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1.  Zusammenfassung

Cannabis ist eine der am weitesten verbreiteten Drogen weltweit. Der zunehmende Konsum
macht die Erforschung der Auswirkungen und Konsequenzen von Cannabis unerldsslich.
Eine der mdglichen Folgen des Cannabiskonsums ist die cannabisinduzierte Psychose
(CIP), die bisher nur wenig erforscht wurde.

Die Risikopfade und kognitiven Beeintrachtigungen bei primarer Schizophrenie und
Psychosen sind gut etabliert. Zu den Risikofaktoren gehéren Umweltbelastungen wie
traumatische Kindheitserfahrungen, Mobbing, Depression und mangelnde Resilienz.
Kognitive Beeintrachtigungen sind das am haufigsten geteilte Symptom bei
Psychosepatienten. Die Forschung zu kognitiven Beeintrachtigungen bei gesunden
Cannabiskonsumenten (CC) ist uneinheitlich und teilweise widersprtchlich. Einige Studien
legen nahe, dass Cannabiskonsum langfristig negative Auswirkungen auf die Kognition hat,
wahrend andere argumentieren, dass diese Effekte nach Abstinenz verschwinden. Auch
Haufigkeit und Dosis des Cannabiskonsums spielen eine wichtige Rolle bei kognitiven
Beeintrachtigungen. Die Rolle von Risikofaktoren und kognitiven Beeintrachtigungen bei CIP
bleibt weitgehend unklar.

Ziel dieser Studie war es, kognitive Beeintrachtigungen, Resilienz sowie die
Vulnerabilitatsfaktoren Kindheitstrauma, Mobbing, Depression und einen Umwelt-Risikoscore
fur Psychosen zwischen vier Gruppen zu vergleichen: n = 49 Patienten mit
cannabisinduzierter Psychose (CIP), n = 70 Patienten mit einer kurzlich aufgetretenen
Psychose (ROP), n = 120 gesunde Kontrollpersonen (HC) und n = 25 gesunde
Cannabiskonsumenten (CC).

Verhaltensbezogene Daten wurden mittels standardisierter Selbstberichtsfragebdgen
erhoben: der Resilience Scale for Adults (RSA), dem Beck Depression Inventory Il (BDI-II),
dem Childhood Trauma Questionnaire (CTQ) und der Bullying Scale (BS). Anhand der
Fragebogenmanuale wurden Subdomanen und Gesamtwerte berechnet. Der Exposom-
Score fur Schizophrenie (EC-SCZ) berechnet einen Summenwert gewichteter
Expositionsfaktoren und wurde basierend auf den Faktoren Cannabiskonsum, Wintergeburt,
Kindheitstrauma und Mobbing ermittelt. Neurokognitive Daten wurden mit der PRONIA-
Neurokognitiven Testbatterie erhoben. Berechnet wurden die kognitiven Subdomanen
Soziale Kognition, Verarbeitungsgeschwindigkeit, Arbeitsgedachtnis, Verbales Lernen und
Aufmerksamkeit sowie ein globaler Kognitionswert.

Zur Analyse der vier Studiengruppen wurden zweifaktorielle ANOVAs mit den Faktoren
Cannabiskonsum und Psychose durchgefihrt. Basierend auf friheren

Forschungsergebnissen zu Psychosen und Cannabis erwarteten wir, dass CIP-, ROP- und



CC-Probanden weniger Resilienz, mehr Vulnerabilitdtsfaktoren und starkere kognitive
Beeintrachtigungen als HC zeigen wiirden.

Die Ergebnisse zeigten, dass kognitive Beeintrachtigungen nur mit dem Vorliegen einer
Psychose assoziiert waren (globale Kognition: F(1, 260) = 75.698, p < 0.001). Dies stimmt
mit bisherigen Forschungsergebnissen zu kognitiven Beeintrachtigungen bei Schizophrenie
Uberein. Im Gegensatz zu den meisten frGheren Studien zeigten CC-Probanden keine
kognitive Beeintrachtigung im Vergleich zu HC, ROP oder CIP.

Die Interaktion zwischen Cannabis und Psychose war mit héheren Depressionswerten (F(1,
251) =5.768, p = 0.017), héheren Werten fir emotionale Misshandlung (F(1, 245) =7.151, p
= 0.008) und einem Mangel an sozialen Ressourcen (F(1, 244) = 27.640, p < 0.001) im
Rahmen eines generellen Mangels an Resilienz (F(1, 228) = 4.133, p = 0.043) assoziiert.
Diese Interaktionen konnten darauf hindeuten, dass diese Vulnerabilitatsfaktoren
spezifischere Risikopfade fur CIP darstellen als flir Psychosen im Allgemeinen.

Um kausale Zusammenhange zwischen den vorgeschlagenen Risikopfaden und CIP weiter
zu untersuchen, waren longitudinale Daten erforderlich. Dies kénnte dazu beitragen, gezielte

Praventionsprogramme speziell fir CIP zu entwickeln.
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2.  Summary

Cannabis is one of the most widely used drugs globally. The increasing consumption
underscores the necessity of research into its effects and consequences.. Cannabis-induced
psychosis (CIP) is one of the possible consequences of using cannabis and has received
little research attention.

The risk pathways and cognitive impairments in primary schizophrenia and psychosis are
well established. Risk factors include environmental exposures such as childhood trauma,
bullying, depression and lack of resilience. Cognitive impairment is the most common shared
symptom in psychosis patients. Research into cognitive impairment in healthy Cannabis
Consumers (CC) is mixed and partly contradictory. Some studies suggest that cannabis
consumption has long-lasting negative effects on cognition, while others argue that these
effects disappear after abstinence. The frequency and dose of cannabis also plays an
important role in cognitive impairment. The role of risk factors and cognitive impairment in
CIP remains mostly unclear.

The purpose of this study was to compare cognitive impairment, resilience and the
vulnerability factors of childhood trauma, bullying, depression, and an environmental risk
score for psychosis between n = 49 Cannabis-induced psychosis (CIP) patients, n = 70
recent-onset psychosis (ROP) patients, n = 120 healthy controls (HC), and n = 25 healthy
cannabis consumers (CC). Behavioural data was collected through standardised self-
reporting questionnaires: the Resilience Scale for Adults (RSA), the Beck Depression
Inventory Il (BDI-Il), the Childhood Trauma Questionnaire (CTQ), and the Bullying Scale
(BS). Using the questionnaire manuals, subdomains and total scores were calculated. The
exposome score for schizophrenia (EC-SCZ) calculates a sum score of weighted exposure
factors and was calculated based on the factors cannabis use, winter birth, childhood trauma
and bullying. Neurocognitive data was collected using the PRONIA neurocognitive test
battery. The cognitive subdomains of Social Cognition, Speed of Processing, Working
Memory, Verbal Learning, and Attention were calculated, as well as a global cognition score.
Two-way ANOVAS with the factors cannabis and psychosis were used to compare the four
study groups. Based off previous research in psychosis and cannabis, we expected CIP,
ROP, and CC to show less resilience, more vulnerability factors and more cognitive
impairment than HC.

Results showed that cognitive impairment was only associated with the presence of
psychosis (global cognition: F(1, 260) = 75.698, p < 0.001). This is in line with existing
research about cognitive impairment in schizophrenia. Unlike most previous research, CC
showed no cognitive impairment compared to HC, ROP or CIP. Interaction of cannabis and
psychosis was associated with higher depression scores (F(1, 251) = 5.768, p = 0.017),

higher emotional abuse scores (F(1, 245) = 7.151, p = 0.008) and a lack of social resources
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(F(1, 244) = 27.640, p < 0.001) as part of an overall lack of resilience (F(1, 228) = 4.133, p =
0.043). These interactions might point towards these vulnerability factors being more specific
risk pathways for CIP, than just overall psychosis. Longitudinal data would be needed to
further establish causal links between suggested risk pathways and CIP. This might help to

establish prevention programs specifically for CIP.
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3. Introduction

After the legalisation of cannabis in multiple parts of the US ', the current political debate
about the most used illegal drug in the world 2 has reached Germany as well, with
legalisation to be expected within the next two years 3. Arguments for legalisation often
emphasise the ability of the state to control the quality, potency, and youth accessibility of
cannabis 3. Studies in the US have demonstrated though, that even after legalisation
adolescents kept accessing cannabis illegally and that potency of legal cannabis kept rising
as well, increasing the likelihood of adverse side effects . While cannabis is often perceived
as less harmful than other drugs °, research of the last decades consistently warns against
the association of cannabis use and the development of psychosis, in short, cannabis-
induced psychosis (CIP) ©.

While research about risk pathways to schizophrenia is well established, including cognitive
impairment 7 and environmental exposures such as childhood trauma 8, bullying °, and
depression '°, the role of such risk factors or protective factors like resilience ' for
specifically CIP remains unclear.

To help fill this gap, we have designed a comprehensive four-way comparison in cognition
and psychosocial resilience between CIP patients, Recent-Onset Psychosis patients (ROP),
healthy Cannabis Consumers (CC), and Healthy non-consuming Controls (HC). Before
formulating hypotheses and aims, it is necessary to establish the current state of research in
more detail, which the next three subchapters will accomplish. Methods will be aimed to
precisely answer the research question before the Results will be presented and Discussed.
With the aforementioned political winds shifting towards the legalisation of cannabis, the
following analysis comes at a time in which research about the effects of cannabis is of

critical value.
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3.1 Psychosis: Vulnerability, Resilience and Cognitive Performance

Although schizophrenia has a relatively low prevalence in the general population of 0.7% 2, it
is one of the leading global causes of severe impairment of daily functioning 3. Men are
affected more often, with a male:female ratio of 1.4 '2. 50% of patients have an onset
between puberty and their 30" year of life, averaging around 21 for men and 26 for women

14.

The main symptoms as described by the Diagnostic and Statistical Manual of Mental
Disorders 5" edition (DSM-5) ' include delusions, hallucinations, disorganized speech,
grossly disorganized catatonic behaviour, and negative symptoms, i.e., diminished emotional
expression or avolition. Two or more of these symptoms have to be present for the majority
of time during a 1-month period, with consistent signs of disturbances persisting for at least 6
months to be sufficient for diagnosis of schizophrenia. Social and occupational dysfunction is
another diagnostic criterion, as well as the exclusion of schizoaffective disorders, mood
disorders, substance-induction, and a general mood condition . Typical for schizophrenia as
well is its heterogeneous clinical presentation. While at least 80% of patients develop
delusions at least once, none of the aforementioned symptoms is pathognomonic to the
disorder .

Aetiology of schizophrenia is multifactorial. The importance of genetics has been
demonstrated in multiple adoption, twin, and family studies ', with hereditary factors making
up a share of 60-80% of phenotypical variance ™. Second-degree relatives of patients with
schizophrenia have a 5% chance of developing the disorder themselves, the risk increasing
to 10% if the relationship is of first degree. For children of parents who both suffer from
schizophrenia the risk increases to 40% '*. Genetics do not have a 100% penetrance rate
though, with monozygotic twins only showing 50% concordance. This supports the
assumption that environmental influences, as well as gene x environment interactions, play a
role in the development of psychosis 8.

One of these environmental influences is childhood trauma 8'°. Studies have shown that
61% of first-episode psychosis patients have experienced some kind of childhood trauma,
compared to 17% of healthy controls 8. Data from meta-analysis ' suggests that childhood
trauma and adversity, including bullying, increase psychosis risk with an Odds Ratio (OR) of
2.8, with an estimated population attributable risk of 33%. The highest OR was found for
emotional abuse, followed by physical abuse, neglect, bullying, and sexual abuse. In general,
no specific type of trauma predicts psychosis better than any other 8°.

In addition, studies have shown that first-episode psychosis patients were twice as likely to
have had experiences of bullying compared to healthy controls °. Severe bullying increased
risk for psychosis with an Odds Ratio of 1.47. Only one-third of the effect was explained by

mediators, such as an external locus of control, lower self-esteem, anxiety, or depressive
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symptoms. This suggests a more direct pathway between experiences of bullying and the
development of psychosis ?°. Depression itself has a high prevalence in schizophrenia at
40% '°. Some suggest that it is not simply a comorbidity but may play an aetiological role as
well 1°,

Other risk factors suggested by an umbrella review about the causes of schizophrenia
include aspects of migration and being an ethnic minority, the ultra-high-risk state for
schizophrenia (UHR) state, trait anhedonia, urbanicity, cannabis use, obstetric and
pregnancy complications, and lower premorbid Intelligence Quotient (IQ) among others 2'.
Instead of examining risk factors one by one, another approach suggests a more connected
view by applying an exposome score 2. Such an approach combines a range of individual
exposure factors into a single measurement. This enables a more holistic view of the
connection between different factors 2, since there is evidence that risk factors influence and
interact with each other 2*. For example, studies have shown that there is a significant
association between childhood adversities and cannabis use when it comes to increased
psychosis risk 2°. While some environmental risk loadings simply sum up different exposure
factors to create an overall score, this approach disregards the different effect sizes that
each risk factor has 4. A different approach is the exposome score for schizophrenia (ES-
SCZ), which calculates a sum score of weighted exposure factors. It thus considers the
different magnitudes of risk for each factor. The exposure factors consist of measurements of
cannabis use, winter birth, different types of childhood trauma and experiences of bullying
227 Studies have shown that the ES-SCZ can be used to stratify psychosis risk in the
general public. Rather than a predictor of functional improvement, the ES-SCZ represents a
severity indicator that captures poor functioning in psychosis spectrum disorder 6.

In contrast to the aforementioned risk factors, resilience may play a protective factor 28,
While research into resilience and psychosis is scarce, some studies have shown that Ultra-
High Risk (UHR) patients with lower resilience at baseline were more likely to convert to
psychosis " and that better outcomes were associated with greater resilience .

Besides these psycho-social risk factors, cognitive impairment is a core feature of psychotic
disorders. In contrast to the abovementioned heterogeneity in symptoms profiles, about 98%
of schizophrenia patients have worse cognitive functioning than what would be expected
based on the education level of their mothers 7. While these deficits are pronounced during
the disease itself 2°, they already begin in childhood and adolescents with mild deviations
from normal cognitive development 7. Earliest predictors of schizophrenia later in life start
with receptive language deficits in childhood and consistent 1Q deficits of around 8-10 points
7. Other early impairments are visible in adolescence for memory, reasoning, attention,
executive functioning, and processing speed. Especially the latter is thought to be one of the

most sensitive measures for cognitive impairment in schizophrenia .
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Particularly poor verbal memory and attention were important predictive factors for
conversion to psychosis and worsen in first-episode psychotic patients During first-episode
psychosis, patients show cognitive deficits in all tested domains, with impairment being
greatest in verbal memory and processing speed. These deficits are similar to those
observed in chronic schizophrenia patients, arguing against a neurotoxicity of schizophrenia,
meaning that schizophrenia doesn’t lead to a continuous worsening of cognitive functioning ’.
While deficits are severe in all tested domains, attention, declarative memory, and
processing speed show the greatest impairment 2°.

The following graph visualizes the effect sizes of the mentioned cognitive deficits 2.

Average impairment

0.0 02 0.4 06 0.8 1.0 12 14

Attention

Executive functions

Declarative memory

Working memory (maintenance)

Working memory (maintenance+manipulation)
Processing speed

Mator speed

Language

Perception

Neuropsychological composite score

General intellectual ability (1Q)

Figure 1. Neuropsychological performance profile of schizophrenia. Summary of results from meta-analytic
studies presented in effect-size units. Adapted from “The assessment of neuropsychological functioning in
schizophrenia,” by A. Reichenberg, 2010, Dialogues in Clinical Neuroscience, 12, p. 383. Copyrighted 2010 by
LLS SAS.

Beside cognitive impairment, in daily life functioning plays a more practical and important role
for patients. Interestingly enough, functional outcomes were only minimally associated with
severity of positive symptoms. Instead, level of cognitive impairment consistently predicted
functional outcomes, thus emphasizing the role of cognitive impairment 7. At the same time,

cognitive deficits in schizophrenia are only minimally responsive to antipsychotic medication
7
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3.2 Cannabis Use: Vulnerability and Cognitive Performance

Besides alcohol and tobacco, cannabis is a widely used drug worldwide, with 2.8-4.5% of
world inhabitants between the age of 15-64 as consumers 2. A representative study in
Germany from 2018 interviewing young people revealed that lifetime prevalence of cannabis
in adolescents aged 12—-17 averages around 10%, this number rising to 42.5% before the
age of 25. Concerning regular consumption i.e., in this study defined as at least 10 times in
the last 12 months, 1.6% of adolescents and 6.9% of young adults fulfilled this criterion. On
average, significantly more men than women consume cannabis. The general trend for
cannabis consumption has been increasing over the last decades, with lifetime prevalence in
young adults averaging only around 25% in 1973 3%3' Disproportional to the consumption,
the perception of harm from consuming cannabis has been decreasing °.

Alongside prevalence, potency of cannabis itself has been increasing as well 2. Studies
done in the USA have demonstrated that in the span of 9 years, the average level of Delta-9-
Tetrahydrocannabinol (THC) — the primary psychoactive substance in cannabis — has almost
doubled, from 8.9% in 2008 to 17.1% in 2017. Similar trends were observed in multiple
European countries, including Germany *2. These findings demonstrate the need for newer
studies about cannabis.

The bioavailability of cannabis is rapid, with THC being quickly absorbed into the blood
through the respiratory system and reaching the brain within minutes of inhalation. This swift
effect is one of the contributing factors to cannabis dependency and abuse 2. Even though
cannabis is usually misunderstood as being non-addictive, studies estimate the general risk
of cannabis dependency around 9%. This risk increases to 16% with an onset in
adolescence 2. A study in a population of help-seeking adolescents observed withdrawal
symptoms in 40% of cases. This indicates dependence and thus demonstrates that cannabis
is not as harmless as it is generally perceived %%,

In medicinal use, THC helps in treatment of neuropathic pain and poor appetite, especially in
HIV/AIDs patients, and palliates chemotherapy-induced nausea and vomiting. These effects
are achieved through its partial agonism at Cannabinoid-1 (CB1) receptors and agonism at
Cannabinoid-2 (CB2) receptors in the central nervous system and other parts of the body.
CB1 receptors are abundant in brain areas responsible for cognition, memory, pain, and
motor coordination and THC has shown to lead to structural changes in the amygdala and

the nucleus accumbens 2.

There are different risk factors for the initiation and continuation of cannabis use. Patients
with a history of childhood trauma and PTSD had an earlier cannabis onset, used cannabis
for significantly more years, and had used more cannabis in the last month than those

without these risk factors **. Other studies have shown that cannabis dependence was
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significantly associated with higher scores for physical and sexual childhood abuse * and
childhood trauma in general . A meta-analysis of twin studies looking into the shared
genetic and environmental influences on cannabis use concluded that cannabis initiation and
problematic use are mostly influenced by shared genetics, followed by shared environmental
and unshared environmental influences %. Some of these environmental factors have been
identified as paternal drinking behaviour, drinking to intoxication, early smoking onset, peers
who smoke cigarettes, and aggressive behaviour among males ¥. On an individual level,
rebellious personality traits, major depressive disorder, a lack of social phobia and a
permissive attitude towards the risks of taking cannabis were also associated with cannabis
abuse. Communal and familial risk factors included availability of marijuana and unstructured
activity, lack of parental supervision, presence of substance-using family members, and low
parental education . Research is primarily focused on risk factors and no studies analysing
protective factors such as resilience could be found.

Studies regarding the influence of cannabis on cognition are mixed in their results, mostly
due to different study designs *. The results of a recent meta-analysis recapping n = 69
studies about the relationship between cannabis and cognition until 2017 indicate that
previous studies may have overstated the persistence and magnitude of cognitive deficits
and that these deficits might mostly be due to residual acute effects or withdrawal #°.
Research agrees, that acute intoxication with cannabis results in cognitive deficits °. How
these effects persist, especially after a period of abstinence, is still debated.

The paper in question “° demonstrated small overall effect sizes for reduced cognitive
functioning, primarily associated with frequent or heavy cannabis use. Effects were
significant for learning, speed of processing, delayed memory, attention, and multiple
domains of executive function, while effects in verbal learning/language, visuospatial and
motor functioning remained non-significant. The mentioned significant effects became non-
significant after Bonferroni corrections. While age of onset did not make a significant
difference, length of abstinence was strongly associated with a reduction in effect sizes for
cognitive deficits. After abstinence of more than 72 hours, the overall effect was not
significantly different from O and significantly smaller than in studies, which did not require
stringent abstinence criteria. The observed effects in studies with shorter or no abstinence
criteria suggest that some of the effects may be explained by residual acute effects or
withdrawal symptoms. In conclusion, the results indicated that frequent cannabis use could
not be clearly associated with even medium deficits in attention, memory, or other cognitive
functioning “°.

These results conflict with a systematic review of abstinent cannabis users 8. Studies with an
abstinence criterion of at least 14 days were selected, to exclude residual acute or

withdrawal effects, resulting in 34 studies between 2004 and 2015 being included. Regarding
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neurocognitive performance, the study recapped a mean overall significant, medium effect
size. Here, early-onset users — defined as before the age of 18 — showed less impairment
than later onset. Heavy vs. moderate cannabis use was more important for performance than
age of onset. The findings concerning neurocognitive deficits remained largely heterogenous
but showed a trend for medium- to large-sized effects. In its limitations, the study questioned
the causal relationships, since it's not clear, whether cannabis use led to cognitive
impairment or the other way around ©.

An analysis of data from a prospective birth cohort study might shed some light on the
question of causality #'. Cognitive abilities of subjects were tested at age 13 before the onset
of cannabis consumption and then again at ages 18, 21, 26, 32, and 38, after some had
developed a pattern of persistent cannabis use. After ruling out alternative explanations,
such as acute effects of cannabis, dependence on other drugs, and schizophrenia, persistent
cannabis users still showed significantly greater decline in 1Q than non-users, specifically in
areas of executive functioning and processing speed. Adolescents-onset users more likely
persisted in their consumption and were more vulnerable to impairment in cognition. Even
cessation of cannabis use did not fully restore neuropsychological functioning among
adolescent-onset former persistent cannabis users *'.

Multiple studies have emphasised that the frequency and dose of cannabis use are two of
the most important factors concerning cognitive impairment *. Taking that into account,
another study *° distinguished between two groups of users before comparing them with non-
users and each other: frequent users (at least 3-4 times per week over the last year) and
occasional users (2 times or less per week during the last year). Consistent with prior
research, they found that frequent adolescent users, i.e., ages 14-17, had slight impairments
in executive functioning and sustained attention and that an early onset of use was
associated with slightly worse executive functioning in general. Even after abstinence,
working memory deficits were shown to be persistent. When it comes to frequent young adult
users though, there was minimal evidence for impairment in executive functions, even
though over 90% of them had started using cannabis before the age of 17. Conversely to
previous research, the study found no deficits in memory, complex cognition, or social
cognition in frequent adult users *°. Occasional adult users consistently showed equivalent or
even slightly better cognitive performance than non-users, demonstrating a complex,
potentially non-linear relationship between cannabis use and cognitive functioning. The
authors suggest that this might be due to reverse causality, implying that higher social
cognition, executive functioning, and memory are vulnerability factors for cannabis use.
Furthermore, they suggest that the different results might be due to different sampling
methods. Many previous studies collected data from help-seeking populations, while this

study took more of a population-based approach *°.
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This suggestion is supported by the aforementioned meta-analysis “°, which found that
treatment-seeking samples had larger magnitude effects for cognitive impairment than non-
treatment-seeking samples. The same analysis suggests that functional outcomes may
ultimately be more important than measures of cognitive functions. While findings concerning
academic functioning have been inconsistent, some studies suggest that especially early,
heavy use of cannabis poses a significant risk to academic and occupational outcomes “°. In

conclusion, research into cannabis and cognition is mixed.
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3.3 Cannabis-induced psychosis: Vulnerability and Cognitive Performance
The Psychiatric research interview for substance and mental disorders (PRISM) version 6.0
42 defines CIP as psychotic symptoms co-occurring only with heavy use of cannabis or within
the first four weeks after abstinence. To exclude intoxication or withdrawal, the symptoms
should be greater than the expected effects of these states. Furthermore, symptoms need to
resolute themselves significantly within the first month after cessation of use and full
resolution after 6 months of abstinence is required for the diagnosis of CIP. In comparison,
schizophrenia with co-occurring cannabis use can present itself in 3 different ways. First, the
onset of cannabis use occured after diagnosis of schizophrenia has already been made.
Second, the first psychotic episode happened during heavy cannabis use, but the psychotic
episode continued even after 4 weeks of abstinence. Or third, the first psychotic episode
happened during intoxication with subsequent remission, but patients then developed
psychotic symptoms later in life, independent of cannabis use 3.

The International Classification of Diseases, 10" Revision (ICD-10) ** suggests the criterium
of onset of psychotic symptoms preceded by cannabis use by no more than two weeks, to
establish a causal consumption-symptoms relationship. Similar to PRISM, symptoms need to
show partial resolution within 1 month and full resolution within 6 months. Furthermore, there
should be a lack of insight into delusions and hallucinations 454¢.

The main component thought to be responsible for the association between cannabis and
psychotic symptoms is THC. Recent human laboratory studies have demonstrated that
cannabis, extracts of it, THC by itself, and synthetic cannabinoids in high doses can lead to
transient psychotic symptoms in 35-50% of cases. These symptoms include thought process
disorders, paranoid delusions, suspiciousness, and perceptual alterations. Besides psychotic
symptoms, cannabis can also induce effects similar to positive and negative symptoms of
psychosis #’. These effects occur within minutes of inhalation and last for 2-3 hours.
Interestingly enough, Cannabidiol (CBD) ameliorated the effect of THC on psychotic
symptoms. Studies have shown that the co-administration of CBD alongside THC
significantly reduced THC-induced psychotic symptoms. Furthermore, users with both THC
and CBD in their hair samples were less likely to have psychotic symptoms than those users
with only THC. CBD does not bind at CB1 receptors itself, but can displace THC “8. With the
aforementioned increase in THC potency of cannabis, the change in THC:CBD ratio in favour
of THC and widespread use of synthetic cannabinoids *, acute psychosis is becoming more
frequent #°.

The mechanisms of how cannabis consumption increases psychosis risk is not yet fully
understood 4550, Studies suggest that the endocannabinoid system plays an important role,
since the distribution of CB1 receptors in the brain overlaps with the neural circuitry

associated with schizophrenia %'. Further evidence for this comes in the form of
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endocannabinoids, such as anandamide, being eightfold increased in the cerebral spinal fluid
of schizophrenia patients, pointing towards involvement of the endocannabinoid system in
the aetiology of psychosis #.

The first longitudinal study on the association between cannabis and psychosis dates back to
1987. Swedish conscripts with heavy use of cannabis, as defined by the study as use of
cannabis on more than 50 occasions, had a relative risk of 6.0 for developing psychosis
compared to non-users %2. Since then, 13 more longitudinal studies have looked at the
relationship between cannabis consumption and psychotic symptoms, resulting in 10
confirming the association and the remaining 3 finding a trend towards association 4’. While
some studies suggest a 2-3 times increased risk *3, one study concluded a dose-response
relationship, with an odds-ratio for psychosis of almost 4 for the heaviest cannabis users 2.
There are limitations to these findings. One of them is the co-use of different drugs, which
occurs very often in cannabis users. Studies have accounted for this though and found no
negation of the effect of cannabis, even if tobacco was accounted for 4. Others suggest a
reverse causality, i.e., patients in prodromal psychotic stadiums use cannabis as a form of
self-medication. The opposite has been shown in a study, which found that patients actually
smoked less after the onset of symptoms %, Other studies confirm that CHR patients for
psychosis smoke cannabis for the same reason as non-psychotic patients: For the
enjoyment of the experience #’. Another claim is that with the increase in cannabis use in the
last decades, we should have seen a correlated increase in schizophrenia cases. While there
is little reliable information on the overall occurrence of schizophrenia over such a long time
span, one study done in south London concluded that incidence of schizophrenia doubled
between 1965 and 1999 #’. Furthermore, since cannabis is only part of a multicausal
aetiology of schizophrenia, the conclusion that the incidence should have risen according to
the increase of cannabis is an ecological fallacy, since other risk factors could have
decreased at the same time *°.

Despite there being no definite proof for causality between cannabis use and the onset of
psychosis, one study exhaustively analysed the mentioned longitudinal studies in regard to
bias, confounding, reverse causation, attrition, and other factors, which might have led to an
over- or underestimation of the association between cannabis and psychosis *°. The analysis
concluded that the evidence is strong enough to warrant a public health message about the
danger of cannabis increasing the risk for psychosis °°. Others support this conclusion, by
questioning the degree of proof needed to act upon this information “°. Similar to cannabis,
research is focused on risk factors, so no studies regarding CIP and resilience could be
found.

While general psychosis risk factors such as cognitive impairment are well established in

research, there is only little data about them for CIP. Compared to psychotic non-users, CIP
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patients showed higher 1Q, higher premorbid IQ, and had better premorbid social functioning.
As mentioned in the chapter about psychosis, psychotic non-users show premorbid
impairment in their cognitive and social skills -89 CIP are less likely to show premorbid
impairments in cognition and social skills 4. This could be due to the connection of social life
and cannabis. Introduction to and use of cannabis often occurs in social settings. Some
suggest that social skills are also needed to conceal the drug habit 4’. Regarding cognitive
functioning in CIP patients, the evidence in literature is scarce. One previous study
investigated the neurocognitive functioning of CIP patients and compared them to
schizophrenia patients with co-occurring cannabis use and healthy controls #3. The aim was
to find distinguishing neurocognitive criteria, to explain the non-conversion of CIP patients to
chronic schizophrenia.

This study concluded that schizophrenia patients with co-occurring cannabis use showed
generally greater impairment than healthy controls in multiple cognitive areas, including
global cognition, executive functioning, visual attention, working memory, digit vigilance,
verbal learning, and motor coordination. CIP patients showed selective impairment in
executive functioning, when compared to healthy controls and performed significantly better
in global cognition and visual attention, than the other patient group. The authors invoked the
two-hit hypothesis of schizophrenia as a possible explanation: schizophrenia patients with
co-occurring cannabis use already had cognitive impairment as a first hit and cannabis as
the second hit led to the transition to long-term schizophrenia. CIP patients on the other hand
lack this first hit of cognitive impairment, so that use of cannabis only leads to transient drug-

induced psychosis without transition to chronic schizophrenia. 4
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3.4 Aims and Hypotheses

We plan to (1) investigate differences in the vulnerability factors of childhood trauma,
bullying, depression and ES-SZC score, (2) investigate differences in cognitive performance
between the four groups of CIP, ROP, HC, and CC, and (3) investigate differences in
resilience between the four study groups CIP, ROP, CC and HC. In particular, analyses of
differences in vulnerability, cognition and resilience between healthy and patient groups,
depending on cannabis consumption are the focus of the thesis.

Concerning cognitive impairment we would expect ROP and CIP to show cognitive
impairment compared to HC and CC, since both suffer from psychotic symptoms. For healthy
CC, we would expect them to show cognitive impairment compared to HC, while performing
better than patient groups.

While environmental influences, childhood trauma, bullying, and lack of resilience are
established risk pathways to psychosis, their role in CIP remains unclear. Derived from
existing schizophrenia research, we hypothesize that higher resilience, lower exposure to
childhood trauma, bullying and lower ES-SCZ-scores would be more likely in CC and HC
groups than in patient groups. Based on the two-hit hypothesis of schizophrenia, we would
expect CIP to show a higher frequency and intensity of risk factors than ROP, since the
additional hit of cannabis was necessary for CIP patients to develop psychosis.

To the best of our knowledge, this current study is the first to investigate cognition, resilience
and psychosocial risk factors in a comprehensive study design that includes CIP patients
alongside psychosis patients with no consumption, healthy consumers and healthy controls

without consumption.
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4, Materials and Methods

41 Sample

N =75 ROP and n = 121 HC were recruited at the Early Detection and Intervention Centres
at the Departments of Psychiatry and Psychotherapy of Munich and Cologne for the PRONIA
study (Personalized Prognostic tools for early psychosis management; www.pronia.eu;
German Clinical Trials Register: DRKS00005042). For HC recruitment, a population-based
approach was used, while ROP were recruited from within the clinics. N= 56 CIP patients
were recruited in the Early Detection and Intervention Centres at the Department of
Psychiatry and Psychotherapy of Munich for the CIP study #° from within the clinic. N = 34
healthy CC were recruited at the Kambeitz Lab in the Early Detection and Intervention
Centre at the Department of Psychiatry and Psychotherapy of Cologne. Recruitment of CC
was mostly conducted through advertisement within the University Clinic of Cologne and
advertisements at different universities within Cologne.

All participants were required to be between the age of 18 and 40, to have sufficient German
language skills and the capacity to provide informed consent/assent. General exclusion
criteria consisted of an 1Q below 70, current or past head trauma with loss of consciousness
for more than 5 minutes, current or past known neurological disorders or other somatic
disorders potentially affecting the structure or functioning of the brain, current or past alcohol
dependency, or polysubstance dependency within the past 6 months and any medical
indication against MRI 6.

Inclusion criteria for ROP and CIP patients was presence of a psychotic episode for longer
than one week in the last three months with onset in the last 2 years based off the Diagnostic
and Statistical Manual of Mental Disorders IV (DSM-IV-TR) criteria °’.

CIP patients were required to fulfil additional criteria by having consumed cannabis less than
two weeks before the onset of psychotic symptoms and/or a lifetime cannabis abuse or
dependency. Furthermore, psychotic symptoms were ought to last between 48 hours and 6
months *°.

HC and CC were included if they did not fulfil any DSM-IV-TR axis | or Il diagnosis or clinical
high risk for psychosis as defined by the Structured Interview for Prodromal Syndromes
(SIPS) and Schizophrenia Proneness Instrument (SPI-A). Further, they were required not to
have a genetic risk for psychosis which would include a first-degree relative with psychosis in
combination with a drop in functioning in the last year. HC and CC were excluded if the
intake of psychotropic medications equalled more than 5 times in a year or in the month
before study entry 8.

CC were further required to have a cannabis onset between their 14" and 18" year of life

and to have consumed cannabis at least once a week for 4 to 6 years.
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Patients and participants with 90% missing values were excluded, as well as HC or CC
scoring more than 13 points on the self-rating Beck-Depressions-Inventory 2" edition (BDI-I)
%9 score, indicating a mild depression. This led to the exclusion of n=1HC,n=5ROP,n=7
CIP and n =9 CC, leaving a sample of n =120 HC, n = 70 ROP, n =49 CIP and n = 25 CC.
The studies were approved by ethic committees at each site and written consent was

obtained from all participants.
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4.2 Neuropsychological assessment

For neuropsychological assessment, the PRONIA cognitive battery was used, comparable to
the MATRICS Consensus Cognitive Battery, which provides a standardized evaluation of
core cognitive deficits in schizophrenia 2°%°, The PRONIA cognitive battery is comprised of
10 tests for different cognitive subdomains. 7 tests representing the analysed cognitive
domain were selected for the following analysis (see Table 1), together with the individual
test parameters used for calculation of subdomain scores %. Subdomains and tests will be
explained in greater detail below, with a focus on the used test parameters. Two subtests
from the Wechsler Adult Intelligence Scale 3™ Edition (WAIS-IIl) were used as a proxy for

general intellectual functioning °'.

Subdomain Neurocognitive Test Score

Social Cognition Diagnostic Analysis of Non-Verbal Accuracy
- Number of correct faces

Speed of Processing Semantic Verbal Fluency

- Correct words in 60 seconds
Trail Making Test A

- Time of execution
Digit Symbol Substitution Test

- Score symbol matchings

Working Memory Auditory Digit Span Task Forwards/Backwards

- Number of correct trials

Verbal Learning Auditory Verbal Learning Test

- Sum of immediate correct repetitions

Attention Continuous Performance Test, Identical Pairs
- Number correct clicks in whole test

- Number of error distracting stimuli whole test

Global Cognition Mean Score of calculated subdomains

Table 1. Cognitive Subdomains according to MATRICS criteria ¢ and corresponding test scores.

4.2.1. Social Cognition

The Diagnostic Analysis of Non-Verbal Accuracy test 2 measures emotion perception © as a
subdomain of overall social cognition.

Subjects are presented with faces expressing different emotions, sometimes very obviously,
sometimes in more subtle manners. Four different emotions (happy, sad, angry, surprised)

can be selected to best describe the emotional expression of the faces.
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4.2.2. Speed of Processing

Speed of Processing Test quantify the execution speed for verbal and non-verbal cognitive
tasks. The Semantic Verbal Fluency Test ® measures how many animals can be named in
60 seconds. The Trail Making Test A 5 asses the time for connecting 25 numbered circles in
ascending order, without lifting the pen from the paper. The Digital Symbol Substitution Test
61 presents the subject with a legend of symbols each presenting a digit between 1 and 9.
The rows of symbols underneath have to be converted back into digits and the number of

correct substitutions in 60 seconds is assessed.

4.2.3. Working Memory
The Auditory Digit Span Task Forwards/Backwards ' presents the test subject with a list of
digits increasing in length. In the first part of the task, the subject is asked to repeat the

numbers forward, in the second part backwards.

4.2.4. Verbal Learning

The Auditory Verbal Learning Test % presents the subject with an auditory list of 15 words
and asks them to repeat as many words as possible immediately after the whole list has
been read aloud. This is repeated 5 times consecutively and the sum of immediate correct

repetitions is assessed.

4.2.5. Attention

The Continuous Performance Test, ldentical Pairs " measures sustained attention and
presents the subject with briefly flashing numbers of 4 digits. The subject is supposed to
react by clicking their mouse each time the same two numbers appear in consecutive order.
The number of correct clicks in whole test and the number of error distracting stimuli in whole

test are assessed.

4.2.6. Global Cognition
Using all aforementioned subdomains, a composite score is calculated in line according to

the guidelines of the MATRICS test battery, to present an overall global cognition score ©°.

4.2.7. Wechsler Adult Intelligence Scale 3rd Edition (WAIS-III)
Subjects completed two subtests of the WAIS-III, a test for general intelligence in adults ©.
The Matrix subtest presents the test subject with images of different patterns. For the missing

piece of the image, participants have to choose from five options the image, that will
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complete the pattern. The total score of correct pattern completions was counted. For the
vocabulary test, subjects are asked to explain increasingly difficult words, starting with “bed”
and ending with “ominous”. Answers were then scored according to sample solutions. The

mean of these two standard scores was used as a proxy for general intellectual functioning.
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4.3 Clinical Assessment

Demographical and clinical data were obtained through structured interviews, including the
Positive and Negative Symbol Scale (PANSS) ¢ and pattern of cannabis use. Participants
were further required to fill out self-reporting questionnaires, including scales to measure
different vulnerability parameters, resilience and self-reported cannabis and other drug use.
In line with established vulnerability and protective factors for schizophrenia, we selected the

following parameters and scales to build vulnerability profiles for each of our groups.

4.3.1. Cannabis

For cannabis use, data about age of onset, cumulative number of months, frequency during
the last 3 months, and cumulative frequency during the last 3 months were collected. For
frequency measures, categorical variables were used.

Daily/Weekly cannabis frequency during last 3 months was categorized as daily (1), more
than 3 times a week (2), less than 3 times a week (3) or less than weekly (4). Cumulative
frequency during last 3 months was categorized as 1-5 times (1), 6-10 times (2), 11-15 times
(3), 16-20 times (4), 21-30 times (5) or more than 30 times (6).

4.3.2. Resilience

The Resilience Scale for Adults (RSA) © consists of n = 33 questions, mapping 6
subdomains of resilience resources. The questions are answered on a 1 to 7 likert scale.
Item scores were inverted according to the manual, and the overall score was calculated, as
well as the subdomain scores. A higher score indicates more resilience. For a description of

subdomains see Table 2.

Resilience Score Description

Perception of Self Subjectively experienced strengths and skills concerning expectations of self-

efficacy, self-worth, and hope

Planned Future Convictions about own plans for the future and goals. Questions about attitude
towards future possibilities, goal-orientation, and ability to plan future-

orientated

Social Competence Scale of social affection, flexibility, humour, and ability, to form friendships.
Questions about subjectively experienced extraversion, social adaptability,
mood, flexibility in social situations, communication skills, and ability to initiate

social activities

Structural Style Subjectively experienced ability to plan, structure, execute and maintain daily

routines. Questions about daily structure and organisation skills

Family Cohesion Family cohesion. Questions about subjectively experienced appreciation and

support, family conflicts, shared values, and activities
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Social Resources Subjectively experienced support by friends and distant relatives. Questions
about intimacy with non-familial confidants, ability to actively seek support in

difficult life phases

RSA Overall Score Overall score of the whole questionnaire

Table 2. RSA subdomains and descriptions ©°.

4.3.3. Depression

Since research at least suggests that depression may play a role in aetiology of
schizophrenia, the Beck Depression Inventory Il %° with 21 questions was used to calculate
an overall depression score. Cut-offs for depression were defined as following: minimal (0-
13), mild (14-19), moderate (20-28) and severe depression (29-63).

N =1 HC and n = 3 CCs users with a score of 14 or higher were excluded, to ensure that the

healthy control did not fulfil criteria for mental illness.

4.3.4. Childhood Trauma

The Childhood Trauma Questionnaire (CTQ) 7° consists of 28 questions with 5 subdomains.
Frequency of experiences is documented in 5 intervals between “never” to “very often”. ltem
scores were inverted according to the manual, and an overall score was calculated, as well
as the scores for the subdomains. Cut-offs for each subdomain are presented in Table 3 and

will be marked in graphs.

None - minimal Minimal - moderate  Moderate - severe  Severe - extreme
Emotional Abuse 5-8 9-12 13-15 16-25
Physical Abuse 5-7 8-9 10-12 13-25
Sexual Abuse 5 6-7 8-12 13-25
Emotional Neglect 5-9 10-14 15-17 18-25
Physical Neglect 5-7 8-9 10-12 13-25

Table 3. CTQ cut-off scores for each subdomain 7.
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4.3.5. Bullying

The Bullying Scale " contains 19 questions about experiences of being bullied and 2
questions about bullying others. Frequency of such experiences is documented in 5 intervals
from “never” to “always”. It further differentiates time frames, asking whether the experience
took place for longer than a month, during the last 12 months and/or before the age of 17, as
well as which groups of persons bullied them, e.g. family, colleagues, classmates. A paper
about the validation of the Bullying Scale suggested four categories to diversify the total

score "3 which are presented in Table 4 below. A higher score equalled more experiences of

bullying.

Bullying Subdomain

Corresponding questions: “Others have...”

Sexual Harassment

...Sexually harassed me

...Sexually attacked me

Emotional Abuse

...Insulted me

...Made fun of me

... Tricked me

...Refused to let me be part of their group
...Not talked to me

...Said bad things about me behind my back
Bullying made it hard to build friendships
Bullying made me feel bad or sad

Physical Abuse

...Said, that they would harm me
...Destroyed my belongings

...Attacked me physically (excluding sexual)
...Ambushed/Mugged me

Problems at school

Bullying made learning in school difficult

Bullying made me skip school

Bullying Overall Score

Sum of time frequencies for all questions

Table 4. Subdomains of Bullying Scale 7.

4.3.6. Exposome Score

The exposome score for schizophrenia (ES-SCZ) 24?" is calculated in the following manner:

ES-SCZ: [(cannabis use*1.31) + (winter birth*0.03) + *(emotional abuse*0.78) + (physical

abuse*-0.39) + (sexual abuse*0.86) + (emotional neglect*0.44) + (physical neglect*0.25) +

(bullying*1.35) + 2]

To dichotomize factors, cut-offs of the aforementioned clinical scales were used.



For childhood trauma, scores of: 29 for emotional abuse; =8 for physical abuse; 26 for sexual
abuse; 210 for emotional neglect; and =8 for physical neglect in the CTQ were used as cut-
offs 7.

The original paper used the Cannabis Experience Questionnaire and defined cut-off as use
of cannabis at least once a week during the lifetime period of most frequent use. In our
analysis, the CIP and CC group were assigned cannabis use as a risk factor, while HC and
ROP were not.

Birthdays in the months of December-March were assigned the risk factor for winter birth.
While the original paper about the exposome score used the short version of the
Retrospective Bullying Questionnaire (RBQ), we adapted our Bullying Score to match the
variables. In the RBQ, bullying is measured by severity, starting with 0 = “none”, 1 = “some”,
2 = “moderate” up to 3 = “marked”. The original cut-off for dichotomization was 1. Using the
Bullying Scale, the criteria for childhood bullying being present were if experiences had
occurred before the age of 17 and at least one of them was coded with a 2 (= “sometimes”)

(see Supplementary File of Erzin & Gllokslz, 2021).
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4.4 Statistical Analysis

Statistical analysis was performed using R version 4.1.1 7. For demographic data, mean and
standard deviation were calculated.

Age and Education were compared by using analysis of variance (ANOVA) and chi-square
test was used to compare Sex, Weekly/Daily Cannabis Use and Cumulative Cannabis Use
between the four groups. For data, which only concerns two groups (PANSS, Cannabis
Onset, Cumulative Months of Cannabis Use), independent two sample t-tests for continuous
variables were implemented.

Cognitive domain scores were calculated using the test scores, as explained in the section
about neuropsychological assessment. Cognitive scores and WAIS scores were then
corrected for sex and education, by building a linear regression model with sex and
education as predictors with the scores of the HC, which was then used to standardise the
other three groups with the HC.

For each scale of the self-rating questionnaires, subdomain scores representing different risk
or resilience factors were calculated according to the scale manuals or in the case of the
Bullying Scale, categories from a paper about the validation of the Bullying Scale were
implemented 3.

The effect of cannabis consumption and psychotic symptoms was assessed on cognitive
performance, vulnerability factors and resilience using two-way-ANOVA with cannabis and
psychosis as factors. Main effect analysis, as well as analysis of the interaction effect of
cannabis and psychosis on each variable was performed.

Significant level was set at 0.05 (p).

34



5. Results

5.1 Demographic and Clinical Data

cC CIP HC ROP
(N = 25) (N = 49) (N =120) (N=70) F-value t/X? p-value
Demographics
Age, mean (SD), 251(561)  23.9(3.80)  258(6.11)  26.0(5.59) 1.595 -
years 0.191
Education, mean (SD,
16.5 (3.59) 13.9 (3.00) 15.8 (3.52) 14.6 (3.44) 5.327 -
years
Sex Male = 17 Male = 41 Male = 48 Male =43 - 30.041 < 0.001
Cannabis Intake (Cl),
mean (SD)
Cl frequency in last 3
2.13 (1.15) 3.0 (1.54) - - 5.868 - 0.002
Months *
CI cumulative
frequency last 3 5.35 (1.11) 4.36 (2.25) - - 3.855 - 0.003
months **
Age of Cannabis
16.05 (1.30) 16.36 (2.07) - - - -0.772 0.443
Onset
Cumulative months of
93.6 (78.84) 42.03 (41.62) - - - 2.232 0.041

Cl

*1 = daily; 2 = >= 3d/w; 3 = <= 3d/w; 4 = less than weekly
**1 =1-5times; 2 = 6-10 times; 3 = 11-15 times; 4 = 16 — 20 times; 5 = 21-30 times; 6 = > 30 times

Table 5. Demographic data of four groups and characteristics of cannabis intake of CC and CIP.

The comparison of the demographic data (see Table 5) revealed a significant higher female-
male ratio in the HC compared to the other three groups (p < 0.001). HC (p = 0.009) and CC
(p = 0.011) had significantly more education years than CIP. These differences were taken

into consideration when calculating the cognitive domains.

The comparison of the cannabis consumption data revealed a significant difference in
patterns of cannabis use between CC and CIP, but no significant difference in the age of
onset of consumption (p = 0.443). In general, CCs had consumed longer (p = 0.041), more
frequently in the last 3 months (p = 0.003), and more frequently during the week than CIP (p
= 0.002).
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ciP ROP
(N = 49) (N=70) T-statistic p-value
PANSS, mean (SD)
Positive Scale 20.4 (5.18) 18.7 (5.60) 1.674 0.097
Negative Scale 12.4 (4.14) 16.7 (7.58) -3.897 < 0.001
General Scale 32.6 (7.57) 35.5(9.79) -1.755 0.082
Total Score 65.0 (10.6) 70.9 (20.0) -2.028 0.0450

Table 6. Positive and Negative Syndrome Scale (PANSS) scores for CIP and ROP.

The comparison of clinical scores of psychosis groups (see Table 6), CIP and ROP, revealed

significant higher scores on the negative symptoms scale of the PANSS for ROP (p < 0.001).
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5.2

Total Scores Cognition, Resilience and Vulnerability

The following graphs show the total scores for Global Cognition, RSA sum score, CTQ sum

score, Bullying sum score, BDI sum score, ES-Score, and WAIS mean score.
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Figure 2. Total scores of four groups for Global Cognition, RSA sum score, and CTQ sum score."

0

cannabis

1

0

cannabis

1

50
7
40 - :d.
. ® 60 6 {..
o ~ 8 ape oo
g (7] . oo -
30 A : g5 - :
— 2 of [} N Sete
5 ) S Yy .8 S 7
620 g . 7 i L B i -
o = t . o3 .. -
m o =20 o= “i. - -
10 . om s _" . 3 .
. u{ *s LIS
- j 0 o2
0 0 .! < l.t'. 2 \
0 1 0 7 S p
cannabis cannabis cannabis

Figure 3. Total scores of four groups for BDI sum score, Bullying sum score, and ES-score.
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Main effects analysis showed that psychosis had a statistically significant effect on all total
scores: global cognition (F(1,260) = 75.698, p < 0.001), WAIS mean score (F(1,253) =
29.055, p < 0.001), CTQ sum score (F(1,235) = 55.863, p < 0.001), BDI sum score (F(1,251)
= 378.884, p < 0.001), Bullying sum score (F(1,260) = 55.298, p < 0.001), ES-score
(F(1,260) = 37.087, p < 0.001) and RSA sum score (F(1,228) = 260.231, p < 0.001).

Main effects analysis showed that cannabis had a statistically significant effect on RSA sum
score (F(1,228) = 12.172, p = 0.001), CTQ sum score (F(1,235) = 27.387, p < 0.001), and ES
Score (F(1,260) = 40.776, p < 0.001).

The two-way ANOVAS furthermore revealed a significant interaction between factors
psychosis and cannabis on RSA sum score (F(1, 228) = 4.133, p = 0.043) as well as BDI
sum score (F(1,251) =5.768, p = 0.017).
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5.3 Resilience, Childhood Trauma and Bullying Subdomains

5.3.1. Childhood Trauma
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Figure 5. Results of Childhood Trauma Questionnaire of four study groups in subdomains emotional abuse,
emotional neglect, physical abuse, physical neglect and sexual abuse. Plots show cut-offs for different grades of
childhood traumas, as mentioned in Methods.

Main effects analysis showed that psychosis had a statistically significant effect on all
childhood trauma subdomains: Emotional Abuse (F(1, 245) = 29.455, p < 0.001), Emotional
Neglect (F(1, 242) = 64.852, p < 0.001), Physical Abuse (F(1, 246) = 28.598, p < 0.001),
Physical Neglect (F(1, 244) = 43.178, p < 0.001), and Sexual Abuse (F(1, 242) = 14.808, p <
0.001).

Main effects analysis showed that cannabis had a statistically significant effect only on
Emotional Abuse (F(1, 245) = 17.397, p < 0.001)

The two-way ANOVAS furthermore revealed that there was a significant interaction between

factors psychosis and cannabis on Emotional Abuse (F(1, 245) = 7.151, p = 0.008).
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5.3.2. Bullying
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Figure 6. Results of Bullying Scale for Adults of four study groups in subdomains Emotional Abuse, Physical
Abuse, Sexual Harassment, and Problems at School 73

Main effects analysis showed that psychosis had a statistically significant effect on all
bullying subdomains: Emotional Abuse (F(1, 260) = 46.298, p < 0.001), Physical Abuse (F(1,
260) = 30.087, p < 0.001), Sexual Harassment (F(1, 260) = 15.035, p < 0.001), and
Problems at School (F(1, 260) = 46.912, p < 0.001).

Main effects analysis showed that cannabis had no statistically significant effect.

The two-way ANOVAS furthermore revealed that there was no significant interaction

between factors psychosis and cannabis on any of the subdomains of bullying.
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5.3.3. Resilience Scale for Adults: Subdomains
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Figure 7. Results of Resilience Scale for Adults (RSA) of four study groups in subdomains family cohesion,
perception of self, planned future, social resources, social competence and structural style.

Main effects analysis showed that psychosis had a statistically significant effect on all
resilience subdomains: Family Cohesion (F(1, 242) = 80.754, p < 0.001), Perception of Self
(F(1, 248) = 162.434, p < 0.001), Planned Future (F(1, 247) = 106.407, p < 0.001), Social
Resources (F(1, 244) = 285.940, p < 0.001), Social Competence (F(1, 246) = 143.934, p <
0.001), and Structural Style (F(1, 245) = 56.122, p < 0.001).

Main effects analysis showed that cannabis had a statistically significant effect only on
Family Cohesion (F(1, 242) = 7.934, p = 0.005), Social Resources (F(1, 244) = 52.76, p <
0.001), and Structural Style (F(1, 245) = 9.344, p = 0.002).

The two-way ANOVAS furthermore revealed that there was a significant interaction between
factors psychosis and cannabis use on Social Resources (F(1, 244) = 27.640, p < 0.001) as

measured by RSA.
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5.4 Cognition Subdomains
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Figure 8. Cognitive performance of four study groups in subdomains attention, social cognition, speed of
processing, verbal learning and working memory. A higher score equals better cognitive performance.

Main effects analysis showed that psychosis had a statistically significant effect on all
cognitive subdomains: Attention (F(1,258) = 19.453, p < 0.001), Social Cognition (F(1,260) =
13.958, p < 0.001), Speed of Processing (F(1,253) = 103.471, p < 0.001), Verbal Learning
(F(1,260) = 50.850, p < 0.001) and Working Memory (F(1,260) = 24.175, p < 0.001).

Main effects analysis showed that cannabis had no statistically significant effect on any of the
cognitive subdomains.

The two-way ANOVAS furthermore revealed that there was no significant interaction

between factors psychosis and cannabis on any of the cognitive subdomains.
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6. Discussion

The main aims of our study were to investigate the difference in psychosocial risk factors,
resilience, and cognitive performance between the four different groups of CC, CIP, HC, and
ROP.

Risk factors for ROP and CIP start in early childhood, with childhood trauma mostly
associated with presence of psychosis, which confirms previous research &'°. Significant
interaction between psychosis and cannabis was found for emotional abuse. Previous
studies have pointed out maltreatment in the family as a risk factor for drug abuse 38. This
may point towards experiences of emotional abuse being a risk factor for cannabis as well as
psychosis and thus the risk of developing especially CIP.

With the expansion of the social circle beyond the family to school and peers, bullying
becomes another potential risk factor. Bullying showed no significant interaction of psychosis
and cannabis and was only associated with the presence of psychotic experiences, which is
also in line with previous research ®75. A possible explanation for the lack of association
between cannabis and bullying could be the social anxiety pathway. Social phobia is
considered a protective factor against cannabis use 3, while social anxiety is associated with
bullying "®. At the same time, cannabis use often happens in social settings 4, which would
also support the notion of bullying and social anxiety leading to less cannabis use. This
would need further research into the connection between CIP, bullying and social anxiety to
analyse the connection.

Significant interaction effects between cannabis and psychosis were found for the BDI-II
score. Previous research has established depression as a risk factor for cannabis use .
Also, while it is often considered a comorbidity of psychosis, newer research associates
depression with the aetiology of psychosis itself . This could mean that cannabis
consumers with signs of depression could be especially at risk for developing CIP.

There was significant interaction between cannabis and psychosis on the ES-SCZ score.
Since the ES-SCZ score is considered a severity indicator of functioning in psychosis %8, the
main effect of psychosis is to be expected. Main effect analysis also revealed a significant
association with cannabis. Mean scores for CC do not differ significantly from CIP and ROP.
Since the included risk factors of childhood trauma were primarily associated with psychosis,
not cannabis, we would have expected psychosis patients to score significantly higher than
healthy cannabis consumers. A possible explanation could be the high factor loading for
cannabis, meaning that CC automatically have a high score due to their cannabis
consumption. Still, since CC and CIP do not significantly differ from each other in this risk
profile, the answer for the difference between CC, ROP, and CIP might not only lie with the

risk factors, but rather with the protective factor of resilience as well.
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This leads to the most prominent differences, which were found for resilience. Significant
interaction of psychosis and cannabis was found for the overall score, as well as for social
resources. Previous research has established high resilience as a protective factor against
the onset and severity of psychosis "%, Given that one of the characteristics of social
resources is the ability to seek support during life difficulties °, this might be a distinguishing
factor between CC and CIP. While the CC are able to actively seek social support, any signs
of their drug habit leading to adverse side effects might be mitigated by their social
resources. On the other hand, according to their scores on the RSA for social resources, CIP
seem to be less connected to their community, possibly leaving them to fend for themselves
when prodromal symptoms emerge. This lack of social support also distinguishes them from
ROP patients. As previous research has suggested 3, CIP patients probably would not
convert to psychosis without the use of cannabis, while risk pathways for ROP are sufficient
without drug abuse to lead to psychotic symptoms. Consequently, CIP would require further
risk factors besides cannabis for a conversion to psychosis and lack of social resources
might be one of them.

The effect cannabis had on family cohesion and structural style might also be explained by
the abovementioned risk factors for drug abuse. Parental supervision, a strong father figure
equipped with sufficient knowledge and information about drug abuse, and shared values
about the harm of drugs were seen as protective factors against drug abuse. A lack of these
might present another risk pathway to the abuse of cannabis *. A lack of structured activity is
another risk factor 3 and at the same time a hallmark of lack of structural style on the
resilience scale ©°.

Our analysis concerning cognition concluded that there was no significant interaction of
psychosis and cannabis on any of the cognitive domains. Cognitive deficits were only
associated with psychosis in CIP and ROP. These findings support previous research about
cognitive impairment in psychosis 7. Previous research has mainly focused on the
association between cognitive performance and psychosis ’. Cognitive deficits in different
domains can be found before the onset of psychosis, as well as after. It is one of the most
common characteristics in psychosis ’.

Further, our findings demonstrate that cognitive impairment in CIP is also primarily
associated with psychotic experience and that cannabis use in healthy volunteers did not
have a significant impact on cognitive performance.

Research on specifically CIP is rare to non-existent, with only one existing study comparing
CIP and schizophrenia patients with cannabis use *3, concluding that CIP patients had better
cognitive performance than the other patient group.

Research about cognitive performance in healthy cannabis users is of mixed nature, most

likely due to different study designs **. Some studies suggest that only frequent or heavy
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cannabis use can be associated with small effects for cognitive functioning. However, these
effects become non-significant after an abstinence period of at least 72 hours “°. These
findings conflict with the results of a systematic review of abstinent cannabis users, arguing
that even after at least 14 days of abstinence, cannabis use still had medium effects on
cognitive performance ©. Yet other studies have raised the question of sampling influencing
results, since many studies recruited their participants from treatment-seeking samples 3°4°.
Using a more population-based approach, another study concluded that only frequent users
show some cognitive impairment, while occasional users show no cognitive impairment and
even performed better in some cognitive domains than healthy non-users 3. In conclusion,
research about the effect of cannabis on cognition is mixed and partly contradictory.

A possible explanation for the lack of interaction could be the decrease of cannabis
consumption after psychosis onset, as previous studies have shown %, and thus a decreased
effect of cannabis on cognition.

The results showing that CC have no cognitive impairment are controversial, since on the
one hand they stand in contrast to previous research, which has demonstrated cognitive
deficits in heavy cannabis users 4%, At the same time, it is in line with other research, which
found no impact of cannabis on cognition in the first place, especially with abstinence “°. Still,
the average cannabis consumption of our CC sample could be considered as heavy with a
weekly average of 3 times or more, which studies have often demonstrated to be detrimental

to cognitive performance *°.
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6.1 Limitations

First, while this analysis aimed to identify vulnerability factors for the development of CIP, the
approach is limited by the cross-sectional nature of the provided data. Longitudinal data
would be needed to prove causality, while cross-sectional data can only cautiously infer
association between factors.

Second, similar to previous studies, our study design also has limitations when it comes to
recruitment “°. CIP and ROP were recruited in a clinical setting, thus selecting a pool of
acutely and severely impaired patients, contributing to the large differences in cognition
between patient groups and healthy controls. But these patients do not fully represent the
whole schizophrenia spectrum. Studies have criticized this approach to recruitment 284°,
Third, while HC were recruited from a larger population sample in an effort to have a wide
representation of healthy controls with different backgrounds, CC were recruited through
advertisements in university student groups in the University Clinic of Cologne, which led to a
highly educated sample. While we tried to control for this by correcting cognitive data for
education, these basic differences cannot be fully corrected for, especially since CC showed
no significant cognitive impairment.

Fourth, there were no strict abstinence criteria implemented for our CC sample. Participants
were only asked to refrain from smoking for at least 24 hours before neurocognitive
assessment.

Fifth, the information on cannabis use is of retrospective nature, meaning that data like this is
susceptible to inaccuracies. Furthermore, because of the illegal nature of the drug, potency
can differ greatly and for users itself, it is often almost impossible to know the exact

composition and potency of their drug of choice.
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6.2 Conclusion

In conclusion, vulnerability factors and lack of resilience were all associated with presence of
psychosis, which is in line with previous research. Cannabis was associated with emotional
abuse in childhood, a lack of family cohesion, structural style, and social resources, as part
of an overall lack of resilience. These findings can be supported with previous research as
well, which has suggested that these factors might be risk pathways for drug abuse.
Interaction between psychosis and cannabis was significantly associated with depression,
emotional abuse during childhood and a lack of social resources as part of an overall lack of
resilience. This might indicate that depression, emotional abuse and a lack of social
resources could be the risk pathways connected specifically with the development of CIP
and not only psychosis in general.

Cognitive impairment in ROP and CIP patient was primarily associated with presence of
psychotic symptoms as well, without any significant association with cannabis use. This is in
line with previous research about cognitive deficits in psychotic patients. While previous
research on cannabis and cognition is conflicting, CC showing no cognitive impairment is still
controversial. A possible explanation could be the recruitment sample and their high
standard of education.

Future research could analyse Clinical-High-Risk patients for psychosis with co-occurring
cannabis use, to generate a better picture of premorbid functioning, cognition, and
vulnerability factors of CIP patients, before the onset of psychotic symptoms. Longitudinal
data would help establish causality between the suggested vulnerability factors in this
analysis. Preventive programs focusing on depression and social resources could help

reduce the occurrence of CIP.
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