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POPULAR SCIENCE SUMMARY OF THE THESIS

Approximately 200 million people worldwide use cannabis, which is a psychoactive substance that
affects the brain function, human behavior, and consciousness. Yet, our current state of knowledge
about cannabis use in relation to mental health is quite inconclusive. While some associations are
well-established; for instance, that cannabis use increases the risk of schizophrenia and other psychotic
disorders, other relationships remain to be elucidated. Increased understanding of cannabis use and
related health effects is of the utmost importance, in order to facilitate informed decisions with regards
to both public health interventions and healthcare. This thesis aimed at increasing the understanding of
cannabis use, other illicit drug use, and drug-related morbidity.

In the first study, we used survey data from a longitudinal population-based cohort in Stockholm
Region, with linkage to the National Patient Register, and examined cannabis use in relation to other
illicit drug use and drug use disorders. We found that cannabis use increased the risk of other illicit
drug use at three-year follow-up, with the risk being higher for recent cannabis users compared to
lifetime users. We also found that cannabis use did not independently increase the risk for subsequent
drug use disorders. This link was rather explained by other illicit drug use.

In the second study, we used data from the longitudinal population-based Women and Alcohol in
Gothenburg (WAG) study to examine associations across time between cannabis use and anxiety and
depression. Cannabis potency has increased during the last years, as has the risk of developing adverse
cannabis-related health outcomes. We found an association between cannabis use and anxiety in both
the oldest and youngest cohorts of women, and between cannabis use and depression in the youngest
cohort. Thus, the association between cannabis use and depression among the younger women,
examined between 2000 and 2015, became more pronounced when adding the effect of period of use.

In the third study, we focused on improving our knowledge of individuals with cannabis use disorder
(CUD), that is harmful use of or dependence on cannabis. By examining national health care registers,
we saw that there was an increase of CUD diagnoses in Sweden over time, especially among younger
birth cohorts. Individuals with CUD were more often male, from younger birth cohorts, with lower
education and income than those without CUD. Also, a majority of those with CUD had an additional
psychiatric diagnosis. Men and women with CUD exhibited differences in education, income and
psychiatric comorbidity. Our subgroup analysis revealed that the two groups with the highest
proportions of CUD, were, on one hand, young men with low income and high proportion of other
substance use disorders, and on the other hand, young women with high income and high proportion
of behavioral disorders.

In the fourth study, we once again utilized national health care registers and examined the extent to
which socioeconomic factors and psychiatric disorders affect the risk of CUD readmission into health
care. We found that twenty percent readmitted to care during follow-up, and that those with low
education, schizophrenia and psychotic disorders, mood-related disorders or personality disorders had
the highest risks of readmission. Younger individuals were at highest risk of readmission (aged 18-35
years).

The findings from this thesis provide public health workers and clinicians with scientifically
underpinned knowledge regarding the links between cannabis use, other drug use and psychiatric
disorders, also demonstrating the impact of socioeconomic factors and psychiatric comorbidity in
relation to cannabis use disorder. Our findings may be used to improve cannabis-related care by
highlighting individuals with complex healthcare needs, as well as underscoring the importance of
comorbidity within psychiatric care.



POPULARVETENSKAPLIG SAMMANFATTNING

Over 200 miljoner minniskor virlden dver anvinder cannabis, en psykoaktiv substans som paverkar
hjarnans funktion, méinskliga beteenden och medvetande. Var kunskap om cannabisanvindningens
effekter pa véar mentala hilsa ir begriinsad. Aven om vissa samband #r viletablerade; till exempel att
cannabisanvéindning Okar risken for schizofreni och andra psykossjukdomar, aterstar det fortsatt att
belysa andra. Okad kunskap om cannabisanviindning och relaterade hilsoeffekter ér av yttersta vikt,
d4 det kan leda till vélinformerade beslut inom savil sjukvard, som i folkhilsoarbete. Denna
avhandling syftade till att 6ka kunskapen om cannabisanvindning, annan narkotikaanvindning och
drogrelaterad sjuklighet.

I den forsta studien anviande vi populationsbaserade enkdtdata med lankningar till det nationella
patientregistret och undersokte cannabisanvindning i relation till annan droganvandning och
drogberoende. Vi fann att cannabisanvindning 6kade risken for annan narkotikaanvdndning vid
treérsuppfoljning, och att risken var hogre for individer som anvént cannabis de senaste tolv
manaderna jamfort med individer som endast provat cannabis vid enstaka tillfdllen. Vi fann ocksé att
cannabisanvindning inte var en oberoende riskfaktor for senare drogberoende. Detta samband
forklarades snarare av annan droganvéndning.

I den andra studien anvénde vi data frdn den populationsbaserade intervjustudien for att undersoka
samband 6ver tid mellan cannabisanvidndning och angest och depression. Cannabis har 6kat i styrka
under de senaste aren, liksom risken for att utveckla negativa cannabisrelaterade hilsotillstand. Vi
fann ett samband mellan cannabisanviandning och &ngest i bade den &ldsta och yngsta kohorten av
kvinnor, och mellan cannabisanviandning och depression i den yngsta kohorten. Associationen mellan
cannabisanvandning och depression bland de yngre kvinnorna, undersokta mellan 2000 och 2015,
blev mer uttalad nér vi lade till effekten av vilken tidsperiod cannabis anvénts.

I den tredje studien fokuserade vi pa att forbéttra var kunskap om individer som fatt en diagnos till
foljd av sitt cannabisbruk inom sjukvarden, det vill sdga har ett skadligt bruk, eller dr beroende av
cannabis.

Genom att granska nationella sjukvérdsregister sdg vi att det skedde en 6kning av cannabis-relaterade
diagnoser i Sverige over tid, séarskilt bland yngre fodelsekohorter. Individer med diagnos var oftare
mén, fran yngre fodelsekohorter, med ldgre utbildning och inkomst &n de utan diagnos. Dessutom
hade en majoritet av dem med en cannabis-relaterad diagnos en ytterligare psykiatrisk diagnos. Méan
och kvinnor med cannabis-relaterade diagnoser uppvisade skillnader i utbildning, inkomst och
psykiatrisk samsjuklighet. Vara analyser visade ocksa att de tva grupper med hogst andel cannabis-
relaterade diagnoser bestod av & ena sidan unga min med lag inkomst och hog andel
beroendediagnoser, och & andra sidan unga kvinnor med hog inkomst och hog andel
beteendestorningar.

I den fjarde studien anvénde vi aterigen nationella sjukvardsregister och undersokte i vilken
utstrackning socioekonomiska faktorer och psykiatriska storningar paverkar risken att aterkomma i
cannabis-relaterad vard 6ver tid. Vi fann att tjugo procent aterinskrevs i sjukvarden under
uppfoljningstiden och att de med 1ag utbildning, schizofreni och andra psykossjukdomar, affektiva
sjukdomar eller personlighetssyndrom hade hogst risk for &terinskrivning. Unga individer 16pte storst
risk att &terkomma i cannabis-relaterad vard (aldrarna 18-35 ar).

Resultaten fran denna avhandling ger folkhilsoarbetare och kliniker vetenskapligt underbyggd
kunskap om sambanden mellan cannabisanvéndning, annan droganvindning och psykiatriska
storningar, och visar ocksa pé betydelsen av socioekonomiska faktorer och psykiatrisk samsjuklighet i
relation till cannabis-relaterade diagnoser. Vara resultat kan anvéndas for att forbattra den
cannabisrelaterad varden genom att lyfta fram individer med komplexa vardbehov, samt understryka
betydelsen av samsjuklighet inom psykiatrisk vérd.



ABSTRACT

Amid increased prevalence globally of both cannabis use, and cannabis use disorder (CUD), changes
of the legal status of use, as well as increased cannabis potency, it is important to increase the
understanding about the health effects from using this psychoactive substance. Improved
understanding will provide better prerequisites when shaping policies and healthcare systems targeting
affected individuals. Thus, the aim of this thesis was to increase understanding of cannabis use, other
illicit drug use, drug-related morbidity, and dependence. The studies were based on different sources
of information (surveys, interviews, register linkages) and a variety of methodological approaches
(longitudinal, cross-sectional, and cluster designs).

Study 1 examined cannabis use in relation to other illicit drug use and drug use disorders. Survey data
was used, comprising adults aged 20-64 years from the general population in Stockholm Region (n =
9 733). The results showed that cannabis use did not seem to act as an independent risk factor for later
drug use disorders, although cannabis use did increase the risk of other illicit drug use at three-year
follow-up. Of the included covariates, alcohol consumption attenuated the associations the most.

Study 2 assessed the relationship across time between cannabis use and anxiety as well as depression.
Interview data was used, comprising women born 1955-1993 from the general population in
Gothenburg municipality (n =1 100). The results showed that cannabis using women born in later
years were at higher risk of depression and anxiety. The results from the interaction analyses indicated
that period of cannabis use increased the risk of depression. Childhood factors (unsafe upbringing and
family tensions) attenuated the associations.

Study 3 explored the socioeconomic characteristics and psychiatric comorbidity of individuals with
CUD compared to those without. Register data was used to derive the study population, which
comprised all individuals born 1970-2000, and registered as living in Sweden sometime between 1990
and 2016 (n =3 307 759). Four clusters were identified, two of which showed slightly higher
proportion of CUD. One of those clusters was characterized by young men with low income and other
substance use disorders, and the other cluster was characterized by young women with high income
and behavioral disorders.

Study 4 examined CUD readmissions and the influence of socioeconomic factors and psychiatric
comorbidity on the risk of being readmitted to healthcare for a CUD diagnosis. Register data was used
to derive the study population, which comprised individuals with a CUD diagnosis born 1950-1999,
and registered as living in Sweden sometime between 2001 and 2016 (n = 12 143). The results
showed that CUD visits mainly took place in the outpatient care (~80%), and that low education,
schizophrenia and psychotic disorders, personality disorders, or mood disorders increased the risk of
CUD readmission the most. Individuals aged 18-35 years were at higher risk of readmission.

In conclusion, the findings in this thesis show associations between cannabis use, other illicit drug use
and psychiatric disorders. Those reporting cannabis use or are diagnosed with CUD are primarily
younger individuals, and mainly men, who also suffer from other substance use disorders. On the
other hand, women who use cannabis or are diagnosed with CUD are often diagnosed with mood-
related disorders, neurotic and stress-related disorders, and behavioral disorders. Risk of being
readmitted to healthcare for a CUD diagnosis was highest among young individuals, those with only
primary education, schizophrenia and other psychotic disorders, mood-related disorders, or personality
disorders. The implications of these findings are of relevance to healthcare, as they inform on the
complex healthcare needs of individuals with CUD and their psychiatric comorbidity/multimorbidity
— which in turn may affect the risk of readmission. Young individuals are central with regards to
cannabis use and CUD. Additionally, since women, to a larger extent than men, visit healthcare for a
variety of mental health problems, their possible substance use disorders may be overlooked, hence
particular attention should be given to these women.
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1 INTRODUCTION

1.1 BRIEF HISTORICAL OVERVIEW

Cannabis is perhaps one of the most controversial psychoactive substances of the 21% century
thus far, at least when following the public discourse, academic advancements, and legislative
changes in several countries. The commonly cited introductory phrase in research articles and
reports of cannabis being the most consumed illicit drug worldwide' [e.g., 1-4] echoes and
motivates research with varying approaches and points of departures. Although, examples
mainly come from high-income countries of the so-called West (i.e., Europe, North America,
Australia, and New Zealand) [e.g., 5], consequently reflecting where the main body of
research on cannabis use in general populations is based. Of course, that is likely reflective of
political milieu, resources, interest, and opportunity rather than other factors — a view
supported by evidence of increased research on cannabis use also in low- and middle-income
countries [5]. Historically, cannabis was de facto first documented in the so-called far East
(i.e., today’s Asia) [6-8].

Cannabis (from the plant family Cannabaceae) has three primary varieties; Cannabis sativa,
Cannabis indica and Cannabis ruderalis [7,9], where the latter is often used in hybrids and
rarely on its own [6]. The most commonly used are thus C. sativa and C. indica, with > 700
different strains existing [6]. Cannabis originates from Asia (most likely Western and Central
Asia), and later gradually spread to (North) Africa, Europe, and the Americas [1,7,9].
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Figure 1. lllustration of the dispersion of cannabis.?

" Paraphrased — the sentence usually reads; Cannabis is the most consumed illicit drug in the world.
2 Figure 1 adapted based on information from: Warf, B. High Points: An Historical Geography of Cannabis. Geographical Rev.
2014;104(4):414-38.



Several names for cannabis and its different strains exist, with some of the most common
being weed, pot, ganja, and kush (often pure C. indica), although many more exist. The main
forms of preparations are bhang (a paste-like texture), hashish (compressed trichomes), hash
oil, and leaves/buds, and the common methods of consumption are usually smoking, vaping,
or orally ingesting (edibles or oil drops) [6]. These different preparations and ways of
consumption are, however, rarely reported in studies, and the literature related to cannabis use
often discards preparation or mode of consumption.

With cannabis making its way across the world, numerous historical records suggest both
medicinal and recreational use [9,10], especially during the late 1800s and early 1900s.
International control and regulation of psychoactive substances has been in place since the
Opium Convention in 1912, where cannabis was included in 1925 after the scope of the treaty
expanded [10]. Since then, cannabis research has inevitably been affected by the international
and national regulations, where claims by critics of medicinal benefits have been balanced by
claims of the harmful effects and the need for control [7].

As a result, most research on cannabis use has been conducted while it has been (and largely
continues to be) an illicit drug, an although great advancements have been made, this has
likely impacted the research. Certainly, studying an illicit behavior in the general population
introduces some inherent difficulties, whereby participation and response rates may be
negatively influenced, and respondents may not answer truthfully to questions about their
engagement in illegal activities.

1.2 FOCUS OF THE THESIS

Irrespective of the legal status of this plant with psychoactive components, it is clear that
cannabis use will have health effects. In this thesis, potential health benefits of the cannabis
plant are not ruled out, they are merely out of focus. Instead, the focal point is on the harmful
effects of cannabis use, with an emphasis on increasing the understanding of the link between
cannabis use, other illicit drugs, cannabis use disorder (CUD), and psychiatric morbidity.



2 BACKGROUND

2.1 CANNABIS AS A PSYCHOACTIVE SUBSTANCE

The cannabis plant comprises a main psychoactive substance called A-9-tetrahydrocannabinol
(THC) which causes the euphoric effect (a “high”) and is addictive [11,12]. Another main
substance is cannabidiol (CBD), which mitigates the effect of THC and contributes to
therapeutic effects [11,12]. Acute effects of cannabis use can be both positive and negative.
Positive acute effects include sense of pain alleviation and joy [13,14]. Negative acute effects
on the other hand, include slower reactivity and decreased control of motor functions, as well
as possible anxiety, paranoia, and psychotic episodes [13,14].

While cannabis use has increased globally in the past decades [15], its potency has as well
[16,17]. In recent years, THC has appeared in higher levels both in the confiscated cannabis
across the world and the cannabis sold in legal outlets — the potency in todays consumed
cannabis has thus risen [16,18]. In the late 1970’s, the THC percentage was less than one
percent (in USA and Canada) while reaching up to 15-20% in 2016-17 [16,17,19,20]. Similar
results have been found in Europe and a recent study from Denmark showed a 3-fold increase
in THC concentration between 2000 (8.3%) and 2017 (25.3%) [21,22].

Higher THC concentration in cannabis have been linked to several negative health outcomes,
including psychotic disorders [15], poorer addiction outcomes [23] and depression [12]. It has
been hypothesized that the increase in THC over time may contribute to increased prevalence
of depression and anxiety [24,25]. Considering that THC concentration may partly explain
the relationship between cannabis use and anxiety as well as depression [25,26], studies
comparing these associations over time as well as comprising more recent data on cannabis
use are required.

2.2 CANNAEBIS IN SOCIETY

Internationally, cannabis use is reported by some central sources of information, including the
World Health Organizations survey (ATLAS survey), United Nations Office on Drugs and
Crime (from e.g., World Drug Reports), the European Monitoring Center for Drugs and Drug
Addiction (based on e.g., European Web Survey on Drugs), as well as European School
Survey Project of Alcohol and Other Drugs, National Epidemiologic Survey on Alcohol and
Related Conditions, Substance Abuse and Mental Health Administration and National Survey
on Drug Use and Health. These sources provide regular, reliable information about cannabis
use and are widely utilized in research.

Cannabis is the most consumed illicit drug worldwide with an estimated 200 million users
[27,28]. Generally, cannabis is considered an illicit drug, although in recent years several
countries have started to legalize its use (e.g. Uruguay, Canada, and several states in the US).
The prevalence of cannabis use varies greatly between countries, with the highest annual use
being observed in North America at 13.8% [29] (with e.g. Canada at 15% [30]) and Oceania
at 10.9% [29] (with e.g. New Zealand at 11% [31] and Australia at 10% [32]). In Sweden, it
has been estimated that about 10-12% have ever used cannabis, with a quite stable past year
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prevalence of 2-3% [33]. Above all, younger people are using the drug; in Sweden 21% of
those aged between 16 and 29 report having ever used cannabis [33]. A slight increase has
been observed in the past year prevalence since 2009 especially among those aged 16-29
years [33].

Exposure to cannabis use in early life has greater adverse health effects than being exposed in
older age, and exposure to cannabis use in adolescence has been shown to increase the risk of
negative effects on e.g., educational attainment [e.g., 23] — which in turn is a key determinant
for health [35]. Furthermore, cannabis use has been shown to increase the risk of
experiencing social disadvantage such as receiving disability pension [36]. Several studies on
cannabis use and its link to other illicit drug use have been carried out [13], importantly so,
since understanding this link has implications for both prevention and healthcare services.
Such implications may, for instance, be underpinnings for formation of healthcare services
for patients with any drug use or drug-related problems. Although the association between
cannabis use and other illicit drug use has long been under study, there is still uncertainty
regarding the extent to which cannabis is to be considered a risk factor.

2.3 THEORIES OF DRUG USE PROGRESSION

Three theories of drug use progression are recurrently mentioned in the scientific literature
[37], namely the route of administration model, the theory of common liability and the
gateway sequence theory [38].

The route of administration model [e.g., 26] puts special emphasis on the route of
consumption, where the method of using one drug may account for the use of another. For
example, smoking tobacco increases the risk of initiating use of cannabis administered in the
same manner, or injecting one drug may increase the risk of initiating the use of another
injection drug. The theory of common liability [e.g., 28] rather suggests shared factors that
increase one’s vulnerability/susceptibility to use other illicit drugs and develop dependence or
drug use disorders. These common factors address the mechanisms and characteristics of
development of dependence or drug use disorders, an example can for instance be proneness
to deviant behavior [e.g., 29].The gateway sequence theory is perhaps the theory that has
influenced debates regarding drug policies the most [41]. This long-debated theory was first
proposed by Kandel et. al. in the 1970’s and has continuously been tested and replicated [41].
It proposes an ‘invariant sequence’ in the progression of drug use (starting from alcohol &
tobacco to cannabis use, further onto other illicit drug use, ultimately ending in harmful use
of and dependence on drugs) [38]. Thus, the gateway theory raises the question of whether
cannabis use in itself increases the risk for other illicit drug use and drug use disorders.

It is, however, unclear if one theory is able to explain the mechanisms of drug use
progression better than any other. Thus, the association between cannabis use and drug use
disorders remains unclear. Although an association between cannabis use and the subsequent
use of other illicit drug use has repeatedly been observed [e.g., 3,31,32], the predictors of
drug use progression (from cannabis to other illicit drugs and subsequent harmful drug use
and/or drug dependence) are largely unknown [43].



2.3.1 Cannabis use in relation to other drug use

The link between cannabis use and other illicit drugs, as well as multidrug or polydrug use
(i.e., using different substances interchangeably) is common [13]. It has been suggested that
although a range of early life circumstances that put individuals at greater risk (e.g. parental
drug use, childhood abuse, and conduct disorder), the use of cannabis in late adolescence
emerges as the strongest risk factor of other illicit drug use and dependence [42]. This is also
supported by twin studies, which aim to rule out genetic and environmental factors which
may influence the association [39,44,45]. These have shown early-onset cannabis users to be
at two to six times greater risk of other illicit drug use and drug use disorders, compared to
their non-using twin. Users were also twice as likely as their non-using twin to meet criteria
for dependence [44,46].

As part of the drug use progression, health outcomes such as mental illnesses as
consequences of cannabis use have been investigated [13]. While some relationships are
relatively well-established, such as the association between cannabis use and schizophrenia
[47], other associations are yet to be unpacked.

24 CANNABIS USE IN RELATION TO PSYCHIATRIC DISORDERS

The terms comorbidity, multimorbidity and co-occurring diagnoses are sometimes used
interchangeable, although they are not exactly synonymous. Comorbidity was first coined in
1970, defining an additional disease present or developing during the course of an individual
during the study period [48]. Multimorbidity followed shortly after (from 1976) and was
commonly used to describe individuals with multiple (two or more) chronic conditions
[48,49]. In this thesis, the term comorbidity is used to indicate a main focus on disorders due
to cannabis use in relation to other psychiatric disorders that may have occurred or been
diagnosed at different time points.

Previous studies have shown that cannabis use may lead to several adverse health outcomes,
such as poorer cognitive function [50,51], depression [52], psychoses [47], and cannabis use
disorders [13,38,53]. Increasing number of studies show that cannabis use is associated with a
variety of psychiatric diseases such as anxiety, depression, and dependence [13,24,54], while,
at the same time, studies also report absence of these associations [e.g., 42,43]. The debate
regarding the possible negative health effects of cannabis use has been long-standing, yet
consensus has not been achieved. Common limitations in previous studies have been
restricted study populations, inability to rule out reverse causation, and limited confounding
control. It has recently been highlighted that further research is needed regarding the effect
that cannabis use might have on mental health, not the least longitudinally [13]. Despite this,
uncertainty remains as previous studies have produced somewhat mixed results. Some have
reported an independent risk increase of cannabis use on drug use disorders [e.g., 44], while
others have emphasized other overlapping risk factors, for example conduct disorders [58]
and adverse childhood conditions [59]. Therefore, it is still unclear to what extent the
association between cannabis use and subsequent other illicit drug use is an effect of the drug
itself, reflects characteristics of the users, or is a consequence of other uncontrolled
confounders [60].



It has been shown that up to one-third of cannabis users may develop CUD [61]. Studies have
reported that CUD is highly prevalent and available literature has identified some
characteristics of and potential risk factors for CUD. For instance, CUD has been reported to
be comorbid (e.g., with other substance use disorders and mental health problems) and
characterized by low quality of life [61,62]. The prevalence of CUD has also been shown to
be greater among those with low income [63,64]. However, of the few studies that have been
conducted on CUD and comorbidity to date, the majority have been conducted in the US.
Thus, replications of studies on this topic are needed in other contexts [64].

Importantly, a study from the US found the transition rate from cannabis use to CUD to be
higher among those with a mental illness (such as anxiety, mood, psychotic, or personality
disorder) [61]. In particular, individuals with psychotic and personality disorders have been
associated with higher rates of transition from use to dependence, where more than half of the
cannabis users studied developed CUD [61]. Certain sex differences have also been observed,
where men have been shown to have higher prevalence of CUD than women [63,64]. Two
studies reported higher rates of other drug use disorders and antisocial personality disorder
among men with CUD [63,64], whereas women have been found with higher rates of mood
and anxiety disorders [62]. Differences in severity of CUD between the sexes and their
association with different mental illnesses have also been observed [64]. For instance, mild
CUD among men has been shown to be associated with persistent depression, moderate CUD
among men and mild CUD among women with generalized anxiety disorder, and moderate
CUD among women with post-traumatic stress syndrome [64].

2.5 CANNABIS USE DISORDER & CANNABIS-RELATED CARE

Regular cannabis use over time is required and assumed in order to develop conditions like
harmful use of, or dependence on cannabis — together defined as cannabis use disorder
(CUD) in this thesis. This may follow either operational criteria from the International
Classification of Disease (in version ICD-10 by the World Health Organization [65]), or they
may follow the DSM criteria by the American Psychiatric Association, where DSM-5 is the
latest version and DSM-1V its predecessor [66]. The diagnostic criteria are available in
appendix (Appendix 1).

The DSM-5 provides descriptions of 11 symptom criteria regarding impaired control, social
impairment, risky behavior, and physiological adaptation. Having 2-3 symptoms indicates a
mild CUD, the presence of 4-5 symptoms indicates moderate CUD and 6 or more symptoms
indicate severe CUD [60]. The predecessor, DSM-IV, included abuse (oriented towards
social problems) instead of harmful use (a rather medical term). That version required the
fulfillment of one criterion out of five to be met for an abuse diagnosis, and three out of six
criteria for cannabis dependence — both within a 12-month period. The ICD-10 provides
criteria of symptoms harmful use and dependence, with the specific codes F12.1 (harmful
use) and F12.2 (dependence).

Studies from the US have reported younger age-groups (18-25 or 18-29) to be at higher risk
of CUD compared to their older counterparts [63,67]. Furthermore, another recent study from
the US demonstrated that adolescents (12-17 years) had a higher 12-month CUD prevalence
following cannabis use compared to young adults (18-25 years), which was consistent on a
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yearly basis up to four years after cannabis use was initiated [68]. This study also reported
that the prevalence of CUD ranged from 10-20% among adolescents and between 5-10%
among young adults.

When exploring the development of CUD, previous studies have shown considerable
remission rates of around 80%, with slightly higher remission among women than men
[62,69]. Similarly, a more recent study showed that approximately 67% of individuals with a
CUD diagnosis remitted at a 3-year follow-up, while 33% remained diagnosed [70].
However, in this study CUD was measured by self-reports, which may have biased the
results. It has been shown that women are more likely to remit compared to men [62], and
also that they recover at a faster rate [69] as well as being younger at remission compared to
men [62]. In study from the US, the mean duration from CUD onset to recovery was reported
at around 32 months, however men showed a significantly longer duration compared to
women; 41 months compared to 25 months [69]. However, this study suffered from unequal
sampling strategy and high attrition during follow-up, which may have biased the results.

A recent systematic review on the health care utilization of people who use illicit drugs,
illustrated the lack of studies focusing on cannabis — the authors were able to identify only
eight unique study populations — with a majority being from the US, which inhibited further
analysis [71]. The review also showed that twelve months was the most common period to
study. The literature on remission from CUD is thus scarce, and future studies with longer
follow-up times and including e.g. time-varying variables, such as educational attainment or
socio-economic position, are warranted [72].

In Sweden, the responsibility for healthcare sits at regional level while social services is at a
municipality level. This affects the care and treatment offered to individuals with CUD, and
has been criticized as it gives rise to problems regarding responsibility and commitment [73].
With this in mind, together with the limited body of research on individuals with CUD, it is
important to study individuals in CUD-related healthcare. By studying healthcare registers,
which in Sweden inevitably captures healthcare utilization, the understanding of how CUD
may develop over time could be highlighted to some extent, which would give greater insight
into the current situation as well as gaps of knowledge.

2.6 METHODOLOGICAL REMARKS

Studying illicit behaviors may be difficult and it is fair to assume that methodological
challenges may arise with data collection. In Sweden, survey data from the Public Health
Agency show quite stable prevalence of cannabis use [33]. This stability indicates a general
level of consumption in the population, although still being susceptible to selective sampling
and non-response. In general, non-responders have been characterized by being male, young,
unmarried, and less educated [74] as well as consuming more alcohol and using other illicit
drug to a larger extent than respondents [14], furthermore being at higher risk of drug-related
morbidity and mortality compared to responders [74]. This possible selection bias and
attrition is important to acknowledge of when studying cannabis use and related morbidity,
prompting caution when interpreting results.



2.7 SUMMARY OF RESEARCH GAPS & RATIONALE

There have been repeated observations of the association between cannabis use and other
illicit drug use [13,43], but much less is known about the link to drug use disorders. While
some studies have reported that cannabis may act as an independent risk factor for drug use
disorders [57], others have stressed the importance of overlapping risk factors such as
psychiatric disorders [58,75] and childhood conditions [76]. As such, it is not determined
whether cannabis use is an independent risk factor for continued harmful drug use
longitudinally [60]. Common limitations in previous research have been restricted samples,
either by size or type (e.g., clinical), or inadequate confounding control, and short follow-up
periods [13]. With this in mind, studies that allow control for a range of factors, such as
adverse childhood circumstances, educational attainment, socioeconomic position, and
alcohol use, in combination of larger, longitudinal cohorts are warranted.

The increased potency of cannabis over time [ref] has given rise to questions regarding its
potential effect on health. A recent large-scale study showed that high-potency cannabis
increased the risk for psychotic disorders [15,77]. Such findings inspire further research on
the effects of cannabis potency, and it has been suggested that THC concentration plays a role
in the development of mental health problems such as anxiety and depression, yet the
associations are still unclear [25,78]. Considering that cannabis potency may in part explain
the relationship between cannabis use and anxiety and depression [25,26], studies comparing
these associations over time, covering older as well as more recent data on cannabis use, are
needed. Especially since these disorders affect large proportions in populations across the
world and especially women [79].

CUD is currently one of the main reasons for individuals seeking substance use treatment,
and the demand for cannabis use-related treatment has increased in all Nordic countries [80].
Still, no previous study has looked into the individuals seeking healthcare for CUD in
Sweden. Knowledge of healthcare utilization of individuals with CUD, and information on
trends regarding this utilization, is necessary for planning and implementation of appropriate
prevention and healthcare measures. In spite of the scarcity of studies, CUD has been shown
to be comorbid [52,81,82] and some sex differences with regards to remission have been
observed [69]. The risk of CUD relapse has also been shown to be higher among individuals
with low education or income [83]. Furthermore, a limited number of studies have examined
CUD and healthcare utilization, and most of those studies have been US based. Therefore, it
1s important to understand individuals with CUD and psychiatric comorbidity in other
contexts. Additionally, previous studies have looked at inpatient care [84,85] whereas
information from the outpatient care has not been included. We have limited knowledge
about the extent to which individuals with CUD are readmitted to healthcare in Sweden, or
whether socioeconomic factors, or certain comorbid psychiatric disorders are important
contributors to the risk of readmission.



3 RESEARCH AIMS

The overall aim of this thesis is to increase the understanding of cannabis use, other illicit
drug use, drug-related morbidity. Throughout the thesis, special focus is placed on cannabis
use (on different levels, be it lifetime use or heavy use resulting in cannabis dependence), and
its associations with different psychiatric disorders.

Specific aims and research questions for each study:

STUDY 1

We aimed to examine the association between cannabis use and subsequent other illicit drug use and
drug use disorders (harmful use and dependence), and answer the following research questions:

a) To what extent does cannabis use increase the risk of other illicit drug use?

b) To what extent does cannabis use increase the risk of drug use disorders, when compared to other
illicit drug use?

( )

STUDY 2

We aimed to examine the association between cannabis use and anxiety and depression, and to find
out whether any such association changed over time — which could be attributed to the increased THC
concentration in recent years.

. J

(orupy s N\

We aimed to study individuals diagnosed with CUD in Sweden between 1990 and 2016, and answer
the following research questions:

a) What is the number of CUD diagnoses registered in healthcare across different age groups in
Sweden between 1990 and 2016?

b) What characterizes individuals diagnosed with CUD in comparison to individuals without CUD,
with regard to sociodemographic characteristics and other psychiatric disorders?

¢) To what extent does CUD cluster among individuals with certain sociodemographic characteristics,

desychiatric comorbidity? /




= N\

We aimed to characterize CUD readmissions as well as examine the risk of CUD readmission,
and answer the following research questions:

a) What characterizes readmissions due to cannabis use disorder with regards to frequency,
severity of cannabis use disorder, socioeconomic factors, psychiatric disorders and health care
provider?

b) What is the risk of readmission after initial diagnosis of cannabis use disorder?

¢) To what extent do socioeconomic factors and psychiatric disorders influence the risk of
readmission of cannabis use disorder?

QHOW does the risk of readmission vary by age? /
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4 MATERIALS & METHODS

This thesis includes data from three different data sources. An overview is outlined in Table 1
and the relationship between the individual study aims, materials and methods are illustrated in

Figure 7.

Table 1. Overview of data sources for each study.

Study Data source Sample Participants | Ages/Birth years Data
collection
Study The Mental Health, Stockholm 9733 20-64 years Baseline
1 Work and Relations Region individuals, 1998-2000
study including a
(Swedish acronym: Men and women | sub-sample of Follow-up
PART?) 7 616 2001-2003
General individuals
Survey data with population-based
linkage to patient sample
registers
Study The Women and Gothenburg 1100 Oldest, cohort 1: 1986-1992
2 Alcohol in municipality individuals, Born 1955, 1965
Gothenburg cohort divided into
(WAG) Women three birth Second oldest, 1995-1998
cohorts cohort 2:
Interview data with General Born 1970, 1975
clinical diagnoses population-based
sample Youngest, cohort 3: | 2000-2002 &
Born 1980, 1993 2013-2015
Study Psychiatry Sweden Sweden 3307 759 1970-2000 1990-2016
3 (PS) individuals
Men and women
Comprehensive
register-linkages Total population
register
Study Psychiatry Sweden Sweden 12 143 1950-1999 1990-2016
4 (PS) individuals
Men and women
Comprehensive
register-linkages Total population
register

®PART - Psykisk hilsa, arbete, relationer

4.1 MATERIALS

The three data sources are of varied types and include surveys, interviews, and national
registers. The data used for the respective studies have some overlap, pertaining mainly to
register utilization.
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4.1.1 The Mental Health, Work and Relations study (PART) - STUDY 1

The study population was based on data from the PART study, a general population cohort
which includes survey data with linkage to National Patient Register (NPR) [86]. It comprises
data on adults aged 20-64 years at baseline in Stockholm, Sweden.

Data collection was initiated between 1998 and 2000 where five, equal-sized, random samples
of Swedish citizens residing in Stockholm, were drawn from the Stockholm Region (then;
Stockholm County, approximately 858 000 individuals) [56]. Of the invited individuals (n =

19 742), fifty-three percent (53%) responded to the questionnaire (n = 10 441). The respondents
were sent a follow-up questionnaire after three years (2001-2003), where the response rate was
eighty-three percent (83%, n =8 613). The data collection was carried out by Karolinska
Institutet.

adults aged 20-64 years
~858 000 individuals

|

Five random samples

' Stockholm 1998-2000,

(n =19 742) were senta
questionnaire

|

53 % response rate

(n = 10 441) '
7 Sample for research \ Final study sample
L question b) ) (n=9733)

Excluded (n = 997)
Item non- response
. Baseline other illicit drug use

‘ Excluded (n = 708)

Item non-response

Follow-up questionnaire
2001-2003
83 % response rate (n = 8 661)

| Sample for research — Flnal sub-sample

question a) (n=7616)

Figure 3. Fi lowchart of sample from the PART study used in Study 1.

For our study, we utilized data from both baseline and follow-up. We excluded individuals with
missing information on study variables. The flowchart above (Figure 1) illustrates the study
population used for the research questions in Study 1.

4.1.2 The Women and Alcohol in Gothenburg cohort (WAG) - STUDY 2

The study population was based on data from the WAG cohort, a general population cohort,
which includes interview data with clinical diagnoses [8§7—89]. It comprises data on women
from selected birth cohorts between 1955 and 1993 in Gothenburg, Sweden.
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Data collection was initiated in 1986 where a two-phase sampling strategy was implemented,
with the objective to over-sample women with alcohol-related problems. This sampling strategy
was carried out in four waves, each wave encompassed the two phases: phase one included
screening for alcohol-related problems and phase two included a structured in-person interview.
The screening questionnaire was Screening for Alcohol dependence and Abuse in Women
(SWAG) [87]. Based on the scores from the screening in phase one, a stratified sample was
selected for interview. The scores ranged from O (indicating no alcohol-related problems), 1-3
(indicating possible alcohol-related problems), and >5 (indicating probable alcohol problems).
All women from the highest scoring group were invited for interview. Randomly selected
women from the two remaining groups, as well as from the non-respondents, were invited for
interview. Due to the low response rate in the fourth wave, all women participating in the
screening were invited for interview.

The screening for the first wave was initiated in 1986 and interviews took place between 1989-
1992. The first wave included all women born 1925, 1935, 1945, 1955, and 1965 (n =3 130),
however we excluded women born prior to 1955 due to few exposed individuals (n = 8). The
screening for the second wave took place in 1995-1996 and interviews in 1995-1998. The
second wave included women born 1970 and 1975. The screening for the third wave took place
in 2000 and interviews in 2000-2002, which included women born 1980. The screening for the
fourth wave took place in 2013 and interviews in 2013-2015, which included women born
1993. Different versions of the interview were offered, however we only included women who
completed the comprehensive (long) interviews. The flowchart below illustrates the study
population used in Study 2.

Screening 1986 Screening 1995-1996 [ Screening 2000 Screening 2013

Born 1925, -35, -45, -55, -65 ‘ ‘ Born 1970, -75 ‘ ‘ Born 1980 ‘ ‘ Born 1993

(N =3130) (N =2910) (N=1103) (N =1687)
/ ’ v \
9 \
‘ 77.7% response rate ‘ 723:60?‘:: Z:;:sé ‘ ‘ 75.2% response rate ‘ ‘ 33.9% response rate ‘
(n=2433) J  (h=1513,0=734) (n =829) (n =572)

v

Invited to interview |

(n = 479)

Invited to interview
1989-1992 1995-1998 2000-2002

(n =419, n=410) (n =491)

( Bxcluded(n=310) (" Excluded (n = 336) | [ Excluded (n =224) |
,::ofr;:tc::it::: No participation No participation
Born before 1955 Short interview Short interview

| _ ltem non-response ) \_ ltem non-response

2013-2015
(n =568)

[ Invited to interview ‘ Invited to interview ‘

\_ ltemnon-response

Birth cohorts | | Birth cohorts | Birth cohort ) Birth cohort
1955 & 1965 ‘ 1970 & 1975 H 1980 ‘ 1993
(n=169) J ! (n=493) ) 1 L (n =267) J (n=171)
Oldest cohort Second oldest cohort Youngest cohort
(O] 2 A3

Figure 4. Flowchart of sample from the WAG cohort used in Study 2.

13

Excluded (n = 397)
No participation
Short interview

Item non-response



4.1.3 Psychiatry Sweden (PS) - STUDY 3 and STUDY 4

Data for studies 3 and 4 were obtained from the PS database, which comprises multiple national
registers that are approved for research.

STUDY 3

In Study 3, individuals were identified from the Total Population Register (TPR, variables
birthdate and sex) [90], Longitudinal integrated database for health insurance and labour market
studies (Swedish acronym: LISA®) [91], held by Statistics Sweden. The study population
comprised all individuals registered in Sweden sometime during 1990-2016 and were born
between 1970 and 2000. Individuals were included once they turned 16 years old or at the start
of the study period (in 1990), whichever came last. Linkage to the NPR was utilized to obtain
information on cannabis use disorder and other psychiatric disorders. For this study, data was
used from the in- and outpatient healthcare registers, and for a subset of the population the
primary healthcare register in Stockholm (Swedish acronym: VAL?) was also utilized. Unique
records of each diagnosis were used. We excluded duplicate records, individuals who died
during the study period (obtained from Cause of Death register [92]) and individuals with
missing data on sociodemographic factors. Our final study population comprised over three
million individuals (n =3 307 759).

Swedish total population
1990-2016
(N =10780248)

\.r Excluded (n =6 715 463)
Born prior to 1970
e

Duplicate records

v

“
[ Born 1970-2000

(n = 4 064 785)

" Excluded (n = 757 026)
Deceased
Missing data
Likely misdiagnosis

A,

Figure 5. Flowchart of analytical sample from the PS data used in Study 3.

3 LISA — Longitudinell integrationsdatabas for sjukférsikrings- och arbetsmarknadsstudier
* VAL - Vardanalysdatabaserna



STUDY 4

In Study 4, individuals were identified from the TPR and linked to NPR and included if they
had received a CUD diagnosis, were born 1950-1999, and registered as living in Sweden
sometime during 2001-2016. Other psychiatric disorders were also obtained from the NPR. In
this study, data from NPR was used during a more restricted time period compared to Study 3,
where all diagnoses registered before 2001 were excluded because of better coverage. We
further excluded individuals having received a CUD diagnosis before the age of 17 years and
individuals with missing data on socioeconomic factors. Our final study population comprised
12 143 individuals.

[ National Patient Register (NPR) ]
Inpatient care Outpatient care
CUD as primary diagnosis CUD as primary diagnosis
(n=30093) (n=14005)

Duplicate records

Excluded (n = 6 328)
CUD before 2001

s

CUD diagnoses
2001-2016
L (n=37770)

S

A 4

4 N

First CUD diagnosis
(n=15238)

Excluded (n = 3 095)
CUD before age of 17 years
Missing data

Figure 6. Flowchart of analytical sample from the PS data used in Study 4.



4.2 METHODS

An overview of the individual study aims and methods for each study is available in the figure below (Figure 7).

STUDY 1
Data:
PART study

STUDY 2
Data:
WAG cohort

Aims

To examine the association between cannabis use and

the risk of subsequent other illicit drug use

To examine the association between cannabis use and

the risk of drug use disorders, when compared to other

illicit drug use

To examine the association between cannabis use

and anxiety and depression, and to find out whether

any such association changed over time

Predictors Covariates Outcomes

Sex, age, place of birth
& upbringing,
childhood economic
deprivation & family
tension, education,

SEP, alcohol

Cannabis use

(recent/lifetime/never) Orherillicic drug use

Lifetime drug use

(cannabis/mix/other/never) Drug use disorders

Education, unsafe Anxiety
Cannabis use upbringing,
(lifetime/never) troublesome
childhood, alcohol Depression

Methods

Logistic regression

Survival analysis

Logistic regression
&
Additive interaction

(

N

~

To study individuals diagnosed with CUD in Sweden

J

CUD, sex, birthyear, education, income, other psychiatric disorders

4 )

K-mode cluster
analysis

To characterize CUD readmissions as well as
examine the risk of CUD readmission

J

CUD, sex, education, income, healthcare provider,

severity of CUD, other psychiatric disorders Readmission

\

Survival analysis
&
Flexible parametric
modeling

- J

Figure 7. Overview of the individual study aims, materials and methods.
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4.2.1 Measures Study 1 (PART)
4.2.1.1 Predictors
Cannabis use was utilized in two ways:

Positive responders to a stem question on the use of illicit drugs (Have you ever used drugs?
Yes/no) were in a second question asked which drug they had used, choosing from a list on
which cannabis (also defined as hashish or marijuana) was one option.

For the predictor in the first research question, those reporting other illicit drug use at baseline
were excluded and the cannabis users were grouped as never, ever and recent cannabis users
(recent users:<12 months ago, and ever users: more than 12 months ago). For the predictor in
the second research question, the full cohort was utilized, and baseline other illicit drug use
was taken into account in the operationalization. The predictor was thus ever use of drugs
grouped as never use, lifetime cannabis use, lifetime cannabis and other illicit drug use, and
lifetime other illicit drug use (without cannabis use) respectively.

4.2.1.2 Outcomes

The outcome in the first research question was other illicit drug use at follow-up, where the
list of illicit drugs in the questionnaire included: central stimulants, e.g., amphetamine;
opiates, e.g., opium, heroin, morphine, crack, etc.; hallucinogens, e.g., LSD; cocaine; ecstasy;
and ‘other’. Participants who answered affirmatively regarding any of these options were
grouped as other illicit drug users.

The outcome in the second research question was drug use disorders as registered in the
NPR, which was defined as first time of diagnosis (in accordance with the International
Classification of Diseases, ICD-10) of harmful drug use or drug dependence, in either the in-
or outpatient care. Drug diagnoses due to tobacco, alcohol and/or cannabis were excluded
since the aim was to investigate any potential risk increase that cannabis use may have on
drug use disorders identified through hospitalization. Thus, drug use disorders included due
to opioids, sedatives and hypnotics, cocaine, other stimulants, hallucinogens, volatile
solvents, multiple drugs, and other psychoactive substances. The specific ICD-10 codes used
are listed below (Table 2).

Table 2. Overview of diagnosis included in the operationalization of drug use disorders.

ICD-10 code Diagnosis

F11.1, F11.2 Opioid use disorder

F13.1, F13.2 Drug use disorder due to sedatives and hypnotics

F14.1, F14.2 Cocaine use disorder

F15.1, F15.2 Drug use disorder due to other stimulants

F16.1, F16.2 Drug use disorder due to hallucinogens

F18.1, F18.2 Drug use disorder due to volatile solvents

F19.1, F19.2 Drug use disorder due to multiple drug use and other psychoactive substances
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4.2.1.3 Covariates
All covariates were measured at baseline.

Place of upbringing (before age 18) with three response categories: Stockholm County,
another part of Sweden, or abroad. Country of birth with two response categories: Sweden or
abroad.

Adverse childhood circumstances (before age 18 years) were captured using experience of
economic deprivation during childhood (no; yes, slight and/or for short periods; yes, severe
and/or for longer periods) and experience of serious family tensions during childhood (no;
yes, slight and/or for short periods; yes, severe and/or longer periods).

Socioeconomic position (SEP) was obtained based on self-reported occupation, coded
according to Statistics Sweden’s Goldthorpe- Erikson Classification Scheme and grouped as:
low (unskilled worker, skilled worker), medium (low level non-manual employee), and high
(intermediate level non-manual worker, high level non-manual worker, self-employed
worker/professional).

Information on attained education (seven response categories collapsed into three categories)
grouped as: tertiary; completed post upper secondary education minimum 2 years or
university education minimum 3 years, secondary; completed practical or theoretical upper
secondary school and primary; completed elementary, primary school.

Alcohol consumption was measured using the AUDIT [93]. Points from the AUDIT
questionnaire were summated and used as a continuous variable.

4.2.2 Measures Study 2 (WAG)
4.2.2.1 Predictor

Lifetime cannabis use was assessed using the Composite International Diagnostic Interview —
Substance Abuse Module (CIDI-SAM) where participants answered whether they had used
any of the drugs included in CIDI-SAM. Those who answered affirmatively to having used
cannabis (marijuana, pot grass, hashish, bhang, ganja) were grouped as exposed compared
with the non-users.

4.2.2.2 Outcomes

Lifetime diagnosis of depression (major depression or dysthymia) or anxiety (agora phobia,
social phobia, simple phobia, generalized anxiety disorder, atypical anxiety) were assessed by
the trained clinicians post-interviews, using DSM-III- R or DSM-1IV (the latter for the
youngest cohorts, born 1980 or -93).

4.2.2.3 Covariates

Unsafe upbringing and troublesome childhood were dichotomized, from the five response
alternatives (ranging from 1 - very safe/trouble-free, to 5 - very unsafe/troublesome) into safe
or trouble-free (alternatives 1-2) and unsafe or troublesome (alternatives 3—5) respectively.
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Education was dichotomized in two different ways, first by comparing those who completed
at least compulsory school (9th grade in the Swedish education system) with those who did
not, and second by comparing those who completed at least upper secondary school (12th
grade in the Swedish education system) with those who did not. This was done in order to
take potential generational differences in school attendance into consideration.

Hazardous alcohol consumption (HAC) was assessed by a quantity-frequency measure. A
loading ranging from 0 to 365 was assigned to alcohol frequency during the preceding 12
months, which was multiplied by quantity of standard drinks per average day of consumption
during the same period. This was divided by 52 to obtain standard drinks/week, which was
dichotomized based on Swedish guidelines for alcohol consumption for women (=9 standard
drinks/week versus < 9 standard drinks/week).

4.2.3 Measures Study 3 and Study 4 (PS)
STUDY 3

Cannabis use disorder (CUD) as a primary diagnosis in either the NPR (in- and outpatient
health care) or VAL (primary health care) — wherever the CUD diagnosis was recorded first
(i.e., unique records) — between 1990 and 2016. Both ICD-9 and ICD-10 codes were
included, specifically 3043, i.e., cannabis dependence from ICD-9 (utilized until 1996 in
Sweden), and F12.1 (harmful use of cannabis) and F12.2 (cannabis dependence) from the
ICD-10 (used from 1997 and onwards in Sweden).

Birth cohort was based on birth year and categorized into five-year groups, obtained from the
TPR.

Disposable family income, estimated annually based on all income sources in the family
(salaries, wages, welfare benefits, pensions, etc.), was obtained for each participant upon their
inclusion in the study, categorized into quartiles defined as low, lower-middle, upper-middle,
and high.

Highest attained educational level was based on number of school years completed and
grouped into three categories: primary education (<9 years), secondary education (12 years)
and postsecondary education (> 12 years).

Other psychiatric disorders were identified through the NPR and VAL, irrespective of
whether the diagnoses were registered as primary or secondary diagnosis. This allowed
identification of individuals with CUD and other psychiatric disorders as well as individuals
with psychiatric disorders without CUD, without the groups being mutually exclusive.
Unique records of each psychiatric diagnosis were used, which meant each individual could
have multiple diagnoses included. The diagnoses included were: 1) other substance-related
disorders, 2) schizophrenia and other psychotic disorders, 3) mood-related disorders, 4)
neurotic and stress-related disorders, 5) personality disorders, and 6) behavioral disorders.
The included ICD-codes are specified in the table below (Table 3).
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Table 3. Overview of ICD-codes in each diagnostic group.
ICD-10 ICD-9
. F10, F11, F13, F14, F15,
Other substance-related disorders F16, F18, F19 291, 292, 303, 305
. . L F20, F21, F22 F23, F24, 293, 295, 296, 297,
Schizophrenia and other psychotic disorders F25 F28, F29 298, 299
. F30, F31, F32, F33, F34,
Mood-related disorders F38, F39 311
Neurotic and stress-related disorders F40, F41, P42, P43, F44, 300, 308, 309
F45, F48
Personality disorders F60, Fét, E:;’ Fé3, Fé8, 301
. . F90, F91, F92, F93, F94,
Behavioral disorders F98. F99 312

STUDY 4

Measures in Study 4 were similar to those in Study 3, with the following changes and
additions:

Disposable family income was measured in the year before the CUD diagnosis.

Highest attained educational level was also measured in the year before CUD diagnosis.
Parental education for those younger than 25 years was used instead of the individuals own
educational attainment. Unlike in Study 3 — we wanted to capture the exposure of education
as a proxy for socioeconomic position, rather than individual accomplishments (which rather
was the purpose of the measure in Study 3). Linkage to the parents was obtained from the
Multi-Generation Register.

The diagnoses (CUD and other psychiatric disorders) were retrieved only from the NPR, and
not VAL. Due to the difference in study period between the third and fourth study, only
diagnoses registered with ICD-10 were used, although the same as specified in Table 3
above.

Healthcare provider was used to show where first diagnosis of CUD was registered, with two
alternatives (inpatient care or outpatient care).

Severity of cannabis use disorder was used, based on diagnosis (harmful use or dependence).

4.3 STATISTICAL ANALYSES

4.3.1 Differences between groups

Chi-square tests were used in all studies to examine differences between groups, mainly in
relation to cannabis use, CUD diagnosis and CUD readmission. For relationships between
categorical and continuous variables, sample T-tests (studies 1-4) and ANOVA (Study 1)
were used.

20




4.3.2 Associations and risks
Logistic regression (Study 1 and Study 2)

Logistic regression analyses were used to examine associations between cannabis user and
other illicit drug use (in Study 1), and to examine associations between cannabis use and
anxiety and depression (in Study 2). Crude and adjusted analyses were performed, and
confidence intervals (95%) were calculated for all estimates, in both studies. Analyses were
performed in the SAS software, version 9.4. Throughout the results and discussion in this
thesis, the term odds is, in most cases, substituted with 7isk as the latter is an intuitive term to
grasp, as opposed to odds and odds ratio.

Survival analysis (Study 1 and Study 4)

Cox proportional hazards models were used to examine associations between cannabis use
and risk of drug use disorders (in Study 1), and to examine associations between different
predictors and risk of readmission (in Study 4). The proportionality assumption was tested
graphically with Kaplan-Meier curves. Person-time was calculated as days during follow-up
in Study 1, from registration date of the questionnaire until censoring (event or end of follow-
up December 31, 2014). Person-time in Study 4 was calculated as age-difference during
follow-up (age at start to age at censoring — event, death, end of follow-up December 31,
2016), since age was the underlying timescale. Crude and adjusted analyses were performed,
and confidence intervals (95%) were calculated for all estimates in both studies. Analyses
were performed in the SAS software, version 9.4.

In Study 4, an extension to the survival analysis was used — flexible parametric modeling,
which allowed modeling of non-proportional hazards and time-varying variables. Analyses
were performed in STATA 15.

Additive interaction (Study 2)

The relative excess risk due to interaction (RERI) [94] was used in Study 2, to examine the
potential effect that time could have on the associations between cannabis use and anxiety or
depression. The method and statistical code from Andersson et. al. (2005), was applied. Two
additional measures of interaction were calculated: the attributable proportion and synergy
index, available in supplementary material.

4.3.3 Cluster analysis (Study 3)

K-mode is an unsupervised, data-driven cluster analysis [95,96], which was used in Study 3
to explore possible underlying compositions in the population with regard to cannabis use
disorder, sociodemographic factors, and psychiatric disorders. The cluster analysis allows this
exploration of variable combinations without assessing effects of (and interactions between)
specific variables, which was preferable considering the study aim. The Elbow method was
used to assess optimal number of clusters prior to commencing the actual clustering [97]. The
Elbow method plots different numbers of clusters in relation to the cost function, and the
optimal number of clusters is the point where the change of the slope goes from steep to
shallow. K-mode clusters individual observations based on a dissimilarity measure, assessed
by the total mismatches of variable attributes between two observations (also known as
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simple matching). This method is suitable for categorical data and therefore fitting to use in
Study 3. First, number of initial modes are chosen which indicate how many clusters will be
generated. Second, each observation is allocated to the nearest cluster based on the mode of
that observation. Third, the dissimilarity of observations in relation to their modes, is retested
and clusters are updated based on potential changes (e.g., one observation might be near a
different mode). The third step is repeated until no further changes appear.

4.4 ETHICAL CONSIDERATIONS

The World Medical Association has since its formation aimed to establish and promote high
ethical standards and has by way of this pursuit adopted policies and declarations — the well-
known Declaration of Helsinki being the most influential document in research ethics
concerning human subjects [98]. The declaration highlights different areas (eg., risks and
benefits, vulnerable groups, and privacy, to mention a few), and states that all precautionary
measures should be taken to protect and safeguard research subjects. It further states that this
responsibility lies entirely with the researcher, even though consent has been given by the
research subjects. As research rarely (rather never) is harmless, it may only be conducted if
anticipated benefits outweigh the risks.

The Swedish Ethical Review Authority assesses and approves the ethical aspects of research
projects. In this thesis, ethical approval was obtained for all research projects from which data
was utilized, hence all data were collected in accordance with ethical regulations in Sweden.
The data sources in this thesis vary (survey, interviews, register linkage) and the ethical
considerations follow suit.

For instance, informed consent was obtained either verbally, in writing or by answering the
questionnaire for Study 1 and Study 2, however, the requirement for informed consent in
Study 3 and Study 4 was waived as data comprised administrative registers and therefore did
not require informed consent per se. Since register-based research should be carried out
ensuring individual integrity and privacy, data was instead de-identified and pseudonymized
which protected the included individuals while enabling register-linkage for research
purposes. Nevertheless, the studies utilized personal data and due to the organic approach of
register-based research (using secondary data), some individuals may not be aware of the fact
that data including their personal information is included in research. Further ensuring
protection of privacy and anonymity, the ‘key’ unlocking the connection between
individual’s personal identification number and the assigned research identification number
was always kept apart from the data I analyzed (including the non-register-based studies).
The key remained either at the governmental agencies holding the data (PS) or with the
principal investigators for the respective research projects (PART and WAG).

With regard to voluntary participation, participants in the PART study and WAG cohort were
informed about this before entering the respective studies. They were also informed about
their right to withdrawal. However, this requirement was not considered for individuals
included in the PS studies, for reasons specified above, and serves as another example of
differences in ethical considerations guiding research.
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Importantly, data access to original sets was always restricted to data holders with security
clearance and I only obtained data on pre-specified variables, that were documented in
relation to research questions and study aims, which were approved by data holders.

In times where cyber security is ever relevant, data storage and management must be
considered. All data used in this thesis was stored securely in dedicated KI-servers and all
work was conducted directly with the secured KlI-server, no data was stored locally. The
COVID-19 pandemic affected our ability to work in the office and as a solution, VPN
(Virtual Private Network) was used as the new, normal way of work. VPN establishes a
secure connection to the KI-network and servers, essentially equated to working on-site and
although this technically allows for free movement and possibility to work from most corners
of the world, data was never brought outside the vicinities of Sweden (and in actuality;
Stockholm) — in accordance with the ethical permits being granted and therefore applicable
solely in Sweden. During 2018/19 the GDPR (General Data Protection Regulation) law was
implemented in Sweden and affected data storage and management of personal, sensitive
data. This change was cause for timely discussions within several arenas in society, and of
course differences in opinion for example about the to be or not to be free to access data
within Stockholm, Sweden, or even the European Union. Although the GDPR updates
coupled with the pandemic and the imposed travel restrictions (as measures to mitigate the
pandemic) limited our freedom of movement, it was never an option to access the data used
in this thesis, outside of Sweden due to the ethical dilemmas implied by doing so.

Furthermore, we focus on a somewhat vulnerable group of individuals, often with combined
mental health problems whom we aimed to understand better than what was known before.
As stipulated in the Declaration of Helsinki, medical research on vulnerable groups is
“Justified if the research is responsive to the health needs or priorities of this group” [99] —
which we believe it is, as we have highlighted their related healthcare needs. Additionally,
our research has been cost-effective and efficient as it was based on already collected data,
especially the registered-based studies where the administrative data would have been
collected irrespective of our research projects. However, it is particularly important to note
that the individuals we do not reach in our studies are often a more vulnerable group (e.g.,
refugees, undocumented individuals, homeless individuals or those outside the social security
system) and our research findings may not be generalized to them.

Lastly, our timely research generated findings which may be valuable for healthcare planners
and policymakers as they plan and prepare the healthcare (system), especially emphasizing
complex mental health problems. It is of ethical importance to conduct as sound studies as
possible, with motivated designs, where the generated results may impact individuals in a
helpful way. We have attempted to do so, while exhausting the data in relation to study aims
(especially relevant for Study 1 and Study 2) as well as carefully considering the essential
variables and feasible approaches to our studies. Still, improvements can be made, and much
work remains in the field of cannabis use, but the contributions of this thesis to the field are
nonetheless a step towards increased understanding.
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5 SUMMARY OF RESULTS

The main results from each study are summarized below, more details are found in the
respective articles included in the thesis.

Examination of the association between cannabis use and subsequent

STUDY 1 other illicit drug use, and drug use disorders (harmful use and dependence)

In our full sample from the PART study, almost eighteen percent (17.9%) reported lifetime
use of cannabis (Study 1, Table 2). Cannabis users were younger than non-users and there
were more males reporting cannabis use than women — for both ever use and recent use.
Family tensions during childhood was more common among recent users and ever user than
for never users. Alcohol consumption was higher among cannabis users and highest for
recent users.

Cannabis users had elevated risks of other illicit drug use, where recent cannabis users
demonstrated higher risks than lifetime users (Study 1, Table 3). Adjusting for age and
alcohol consumption reduced the risk of other illicit drug use the most, for both groups of
cannabis users. The fully adjusted estimate was attenuated but still showed significantly high
risks of other illicit drug use at follow-up for both ever users and recent users (OR =4.42,
2.91-6.70 95% CI, and OR = 9.66, 4.91-19.03 95% CI respectively).

Among lifetime cannabis users, there was no independent risk increase of drug use disorders
during follow-up (Manuscript 1, Table 4). Individuals with lifetime use of illicit drugs, either
including or excluding cannabis, did however show elevated risks of drug use disorders.
Adjusting for serious family tension during childhood, and alcohol consumption respectively,
reduced the risk of drug use disorders the most, for individuals reporting illicit drug use
irrespective of also using cannabis or not. The fully adjusted results were attenuated but
nonetheless showed elevated risks for drug use disorders at follow-up for individuals
reporting other illicit drug both including and excluding cannabis use (HR = 7.27, 3.85-13.75
95% Cl and HR = 8.12, 3.41-19.33 95% CI respectively).

Examination of the association between cannabis use and anxiety and depression;

STUDY 2 . . .
finding out whether any such association changes over time

In our full sample from the WAG cohort, almost twenty-four percent (23.8%) reported
cannabis use and between the three cohorts, cannabis use was highest in the youngest (32.6%,
Study 2, Table 1). Prevalence of anxiety was under ten percent in the oldest (7.9%) and
second oldest (9.9%) cohort, and more than twice as high in the youngest cohort (24.5%).
However, prevalence of depression was similar across cohorts at around twenty percent, the
youngest cohort displayed only slightly higher prevalence (25.2%). In all three cohorts,
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unsafe upbringing and troublesome childhood was more common among cannabis users
compared to non-users.

In the oldest cohort, cannabis use was associated with anxiety (Study 2, Table 2). The
association persisted after adjustment of unsafe upbringing and troublesome childhood
although attenuated (OR =4.70, 1.61-13.72 95% CI). In the second oldest cohort, there was
no association with anxiety and the association between cannabis use and depression was
fully attenuated after adjustment. In the youngest cohort, cannabis use was associated with
both anxiety and depression, and the associations were attenuated by all covariate adjustment.
In the fully adjusted models, the risk of anxiety was lower than that of depression (OR = 1.74,
1.05-2.88 95% CI and OR =2.47, 1.51-4.06) respectively).

The relative excess risk due to interaction (between cannabis use and time period of cannabis
use) was significant for the association between cannabis use and depression, even after
adjustment for unsafe upbringing and troublesome childhood (Study 2, Table 3). The
youngest cohort had an increased risk of depression compared to the older cohorts, both when
compared to them separately (oldest: RERI = 1.41, 0.25-2.56 95% CI and youngest: 1.73,
0.42-3.05 95% CI) and when the youngest cohort was compared to the older cohorts grouped
together (RERI = 1.61, 0.42-2.80 95% CI).

Exploration of individuals with cannabis use disorder in Sweden 1990-2016;

STUDY 3 . . . n vl A
characterizing sex, birthyear, socioeconomic factors and psychiatric disorders

In our analytical sample of over 3.3 million individuals born between 1970 and 2000,
fourteen thousand individuals had a CUD diagnosis (0.42%). Number of registered CUD
diagnoses per 100 000 increased over time, especially among those born 1990 and later
(Study 3, Figure 1).

Individuals with CUD were mainly young men (Study 3, Table 1). The vast majority of those
diagnosed with a CUD also had another psychiatric disorder (80.1%) compared to those
without a CUD where only a fifth had another psychiatric diagnosis (19.1%). Among
individuals with CUD, the most common other psychiatric disorder was substance-related
disorders, whereas neurotic and stress-related disorders were the most common among
individuals without CUD.

We found four distinct clusters (Study 3, Table 2 and Figures 2a-2b), two of which included
larger proportions of individuals with CUD (clusters 1 and 4). Cluster 1 had the highest
proportion of CUD and mainly comprised young men, with low income and high proportion
of substance-related disorders. Cluster 4 had the second highest proportion of CUD and
mainly comprised young women, with high income and the highest proportion of behavioral
disorders. Clusters 2 and 3 comprised mainly women with mood-related disorders and
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neurotic and stress-related. Individuals in cluster 2 were somewhat older than those in cluster
3 and belonged mainly to the lower-middle income group compared to those in cluster 3, who
rather belonged to the upper-middle income group.

Examination of readmission among individuals with cannabis use disorder;

STUDY 4 . . L ..
characterization and risk estimation of readmission

In our analytical sample of more than twelve thousand individuals with CUD, the vast
majority of CUD diagnoses were identified in the outpatient care (~80%) and harmful use of
cannabis was more common than cannabis dependence (55.3%). Over twenty percent
(23.1%) readmitted during follow-up (Study 4, Table 1). There was no difference in the
proportion of readmission between men and women, but differences within educational
groups and income levels revealed that readmission was more common among those with
low education and low income.

In the univariate analysis, men did not show an increased risk of readmission compared to
women (Study 4, Table 2). Individuals with primary education and low income, respectively,
had increased risks of readmission compared to those with higher levels, as did individuals
with cannabis dependence compared to those diagnosed with harmful use. Having a
psychiatric disorder at baseline, other than CUD, increased the risk of readmission, and the
highest was observed for schizophrenic and psychotic disorders, personality disorders, and
mood-related disorders.

Adjusting for socioeconomic factors, severity of CUD and healthcare provider marginally
attenuated the estimates. However, including adjustment of other psychiatric disorders, the
risk of readmission for men was somewhat increased compared to women (HR =1.11, 1.01-
1.22 95% CI). After full adjustment, the risks of readmission for individuals with
schizophrenic and psychotic disorders, personality disorder, and mood-related disorders
persisted although attenuated (HR. = 1.54, 1.29-1.64 95% CI, HR. = 1.27, 1.05-1.54 95% CI,
HR =1.27, 1.12-1.45 95% CI, respectively).

Sensitivity analyses testing different definitions of readmission, based on time since first
CUD diagnosis, revealed minor changes in the risk of readmission (Study 4, supplementary
Table S4). Decreasing time since first diagnosis and instead measuring readmission at least
three months after first diagnosis modestly increased the risks of readmission. When
increasing the time to nine and twelve months the estimates were somewhat lower.

The risk of readmission varied by age and was higher among individuals aged 18-35 years
old (Study 4, Figures 1-3).
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6 DISCUSSION

The overarching aim of this thesis was to increase the understanding of cannabis use, other
illicit drug use and drug-related morbidity, by using a variety of Swedish population-based
data. Influence of correlates and development over time was in particular focus, as well as
findings of clinical relevance or important for healthcare.

First, we found a clear risk increase
among cannabis users, of
subsequently using other illicit drugs. Highlights
The risk was higher for recent users
compared to lifetime users. We also
found that lifetime users of cannabis
and no other illicit drugs, did not
have an increased risk of drug use
disorders, compared to lifetime users
of other illicit drugs — whether or not
cannabis was included. Serious
family tensions during childhood and
alcohol use attenuated the
associations.

e Cannabis use did not independently increase the risk
of drug use disorders.

e The period of cannabis use seemed to be associated
with having a diagnosis of depression.

o Individuals with a registered CUD diagnosis within the
healthcare in Sweden increased over time, especially
among individuals born 1990 and later.

e Common CUD-related factors were young age, low
education level, other substance-related disorders
among men, and behavioral disorders among women.

e Over twenty percent readmitted to care due to a
CUD diagnosis.

Second, we observed that cannabis
o Risk of CUD readmission was highest among

use was associated with anxiety and
depression among the youngest
women. We also found that cannabis
use in recent years was associated
with depression, unlike cannabis use
during earlier years.

individuals with schizophrenic and psychotic disorders,
mood-related disorders, and personality disorders.

® Young individuals (18-35 years) had highest risk of

CUD readmission.

Third, we identified clusters in the

total population with regard to sociodemographic factors and psychiatric disorders. Two
clusters were characterized by slightly higher proportions of individuals with CUD compared
to the remaining clusters; one cluster comprised young men with low education and income,
and high proportions of other substance-related disorders, another cluster comprised young
women with low education, high income, and high proportion of behavioral disorders.

Fourth, we found that most CUD visits took place in the outpatient care during the first two
months from initial CUD diagnosis, irrespective of CUD severity. We also found that over
twenty percent were readmitted to care during follow-up and that the risk was highest among
individuals with only primary education, schizophrenic and psychotic disorders, mood-
related disorders, and personality disorders.

6.1 FINDINGS IN A BROADER CONTEXT

6.1.1 Cannabis and other drugs

Cannabis use related to other illicit drugs has been well researched, yet previous studies show
somewhat mixed results regarding the influence of cannabis use itself on subsequent drug use
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disorders, which have mainly been attributed to differences in measurements and study
design [13].

The results from Study 1 are partially in line with previous research, where cannabis use
increased the risk of other illicit drug use at follow-up [37,100], but they are in contrast with
previous findings with regard to risk of drug use disorders during follow-up [101]. This is
likely due to differences in measurement, as mentioned in the review above [13], where our
exposure is measured at one time point and only captures lifetime use. Furthermore, the
outcome measure of drug use disorder captured only the severe cases as we used specialized
healthcare data, consequently omitting potential cases registered elsewhere (primary
healthcare, social services, treatment/rehab clinics) or those not seeking and/or receiving care
[102].

Alcohol use and alcohol problems partly explained the associations between cannabis use and
both other illicit drug use and drug use disorders. This is in line with previous studies [e.g., 6]
which also suggest alcohol to be one of the first steps in the invariant sequence of drug use
[41] and has also been corroborated in a Swedish study [104]. Unexpectedly, factors such as
family tension during childhood, education, and socioeconomic position did not affect the
associations to any great extent as previous studies have shown [13,105]. However, our
findings are in line with a previous study on the same material [56] and elsewhere [106,107].

The somewhat divergent results between our study and others, may be due to country-,
culture-, and context-specific factors that most likely influence the associations between
cannabis use and other illicit drugs [41], and may be affected by environmental factors that
we do not assess.

6.1.2 Associations with psychiatric comorbidity

Associations between cannabis use and several mental health problems have been
documented in many studies, from self-reported symptoms to disorders assessed with clinical
diagnoses. Uncertainty remains due to the difficulty of assessing these associations in terms
of causality and the nearly countless interactions.

Suggested explanations for the association between cannabis use and depression in later years
are, for instance, an increased THC concentration, or a decreased risk perception [108].
Unfortunately, we are unable to attribute the association to any of the proposed explanations,
or even other factors such as environment or lifestyle. Higher THC concentration has been
shown to increase the risk of psychotic disorders [26], and anxiety and depressive symptoms
[109]. This increase is in turn suggested as an explanation for temporal changes in
associations, for example between cannabis use and depression [108]. However, we lack
specific information about the cannabis our participants use, although a safe assumption
would be that it is similar to that used in the rest of Europe, since most cannabis in Sweden is
imported [110]. Importantly, the prevalence of depression was higher than that of anxiety and
perhaps this is the most plausible explanation to us identifying an association. In either case,
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given that depression is associated with, for example, suicidal ideation and attempt [24,111],
this is an important finding to expand on.

Regarding CUD, which is more common among men [63,64] and younger individuals
[63,67], common psychiatric disorders present in our study population (Study 3) were slightly
different depending on sex, although mood and anxiety disorders were common and
corresponding to prior research [61,62,82]. We observed a similar proportion of individuals
with CUD also having other psychiatric disorders similar to a previous study [112].

High proportion of CUD was observed among / \

younger individuals, irrespective of sex and was

observed in two distinct clusters. Other In short

substance-related disorders were especially e Complex relationships require
common among men, which is not a novelty, sophisticated study designs.

and among women we observed a high e THC concentration may affect
proportion of behavioral disorders, which was eceehiiters with mamE] healtl
slightly surprising. Potential explanations of the problems.

similarities and differences are many, and may e Common mental health problems among
include increased vulnerability and/or sensitivity cannabis users are other substance-
among young individuals compared to older related, mood-related, behavioral, and
which may increase the risk of developing CUD personality disorders

[26,63,67,68], or higher consumption levels e There seem to be sex differences in
[113], or more potent cannabis [114] —or a healthcare profiles.

combination of all. Furthermore, in younger * Young individuals seem to be more
populations, mood-related and neurotic and affected by health problems related to
stress-related disorders may be important driving cannabis use.

factors for CUD, or vice versa. This might * Age differences in health consequences
explain the similar proportions of the may be related to consumption patterns
aforementioned disorders, as they are related to among younger individuals.

age of onset [81,115-118]. \ /

Examining the associations between baseline psychiatric disorders and the risk of
readmission during follow-up may only be part of the story, as it is possible that individuals
developed one of the included disorders during follow-up — inferring underestimation of their
impact on the risk of CUD readmission. The significance of comorbidity, has effects on
treatment outcomes and has been highlighted in a recent commissioned report in Sweden
[119].

6.1.3 Cannabis use disorder in healthcare

The clear increase in CUD diagnosis from 2001 and onwards, among those born 1995 and
later is cause for concern. The individuals were between 11 and 20 years during the
mentioned time period, the majority received their diagnosis at 16-18 years old (data not
shown), which is a young age. However, taking onset of CUD into account among young
cannabis users (which is often within the first year of cannabis use) [115], an increase during
that time period is expected. Furthermore, a slight increase in frequent cannabis use among
individuals aged 16-19 years has been observed over time [120].
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Our observation of different healthcare profiles, of women having higher proportions of
mood-related, neurotic, and behavioral disorders while men have higher proportions of
substance-related disorders, point to the relevance of screening for cannabis use and CUD in
several parts of psychiatric care. Especially women, who often show up in non-substance-
related care and also may be dealing with a variety of different mental health problems [121].
However, in keeping with previous studies, we found no difference in risk of readmission
between men and women [69,83], despite the differences in healthcare profile — which in
itself and irrespective of sex has been shown to increase the risk of readmission [83], in line
with our findings. We also observed elevated risks of readmission among those with low
income or education, which is similar to previous studies [69,83]. While those with cannabis
dependence understandably had higher risk of readmission, healthcare provider did not seem
to affect the risk of readmission. We cannot explain this, however a possible explanation may
be the somewhat complicated Swedish model for addiction care and treatment, which
certainly has regional differences as well as it introduces uncertainty or unclarity regarding
responsibilities between primary healthcare, specialized healthcare, and social services.

The risk increase of readmission among young individuals was expected, since most
individuals diagnosed with CUD are young, as previous studies have shown [e.g., 2,4]. In
Sweden, most individuals receiving care for cannabis-related diagnoses are 15-29 years, and
the proportion of individuals aged 3049 years who receive such care has more than doubled
during the past ten years [73]. Further, the proportion of young individuals seeking
psychiatric care have increased especially since 2010 [122], which may partially explain the
risk increase among younger individuals.

Similar to studies on the course of substance use disorders in general [70], most of the prior
studies on CUD have mainly focused on remission rather than on relapse or readmission
[71,123]. Our available data lacked information about the individuals between visits, on the
type of treatment they received and on their cannabis use (e.g., dose, frequency, type), which
did not enable us to assess remission or relapse. As such, despite our results of 77% non-
readmission, we cannot make any statements about potential remission. We also observed
15% reappearing in healthcare due to other psychiatric disorders, still meaning approximately
40% did not readmit to specialized healthcare (in- or outpatient care) at all during follow-up
of fifteen years. It is likely that some instead appeared in primary healthcare, treatment or
rehab clinics, came in contact with social services (disregarding initiating party), or that some
indeed remitted. While we are able to identify a group with frequent healthcare utilization and
complex healthcare needs, we know less about those not readmitted, particularly those not in
our registers.

Additionally, data from social services in recent years also indicate an increase in individuals
reporting cannabis as their main substance use problem [73]. However, the lack of detailed
information about individuals in substance use treatment, makes it is difficult to assess or
evaluate their care, treatment, and course of development. Thorough information about the
affected individual’s consumption levels and patterns, symptoms (craving, withdrawal),
possible remission and relapse, is of great importance especially since substance use disorders
are cyclical [80].
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6.2 METHODOLOGICAL CONSIDERATIONS

The novelty of this thesis, presenting comprehensive research on cannabis users in Sweden —
an understudied group — is a clear strength. The research included here was conducted with a
wide range of data sources aiming to increase the understanding of these individuals and their
potential development over time, with regards to other illicit drugs and drug-related morbidity
including drug dependence. This was done efficiently by utilizing already collected data,
which also permitted longitudinal study designs. Another strength is that data in all four
studies included women. The studies were general population-based (Study 1 and 2) and total
population-based (Study 3 and 4), which increases generalizability. Still, as no study is
flawless, some limitations are relevant to mention.

Two studies in this thesis were entirely register-based (Study 3 and 4), and the utilized patient
registers have been shown to have generally high quality (high coverage and validated for
several diagnoses) [86,124]. In general, the registers are sensitive in that they accurately
identify disease, but not specific since they are not designed to have the ability to accurately
classify non-disease. This means that individuals that receive care in primary healthcare or
social services, for any of the psychiatric disorders examined in this thesis, are not
represented. The same is true for those who are in fact undiagnosed. VAL was utilized in
Study 3, which has better coverage of psychiatric disorders, however it only includes the
population in Stockholm and therefore affects the representativeness. We used first CUD
diagnosis and ensured no overlap between where the diagnoses were registered, which
perhaps mitigated the effects to some extent. Still, this approach can imply that individuals
identified through VAL had less severe diagnoses, and/or that they were diagnosed earlier
than those identified through the NPR. We were interested in an overall picture of psychiatric
comorbidity/multimorbidity, and therefore chose to use a comprehensive approach. In Study
4, we instead focused on specialized care and excluded the VAL register as we aimed to look
at multiple visits over time. Including VAL would have introduced more bias, because only a
subset of the population would have had an additional (high coverage and quality) source of
healthcare information. An additional factor affecting representativeness is that we cover
individuals having sought care or been required to receive care, and thus does not represent
the complete magnitude of the problem. Consequently, the results are indicative of healthcare
utilization, which is further affected by socioeconomic position [125], and may have led to
decreased representativeness of individuals with low socioeconomic position. Therefore, our
results may not be generalizable to the broader group of individuals with CUD.

Study 1 and 2 both suffered from attrition, which have been analyzed elsewhere [126,127]. In
short, participants in Study 1 were more often female, had high income and education level.
In Study 2, initial findings showed no difference between non-responders and participants,
however uncertainty remains for the later years [128]. The two-stage design (Study 2) was
used to oversample a subgroup of women with alcohol-related problems and the data was
then re-weighted to fit the distribution in the target population, which can be used for more
efficient sampling while allowing inference to be drawn to the target population [129]. We
still prompt caution in terms of generalizability, also due to the restriction to women — even
though the inverse has provided generalized evidence [104,130,131]. Nevertheless, sex
differences in patterns of cannabis consumption [132] and rates of depression (and anxiety)
[e.g., 79] exist and are important to acknowledge when interpreting the results.

33



Crude measurements of cannabis use (self-reported and lifetime use) affected our study
designs and ability to carry out more detailed analyses (Study 1 and 2). This in turn limits our
conclusions to be either broad or prudent, or both. Generally, the lack of a quantifiable
measure of cannabis use, similar to that of alcohol (grams of ethanol), continues to hamper
research [133]. Measuring drug use disorders excluding CUD (outcome in Study 1), it is
perhaps self-evident that individuals reporting other illicit drug use will have much higher
risks of the outcome. But, here our aim was primarily to assess the impact that cannabis use
might (independently) have on the risk of drug use disorders, which we based on the state of
previous research [41,57], since the obvious pathway from other illicit drug use at baseline to
drug use disorders due to illicit drugs excluding CUD was not of primary interest. Study 1
may have suffered from misclassification regarding inconsistency in reporting illicit drug use
between baseline and follow-up [134], however we checked the proportion and it was
approximately the same between the two measurement points, also corresponding to national
prevalence [135].

In Study 3 we covered a wider study period compared to Study 4, and thus included ICD-9
codes in addition to ICD-10. This implied some differences in the disease classification
schemes and may have influenced the number of cases we captured; for instance, ICD-9 does
not include harmful use of cannabis but only cannabis dependence, which meant that we may
have identified more cases once ICD-10 was implemented — in turn reflective of late
diagnosis. Additionally, better assessment of diagnosis and better register coverage in later
years may be reason for the improved data quality. Importantly, clinical practice patterns (i.e.,
how clinicians assess patients and register diagnoses) are essential as they determine the data
available in the registers. Unfortunately, we do not have insight on this and can only be aware
of this potential source of bias. Decreased enacted stigma regarding CUD through knowledge
and awareness may have led to less felt stigma, which would influence care-seeking
behavior. Identifying subgroups with different healthcare needs with the cluster analysis
(Study 3) [136—138] was of value, however it may be improved by using less comprehensive
or general variables and rather explore more detailed variable definitions, or further
developing the cluster analysis by stratifying the clustering process and investigating the
clusters beyond the current scope.

The assumption in Study 2 about THC-levels in the cannabis consumed in Sweden may be
questioned, although data on confiscated cannabis in Sweden is similar to that of other
countries Europe, including Denmark which is a source of import (smuggling) [21,22,110].
Furthermore, our conclusions are rather modest, and we do not in fact attribute the observed
interaction to the general THC-increase even though it is plausible. The inability to
disentangle the period and cohort effects in Study 2 is a limitation. Even though some
findings may be indicative of either (or both) period and cohort effects, the findings are rather
hypothesis generating than informative about age-, period-, or cohort effects in relation to
cannabis use and depression or anxiety. The use of cross-sectional data gives rise to potential
reverse causation; however, our focus was to examine differences across time periods, and
not longitudinal or causal associations.

Finally, our operationalization of readmission (Study 4) can be questioned, even though
sensitivity analyses of readmission at three, nine, and twelve months after first CUD showed
minimal changes in risk of readmission. The initial aim was to capture relapse; however, we
could not reliably and validly operationalize a measure based on the data available.
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Therefore, our measure of readmission is based on assumptions that may not hold, and as
such may be subject to scrutiny. However, our conclusions are in line with what was de facto
measured and not what was intended (or rather, anticipated) to be measured. Nonetheless,
without a coherent definition or operationalization of readmission and relapse, research in this
field will continue to be exploratory, complicated, and likely inconclusive — rendering
implications for treatment and prevention unspecific and uncertain [139].
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7 CONCLUSIONS

Based on the results from this thesis, the following conclusions are drawn:

Lifetime use of cannabis does not independently increase the risk of drug use disorders,
although it can significantly increase the risk of other illicit drug use — which in turn increases
the risk of drug use disorders.

Cannabis use is associated with anxiety and depression. Cannabis use in recent years seems to
be associated with depression, which may potentially be due to an increased potency of
cannabis.

Registered CUD diagnoses in Swedish healthcare have increased over time. It may be
because of decreased stigma, increased screening and diagnosis of, and/or treatment-seeking
for mental health in general. The expansion of diagnostic criteria (to also include harmful use
in ICD-10) likely plays an important role in the increase.

Women who use cannabis or are diagnosed with CUD may be overlooked, whereby attention
should be directed toward them in order to ensure that suitable treatment and care is provided.

Individuals with CUD have complex healthcare needs. Subgroups of individuals with CUD
are identifiable, where young individuals are especially exposed — healthcare systems need to
be prepared to meet their needs.

Individuals in their thirties and younger show higher risk of readmission and merit more
attention, especially when also considering their overrepresentation among individuals with
CUD.

Individuals with CUD have frequent healthcare visits during the first two months, which are
later phased out. Over twenty percent were readmitted to care for another CUD diagnosis
during a 15-year follow-up period. Individuals with primary education, and those with
schizophrenia and psychotic disorders, mood-related disorders or personality disorders had
the highest risk of readmission.
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8 IMPLICATIONS & FUTURE DIRECTIONS

8.1 IMPLICATIONS

Our findings have clinical relevance, which mainly pertain to healthcare planning related to
individuals with a CUD and the reiteration of the important psychiatric complexity.

Importantly, the present findings are not to be extrapolated to inform on questions of
decriminalization and legalization of cannabis use as the findings concern cannabis user’s
health and do not, for instance, incorporate comprehensive societal or social aspects.
Nonetheless, considering the interconnectedness between different psychiatric health
problems and substance use, it would be valuable to look further into areas of improvement
with the current drug policy — towards a clearer health and rehabilitation focus. As such, these
findings may be used as grounds for underpinning potentially revised drug and healthcare
policies aiming to improve health.

The high comorbidity/multimorbidity observed in this thesis is cause for concern and shows a
close association between cannabis use, other drug use and mental health problems,
irrespective of causal direction. The Swedish model for addiction care is divided between
social services on a municipality level and healthcare system on a regional level [140—-142],
whereby the social services are responsible for most of the addiction care and the healthcare
side provides the necessary treatments and care measures (often after approval by social
services and/or legal authorities). This has been criticized as it complicates interventions for
what, in today’s paradigm, indeed is a medical condition [141]. It is important to offer
psychiatric care and treatment irrespective of substance use (disorder) is present or not — and
vice versa, and thus not refuse or turn away patients in need of care. Improvements to the
healthcare system may perhaps include transferring the main responsibility to the healthcare
sector, and better integration between psychiatric care in general and addiction care and
treatment, in order to avoid patients slipping through the cracks between the different care
providers. Although treating patients with both substance use disorders and other psychiatric
disorders is a complex matter, an integrated approach emphasizing collaboration might tackle
some of the current difficulties.

Our observations indicate an importance to not overlook women in psychiatric care, with
regards to potential cannabis use. Although the proportion of women with CUD is
considerably lower than that of men, we did not find a sex difference in the risk of
readmission, whereby it seems relevant to refrain from neglecting the potential presence of
CUD among women. Considering the overrepresentation of women with mental health
problems, other areas within psychiatric care may well pay attention to possible co-occurring
cannabis and/or substance use, as well as their respective disorders.

8.2 FUTURE DIRECTIONS

Rich data is cause for great idea generation and not all could be covered in this thesis. We
covered what we intended, in some cases on an introductory level, and all that awaits is
encouraging and raises curiosity. In a dynamic research field, in times with great
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technological advancement, and legislative changes towards lenient drug policies, many
opportunities present themselves and thus, as the nature of research, much work remains.

Our findings generate questions for future studies to consider looking into, for example, how
does cannabis potency affect risk of anxiety and depression, and is there a dose-response
relationship? What is the relationship between cannabis use, CUD, and somatic disorders
[e.g., 141]? What other subgroups may exist in relation to substance use disorders and other
psychiatric disorders? If variables are grouped differently (e.g., sex-stratified, and/or with
psychiatric disorders grouped less rough or assessed individually), what subgroups can be
identified? Important aspects to examine further and clarify are accordingly those regarding
psychiatric disorders in relation to cannabis use and CUD. This may relate to establishing
causality, assessing presence of disorders prior to cannabis use and/or risks of developing
certain disorders following cannabis use.

Other aspects of improvement are the crude measurements, be they of unspecific
measurements of cannabis use, too general or comprehensive disease categories, or
(outcome) measures without validated operationalization such as readmission — which all
pose as impediments, as they limit the ability to illustrate potential nuances of cannabis use
and potential health effects. Improving information on the specific care patients in healthcare
receive, would further enable more detailed research on CUD care and treatment, possibly
even provide opportunity for evaluation — highly relevant considering the increase in CUD
prevalence and treatment-seeking [73,80,144,145].

Additionally, considering the sex differences related to CUD, a deep diving into the health of
women who use cannabis would be of interest, for two reasons in particular; first, significant
research on cannabis use among men have been frequent in Sweden [e.g., 129,143,144], and
second, a similar focus on cannabis use among women would be valuable to understand if
women have specific health(care) needs that may need to be tailored.

Also, continued research aiming to map the endocannabinoid system and the mechanism of
cannabis dependence would be of great value. Identifying the mechanisms behind the stages
of harmful cannabis use and cannabis dependence would improve our understanding of how
this psychoactive substance affects our neurobiology, potentially enabling better targeted
(pharmacological) treatment. It may also be interesting to explore the potential of
incorporating and developing epigenetic approaches in cannabis-related research.

Lastly, this thesis answers some questions although many remain unanswered, in spite of the
societal and public health interest in cannabis. Considering the need for more knowledge, it is
important to allow for research to be conducted in due time, so to inform decision-making
processes [148,149].
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11 APPENDIX

Table A1. Overview of diagnostic criteria for CUD (including harmful use of cannabis, cannabis

abuse and cannabis dependence) by diagnostic scheme.

Notes

ICD-10

Harmful use of cannabis

A pattern of cannabis use that
is causing damage to health.
The damage may be physical
or mental.

Cannabis dependence

A cluster of behavioral,
cognitive, and physiological
phenomena that develop after

repeated cannabis use and that
typically include:

1) Strong desire to use
cannabis.

2) Diffficulties in controlling its
use.

3) Withdrawal syndrome or
using a (same/other) substance
to prevent withdrawal.

4) Increased tolerance, as
evidenced by diminished effect.
5) A higher priority given to
cannabis use than to other
activities and obligations.

6) Persisting in its use despite
harmful consequences.

Cannabis dependence: 3 of the
6 criteria need to be met for the
diagnosis of dependence.

Criteria should be met within a
12-month period.

DSM-IV

Cannabis abuse

1) Cannabis use interfering
with social, occupational, or
recreational activities.

2) Recurrent cannabis use in
situations in which it is
physically hazardous.

3) Recurrent cannabis use
resulting in problems with law
enforcement (e.g., being
detained, arrested).

4) Continued cannabis use,
despite having persistent or
recurrent social or
interpersonal problems caused
or exacerbated by the effects
of cannabis.

Dependence
5) Tolerance, as evidenced by

a markedly diminished effect.
6) Withdrawal syndrome or
drinking to prevent
withdrawal.

7) Cannabis is taken in larger
amounts or over longer
periods than intended.

8) Inability to cut down or
reduce cannabis use.

9) Spending large amounts of
time to obtain, use, or recover
from the effects of cannabis.
10) Giving up important social,
occupational, or recreational
activities in favor of using
cannabis.

11) Continued cannabis use
despite knowledge of having a
persistent or recurrent
physical or psychological
problem.

Cannabis abuse: 1 of symptoms
1-4.

Cannabis dependence: 3 of
symptoms 5-11.

Criteria should be met within a
12-month period.
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DSM-5

1) Important social,
occupational, or recreational
activities are given up or
reduced

because of cannabis use.

2) Recurrent cannabis use in
situations in which it is
physically hazardous.

3) Craving, or a strong desire
or urge to use cannabis.

4) Continued cannabis use,
despite having persistent or
recurrent social or
interpersonal problems caused
or exacerbated by the effects
of cannabis.

5) Tolerance, as evidenced by
a markedly diminished effect.
6) Withdrawal syndrome or
drinking to prevent
withdrawal.

7) Cannabis is taken in larger
amounts or over longer
periods than intended.

8) Inability to cut down or
reduce cannabis use.

9) Spending large amounts of
time to obtain, use, or recover
from the effects of cannabis.
10) Giving up important social,
occupational, or recreational
activities in favor of using
cannabis.

11) Continued cannabis use
despite knowledge of having a
persistent or recurrent
physical or psychological
problem.

CUD severity: 2-3 symptoms
indicates mild CUD; 4-5
symptoms indicates moderate
CUD; and 26 symptoms indicates
severe CUD.

Criteria should be met within a
12-month period.



