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Background: As the most commonly used illicit substance, cannabis is gaining global acceptance through increasing legalization efforts. This shift intensifies the need for research to guide policymakers and healthcare providers in harm reduction and treatment strategies. Nonetheless, the relationship between psychopathological symptoms and cannabis use remains inadequately understood.

Methods: A sample of regular cannabis consumers completed self-reported assessments for depression (Patient Health Questionnaire-9), anxiety (General Anxiety Disorder-7), Attention-Deficit/Hyperactivity Disorder (ADHD; Adult ADHD Self-Report Scale V1.1), and psychosis (Early Recognition Inventory based on IRAOS) as well as previous black-market cannabis use patterns. Cannabis Use Disorder Identification Test Revised (CUDIT-R) was used to identify cannabis use disorder (CUD). To understand psychopathological symptom load related to cannabis consumption as well as cannabis use motives, multiple regression models were performed to identify psychopathological variables predicting cannabis use frequency and quantity. Linear regression and correlation analyses were conducted, adjusting for relevant covariates (age, gender, education, alcohol, other substance use).

Results: Three-hundred-sixty regular cannabis users interested in a study on regulated cannabis access in Basel, Switzerland were examined. In bivariate analysis, cannabis use frequency correlated with depressive (r(358) = 0.16, p = 0.003) and anxiety symptom load (r(358) = 0.11, p = 0.034). Cannabis quantity correlated with depressive (r(358) = 0.15, p = 0.005), ADHD (r(358) = 0.14, p = 0.008), and psychosis symptom load (r(358) = 0.16, p = 0.002). However, in the adjusted regression models only depressive and ADHD symptom loads were significantly associated with cannabis use frequency (p = 0.006 and p = 0.034, respectively) and quantity (p = 0.037 and p = 0.019, respectively). No significant correlations between cannabis consumption and anxiety or psychosis remained after adjustment.

Conclusion: ADHD and depressive symptoms correlate with increased cannabis use in a cohort of regular users, suggesting potential self-medication in nonclinical populations. With the rising availability of cannabis worldwide, these results highlight the necessity for longitudinal studies to disentangle the complex dynamics between cannabis consumption and mental health symptoms.
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1 Introduction

Cannabis is the most commonly consumed illicit substance, and its use is growing as attitudes toward legalization shift globally (1). Policymakers and healthcare providers increasingly rely on empirical data to make informed decisions about harm reduction and treatment options. However, the relationship between psychopathological symptoms and cannabis use remains poorly understood. Particularly, little is known about how the quantity of consumed cannabis correlates with psychopathological variables.

In the European Union alone, 22.6 million people, or 8% of the population aged 15 to 64, used cannabis at least once in the past year. This prevalence is even more pronounced among 15- to 24-year-olds, with an annual usage rate of 18.2% (2). Nearly half of treatment-seeking individuals who use cannabis report daily usage. Cannabis use is consistently increasing across Europe, a trend potentially influenced by the rapid pace of legalization efforts (1).

Previous research shows stable associations between cannabis use and mental health disorders (3) in a dose-dependent manner (4). The most robust evidence exists for psychosis, for which heavy cannabis users have a four-fold increased risk compared to non-users (5, 6). Elevated risks have also been demonstrated for depressive (7) and anxiety disorders (8). Additionally, a link between ADHD and cannabis use has been suggested, where problematic use (i.e., associated with health, financial, legal, social issues) was associated with more severe symptoms (9, 10). These specific disorders—psychosis, depression, anxiety, and ADHD—are the focus of the present study, as they represent areas in which cannabis use and mental health intersect the most.

While the direction of the relationship between cannabis use and non-psychotic disorders remains inconclusive, it is known that individuals with mental health disorders are more likely to use or misuse cannabis (11–14).

The psychoactive effects of cannabis are largely explained by tetrahydrocannabinol (THC) concentration. As the amount of cannabis consumed and the THC concentration may vary, complicating the measurement of exposure (15). As of today, only a small number of studies employed quantity as a measure in relationship with psychopathological outcomes (16). Using cannabis more than once a week and high-potency subtypes can lead to cannabis use disorder (CUD) (17, 18).

The present literature mostly focuses on the relationship between cannabis use and acute or chronic mental illnesses. However, a large subgroup of users suffers only from minor mental health impairments and does not meet the diagnostic criteria of a psychiatric disorder (19–21). Additionally, the focus on negative implications may be one-sided, as people suffering from depression, anxiety, ADHD, or psychosis may use cannabis to mitigate symptoms (22–24).

Medical cannabis is mainly prescribed to alleviate symptoms such as anxiety, insomnia, depression, and pain (25, 26). It is equally important to understand the patterns and motivations behind regular non-medical cannabis use despite widely acknowledged risks related to consumption. Regulated cannabis markets may facilitate data collection on the frequency and quantity of consumed cannabis (27), as research on how cannabis quantity impacts mental health is scarce (16). In response to widespread cannabis use and an active black market, Switzerland amended the Narcotics Act (NarcA) in 2021, allowing 10-year pilot trials on non-medical cannabis use in adults. These trials aim to inform future regulatory frameworks and are distinct from traditional medical cannabis use, which remains tightly regulated.

The current study is based on a pilot project providing regulated cannabis access to 360 participants in a major central European city. Making use of the hitherto underutilized measure of consumed cannabis quantity may give important insights, particularly in the context of global increases in consumption and legalization (28).

Given the complexity of findings in existing literature suggesting rather a bidirectional relationship between mental health symptoms and cannabis use, we aim to explore whether among adult cannabis users, the level of symptoms of depression, anxiety, ADHD, and psychosis may be associated with the frequency and quantity of cannabis used in the last 30 days. Our study acknowledges the potential for both directions of influence. The present study aims (a) to provide a sociodemographic description of a population of non-medical cannabis users (confirmed by THC drug test) from a major central European city; (b) to describe the patterns and motives of cannabis use; (c) to investigate the relationship between psychopathological variables and self-reported frequency as well as quantity of cannabis used in the last 30 days.



2 Materials and methods


2.1 Design

The present cross-sectional study is part of a single-center randomized controlled clinical trial (RCT) called WeedCare (NCT05522205), which aims to investigate the effects of regulated cannabis access on consumption behavior and mental and physical health in comparison to the illicit market. The study has been approved by the local Ethics Committee (Ethikkommission Nordwest- und Zentralschweiz (EKNZ)), as well as by the Swiss Federal Public Health Office, and is conducted in accordance with the Declaration of Helsinki and the ICH-GCP guidelines. Participants were randomly assigned to one of two groups: Group 1 has immediate access to the regulated cannabis sale in pharmacies, whereas Group 2 continues to purchase cannabis on the illicit market. After 6 months all participants also gained access to regulated cannabis in pharmacies for two consecutive years, ensuring consistent quality and THC content for all. Cannabis pricing was subsidized throughout, mirroring illicit market rates to facilitate realistic consumption scenarios. Every 6 months, participants are invited to answer online questionnaires on their cannabis consumption behavior as well as their mental and physical health. The entire study duration is 2.5 years. The detailed study protocol has been published elsewhere (29). Importantly, the present article covers only the baseline data of the study. Results on the regulated cannabis access for recreational use will be presented in future articles.



2.2 Eligibility criteria

Individuals eligible for inclusion in the study provided written consent, were 18 years or older, and demonstrated monthly cannabis use over the past 6 months as confirmed by THC in urinalysis. Participants also needed to have sufficient proficiency of the German language as well as internet access to complete the required questionnaires (29). In agreement with local law, only residents of the canton Basel-Stadt were eligible for participation. Exclusion criteria were current psychiatric hospitalization, acute suicidality or psychosis, severe cognitive impairment that could preclude informed consent, and pregnant or breastfeeding women. Eligibility was contingent on exclusion criteria assessed through comprehensive face-to-face screenings with a study physician, ensuring no significant health conditions were present.



2.3 Recruitment

A local media conference in August 2022 informed the Swiss public about the study. Interested individuals had an opportunity to register online, after which they were contacted via phone for an eligibility screening. They were then invited to a face-to-face interview with a study physician, in which detailed information about the study was provided, and written informed consent was obtained following the evaluation of inclusion and exclusion criteria. Recruitment of 374 participants started in September 2022 and completed in December 2022. Fourteen initially included participants dropped out from the study due to lack of interest or incomplete responses to the online questionnaire.



2.4 Data collection

Data sets were collected in January 2023 from 360 participants to gain sociodemographic information. Cannabis use days in the last 30 days and quantity of cannabis used per average use day (g) as well as cannabis use motives were evaluated via the Comprehensive Short Questionnaire of Current Cannabis Use (29). To facilitate the specification of cannabis quantity, participants were provided pictures of different amounts of cannabis flower and hashish in relation to a coin.

Depressive symptoms were assessed via the Patient Health Questionnaire depression scale (PHQ-9) (30), anxiety via the Generalized Anxiety Disorder Screener (GAD-7) (31), and ADHD via the World Health Organization (WHO) adult ADHD self-report scale (ASRS V1.1) (32). Psychosis was assessed via an adapted version of the Early Recognition Inventory (ERIraos) Checklist (33). This includes six items of the ERIraos on increased psychosis risk and early psychosis, respectively, and two additional items: “impression that certain occurrences are intended only for me” and “diagnosis of psychosis or schizophrenia by a medical professional, psychologist, or another health care professional in the last six months.” This tool is adept at identifying even nuanced psychotic symptoms essential for evaluating early cannabis-related psychopathology. Further substance use data was collected using the Cannabis Use Disorders Identification Test-Revised (CUDIT-R) (34) as well as the three-item version of the Alcohol Use Disorders Identification Test (AUDIT-C) (35). The use of other legal and illegal psychotropic substances was assessed via an adapted version of the Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) (36). Specifically, the frequency of use during the last 6 months (0 never; 1 once or twice; 2 monthly; 3 weekly; 4 daily or almost daily) was asked for a set of 7 drug types corresponding to those used in the ASSIST.



2.5 Statistics

To examine the association between psychopathological scores and cannabis use, multiple linear regressions were computed. The following psychopathological scores served as independent variables: depressive symptom load (PHQ-9), anxiety symptom load (GAD-7), ADHD symptom load (ASRS-V1.1) and psychosis symptom load (ERIRaos). Each score was the sum of the single items of the respective scale. Cannabis use days in the past 30 days (in days) and cannabis quantity consumed in the past 30 days (in gram) served as dependent variables. The latter was computed by multiplying the number of reported use days by the reported average quantity consumed per day. Pearson correlations were initially used to assess the relationships between each of the four independent variables with each of the two dependent variables. Subsequently, by means of linear regressions, these eight correlations were adjusted for age, gender, education level, the AUDIT-C, and the ASSIST. Gender and education level were dummy coded with the categories ‘male’ and ‘university degree’ as the reference, respectively. AUDIT-C and ASSIST each formed a regressor after creating individual summarized scores across the three and seven items, respectively. Hence, a total of eight multiple linear regressions were computed.

To meet the assumptions of linear regression, particularly the normal distribution of residuals, both dependent variables and the four psychopathological scores were logarithmically calculated for inferential statistics. Analyses were conducted with R software version 4.2.1 (37). p-values were 2-sided, and statistical significance was set at α = 0.05.




3 Results

Study participants identified largely as male (80.8%), with a mean age of 35.8 years. Most participants had a university degree, lived alone, and were fully employed. A complete description of the sociodemographic profile of the study population can be found in Table 1. On average, participants consumed cannabis on nearly 19 days during the last 30 days with a mean use quantity of 1.46 grams per average use day. Results for cannabis consumption patterns, as well as psychopathological variables and other substance use, are presented in Table 2. Detailed results regarding cannabis use motives can be found in (Supplementary Figure S1).



TABLE 1 Sociodemographic characteristics of the participants (n = 360).
[image: Table1]



TABLE 2 Psychopathological symptom load, CUDIT-R, AUDIT-C, and other substance use and cannabis use patterns.
[image: Table2]


3.1 Associations with psychopathological symptom load

Cannabis use frequency was significantly correlated with depression and anxiety scores (r(358) = 0.16, p = 0.003 and r(358) = 0.11, p = 0.034, respectively)). Correlations between depression, ADHD, as well as psychosis, and cannabis quantity were also statistically significant (r(358) = 0.15, p = 0.005; r(358) = 0.14, p = 0.008; r(358) = 0.16, p = 0.002, respectively). A trend for ADHD and psychosis was observed with cannabis use frequency (r(358) = 0.10, p = 0.060 and (r(358) = 0.09, p = 0.086). Anxiety also correlated marginally significant with cannabis use quantity (r(358) = 0.09, p = 0.098). The following significant relationships persisted in regression models after adjustment for the mentioned covariates.

The depression composite score was a significant predictor of cannabis use, specifically affecting the frequency (p = 0.006; β = 0.269; t(348) = 2.79; 95% CI [0.080, 0.458]), and quantity (p = 0.037; β = 0.350; t(348) = 2.09; 95% CI [0.022, 0.677]). Similarly, the ADHD scores significantly predicted cannabis use frequency (p = 0.034; β = 0.314; t(348) = 2.13; 95% CI [0.025, 0.603]); and quantity (p = 0.019; β = 0.599; t(348) = 2.36; 95% CI [0.102, 1.097]). The association between anxiety symptom load and cannabis frequency reached only marginal significance (β = 0.177; t(348) = 1.82; 95% CI [−0.014, 0.368]; p = 0.070). There were no significant associations between anxiety symptom load and cannabis quantity, nor for psychosis symptom load with any of the two consumption measures.

All education levels below university degree were significantly associated with higher frequency and quantity of cannabis use in all four psychopathological scores. A positive association was observed between quantity of cannabis use and use of other drugs, but not alcohol use. Detailed results from the regression models are presented below in Tables 3–6, which illustrate these associations and provide a more comprehensive view of the data.



TABLE 3 Relationship between depression and cannabis use frequency and quantity.
[image: Table3]



TABLE 4 Relationship between anxiety and cannabis use frequency and quantity.
[image: Table4]



TABLE 5 Relationship between ADHD and cannabis use frequency and quantity.
[image: Table5]



TABLE 6 Associations between psychosis and cannabis use frequency and quantity.
[image: Table6]




4 Discussion


4.1 Main findings

Our cross-sectional study elucidates the intricate relationship between psychopathological symptoms and cannabis use in nonclinical settings. After adjusting for important covariates, we observed significant positive associations between depressive symptoms and both cannabis use frequency and quantity. Similarly, ADHD symptoms were positively associated with cannabis use frequency and quantity. In contrast, associations with use frequency for anxiety and psychosis symptoms did not reach the significance level. The specific associations with different psychopathological variables highlight the need for a nuanced consideration of the factors influencing cannabis use. It is noteworthy that the likelihood of other mental illnesses was relatively low (with a probability of conditions ranging from <1 to 14%), in contrast to a 33.8% probability for the CUD, which was previously associated with increased mental health disorders among cannabis users (38).

The most commonly reported motivation for cannabis use among our participants was the pursuit of feeling good, providing additional context for these findings.



4.2 Psychopathologic symptom load and cannabis use

Our results are consistent with previous studies (26, 39, 40), that also reported a positive correlation between depression and cannabis use.

The associations between ADHD and cannabis use frequency were shown by previous studies, although none of them evaluated the use days on an interval scale (23, 41–43). Moreover, contrary to Fergusson et al., our outcomes remained significant after adjustment for other substance use as well (42). This suggests the possibility of an independent risk associated with cannabis consumption for ADHD symptom load among regular users, although the links between the two entities are complex and are beyond the scope of this paper (12, 44, 45). For example, a causal and temporal relationship for lifetime cannabis use was found in individuals with ADHD based on large data from genome-wide association studies with a two-sample Mendelian randomization approach. Individuals with ADHD were eight times likelier to use cannabis in their lifetime compared to those without the disorder (p = 0.00006) (44). A dose-dependent relationship was found for both hyperactive–impulsive and inattentive symptoms of ADHD with cannabis consumption (45). The co-occurrence of ADHD and CUD was discussed thoroughly in the literature (12).

While our findings align with much of the existing literature, there were some notable exceptions, particularly concerning the relationship between cannabis use and psychosis. Despite a large body of evidence connecting cannabis use to psychosis (6, 24, 46) our findings do not confirm this relationship, likely because of the exclusion of individuals suffering from acute psychosis. Similarly, the relationship between psychosis and high-potency cannabis was also not confirmed in a recent cross-sectional study with a similar study population to ours (4).

We found only marginal associations between anxiety and cannabis use. In a recent systematic review and meta-analysis of 10 studies, Xue et al. showed that cannabis use was associated with increased odds for the development of anxiety conditions (OR = 1.25; 95% CI, 1.01 to 1.54); however, no significant associations were found for GAD, social anxiety disorder, or panic disorder (8). Feingold et al. also did not find links between anxiety and cannabis use (47).



4.3 Cannabis use patterns

Cannabis consumption patterns observed in our study sample were similar to those reported by Caulkins et al. with an average monthly use of 34.27 g and a mean of 1.46 g use per day (16).Additionally, the mean days with cannabis use in the last 30 days of our sample (18.73) falls within the range of 15 to 23 days reported by the U.S. National Survey on Drug Use and Health (48, 49).

One third of the participants were classified at high risk for developing CUD, a rate that mirrors the one in three chance of cannabis dependence with weekly or more frequent usage as indicated by Leung et al. (17). However, it is important to note that while the systematic review and meta-analysis by Leung et al. reported a lower general estimate of 22% for developing CUD, they also documented a 13% prevalence of ‘cannabis addiction’ and a further 13% for ‘cannabis dependence’ (17). This comparative context underscores that our cohort’s risk level, despite a possibly higher than weekly consumption, is consistent with established findings for probable CUD occurrence.

The interactions between cannabis use frequency and quantity and CUD were highlighted in a recent analysis of over 3,000 participants (16). To reduce the likelihood of misjudgment of self-reported cannabis quantity by users (50), our study provided pictures of dosage examples in combination with quantity information in the questionnaire for the objective self-assessment (29). These methods were previously found to improve the accuracy of judgment (51).

Previous studies reported a negative impact of cannabis use on educational attainment at all levels (19, 52, 53). We further found that compared to a university degree, people with lower levels of education consume significantly more cannabis (both in terms of frequency and quantity). Other studies also showed that early-life cannabis use was associated with poor academic achievements and decline in Intelligence Quotient (IQ) (53–55). It is noteworthy to indicate that our sample had a higher level of education compared to the general population in Switzerland (56), which could have influenced the results to some degree.

Individuals with mental problems are known to consume cannabis more often, presumably for reasons of self-medication (57–60). However, the most common reason for cannabis use among our participants was “feeling good,” and only a minority reported help with concentration or psychological distress. This finding can again be explained by the fact that individuals with current severe mental disorders were excluded from the study.

The data imply that subclinical presentations of depression and ADHD could be driving higher consumption frequencies and volumes. This necessitates longitudinal studies to clarify whether consumption is a coping mechanism or a contributing factor to maintaining subclinical states.

Lastly, our findings indicated a positive association between cannabis quantity with other substance use. Similar links were shown between the frequency of cannabis consumption and the use of other substances (61). This pattern was notably evident in the consumption of amphetamines among participants with ADHD, which may indicate prescribed use. Such complexities reinforce the need for nuanced interpretations. These outcomes contribute to the already large body of evidence regarding frequent co-use of several illicit substances (62–64).



4.4 Study limitations, strengths and future directions

The cross-sectional design of our study necessitates a prudent approach to interpreting the findings precluding assessments of causality. Our sample mainly included psychologically healthy individuals motivated to participate in the pilot study, limiting the generalizability of our results and potentially contributing to discrepancies with other studies. The self-selection of participants and exclusion of individuals with acute psychosis or severe cognitive impairments further limited the sample’s representativeness.

However, these limitations are counterbalanced by several methodological strengths. First, we employed objective measures for quantifying cannabis use, including picture-based guidance for participant self-reporting. Second, our sample was drawn from a representative population of regular adult cannabis users in a major European city, which was validated by THC drug tests. Third, our analyses accounted for key confounding variables which were assessed by validated psychometric instruments, bolstering the potential independent effects of cannabis use on depressive and ADHD symptomatology. For the purposes of informing policy, the focus on a more representative population of regular cannabis users, as opposed to individuals with significant psychiatric comorbidities—who are generally advised against cannabis use—adds value to our findings.

Considering the findings of our study, future research should focus on longitudinal studies to explore causal relationships between cannabis use and psychopathological symptoms. A detailed examination of various aspects of cannabis consumption, including frequency, duration, and dosage, will provide deeper insights into its relationship with mental health disorders. Additionally, future studies should consider subgroups underrepresented in our research, such as individuals with existing mental health conditions, and investigate the role of socioeconomic and cultural factors in shaping cannabis use and its associated psychopathological symptoms. This approach will significantly deepen our understanding of the complex interplay between cannabis use and mental health.




5 Conclusion

In summary, we present a nuanced portrait of a predominantly psychologically healthy, drug-test-confirmed cohort of regular cannabis users. We observed a socially integrated, high-achieving sample with a low prevalence of CUD. The prevalence of other mental health disorders within this cohort was surprisingly low. Moreover, an association between depression and ADHD symptomatology with quantitative parameters of cannabis use was established, with no significant associations for anxiety and psychosis. These findings imply that subclinical presentations of depression and ADHD might be influencing higher consumption patterns, which underscores the importance of longitudinal studies to discern whether consumption functions as a coping mechanism or contributes to the maintenance of subclinical states. Our study advances the discussion on cannabis regulation, emphasizing the necessity of a nuanced approach in both public discourse and policy design, considering the complex relationship between cannabis use and mental health.

As the legal landscape surrounding cannabis continues to evolve, our findings emphasize the importance of focusing on evidence-based prevention, harm reduction, and safer use. Furthermore, this study’s findings contribute significantly to the ongoing discussions on cannabis policy and health regulation. By providing empirical data on the health impacts of regulated versus unregulated cannabis, this study supports the need for continued research and could inform future policy decisions aimed at improving public health outcomes in the context of cannabis legalization.
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