis smokers compared with non-

Cannabis smokers. The model that includes the Cannabis use interacting with gender was 

the most parsimonious model, followed by the use of Cannabis alone. So, in conclusion, 
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the use of Cannabis is associated with an earlier age of onset of SCZ, and the gender 

difference in age of onset is reduced among Cannabis smokers. 

 Martin et al. (2014) investigated the clinical symptomatology and substance abuse 

rates in patients with large, rare deletions and duplications compared with SCZ patients in 

general. And the author found that patient with large, rare deletions had significantly less 

Cannabis abuse rates and an age at onset later than those without large, rare deletions. 

There was an interaction between Cannabis abuse, duplication status, and age at onset, 

with Cannabis abuse resulting in an earlier age at onset only in those without a large, rare 

duplication. Patients with a large, rare duplication had a later onset age for Cannabis 

abuse/dependence. In conclusion the SCZ patients with large, rare deletions were less 

likely to have comorbid Cannabis abuse over their lifetime. This findings supports a 

threshold model of risk with those carrying a SCZ-associated copy number variation less 

reliant on environmental insults. The patients with large, rare duplications were protected 

against earlier onset of SCZ in the presence of comorbid Cannabis abuse in addition to 

later onset of Cannabis abuse itself. 

 Helle et al. (2016) aimed to examine the relationship between the use of substance 

and the age at onset, in addition to the influence of possible confounders, in SSD, and to 

examine the effect of specific substance use, such as Cannabis and other substances, on 

this relationship. The patients with substance use (627) had about 3 years earlier age at 

onset (23.0 years) than the abstinent group (492; 25.9 years), making it a variance in age 

at onset of 2.9 years. Only the use of Cannabis was statistically significantly related to 

earlier age at onset. The findings emphasizes Cannabis as an environmental factor 

associated with 3 years earlier age at onset of psychosis. 

Mallet et al. (2017) examined the association between the heavy use of Cannabis 

before the onset of psychosis and clinical, neuropsychological and neurological 

symptoms, including neurological soft signs. It was found that patients with heavy use of 

Cannabis before the onset of psychosis had significantly less neurological soft signs, less 

NSs and a better cognitive functioning in different domains. This study supports the 

clinical, neuropsychological and neurological specifcity associated with the heavy 

Cannabis use before the onset of SCZ. Patients with heavy use of Cannabis before the 

onset of SCZ might exhibit later neurodevelopmental impairment than those who do not 

report such use. In this group of patients, Cannabis might have played a causal role in a 

gene-environment interaction leading to SCZ. 

 

4.6 Brain imaging studies 
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Peters et al. (2009) wanted to determine if the use of Cannabis during early adolescence 

was associated with white matter abnormalities in SCZ patients. They found that patients 

that used Cannabis before the age of 17 showed an increase directional coherence in the 

bilateral uncinate fasciculus, anterior internal capsule and frontal white matter, while it 

wasn’t found in patients that didn’t use Cannabis before the age of 17, making these 

abnormalities not related to lifetime doses of Cannabis or other illicit drugs. These findings 

might represent a subgroup of SCZ patients with increased white matter directional 

coherence, which might reflect a structural hyperconnectivity. However they couldn’t 

determine whether the results were specifically related to the use of Cannabis before the 

age of 17 or the hard drug use, since there was a high overlap between the patients 

groups. The findings of this study might reflect an effect of Cannabis on brain 

development during adolescence or a direct effect of illicit drugs on the brain, it also 

confirms partially the hypothesis that the use of Cannabis during the early adolescence is 

associated with abnormalities in the white matter of SCZ patients, they also are 

considered as evidence for hyperconnectivity in some SCZ patients. The connectivity is 

the structural connections between the brain areas that is directly related to the neural 

communication between the areas, and hyperconnectivity means more efficient 

hardwiring, which results in increased functional communication. In conclusion this found 

an increased anisotropy in recent-onset SCZ patients with start of Cannabis use before 

age 17 and patients with hard drug use, it also supports the hypothesis that patients with 

SCZ and early illcit drug use have specific clinical characteristics, and possible different 

pathophysiological mechanisms, leading  to both ilegal substance use and SCZ. 

 To test the hypothesis that the use of Cannabis in early adolescence in male 

patients with SCZ is related with abnormalities in white matter structure integrity, Dekker 

et al. (2010) used a high resolution structural and diffusion tensor brain images to 

compare groups of patietns. Dekker et al. (2010) found that, in patients that never used 

Cannabis there was reduced white matter density and reduced fractional anisotropy in the 

splenium of the corpus callosum compared with patients that used Cannabis before the 

age of 15 years. So this study shows that the age of onset of Cannabis use is not a 

identifiying factor for white matter abnormalities in patients with SCZ, but it also indicates 

that the patient that never used Cannabis have a more vulnerable brain structure. 

 Welch et al. (2011) examined the effects of Cannabis on longitudinal thalamus and 

amygdala-hippocampal complex volumes within a population at high risk of SCZ. He 

found that the exposure of Cannabis was related with a bilateral thalamic volume loss, this 

loss was significant on the left, but highly significant on the right. The effects in the 

amygdala-hippocampal complex were non-significant. In conclusion, this study found a 

reduction on the thalamic volume in a population at high familial risk of SCZ that 
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consumes Cannabis, but is not seen in those who are at high familial risk of SCZ that 

remained Cannabis-free through out the inter-scan interval. Two years later Welch et al. 

(2013) wanted to extend previous findings, and for that they used an automated image 

analysis technique to compare longitudinal brain structural changes in subjects with high 

risk that used or not used Cannabis during the time between the scan. Welch et al. (2013) 

and colleagues focused in brain regions known to be abnormal in SCZ, like hippocampi, 

the prefrontal lobes and the thalami, and they found that the exposure to Cannabis by 

individuals at elevated risk for SCZ was associated with a significantly greater loss of right 

anterior hippocampal and left superior frontal lobe of the grey matter. These findings 

remained even after the exclusion of individuals who had used other drugs during the 

inter-scan interval. This study demonstrates an association between Cannabis use and 

grey matter loss in currently well people at familial risk of developing SCZ, and it also 

provides evidence that, in genetically vulnerable individuals at least, the use of Cannabis 

is an important factor influencing regional brian volumes. 

 The objective of James et al. (2011) was to study the grey and whitte matter 

changes in patients with adolescent-onset SCZ with the early use of Cannabis and without 

Cannabis use versus controls. The author found that the users of Cannabis showed grey 

matter density loss in temporal fusiform gyrus, parahippocampal gyrus, ventral striatum, 

right middle temporal gyrus, insular cortex, precuneus, right paracingulate gyrus, 

dorsolateral prefrontal cortex, left postcentral gyrus, lateral occipital cortex and cerebellum 

compared with the non-users. Another comparison showed decreased fractional 

anisotropy in particular brain stem, internal capsule, corona radiata, superior and inferior 

longitudinal fasciculus in Cannabis users patients, but no cognitive differences between 

users and non-users, although both were impaired in comparison with controls. So, the 

use of Cannabis in the early adolescence increases the white and grey matter deficits in 

the adolescent-onset of SCZ, but doesn’t increase the cognitive deficit associated with this 

illness. 

 Kumra et al. (2012) examined the bias of the comorbility of early-onset SCZ and 

Cannabis use disorder. They observed a significant early-onset SCZ by Cannabis use 

disorder interaction. In the left superior pariental region, both subjects of the early-onset 

SCZ and the Cannabis use disorder groups had smaller grey matter volumes that were 

associated with lower surface area compared with healthy controls. It was observed a 

similar alteration in the comorbid group compared with healthy controls, but there was no 

additive volumetric deficit found in the comorbid group compared with the separate 

groups. In the left thalamus, the comorbid group had smaller grey matter volumes 

compared with the Cannabis use disorder and healthy control groups. And among 

adolescent with pure SCZ, smaller cortical surface area in the left superior parietal cortex 
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was associated with worse performance on the Continuous Performance Test-Identical 

Pairs. In several cortical regions, Cannabis use was associated with larger brain volumes 

in adolescents with SCZ, but smaller brain volumes in healthy controls. In the right and left 

hippocampus, the use of Cannabis was associated with larger brain volumes in 

adolescents with SCZ, but no distinguishable effect in healthy controls. So, in conclusion, 

the findings indicate that the presence of Cannabis use disorder might moderate the 

relationship between early-onset SCZ and cerebral cortical grey matter structure in the left 

superior pariental lobe. They could not observe a correlation between brain volumetric 

measures and the timing (onset of Cannabis use) and/or quantity of Cannabis exposure. 

 Malchow et al. (2013) investigated the effects of previous Cannabis abuse and 

increased familial risk on subcortical brain regions such as hippocampus, amygdala, 

caudate nucleus, putamen, thalamus and subsegments of the corpus callosum. And they 

found that SCZ patients displayed decreased volumes of the left hippocampus, bilateral 

amygdala and caudate nucleus as well as an increased area of the midsagittal corpus 

callosum one segment of the corpus callosum compared to healthy controls. The patients 

that fullfilled the criteria for Cannabis abuse at admission showed an increased area of the 

corpus callosum two segments compared to those who did not fulfill the criteria. Patients 

with a family history of SCZ combined with previous Cannabis abuse as environmental 

factor. Patients with Cannabis abuse also had higher ratios of N-acetyl aspartate/choline 

in the left putamen, suggesting a possible neuroprotective effect in this area.  

 Gicas et al. (2021) aimed to examine how early exposure to Cannabis (by age 15) 

compared to later first use (after age 15) affected the expression of adult psychosis. Gicas 

et al. (2021) and colleagues found that early exposure to Cannabis was associated with a 

increased risk (OR: 1.09) of developing a substance-induced psychosis, whereas the later 

first use increased risk (OR: 2.19) of developing SCZ or schizophreniform disorder. There 

was no differences observed in the neurocognitive function, although it was observed 

differences in the volume of the left lateral orbitofrontal cortex (it was larger in early first 

users) and indices of white matter tract integrity (the later first use had increased mean 

and axial diffusivity in multiple pathways). All of this indicates that early exposure to 

Cannabis might increase the risk of developing drug associated psychoses, which could 

potentially be mediated in part through altered neurodevelopmental brain changes. 

 

4.7 Physiological studies 

 

Monteleone et al. (2014) investigated the saliva cortisol awakening response on SCZ 

patients onset after Cannabis exposure comparatively to patients with SCZ onset without 
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the exposure of Cannabis and healthy controls. This study found that SCZ patients with 

Cannabis exposure, the exposure ocurred from 6 months to 10 years before the onset of 

the illness with a frequency ranging from 1 to 4 times/week. And that SCZ patients with 

Cannabis exposure exhibited significantly enhanced baseline saliva cortisol levels and a 

flattened the cortisol awakening response. It wasn’t detected a significant abnormality in 

both baseline cortisol levels and cortisol awakening response in SCZ patient without 

Cannabis exposure. All of this demonstrates a dysregulation of the hypothalamus-

pituitary-adrenal axis in chronic schizophrenic patients whose illness started after the 

exposure of Cannabis but not in those with an illness onset without Cannabis exposure. 

 Bossong et al. (2015) had the objective to assess the effect of a ∆9-THC challenge 

on human striatal dopamine release in a large sample of healthy participants. And, they 

found that the ∆9-THC administration induced a reduction in [11C]raclopride binding in the 

limbic striatum (-3.65%, from 2.39±0.26 to 2.30±0.23). This is consistent with increased 

dopamine levels in this region. There was no significant differences between ∆9-THC and 

placebo were found in other striatal subdivisions. In the end, this study provides evidence 

for a modest increase in human striatal dopamine transmission after administration of ∆9-

THC compared to other drugs of abuse. The findings suggests a limited involvement of 

the ECS in regulating human striatal dopamine release and thereby challenges the 

hypothesis that an increase in striatal dopamine levels after Cannabis use is the primary 

biological mechanism underlying the associated higher risk of SCZ. 

 

4.8 Genetic studies 

 

Gutierrez et al. (2009) explored the possible interaction between Cannabis consumption, 

COMT gene variability and the risk of SCZ. The findings in this study supports a firm 

association between the consumption of Cannabis and SCZ, this association was seen in 

both genders, but the magnitude of the effect was greater in women. The interaction 

between Cannabis consumption and COMT gene variability in the increased risk of SCZ 

was only detected in women. 

 Estrada et al. (2011) wanted to examine whether age at first Cannabis use and 

age at emergence of psychiatric disorders are related, and if such a relationship is 

modulated by the Val158Met polymorphism in the COMT gene. It was found that age at 

the first use of Cannabis correlates with age at onset on both SCZ-spectrum and other 

psychiatric disorder groups, this means that those who started using Cannabis earlier had 

an earlier age at onset of psychiatric disorders. Another finding is that there was no 

difference in the distribuition of the Val158Met genotypes between the diagnosis groups or 
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between Cannabis users and non-users. The final finding was that it was observed an 

interaction between Val158Met genotypes and the use of Cannabis specifically on age at 

emergence of psychotic disorders, with Val/Val genotypes carriers showing an earlier age 

at onset than Met carriers. So, the COMT Val158Met genotype seems to modulate the 

association between Cannabis and age at onset of psychotic disorders, suggesting that 

the effects of Cannabis might depend on the state of brain development and maturity at 

the moment of first exposure. In conclusion, with this study it can be seen that although 

the use of Cannabis seem to have non-specific effect on the age at onset of psychiatric 

disorders, the modulating role of Val158Met genotypes appears to be specific to 

individuals with a SSD, indicating that the individuals with a SSD are more vulnerable to 

the effect of Cannabis on the dysregulation of their dopaminergic system than non-

psychotic patients, who would be carriers of a genetic background more biologically 

capable to buffer these neurotransmission unbalances in the dopaminergic system. 

 To clarify the putative existence of Cannabis x COMT interaction in susceptibility to 

SCZ, Costas et al. (2011) did a case-only study and he found an association between the 

use of Cannabis and low activity COMT variants in schizophrenic patients, the joint 

analysis and results were consistent between the two samples based on single nucleotide 

polymorphisms (SNPs), haplotypes, or genotypes. This study also found that 

schizophrenic subjects homozygous for the Met allele at rs4680 doubled the probability of 

lifetime prevalence of the use of Cannabis in comparison to Val homozygous (Mantel-

Haenszel OR = 2.07, 95% CI: 1.27-3.26, in the combined sample). This results agrees 

with the existence of an interaction of COMT polymorphisms and Cannabis in relation to 

SCZ susceptibility. 

 Power et al. (2014) wanted to discern the direction of causation between the use of 

Cannabis and SCZ. In the end he found that the polygenic risk scores for SCZ showed 

positive associations for Cannabis use versus never users across all P-value thresholds. 

So, it was found an association between an individual’s burden of SCZ risk alleles and 

Cannabis use. The results suggest that part of the association between SCZ and 

Cannabis is due to a shared genetic aetiology, and it also highlights the possibility that this 

association might be directional in causation, and that the risks of Cannabis use could be 

overestimated. 

 French et al. (2015) investigated whether the association between the use of 

Cannabis and cortical maturation in adolescents is moderated by a polygenic risk score 

for SCZ, and he observed a negative association between the use of Cannabis in early 

adolescence and cortical thickness in male subjects with a high polygenic risk score. This 

association was not observed in low-risk male participants or for the low or high risk 

female subjects. In the Canadian Saguenay Youth Study male participants, the use of 
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Cannabis interacted with risk score vis-à-vis cortical thickness, the higher scores were 

associated with lower thickness only in males that used Cannabis. In the IMAGEN male 

subjects, the use of Cannabis interacted with an increased risk score vis-à-vis a change in 

decreasing cortical thickness from 14.5 to 18.5 years of age. And in the ALSPAC high-risk 

groups of male subjects, the ones that used Cannabis most frequently (≥61 occasions) 

had lower cortical thickness than those who never used Cannabis (difference in cortical 

thickness, 0.07 (95% CI: 0.01-0.12)) and those with light use (˂ 5 occasions) (difference in 

cortical thickness, 0.11 (95% CI: 0.03-0.18)). It is observed, due to the findings, that the 

use of Cannabis in early adolescence moderates the association between the genetic risk 

for SCZ and cortical maturation among male individuals. And implicates processes 

underlying cortical maturation in mediating the link between the use of Cannabis and the 

liability to SCZ. 

Ermis et al. (2015) wanted to understand the role of Cannabis in the etiology of 

SCZ with and without pre-morbid usage, and for that the author compared COMT 

Val158Met polymorphism in patients with SCZ, with and without pre-morbid use of 

Cannabis. And found that the Val/Val genotype is significantly higher in patients with pre-

morbid Cannabis use (88.9%) compared to patients without pre-morbid Cannabis use 

(68.4%). The mean total PANSS score seen in the Val/Val genotype group is significantly 

higher than the scores of the patients with the Met allele. The Val/Val genotype increases 

the risk of the disease by 3.69-fold. In conclusion, it was found a correlation between pre-

morbid Cannabis use and COMT Val/Val genotype in patients diagnosed with SCZ. These 

results also support the findings of gene x environment in the Cannabis-psychosis 

relationship. So in the end these findings confirm the correlation between COMT 

Val158Met polymorphism and pre-morbid Cannabis use is causing SCZ. 

 To assess the likelihood of a causal association between the initiation of Cannabis 

and SCZ, Gage et al. (2017) investigated whether any association observed is due to 

pleiotropic effects of SNPs rather than causal effects of Cannabis on SCZ. This study 

found some evidence consistent with a causal effect of Cannabis initiation on risk of SCZ 

(OR: 1.04 per doubling odds of Cannabis initiation, 95% CI: 1.01-1.07). There was also 

strong evidence consistent with a causal effect of SCZ risk on likelihood of Cannabis 

initiation (OR: 1.10 per doubling of the odds of SCZ, 95% CI: 1.05-1.14). The results were 

as predicted for the negative control (height: OR: 1.00, 95% CI: 0.99-1.01) but weaker 

than predicted for the positive control (years in education: OR: 0.99, 95% CI: 0.97-1.00) 

analysis. Thus results provide some evidence that Cannabis initiation increases the risk of 

SCZ, although the size of the causal estimate is small. It was found a stronger evidence 

that SCZ risk predicts Cannabis initation, possibly as genetic instruments for SCZ are 

stronger than for Cannabis initiation. 
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 Lodhi et al. (2017) investigated the association between rs4680 and age of onset 

of psychosis, and in those who had used Cannabis before 20 years of age, rs4680 had a 

trend level effect on age of onset of psychosis (mean: Val/Val (19.37) < Val/Met (20.95) < 

Met/Met (21.24) years). Eigthy subjects that used Cannabis before age 20 years 

developed an SSD and 11 that used Cannabis after age of 20 developed an SSD. The 

data did not indicate a significant effect, but there was a trend-level signal in the same 

direction as Estrada et al. (2011) study. 

 Aas et al. (2018) and colleagues investigated the relationship between SCZ 

genetic load and the use of Cannabis before the illness onset in SCZ and bipolar disorder 

spectrums. And for that they compared early use with later use and no use. They found 

that the patients with weekly to daily use of Cannabis before illness onset had the highest 

SCZ-polygenic risk score. The biggest difference was observed between patients with 

daily or weekly use of Cannabis before the illness onset before 18 years of age, and 

patients with no or infrequent Cannabis use. It was observed a dose relationship with the 

highest SCZ-polygenic risk score in the early frequent users, but intermediate in the late 

frequent users. Finnaly, the findings support a weak increase in SCZ-polygenic risk score 

in those with frequent use of Cannabis before illness onset, suggesting an overlapping 

genetic susceptibility. Due to this findings this study supports the existence of an 

association between SCZ-polygenic risk score and frequent use of Cannabis before the 

illness onset in psychosis continuum disorders. 

 Hiemstra et al. (2018) wanted to investigate how a genetic predisposition to SCZ 

was associated with patterns of the use of substances during adolescence, and to know 

that they compared the ages 13-16 years old with 16-20 years old. Hiemstra et al. (2018) 

and colleagues found that high SCZ vulnerability was associated with a stronger increase 

in Cannabis use at age 16-20 years old, whereas more lenient polygenic risk score 

thresholds demonstrated the reverse association. In conclusion, the results support an 

association between the genetic risk to SCZ and prospective use of Cannabis patterns 

during adolescence.  

 Vaucher et al. (2018) wanted to clarify the causal role of Cannabis consumption on 

the risk of SCZ, and for that they used a genetic approach, by taking 10 independent 

genetic variants previously identified to associate with the use of Cannabis, and then 

determine the nature of the relationship between the use of Cannabis and the risk of SCZ. 

They found that the use of Cannabis was associated with a increased risk of SCZ (OR of 

SCZ for users and non-users: 1.37, 95% CI: 1.09-1.67), and the corresponding estimate 

from the observational analysis was 1.43 (95% CI: 1.19-1.67). With these substantial 

evidence base that identified the use of Cannabis to associate with a increased risk of 

SCZ, they suggest that this relationship is causal. 
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 Pasman et al. (2018) and colleagues examined whether there was evidence for a 

causal relationship from the use of Cannabis to SCZ risk, and from liability to SCZ to the 

use of Cannabis. For this they used a bi-directional two-sample Mendelian randomization 

analysis, and the SNP and gene-based tests revealed several SNPs and genes strongly 

associated with lifetime use of Cannabis, another finding, which was the strongest finding, 

was the Neural Cell Adhesion Molecule 1 (associated with illicit drug use, implicated in 

psychiatric disorders, like SCZ and mood disorders) and Cell Adhesion Molecule 2 

(associated with substance use and risk-taking), They also found a positive genetic 

correlation between genetic risk factor for the use of Cannabis and SCZ, however there 

was weak evidence for a causal influence of lifetime use of Cannabis on SCZ risk, but 

only for the genetic instrument containing SNPs associated with the use of Cannabis 

under the Ρ-value threshold 1 x 10-5. On the other hand, they found a strong evidence for 

a causal positive influence of SCZ risk on lifetime use of Cannabis. In the end, this study 

revealed a significant SNP and gene association in 16 regions, 14 of which had not been 

previously implicated in the use of Cannabis, they also indicated a causal influence of 

liability to SCZ on the use of Cannabis and a substantial genetic overlap between the use 

of Cannabis and mental-health traits, personality traits, SCZ, and others.  
 

4.9 Case report 

 

Jain and Srivastava (2017) is the only case report included in this systematic review, and 

the authors wanted to see if the traumatic brain injury and the use of Cannabis use were a 

risk factor for the development of psychosis. The case they studied helped them to 

understand the common neurobiological mechanism behind SCZ and the risk factors 

mentioned above. This case observed a patient that started using a certain form of 

Cannabis at the age of 15 years, after some time this patient started using a new more 

potent form. After some time he went to see a psychiatrist, stopped consumming and took 

prescribed medicine, with this his manic symptoms improved completely. One year later, 

at 16 years old, a similar situation happened again and he stopped consumming and took 

some medicine. Each time, he stopped taking the medicine after 6 months on his own. 

There was no psychiatric history in his family, but this patient had a frontal lobe lesion 

(traumatic brain injury at the age of 3), which might be what made him develop SCZ 

symptoms after 1 month of using Cannabis, which persisted even after stopping the 

comsumption. 
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4.10  Other studies 

 

Of the 757 cases in the study of Boydell et al. (2007), 182 (24%) has used Cannabis 

before the presentation of narrow SCZ, more males than females used Cannabis and 

Cannabis users were younger.  

Hollis et al. (2008) examined whether adolescent at a genetic high risk of SCZ 

were more prone to the psychological adverse effects of Cannabis than other at low risk 

or others with attention deficit hyperactivity disorder. It was found a significant positive 

relation  between the use of Cannabis and mental health disturbance in young people at a 

genetic high risk for SCZ that were free from prodromal or psychotic symptomatology at 

the time of assessment, which was not seen in healthy adolescents in the general 

population or in those with attention deficit hyperactivity disorder. The findings supports 

the view that young people at a genetic high risk for SCZ are particularly vulnerable to 

mental health problems associated with the use of Cannabis and are consistent with the 

hypothesis that there is a specific relationship between risk for SCZ and the use of 

Cannabis. 

 In a exploratory study (Buadze et al., 2010) it was examined a disease model 

expressed by Cannabis using patients who developed SCZ and see if they suspected a 

causal link between their use of Cannabis and the development of their illness. All of the 

patients couldn’t describe a causal link between Cannabis use and their SCZ 

development, they even had rather positive views on Cannabis.  

 To know the role of individual sensitivity to the psychotogenic effect of Cannabis in 

male SCZ patients. Goldberger et al. (2010) interviewed male patients with SCZ, and 

discovered that 121 were lifetime users and 69 were non-users. Thirty-five percent of the 

patients used Cannabis before the onset of prodrome and 73% before the onset of PSs. 

Patients that used Cannabis had higher PANSS positive subscale mean scores. It wasn’t 

found differences in age at onset of SCZ between patients with or without Cannabis use, 

either for age at onset of prodromal phase or for age at first psychotic  episode. Of the 

patients that used Cannabis, 44 were classified as sensitive to the psychotogenic effects 

of Cannabis, while 77 were not. Twenty-three of the 44 had the onset of psychotic 

symptoms ocurred within 1 month after the initiation of Cannabis use following at least a 

2-fold rise of the use of Cannabis, while the other 21 had marked psychotic symptoms, 

such as hallucinations, delusions, or disorganization, reappearing each time the patient 

used Cannabis. There was no age difference between the sensitives and non-sensitives. 

The sensitive SCZ patients had the onset of their first psychotic episode 2.6 years earlier 

than non-sensitives, and they also had a earlier mean age at exposure to the use of 
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Cannabis (1.4 years) than non-sensitives. So in conclusion the sensitivity to Cannabis 

was associated with family history of psychosis and age at onset of the use of Cannabis, 

they also had an earlier age at onset of psychosis compared to patients that used 

Cannabis but were not sensitive to it. It could not be found an earlier age at onset in 

Cannabis users comparatively to non-users. So, although Cannabis is a risk factor for 

SCZ, its influence is heterogenous and not all users will develop psychosis, in addition this 

study supports the hypothesis of a variable individual responsiveness to Cannabis that 

modulates the influence of Cannabis on the early course of SCZ. 

 McHugh et al. (2017) aimed to address the nature of the risk that Cannabis use 

poses, and for that they investigated how characteristics of the use of Cannabis relate to 

transition risk in ultra high risk populations. They also examined a novel measure of 

severity of Cannabis abuse as well as history of Cannabis-induced attenuated psychotic 

symptoms as predictors of transition risk. The results showed 28 (14.7%) of the 

participants transitioned to a psychotic disorder, and of these 13 met criteria for SCZ. It 

also showed that the history of Cannabis abuse was reported in 58% of the sample. 

Twenty-five percent of these reported an history of Cannabis abuse attenuated psychotic 

symptoms. These subjects were 4.90 (95% CI: 1.93-12.44) times more likely to transition 

to a psychotic disorder. They were also at 3.96 (95% CI:1.64-9.51) times greater risk of 

transition to a psychotic disorder than never users of Cannabis. The greater severity of 

Cannabis abuse predicted transition to psychosis. However, this effect was mediated by 

higher abuse severity among individuals with a history of Cannabis-induced attenuated 

psychotic symptoms. With this, it was observed that an history of Cannabis-induced 

attenuated psychotic symptoms in ultra high risk individuals increases dramatically the risk 

of transitioning to a psychotic disorder, 40% with an history developed a psychotic 

disorders during the follow-up. The findings suggest that Cannabis use interacts with 

some third unknown factor or set factors among a subpopulation of ultra high risk 

individuals to levate transition risk, and that this risk phenotype manifests in Cannabis-

induced attenuated psychotic symptoms. The severity of Cannabis abuse only confers risk 

for transition to a psychotic disorder because of the enhanced severity of the abuse of 

Cannabis among individuals with a history of Cannabis-induced attenuated psychotic 

sympotms. In conclusion, these findings show an important insight into the risk posed by 

the use of Cannabis for individuals at ultra high risk for psychosis. They also suggest that 

the use of Cannabis only poses risk for a subgroup of ultra high risk individuals who also 

manifest Cannabis-induced attenuated psychotic symptoms. 
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5 Discussion 

 

A systematic review of the available literature was conducted to assess our hypothesis 

that cannabinoid use may trigger the development of SCZ.  

Most of the 58 studies included in our research found an association between 

Cannabis consumption and the onset of SCZ or at least an increased risk of development, 

some even described an increased risk with higher exposure to Cannabis (Aas et al., 

2018; Allebeck et al., 1993; Andreasson et al., 1987; Andreasson et al., 1989; Arendt et 

al., 2008; Arendt et al., 2005; Bossong et al., 2015; Costas et al., 2011; Ermis et al., 2015; 

Gicas et al., 2021; Gutierrez et al., 2009; Hiemstra et al., 2018; James et al., 2011; Kumra 

et al., 2012; Mallet et al., 2017; Manrique-Garcia et al., 2012; Monteleone et al., 2014; 

Pasman et al., 2018; Shahzade et al., 2018; Vaucher et al., 2018; Zammit et al., 2002). 

Some works found such association only in vulnerable individuals (Addington & 

Addington, 2007; De Hert et al., 2011; Degenhardt et al., 2003; Estrada et al., 2011; 

Goldberger et al., 2010; Hambrecht & Hafner, 2000; Hollis et al., 2008; Lodhi et al., 2017; 

Martin et al., 2014; Peters et al., 2009; Power et al., 2014; Welch et al., 2013; Welch et al., 

2011). Six studies found that Cannabis use was associated with an early onset of SCZ 

compared to non-users SCZ (Donoghue et al., 2014; Galvez-Buccollini et al., 2012; Helle 

et al., 2016; Roos et al., 2006; Sugranyes et al., 2009; Veen et al., 2004). Two studies 

found an association between the consumption of Cannabis and psychosis, although not 

all subjects were diagnosed with SCZ later on (Barrigon et al., 2010; Kristensen & 

Cadenhead, 2007). One study by Rodrigo et al. (2010) showed that Cannabis is one of 

many risk factors for the development of an SSD, while another study found a reverse 

association, where SCZ leads to Cannabis consumption initiation (Gage et al., 2017). 

There was a study where most subjects used Cannabis before the onset of SCZ, but they 

authors found no significant association between the onset of SCZ and drug abuse (Sevy 

et al., 2010). Another work found that the consumption of any substance of abuse is 

associated with an increased risk of developing SCZ later in life (Nielsen et al., 2017). In 

the case report published by Jain and Srivastava (2017), the authors concluded that 

Cannabis consumption on a patient with a traumatic brain injury prompted a rapid 

development of SCZ-like symptoms. One study supports that the use of early use of 

Cannabis is a risk factor for psychosis-related outcomes in young adults (McGrath et al., 

2010), and another found that, only in vulnerable individuals, Cannabis use could lead to 

psychosis (McHugh et al., 2017). Only 6 studies could not find an association between 

Cannabis use and SCZ (Buadze et al., 2010; Dekker et al., 2010; Frisher et al., 2009; 

Giordano et al., 2015; Hickman et al., 2007; Sarrazin et al., 2015). In terms of 
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physiological pathways, Malchow et al. (2013) found that patients with Cannabis abuse 

had higher ratios of N-acetyl aspartate/choline in the left putamen, suggesting a possible 

neuroprotective effect in this area. French et al. (2015) found that the use of Cannabis in 

early adolescence moderates the association between the genetic risk for SCZ and 

cortical maturation among male individuals and implicates processes underlying cortical 

maturation in mediating the link between the use of Cannabis and the liability to SCZ.  

 Taken together, data from the 58 studies analysed substantiate a key role of 

Cannabis abuse in the onset of SCZ, either as an actual trigger or at least as a 

potentiating factor. Nonetheless, the mechanisms underlying this interaction are still 

poorly understood, and require further assessment. 

As far as we know, this systematic review comprises an unique set of exclusion 

and inclusion criteria, differentiating it from other published systematic reviews on this 

matter. But similar studies have been published throught out the years, such as 

systematic reviews that associate the ECS and its role in SCZ, as well the CNR1 gene in 

SCZ (Ferretjans, Moreira, Teixeira, & Salgado, 2012; Gouvea et al., 2017). The majority of 

systematic reviews existing to this day approach the association between Cannabis and 

psychosis in general, and not particularly SCZ (Marconi, Di Forti, Lewis, Murray, & 

Vassos, 2016; Semple et al., 2005; Uliana et al., 2013). So, the present study was 

conducted to specify the correlation between the use of Cannabis and SCZ at different 

levels, comprising from national cohort studies to genetic studies. Aditionally, other 

systematic reviews usually tackle a particular characteristic of this association, such as 

the age of onset of SCZ and brain effects in adolescents, or are even conducted over 

other systematic reviews and meta-analysis (Hasan et al., 2020; James, James, & 

Thwaites, 2013; Myles, Newall, Nielssen, & Large, 2012; Patel, Khan, M, & Hamid, 2020). 

The closest systematic review to this study is the one performed by van der Steur, Batalla, 

and Bossong (2020), which has an equal broadness, but it is not specific to SCZ, 

approaching Cannabis use and the onset of psychosis. 

Despite the novelty of the work, it does not come without its limitations. The main 

limitation is that all steps implicated in the process of sellecting the studies to be inlcuded 

in the analyses (from searching, collecting, reading and excluding publications) was done 

by a single person, which increases the probabily of ocurrence of errors, such as 

mistankingly excluding eligible publications.  

The temporal association between Cannabis exposure and the development of 

SCZ is a complicated factor to study, due to the difficulty to accurately determine the 

onset of the disease. The best point of reference might be the onset of PSs, like 

delusions, hallucinations, or disorganization, although some argue that the onset of 

prodrome is a more valid starting point for the study of causality, since it represents a 
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period of distinct changes that later are identified as early signs of an emerging disorder 

(Ramsay & Compton, 2011). Moreover, the widely recognized phenomenological, and 

likely etiologic, heterogeneity of SSD imposes another important limiting factor for this 

type of causality studies (Ramsay & Compton, 2011).  

The Cannabis plant contains varying levels of diverse constituents, and some of 

them have opposite effects, like ∆9-THC and CBD, making it important to study the effects 

of specific phytocannabinoids, as their contribution will most likely have different 

implications in association of Cannabis and psychosis (Ramsay & Compton, 2011).  

The continued research on the ECS, the naturally occurring or synthetic agents 

that interact with this system will lead to many advances in the understanding of this 

complex link between the use of cannabinoid abuse and psychotic disorders (Ramsay & 

Compton, 2011).  

On the other hand, the use of Cannabis specifically in early adolescence is 

generally considered a cause component of SSD, but more research is needed to 

understand other potential directions of causality, like how psychotic symptoms may lead 

to the initiation or escalation of the use of Cannabis (Ramsay & Compton, 2011).  

Considering all gathered information, there is a great need to develop more 

effective interventions for the treatment of Cannabis-related disorders, especially targeting 

those who are predisposed to SCZ and related psychotic disorders (Ramsay & Compton, 

2011). As adolescence or premorbid use of Cannabis appears to potentiate SSD, different 

authors suggested prevention measures (Ramsay & Compton, 2011). Arseneault et al. 

(2004a) stated that even though most of the young people that use Cannabis do it without 

serious consequences, there is a vulnerable minority that will experience harmful 

outcomes and that the use of Cannabis among psychological vulnerable young 

adolescents should be firmly discouraged by the parents, the teachers, and the health 

professionals. The authors also acknowledged that the policy-makers should be 

concentrating on public health measures to delay the initiation of the use of Cannabis 

since the youngest users of Cannabis appear to be more at risk (Arseneault et al., 2002). 

Moore et al. (2007) further considered that there is enough evidence to warn young 

people that Cannabis use could increase the risk of developing psychotic illness in the 

future, asserting that, although the risk of developing a psychotic disorder from 

cannabinoid abuse is likely to be low, it may a have substantial effect at a global level, 

considering the widespread use of Cannabis. Additionally, the possibility of delaying the 

onset of psychosis by reducing premorbid or prodromal use of Cannabis in those at high 

genetic or psychometric risk might also have a significant impact in disease outcome 

(Ramsay & Compton, 2011).  
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6 Conclusion 

 

Through the present work, we can conclude that cannabinoid abuse is more than likely to 

be associated to the onset of SCZ, as confirmed by the majority of the studies included in 

the present systematic review. However, more studies are needed to know what are the 

underlying mechanisms, and what factors, either genetic or environmental, may be 

involved in this association. 

Since SCZ has a high morbidity and mortality, it is important to fully understand to 

which degree cannabinoid substances abuse have the ability to potentiate or trigger such 

disorders, and correctly inform the population of these findings, discouraging them to use 

these type of substances. It also important that the Government takes effective actions 

regarding this issue, by creating and applying control measures that contribute to reducing 

and/or preventing the use of Cannabis and SCs. 
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