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Abstract

Aims: We measured the effects of public health-oriented cannabis access compared with
the illegal market on cannabis use and related mental health outcomes in adult cannabis
users.

Design: This was a two-arm, parallel group, open-label, randomized controlled trial.
Follow-up outcome measurement took place after 6 months.

Setting: The study was conducted in Basel-Stadt, Switzerland.

Participants: A total of 378 adult (aged =18 years) cannabis users were enrolled and ran-
domized between August 2022 and March 2023, although only 374 users who com-
pleted baseline measures could be included.

Intervention and Comparator: Participants were randomly assigned to the intervention
group with public health-oriented recreational cannabis access in pharmacies (regulated
cannabis products, safer use information, voluntary counseling, no advertisement;
189/188) or the illegal market control group (continued illicit cannabis sourcing; 189/186).
Measurements: The primary outcome was self-reported severity of cannabis misuse
after 6 months, as measured by the Cannabis Use Disorders Identification
Test - Revised (range 0-32). Secondary outcomes involved depressive, anxiety, and psy-
chotic symptoms, cannabis consumption amount, alcohol, and drug use.

Findings: Ten participants were not followed (2.7%). Primary analysis included those
with complete data (182 vs. 182). There was some evidence of a difference in cannabis
misuse between the legal cannabis intervention group (mean [M] = 10.1) and the illegal
market control group (M = 10.9; B = -0.69, 95% confidence interval [CI] = -1.4 to 0.0,
P = 0.052). These results were supported by an intention-to-treat multiple imputation
analysis (n = 374). Additional sub-group analysis by whether the participant used other
drugs or not suggested that any reduction in cannabis misuse was confined to those in
the legal cannabis intervention group who used other drugs (Pjnteraction < 0.001). We
found no statistically significant changes in any of the secondary outcomes.

Conclusions: Public health-oriented recreational cannabis access may decrease cannabis

use and cannabis-related harms, especially among those using other drugs.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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HEALTH EFFECTS OF LEGAL CANNABIS
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INTRODUCTION

In 2022, approximately 228 million people globally used cannabis [1].
Many individuals use cannabis without adverse health outcomes.
However, cannabis use is associated with an increased risk of mental
disorders, including psychotic, affective and substance use disorders
[2-5]. Up to 33% of those who regularly use cannabis are estimated
to develop cannabis use disorder [6]. Cannabis use disorder substan-
tially contributes to the global burden of disease [7].

Despite prevailing prohibition, cannabis remains the most widely
used illicit substance [8]. Efforts to address this global challenge have
increasingly focused on alternative regulatory frameworks [9]. Several
countries, such as Canada, Uruguay, Germany and various
United States (US) states have legalized cannabis for recreational use
and multiple countries are considering taking this step. Among the
diverse aims of recreational cannabis laws (RCL), a key objective is
reducing cannabis related harms [9-11]. Essential measures in RCL
that aim to reduce cannabis use and to improve mental health include
regulated cannabis products, as well as facilitating access to preven-
tive information, counseling, treatment and harm reduction [11].

The body of literature from countries with RCL is rapidly growing
[12-21], but data on the effects on cannabis use and related mental
health outcomes are inconsistent. Moreover, previous studies on the
health effects of RCL were principally based on observational designs
comparing regions with and without RCL or regions before and after
RCL [12-18]. These study designs are highly informative at the
population level, but causal inferences on the individual level are
limited, because observed (e.g. age, gender) and unobserved factors
(e.g. social norms, unmeasured genetic factors) cannot be disentangled
and may bias the observed association between RCL and health out-
comes. Additionally, and aside from cannabis use and cannabis use
disorders, research is scarce on cannabis related mental health out-
comes such as depression or anxiety [22]. Therefore, experts have
called for more experimental and controlled research on RCL effects
[10, 17, 23-25] as well as for a broader range of potentially impacted
mental health outcomes [26].

This study seeks to address these issues using a randomized con-
trolled trial that compared the effects of public health-oriented access
to recreational cannabis with continued illegal market use, with
respect to cannabis use and a broad range of related mental health

outcomes in cannabis users.

METHODS
Study design

This open-label, parallel-group, randomized controlled trial was

designed to evaluate the effects of a legal cannabis intervention

versus illegal market in individuals who already use cannabis. The
6 months monocenter trial was conducted in the canton Basel-Stadt
in Switzerland from August 2022 to July 2023. After the 6 months of
randomized controlled trial, a 2-year observational study of providing
legal cannabis to all participants has followed and will last until July
2025. The randomized controlled trial is the basis for the present arti-
cle. Data of the currently ongoing observational period will be pub-
lished in future articles.

The trial protocol was approved by the local ethics committee
‘Ethikkomission Nordwest-und Zentralschweiz’ (protocol number
2021-01670) as well as the Federal Office of Public Health (approval
number 2022/000001). The trial was prospectively registered at
ClinicalTrials.gov NCT05522205 on 30 August 2022. A study protocol
has been published [27]. Additionally, the study was designed in
agreement with the Declaration of Helsinki, the International Council
for Harmonisation Good Clinical Practice guidelines and the national
law, in particular the amendment of the Federal Act on Narcotics and
Psychotropic Substances [28]. Cannabis for recreational use is prohib-
ited in Switzerland. However, in 2021, a legislative amendment
allowed pilot trials of recreational cannabis use in adults, and this
amendment defined various conditions for these trials such as the
maximum tetrahydrocannabinol (THC)-content of the legal prod-
ucts [28]. This unique legal setting allowed us to conduct a random-
ized controlled trial within this legal framework that—spatially and
temporally limited—evaluates the health impacts of legal cannabis
access in a restricted sample of registered users, and in which users

without legal access serve as controls.

Participants

Recruitment occurred through a media conference in August 2022
that informed the public about the current study. Interested partici-
pants could register at a study-specific website. After initial screening
by telephone, potential participants were invited to a face-to-face
screening with the study physician, to check inclusion and exclusion
criteria. From August 2022 to March 2023, we screened 665 partici-
pants for eligibility and randomly assigned 378 participants, 189 (50%)
to the legal cannabis intervention group and 189 (50%) to the illegal
market control group (Figure 1). Eligible participants used cannabis at
least once per month during the last 6 months (including a positive
THC-urine sample); were 18 years or older; had basic German lan-
guage skills; resided in the canton Basel-Stadt; and had internet access
to answer on-line-surveys. Potential participants were excluded if
they were currently pregnant or breast-feeding; were in current inpa-
tient psychiatric treatment; had acute psychosis or suicidal ideation;
suffered from severe cognitive impairment that prevented them from
understanding the study information or to follow the study procedure;

or had any intention to move away from Basel-Stadt within the
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| 665 Screened by telephone for eligiblity

285 Ineligible
149 Could not be contacted
78 No longer wished to take part

46 Not meeting inclusion criteria
1 Pregnancy
11 Other reasons

380 Interviewed by study physician for eligibility

—-| 2 Not meeting inclusion criteria

378 Randomized

Y
188 Completed baseline and received access to

legal cannabis in pharmacies
r—1 1 Discontinued study (withdrew consent)

!

182 Completed 6 months follow-up
6 Discontinued the study
3 Lost to follow-up
3 Other reasons

‘ 182 Included in the complete-case sample l

—P{ 188 Included in the intention-to-treat sample ]

2
186 Completed baseline and entered the
illegal market control group
3 Discontinued study —
2 failed to attend baseline
1 withdrew consent

182 Completed 6 months follow-up
4 Discontinued the study
3 Lost to follow-up
1 Other reason

‘ 182 Included in the complete-case sample ‘

I 186 Included in the intention-to-treat sample ’1—-

FIGURE 1 Flow diagram from screening to 6-months follow-up assessment. Participants who were lost to follow-up were those whom we
were unable to contact. Other reasons included moving from the canton, dissatisfaction with cannabis quality and financial difficulties.

subsequent 12 months. All included participants provided informed
written consent before any study procedures occurred.

Study start was originally planned for 15 September 2022. How-
ever, since cannabis products did not meet quality requirements, the
beginning of the study (baseline assessment and cannabis access in
pharmacies) had to be postponed to 30 January 2023. A total of
14 drop outs were recorded. Four participants dropped out before
legal cannabis access started (3 in the illegal market control group;
1 in the legal cannabis intervention group), so that four additional par-
ticipants were re-recruited. Another 10 (3%) participants (4 in the ille-
gal market control group, 6 in the legal cannabis intervention group)
did not complete the survey at the 6 months follow-up in July 2023.
The main reason for loss to follow-up was failure to reach participants

after discharge—despite repeated calls (Figure 1).

Study procedures

After enrolment, a study nurse randomly assigned participants to the
legal cannabis intervention group or to the illegal market control
group. The randomization allocation was conducted by a random-
number table through REDCap that was created by an independent
statistician, who was not involved in the rest of the trial.

Participants assigned to the legal cannabis intervention group had
access to legal cannabis in nine pharmacies from the baseline. The ille-
gal market control group was denied legal cannabis access and had to
continue to obtain their cannabis from illegal sources, as is the current
legal situation in Switzerland. The legal cannabis intervention consisted
of several measures to mitigate risks of cannabis use [11]. First, partici-
pants were provided with six regulated cannabis products free from
contaminants. Products had to meet quality standards in production
that were defined by law (e.g. organic cannabis cultivation, maximum
content of contaminants such as microbiological contaminants, myco-
toxins or pesticides). Products included four flower and two hash prod-
ucts with different THC and cannabidiol (CBD) concentrations, but
with an upper THC limit of 20%, as is required by law [28]. Participants
were free to choose between the products. Furthermore, participants
were allowed to purchase a maximum of 10 grams of total THC per
month, allowing larger quantities of products with lower THC con-
tent [28]. All cannabis purchases were registered in a specific ‘track
and trace’ software, to track the maximum amount of 10 grams of total
THC per month per participant. Cannabis products are listed in
Appendix S1. Product prices were derived by a user survey from 2021
so that they were comparable to illegal market prices. Prices were also
THC dependent, with lower THC content being more affordable. Pack-
aging was labelled with THC/CBD concentration and preventive
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information (safety and legal warnings, lower risk use information, sym-
bols of product strength). Detailed lower risk use information was
available on-line that could be accessed via QR-code on the packaging.
There was no advertisement of the study products. Voluntary counsel-
ing by the study physician (by e-mail or by telephone) and the vending
staff (face-to-face in pharmacies) was available during the entire study.
Vending staff in pharmacies were trained in guidelines on lower risk of
use [11], identification of vulnerable users, triage to drug counseling,
treatment institutions and prevention services. Brochures with
counseling and treatment institutions were provided by the vending
staff and study physician. Therefore, prevention, early intervention and
treatment were facilitated in pharmacies. Moreover, participants were
able to contact study physicians for any medical concerns.

Measures
Primary outcome

The primary outcome was self-reported severity of cannabis misuse,
measured as total score at 6 months follow-up on the Cannabis Use
Disorders Identification Test - Revised (CUDIT-R) [29]. This 8-item
scale assesses frequency of use; hours stoned during days of use;
inability to stop using; failure to meet expectations; time spent get-
ting, using, or recovering from cannabis; memory or concentration
problems after cannabis use; use in hazardous situations (e.g. driving,
caring for children); and desire to stop/reduce cannabis use. Scores
range from O to 32, with higher scores indicating more severe canna-
bis misuse and with a score of 13 or greater as recommended thresh-
old for potential cannabis use disorder. However, authors note that

lower scores can still be considered as problematic use [29].

Secondary outcomes

Secondary outcomes included self-reported depressive, anxiety and
psychotic symptoms as well as self-reported amount of cannabis con-
sumption, as well as alcohol and drug use at 6 months follow-up.
Depressive symptoms were assessed with the 9-item Patient Health
Questionnaire (PHQ-9) [30]. Scores range from O to 27 and higher
scores represent more severe symptoms, with a score of 10 or greater
indicating moderate to severe depression [30]. Generalized anxiety
symptoms were assessed with the 7-item Generalized Anxiety Disor-
der Assessment (GAD-7), with scores ranging from O to 21 and a score
of 10 or greater being the recommended threshold for moderate to
severe generalized anxiety disorder [31]. Psychotic symptoms were
measured with a short version of the Early Recognition Inventory
Checklist including seven items on early psychosis, with scores ranging
from O to 7 (higher scores indicate more severe psychotic symp-
toms) [32]. Amount of cannabis consumption was assessed separately
for legal and illegal cannabis. To facilitate the specification of the
amount of cannabis consumption, participants were provided with pic-

tures of different amounts of cannabis flower and hashish in relation

SS 1985

to a coin. Alcohol use was measured with the 3-item Alcohol Use Dis-
orders Identification Test - Consumption (AUDIT-C) [33]. Scores range
from O to 12, with a score of 3 or more for women and a score of
4 and more for men as indicative of hazardous alcohol use [33]. Drug
use was assessed with one question of the Alcohol, Smoking and Sub-
stance Involvement Screening Test, which asked participants how
often they had used cocaine, amphetamine-type stimulants, inhalants,
sedatives, hallucinogens, opioids and other drugs during the preceding
6 months [34]. Scores of these seven items range from O to 42.
Whereas a score of O indicates no drug use during the preceding

6 months, higher scores indicate more frequent drug use.

Baseline characteristics

At baseline the following socio-demographic characteristics were
assessed: Sex, age, Swiss nationality, marital status, education and
employment status. Additionally, the age of onset cannabis use, can-
nabis use days per month, lifetime nicotine use (‘Have you smoked
more than 100 cigarettes or a comparable amount of other tobacco
products in your life? Yes/No’) as well as cigarette use days per month

were assessed.

Further measures

Additional exploratory outcomes of substance use (e.g. medication),
physical health (e.g. respiratory symptoms, physical symptoms and
physical activity) and mental health (sleep, positive and negative
affect) were also collected at baseline and at 6 months. These out-
comes will be published in future articles and will be interpreted as

secondary outcomes.

Adverse events

Serious adverse events including hospitalization of more than 24 hours
and life-threatening events were assessed every 2 months via an on-
line-survey. Additionally, participants were advised to contact the
study team immediately in the event of a serious adverse event.
Baseline and follow-up assessment at 6 months included primary
and all secondary outcomes as well as safety measures. The assess-
ments were collected via on-line-surveys in REDCap and were self-
reported. If participants did not answer the on-line-survey, they were
reminded (first reminder via e-mail, second and third reminder by call).
Baseline and follow-up assessments were mandatory to be permitted

legal cannabis in pharmacies.

Statistical analysis

Assuming a two-sided a of 5%, power of 80% and 20% attrition,
374 participants were estimated to be required to detect a benefit of
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two points in CUDIT-R score after 6 months in favor of the legal can-
nabis intervention. A change of two points or greater in mean
CUDIT-R is defined as reliable change in cannabis misuse [35].
Categorical variables are presented as numbers (%) and continu-
ous variables as means (SD) when normally distributed or median
[interquartile range (IQR)] when not. The primary analysis was a multi-
variable regression of CUDIT-R score at 6 months regressed on inter-
vention allocation, adjusted for baseline CUDIT-R score as a
covariate. The full analysis set contains all participants who were ran-

domly assigned and who completed baseline assessment. Because

TABLE 1 Baseline demographic and clinical characteristics.

only a very limited number of observations was missing (10 partici-
pants; 3%), the analyses were conducted on complete cases, assuming
that values were missing completely at random. For the primary out-
come, an additional sensitivity analysis was conducted following the
intention-to-treat principle, which assumed that missingness was not
at random and which imputed the follow-up value from the partici-
pants’ baseline value (assuming no change over time).

For the primary outcome, additional exploratory analyses were
conducted. First, the change from baseline to 6 months follow-up was

analyzed for each of the CUDIT-R items, to explore whether the

Total (n = 374)

Legal cannabis (n = 188)

lllegal market (n = 186)

Sex (n = 370), no. (%)
Male
Female
Non-binary
Age (n = 370), mean (SD), y
Swiss nationality (n = 370), no. (%)
Marital status (n = 370), no. (%)
Married or in a partnership
Single
Separated or widowed
Education, no. (%)
Obligatory school
Basic vocational school
University qualification
Higher vocational education
University degree
Other
Employment status, no. (%)
Paid employment
Unemployed
Non-working (retired, home maker, training)
Age of onset cannabis use (n = 372), mean (SD), years
Cannabis use days per month (n = 364), median (IQR)
Nicotine use (yes), no. (%)
Cigarette use days per month (n = 228), median (IQR)
Primary and secondary measures
CUDIT-R (possible range 0-32), mean (SD)
PHQ-9 (possible range 0-27), median (IQR)
GAD-7 (possible range 0-21), median (IQR)

Psychotic symptoms (possible range 0-7), median (IQR)

Cannabis amount per use day (n = 358), median (IQR), gram

AUDIT-C (possible range 0-12), mean (SD)

Drug use (n = 373, possible range 0-42), median (IQR)

299 (81) 149 (81) 150 (81)
65 (17) 34 (18) 31(17)
6(2) 2(1) 4(2)
35.8(11.4) 36.0(11.8) 35.6(11.1)
277 (75) 139 (75) 138 (75)
53 (14) 32(17) 21(11)
288 (78) 133 (72) 155 (84)
29 (8) 20 (11) 9 (5)

36 (10) 18 (10) 19 (10)
113 (30) 51(27) 62(33)

57 (15) 35(19) 22(12)
28(8) 15 (8) 13(7)

136 (36) 68 (37) 68 (36)
4(1) 1(1) 3(2)

281 (75) 139 (74) 142 (76)
20 (5) 10 (5) 10(5)

73 (20) 39 (21) 34(18)
16.6 (3.5) 16.6 (3.6) 16.6 (3.4)
21 (7, 30) 20 (8, 30) 25 (7, 30)
264 (71) 140 (75) 124 (67)
30 (20, 30) 30 (20, 30) 30 (20, 30)
11.02 (4.58) 10.90 (4.29) 11.15 (4.85)
4,00 (3.00-7.00 4,00 (3.00-8.00) 4,00 (3.00-7.00)

)
3.00 (1.00-5.00)
0.00 (0.00-1.00)
0.50 (0.20-2.00)
3.68 (2.53)

0.00 (0.00-0.57)

3.00 (1.00-5.00)
0.00 (0.00-1.00)
0.50 (0.20-1.50)
3.59(2.33)

0.00 (0.00-0.57)

3.00 (1.25-5.00)
0.00 (0.00-1.00)
0.78 (0.20-2.00)
3.78(2.72)

0.00 (0.00-0.57)

Note: Data are no. (%), mean (SD), or median (IQR). No. of participants for whom data were available at baseline for each measure are given where

different from the total for the group.

Abbreviations: AUDIT-C, Alcohol Use Disorders Identification Test - Consumption; CUDIT-R, Cannabis Use Disorders Identification Test - Revised; GAD-
7, General Anxiety Disorder Assessment; IQR, interquartile range; PHQ-9, Patient Health Questionnaire; SD, standard deviation.
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intervention had differential effects on individual items. Second, adjust-
ing covariates were included in the primary analysis. Potential covari-
ates were baseline demographic and clinical characteristics and were
included into the model as adjusting covariates, when they were predic-
tors of the primary outcome at P < 0.1. Third, an additional exploratory
interaction analysis served to evaluate whether the intervention effect
may be different for some individuals. We estimated a single two-way
interactions model between the intervention allocation with substance
use at baseline (CUDIT-R, AUDIT-C and other drug use).

The intervention effect for secondary outcomes was analyzed in
the same way as the primary outcome conducting a multivariable
regression of the secondary outcome at 6 months regressed on inter-
vention allocation, adjusted for baseline secondary score as a covari-
ate. To correct for multiple testing across the analyses of the six
secondary outcomes, we computed Bonferroni-corrected Cl [100% -
(5%/6) = 99.2%]. Primary and secondary baseline variables were
included as continuous variables in the model and were mean cen-
tered before entering the model.

All analyses were carried out in R version 4.3.2 (2023-10-31) or
higher, and based our results on the Im and summary.Im function in
base R.

RESULTS
Study participants

The study population including 374 participants had a mean age of
35.8 years (SD = 11.4) and 81% participants were men, 17% women

SS 1987

and 2% non-binary. Participants assigned to both groups were mostly
comparable at baseline. The illegal market control group had a slightly
higher proportion of singles than the legal cannabis intervention group
(Table 1). A total of 109 (30%) participants reported daily cannabis
use. The mean CUDIT-R score at baseline was 11.02 (SD = 4.58) and
126 (34%) participants exceeded the threshold for potential cannabis
use disorder. For further details on baseline characteristics, see
Table 1.

Four participants had missing values in sex, age, nationality and
marital status. Additionally, 11 participants reported unrealistic values
in the amount of cannabis consumption (10 participants; >10 g per
consumption day) and other drug use (one participant), and were,
therefore, recoded as missing values.

Primary outcome

In the legal cannabis intervention group, participants’ self-reported
cannabis misuse declined from a mean of 10.9 (SD = 4.29) at baseline
to 10.1 (SD = 4.39) at 6 months. In the illegal market control group,
the CUDIT-R score declined from a mean of 11.2 (SD = 4.85) at base-
line to 10.9 (SD = 4.79) at 6 months. Therefore, results for the primary
analysis showed that the CUDIT-R score was estimated to be 0.69
(95% Cl = -1.38 to 0.01, P = 0.052) lower in the legal cannabis inter-
vention group compared to the illegal market control group at
6 months follow-up [Table 2, Figure 2(a)]. Model residuals were close
to normal and therefore, no transformation was applied.

For the primary outcome, the additional sensitivity analysis

assuming that missingness was not at random showed similar results

TABLE 2 Primary and secondary outcomes at 6 months and model results.

Legal cannabis lllegal market Intervention effect §
(n=188) (n = 186) (95% CI°) P value
Primary outcome
Complete-case analysis (MCAR, n = 364)
CUDIT-R, mean (SD) 10.08 (4.39) 10.94 (4.79) -0.69 (-1.38 to 0.01) 0.052
Sensitivity analysis (ITT, MNAR, n = 374)
CUDIT-R, mean (SD) 10.11 (4.36) 10.94 (4.77) -0.66 (-1.34 t0 0.01) 0.055
Secondary outcomes
PHQ-9, median (IQR) 4.00 (3.00-7.00) 3.00 (2.00-6.00) 0.46 (-0.40 to 1.32) 0.154
GAD-7, median (IQR) 2.00 (1.00-4.75) 3.00 (1.00-5.00) 0.18 (-0.56 to 0.93) 0.510
Psychotic symptoms, median (IQR) 0.00 (0.00-1.00) 0.00 (0.00-1.00) 0.09 (-0.10 to 0.28) 0.218
Cannabis amount per use day (n = 353), median (IQR) 0.83(0.25-1.65) 0.60 (0.20-2.00) 0.17 (-0.13 to 0.47) 0.135
AUDIT-C (n = 363), mean (SD) 3.46(2.46) 3.83(2.55) -0.25 (-0.66 to 0.16) 0.101
Drug use (n = 362), median (IQR) 0.00 (0.00-0.29) 0.00 (0.00-0.29) -0.03 (-0.11 to 0.06) 0.406

Note: Data are n (%), mean (SD) or median (IQR). No. of participants for whom data were available at 6 months are given where different from the total for
the group. For all outcomes, higher scores reflect worse outcomes. The sensitivity analysis for the primary outcome was conducted, assuming that
missingness was not at random and imputing the follow-up value by participants’ baseline value.

Abbreviations: AUDIT-C, Alcohol Use Disorders Identification Test - Consumption; CUDIT-R, Cannabis Use Disorders Identification Test - Revised; GAD-
7, General Anxiety Disorder Assessment; ITT, Intention -to-treat; IQR, interquartile range; MCAR, missing completely at random; MNAR, missing not at

random; PHQ-9, Patient Health Questionnaire; SD, standard deviation.

@For secondary analyses Cl were Bonferroni-corrected for multiple testing (Cl = 99.2%).
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FIGURE 2 Change of cannabis misuse over the study period. (a) Shows cannabis misuse at baseline and at 6 months follow-up for the total
study population (a) (n = 364) and (b) stratified for participants with other drug use and those without other drug use at baseline (b) (n = 362). The
interaction model was analyzed with other drug use as continuous variable. For illustrative purposes in this figure the variable was dichotomized
into participants using other drugs (score > O; n = 162) and participants not using other drugs (score = 0; n = 200) at baseline.

to those from the complete case primary analysis. Findings are shown lower in the legal cannabis intervention group than in the illegal mar-

in Table 2. ket control group. None of the other items was affected by the inter-
The additional exploratory analysis evaluating the change in each vention. Results are shown in Appendix S2.

individual CUDIT-R item stratified by group allocation showed that As a further exploratory analysis of the primary outcome, vari-

the item concerning time spent for getting, using and recovering was ables of Table 1 that predicted the primary outcome CUDIT-R at
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HEALTH EFFECTS OF LEGAL CANNABIS

P < 0.1 were included into the primary analysis as adjusting covari-
ates. These adjusting covariates were sex, cigarette use days per
month, anxiety (GAD-7) and psychotic symptoms. Results of the pri-
mary analysis including these four adjusting covariates were compara-
ble to the original primary analysis. Detailed results are shown in
Appendix S3.

An additional exploratory analysis examined the interaction
between a number of drug use-related variables (CUDIT-R, AUDIT-C
and other drug use) at baseline and the intervention effect. The analy-
sis suggested that the intervention effect was moderated by drug use
at baseline. In particular, the results suggested that participants in the
legal cannabis intervention group with a higher drug use score
showed a larger reduction in the CUDIT-R score at 6 months than
participants with a lower drug use score, while this difference was not
present in the illegal market control group (i? = -2.67, 95% Cl = -4.14
to -1.21, P <0.001) [Figure 2(b), Table 3]. The intervention effect
appeared to be 1.96 points in the CUDIT-R score stronger for partici-
pants with other drug use compared to participants with no other
drug use. This difference is close to the two-points difference consid-
ered to be a reliable change [35]. No clear interaction effects
appeared for the moderators CUDIT-R score and AUDIT-C score at
baseline. Model results of the exploratory interaction analysis are
shown in Table 3. A further exploratory interaction analysis between
group allocation with not only substance use, but also mental health
at baseline on cannabis use at 6 months follow-up did not result in
any clear effects, and findings were comparable to the original interac-

tion model (Appendix S4).

Secondary outcomes

Secondary outcome analyses showed that the legal cannabis interven-
tion group did not differ to the illegal market control group with
respect to change in depressive symptoms (PHQ-9), anxiety symp-
toms (GAD-7) and psychotic symptoms (Table 2). Furthermore, no sig-
nificant difference was found at 6 months between the legal cannabis

SS 1989

intervention group and the illegal market control group in amount of
cannabis consumption, alcohol use (AUDIT-C) and drug use (Table 2).

As residuals for some secondary variables were not close to normal,
sensitivity analyses with log-transformed outcomes were performed for
all secondary outcomes. The transformation improved the model perfor-
mance for depressive and anxiety symptoms, as well as drug use.
Whereas the residuals for these variables were close to normal after
transformation, the residuals for psychotic symptoms were not normal
even after transformation. Therefore, a logistic regression on a dichoto-
mization of psychotic symptoms (O vs. >0) was performed as an addi-
tional sensitivity analysis. None of the sensitivity analyses showed any
qualitatively different results to the original analyses (Appendix S5).

Of the 182 participants in the legal cannabis intervention group,
93 (51%) reported having used illegal cannabis. Hence, additional per-
protocol analyses were conducted for primary and secondary out-
comes excluding participants in the legal cannabis intervention group
who also used illegal cannabis. The results did not differ substantially
from the results of the original complete-case analyses (Appendix Sé).

We recorded 10 serious adverse events, eight in the legal canna-
bis intervention group and two in the illegal market control group. The
proportion of participants who reported a serious adverse event did
not differ by allocation group [X? (1, n = 374) = 2.51, P = 0.113). None
of the serious adverse events was classified as being possibly related
to the study product. The serious adverse events are described in
Appendix S7.

DISCUSSION

The present study is the first to provide randomized controlled trial
evidence comparing the impacts of RCL to the illegal market on can-
nabis use and a broad range of related mental health outcomes. Our
results showed no evidence that public health-oriented RCL increased
the severity of self-reported cannabis misuse and related mental
health outcomes at 6 months compared to the illegal market. Instead,
there was some evidence that cannabis misuse was reduced.

TABLE 3 Interaction analysis between group allocation with substance use at baseline on cannabis misuse at 6 months follow-up.

Intervention effect f 95% ClI P value
CUDIT-R (n = 362)

Group allocation -0.65 -1.33t0 0.03 0.059
Baseline CUDIT-R 0.68 0.58-0.78 <0.001
Baseline AUDIT-C 0.20 0.02-0.38 0.026
Baseline drug use 1.51 0.43-2.59 0.006
Baseline CUDIT-R by group -0.02 -0.18t0 0.13 0.756
Baseline AUDIT-C by group -0.24 -0.52 t0 0.03 0.085
Baseline drug use by group -2.67 -4.14to -1.21 <0.001

Note: The model includes CUDIT-R, AUDIT-C and drug use score at baseline as well as group allocation as predictors and CUDIT-R at 6 months follow-up
as outcome. Each of the moderators was centered, but not scaled, before entering the model. All variables were used as continuous variables. Variance
inflation factors studying multicollinearity of the interaction model was not problematic.

Abbreviations: AUDIT-C, Alcohol Use Disorders Identification Test - Consumption. CUDIT-R, Cannabis Use Disorders Identification Test - Revised.
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Moreover, there was evidence that cannabis users in the legal canna-
bis intervention group with other drug use had reduced cannabis mis-
use compared to those without other drug use. This differential effect
was not present in the illegal market control group. Taken together,
our results suggest that public health oriented RCL might differ in its
benefits on cannabis misuse across different populations.

Our finding that RCL did not increase the severity of cannabis
misuse is partly in line with previous observational studies from the
United States, Canada and Uruguay that reported no relation between
RCL and cannabis use disorder among pre-existing users [15]. There is
little evidence with which we could compare our findings of the sec-
ondary analyses that show no impact of RCL on mental health out-
comes. In accordance with the present study, existing observational
studies identified no link between RCL and psychotic symptoms [36],
psychosis-related emergency visits and health insurance claims [15,
22]. There is no published evidence on the association between RCL
with depression and anxiety. Moreover, our result of no differential
effects in alcohol use between the two groups further enlightened the
current inconclusive evidence on RCL and alcohol use [16]. It is note-
worthy that the period of 6 months follow-up in the current study
might be too short to detect any changes in substance use and mental
health outcomes. Continued follow-up of 2 years is underway to
enhance our understanding of the longer-term effects of legal canna-
bis access.

Hypothesized mechanisms through which RCL could potentially
improve users’ health include regulated cannabis products, social con-
tact and facilitated access to prevention, treatment and harm reduc-
tion and are comparable to existing opioid harm reduction policies [9,
10]. Vulnerable participants using other drugs might benefit from the
brief conversations with the vending staff in pharmacies. Furthermore,
a voluntary counseling service by the study physician and the vending
staff was available. These factors might have reduced cannabis-
related stigma, which is a considerable barrier for help-seeking and
negatively affects clinical and personal recovery outcomes [37].

It must be born in mind that cannabis legalization takes various
forms ranging from strict control to free commercial markets. The pre-
sent study evaluated a model with a strong focus on public health and
involving no advertisement, maximum THC content, THC dependent
prices and facilitated access to prevention, treatment and harm reduc-
tion. Public health efforts compete with commercial interests and
modifying the regulative factors could improve some outcomes while
worsening others. Therefore, it is essential that future research should
compare the effects of different forms of RCL and should consider
contextual differences, to better understand the benefits and harms
of each model [24, 38].

Strengths and limitations

The randomized controlled study design allowed for the possibility of
drawing causal inferences. Furthermore, the present study elucidated
the impact of RCL on a broad range of cannabis-related outcomes

within individuals. Despite these two major strengths, the study has

limitations. The sample’s representativeness is limited, since individ-
uals with acute psychosis, suicidal ideation, severe cognitive impair-
ment or current inpatient treatment were excluded. Further factors
might have deterred from study participation, such as fear of loss of
anonymity (cannabis is still prohibited in Switzerland) or the face-
to-face interview, which might especially pose a barrier for individuals
at risk for cannabis use disorder or mental disorders. Therefore, the
representativeness to more diverse clinical populations may be lim-
ited. Furthermore, our study sample consisted predominantly of men
and this may also affect the generalizability of the findings. Moreover,
the present study investigated legal cannabis access via pharmacies
and this type of vendor might not be attractive for some users. Future
research should investigate and compare alternatives such as social
clubs or specialized shops. Moreover, outcome measures used in this
study were based solely on self-report questionnaires. Self-reported
data carry the risk of socially desirable answers and, therefore, may
bias the results. This bias might be intensified by the open-label study
design because participants of the legal cannabis intervention group
may be motivated to answer in favor of the intervention. Future
research should validate the self-reported data with biological mea-
sures such as exposure to cannabinoids in blood. Furthermore, serious
adverse events were solely assessed via self-report. Future research
should track and document all serious adverse events, including self-
reported data as well as independent hospitalization data, to improve
the quality of data assessment. In addition, although the dropout rate
was low, approximately half of the legal cannabis intervention group
continued to acquire cannabis from the illegal market, as is compara-
ble with data from Uruguay and Canada [39, 40]. This result indicates
that the regulation model in the present study imposed barriers for
participants in completely abandoning the illegal market and under-
lines the importance of thoroughly evaluating the framework of RCL
before implementation in a specific country. Finally, our results
showed that a subgroup of cannabis users, in particular users with
other drug use, could benefit from legal cannabis access. Future
research should evaluate whether additional subgroups might benefit
from a public health-oriented RCL.

CONCLUSIONS

In this randomized controlled study, a public health-oriented RCL did
not lead to an increase in cannabis use and cannabis related harms,
while cannabis users with other drug use could benefit in terms of a
significant reduction in self-reported cannabis misuse. Our results
indicate that public health-oriented RCL could be an effective policy
model to make cannabis safer without increasing cannabis use and
cannabis-related harms. These results contribute to an evidence-
based cannabis policy and inform policy makers, clinicians and the
public.
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