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Abstract
Objective
To systematically assess credibility and certainty of associations between cannabis, cannabinoids, and cannabis based medicines and human health, from observational studies and randomised controlled trials (RCTs).
Design
Umbrella review.
Data sources
PubMed, PsychInfo, Embase, up to 9 February 2022.
Eligibility criteria for selecting studies
Systematic reviews with meta-analyses of observational studies and RCTs that have reported on the efficacy and safety of cannabis, cannabinoids, or cannabis based medicines were included. Credibility was graded according to convincing, highly suggestive, suggestive, weak, or not significant (observational evidence), and by GRADE (Grading of Recommendations, Assessment, Development and Evaluations) (RCTs). Quality was assessed with AMSTAR 2 (A Measurement Tool to Assess Systematic Reviews 2). Sensitivity analyses were conducted.
Results
101 meta-analyses were included (observational=50, RCTs=51) (AMSTAR 2 high 33, moderate 31, low 32, or critically low 5). From RCTs supported by high to moderate certainty, cannabis based medicines increased adverse events related to the central nervous system (equivalent odds ratio 2.84 (95% confidence interval 2.16 to 3.73)), psychological effects (3.07 (1.79 to 5.26)), and vision (3.00 (1.79 to 5.03)) in people with mixed conditions (GRADE=high), improved nausea/vomit, pain, spasticity, but increased psychiatric, gastrointestinal adverse events, and somnolence among others (GRADE=moderate). Cannabidiol improved 50% reduction of seizures (0.59 (0.38 to 0.92)) and seizure events (0.59 (0.36 to 0.96)) (GRADE=high), but increased pneumonia, gastrointestinal adverse events, and somnolence (GRADE=moderate). For chronic pain, cannabis based medicines or cannabinoids reduced pain by 30% (0.59 (0.37 to 0.93), GRADE=high), across different conditions (n=7), but increased psychological distress. For epilepsy, cannabidiol increased risk of diarrhoea (2.25 (1.33 to 3.81)), had no effect on sleep disruption (GRADE=high), reduced seizures across different populations and measures (n=7), improved global impression (n=2), quality of life, and increased risk of somnolence (GRADE=moderate). In the general population, cannabis worsened positive psychotic symptoms (5.21 (3.36 to 8.01)) and total psychiatric symptoms (7.49 (5.31 to 10.42)) (GRADE=high), negative psychotic symptoms, and cognition (n=11) (GRADE=moderate). In healthy people, cannabinoids improved pain threshold (0.74 (0.59 to 0.91)), unpleasantness (0.60 (0.41 to 0.88)) (GRADE=high). For inflammatory bowel disease, cannabinoids improved quality of life (0.34 (0.22 to 0.53) (GRADE=high). For multiple sclerosis, cannabinoids improved spasticity, pain, but increased risk of dizziness, dry mouth, nausea, somnolence (GRADE=moderate). For cancer, cannabinoids improved sleep disruption, but had gastrointestinal adverse events (n=2) (GRADE=moderate). Cannabis based medicines, cannabis, and cannabinoids resulted in poor tolerability across various conditions (GRADE=moderate). Evidence was convincing from observational studies (main and sensitivity analyses) in pregnant women, small for gestational age (1.61 (1.41 to 1.83)), low birth weight (1.43 (1.27 to 1.62)); in drivers, car crash (1.27 (1.21 to 1.34)); and in the general population, psychosis (1.71 (1.47 to 2.00)). Harmful effects were noted for additional neonatal outcomes, outcomes related to car crash, outcomes in the general population including psychotic symptoms, suicide attempt, depression, and mania, and impaired cognition in healthy cannabis users (all suggestive to highly suggestive).
Conclusions
Convincing or converging evidence supports avoidance of cannabis during adolescence and early adulthood, in people prone to or with mental health disorders, in pregnancy and before and while driving. Cannabidiol is effective in people with epilepsy. Cannabis based medicines are effective in people with multiple sclerosis, chronic pain, inflammatory bowel disease, and in palliative medicine but not without adverse events.
Study registration
PROSPERO CRD42018093045.
Funding
None.
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Introduction
Cannabis contains over 100 cannabinoids, of which Δ9-tetrahydrocannabinol and cannabidiol are the most clinically relevant. Tetrahydrocannabinol is a partial agonist at CB1 and binds CB2 receptors. CB1 is widely expressed by central and peripheral neurones but also by immune cells and other type of cells in the brain and in the periphery, and when it binds with tetrahydrocannabinol, a so-called high is induced, which is responsible for potential misuse. CB2 receptors are also expressed by neurons, but less than CB1, and are most abundantly expressed in immune cells.1 2 3 Cannabidiol, however, does not produce the high and thus does not carry the same potential for substance misuse.4 Furthermore, cannabidiol does not seem to promote psychosis inducing effects.5 Cannabis use can evolve into cannabis use disorder, broadly defined as an inability to quit cannabis use, continuous use despite harmful consequences (eg, cannabinoid hyperemesis syndrome6), or functional impairment.7 8
According to the Global Burden of Disease 2019 study, more than 23.8 million people have cannabis use disorder globally,9 and cannabis use ranks third worldwide among consumed substances of misuse, after alcohol and tobacco.10 11 12 13 Cannabis use disorder is more common in men and high income countries. The prevalence of cannabis use disorder in the USA has been estimated to be around 6.3% in a lifetime and 2.5% for 12 months, and in Europe, around 15% of people aged 15-35 years reported cannabis use in the previous year.14 Of those using cannabis, one in three developed problems related to cannabis use that impaired functioning,13 and 10% used cannabis on a daily basis.15 Cannabis use disorder can affect up to 50% of people who use cannabis daily.16
In Europe, over the past decade, self-reported use of cannabis within the past month has increased by almost 25% in people aged 15-34 years, and more than 80% in people who are 55-64 years.17 Cannabis or products containing tetrahydrocannabinol (cannabinoids) are widely available and have increasingly high tetrahydrocannabinol content.18 For instance, in Europe, tetrahydrocannabinol content increased from 6.9% to 10.6% from 2010 to 2019.17 Evidence has suggested that cannabis may be harmful, for mental19 20 and physical health,21 as well as driving safety,22 across observational studies but also in experimental settings.23 Conversely, more than a decade ago, cannabidiol was proposed as a candidate drug for the treatment of neurological disorders such as treatment-resistant childhood epilepsy. Furthermore, it has been proposed that this substance might be useful for anxiety and sleep disorders, and even as an adjuvant treatment for psychosis.24 Moreover, cannabis based medications (ie, medications that contain cannabis components) have been investigated as putative treatments for several different conditions and symptoms.23
The multifarious nature of cannabis’s main active components, contrasting evidence from observational studies reporting detrimental effects of cannabis, and therapeutic findings of cannabis based medicines from interventional studies, is reflected in different legislative approaches. Thus, in most countries cannabis use is illegal, but in a small and growing number of countries and states cannabis is legally sold without the need for a medical prescription.25 26 27
Publication of meta-analyses investigating the effects of cannabinoids on health and other outcomes have substantially increased. However, most meta-analytical findings synthesised data from observational studies and are prone to several sources of bias.28 29 To date, no umbrella review has systematically evaluated the evidence around cannabis, cannabinoids and cannabis nased medicines and health outcomes in humans from meta-analyses encompassing both observational studies and randomised controlled trials. Thus, this work aimed to systematically evaluate the breadth, quality, credibility, and certainty of associations between cannabis, cannabinoids, cannabis based medicines, and human health. We aimed to use established quantitative criteria, account for several sources of bias,30 31 32 and identify converging findings from different study designs.
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Methods
Searches and inclusion criteria
We conducted an umbrella review of meta-analyses of observational studies(ie, case-control and cohort studies) and randomised controlled trials that reported on any outcome associated with cannabis and cannabinoids use in humans. We followed an a-priori protocol (PROSPERO CRD42018093045). We adhered to PRIOR and PRISMA 2020 guidelines (adapting PRISMA to the abstract of an umbrella review; supplementary tables 1-2).33 34 Two of the authors independently screened literature that was retrieved systematically by searching PubMed, Embase, and PsycINFO from database inception up to 9 February 2022, without language restrictions, and extracted data into a spreadsheet. The search key is available in the supplementary methods. We also manually searched the Cochrane Library. When two or more meta-analyses examined the same association, we selected only the one that included the largest number of studies. We excluded systematic reviews without a meta-analysis, meta-analyses of risk factors for cannabinoids use, meta-analyses of cross-sectional studies only, pooled analyses of studies identified without a systematic search, and individual studies.
Outcomes
The co-primary outcomes were the efficacy and safety of cannabinoids on target symptoms (eg seizures in epilepsy) in meta-analyses of randomised controlled trials. The secondary outcomes were any outcome reported in the meta-analyses of observational studies.
Data extraction and quality assessment
Extracted information from meta-analyses and individual studies included in meta-analyses were the bibliographic identifiers of the publication (ie, PubMed-Indexed for Medline or the digital object identifier), first author, year of publication, design of included studies (ie, cohort, case-control, randomised controlled trial), number of included studies in the meta-analysis, specific population under investigation (ie, general population, pregnant women, or people with medical disorders), the exposure and comparison definitions (eg author defined marijuana use v no use or heavy use of cannabis v no use), the outcomes, and their effect size and dispersion measure (when adjusted and unadjusted effect sizes were reported, we selected the adjusted ones). We also extracted what factors analyses were adjusted for. The methodological quality of each included meta-analysis was assessed by two independent investigators using A Measurement Tool to Assess Systematic Reviews version 2 (AMSTAR 2).35
Data analysis
For each association from observational studies (ie, between exposure to cannabis or cannabinoids and outcomes), we extracted the effect sizes of individual studies reported in each meta-analysis, recalculating the pooled effect sizes and 95% confidence intervals, using random effects models. Specifically, we re-analysed each eligible association under the random effects model with DerSimonian and Laird method if included studies were equal or more than 10,36 and Hartung, Knapp, Sidik, and Jonkman if less than 10.37 We transformed the initial effect sizes or modified the direction of associations presented by the original authors to present comparable estimates (ie, equivalent odds ratio; supplementary methods).38 Heterogeneity was tested with the I2 and Tau statistics.39 I2 measures the proportion of the total variability due to heterogeneity, Tau measures true heterogeneity as an absolute measure of heterogeneity, instead. Moreover, 95% prediction intervals for the summary random effect sizes were computed to estimate the possible range in which the effect sizes of future studies were anticipated to fall.40 We calculated prediction intervals using both the estimated between-study heterogeneity variance given from tau2 as well as the standard error of the pooled effect. We then examined small study effect bias (ie, whether smaller studies generated larger effect sizes compared with larger studies).38 41 42 43 44 45 46 Small study effect was deemed present when both the Egger regression asymmetry test indicated publication bias (P value ≤0.10), and the random effects summary effect size was larger than the effect size of the largest study contributing to that association.42 44 45 46 Finally, we evaluated significance bias using an updated method to detect the publication selection of statistically significant findings based on observable excess statistical significance.47 48 We computed the test of excess statistical significance and the proportion of statistical significance, which have adequate control for type I errors and high statistical power. The presence of excess significance bias for individual meta-analyses was considered if either excess statistical significance or proportion of statistical significance were greater than 1.645.47
All analyses were conducted in Stata/SE, version 17.0.
Assessment of the credibility of evidence
In accordance with previous umbrella reviews,49 50 51 52 eligible associations from observational studies were classified into five levels according to the strength of the evidence of potential environmental risk or protective factors: convincing (class I), highly suggestive (class II), suggestive (class III), weak (class IV), and not significant. Briefly, credibility of evidence from observational studies is rated on the basis of the number of events developing the outcome of interest, P value of the association, small study effect, excess of significance bias, prediction intervals, statistical significance of the largest study, and heterogeneity. The specific criteria are exhaustively reported in the supplementary methods. We used sensitivity analyses on all levels of evidence, removing the criterion of more than 1000 cases, and on adjusted estimates and cohort studies on class I and II evidence only (supplementary methods).
We classified evidence from meta-analyses of randomised controlled trials, updating a previously proposed framework, classifying certainty of evidence as high, moderate, low, or very low,53 based on GRADE (Grading of Recommendations, Assessment, Development and Evaluations).32 GRADE is a transparent framework that is widely used to develop and present evidence synthesis, providing a set of explicit criteria across different domains to assess level of evidence, and making clinical practice recommendations. As recommended by GRADE, the level of evidence was determined by risk of bias, inconsistency, indirectness, imprecision, and publication bias (supplementary methods).
Patient and public involvement
This study was author funded and we did not involve patients and the public in this work, but we will apply for funding to involve them in the knowledge translation of present findings. Knowledge translation activities will include, but will not be limited to, dissemination of findings via personal and institutional social media, education of health professional trainees, and continuous medical education activities for health professionals. We will involve patient and public representatives in creating a plain language summary of findings to be distributed to the clinical population with mental health disorders, and pregnant women, informing policy makers across different countries with written communications.
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Results
Literature search
Starting from 6657 records after duplicate removal, we excluded 5941 studies at title and abstract screening stage, and 599 at full-text level, resulting in 101 publications included. Studies identified by manual search had already been identified from the systematic search. The list of studies excluded after full-text assessment, with reason for exclusion, is reported in supplementary table 3, and the article selection flow is reported in figure 1.33 Of the 101 articles, 50 were meta-analyses of observational studies (215 meta-analytical associations),21 22 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 and 51 were meta-analyses of randomised controlled trials23 74 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 (364 meta-analytical associations) Of note, one meta-analysis reported on both observational and randomised controlled trials (table 1,table 2, supplementary material 2).74
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Fig 1
Study selection flow. References of excluded studies after full text assessment available in supplementary table 3. *One meta-analysis included both observational and randomised controlled trials
Table 1
Characteristics of included meta-analyses of observational studies, or non-randomised studies
	Author, year
	k
	Population (age)
	Type of cannabinoid exposure*
	Outcomes
	Quality

	Asbridge, 201222
	9
	General population (adolescents, adults)
	THC
	Car crash death or injuries
	Moderate

	Bhagavan, 202064
	5
	Insomnia (adults)
	CBM
	Sleep quality or quantity
	High

	Blest-Hopley, 201975
	12
	General population (adolescents, adults)
	Regular cannabis use
	Brain executive and default mode network
	Moderate

	Bogaty, 201886
	14
	Psychosis (adolescents, adults)
	Cannabis current use
	Cognition
	Moderate

	Borges, 201697
	16
	General population (adolescents, adults)
	Cannabis use
	Suicide ideation, attempt, and suicide
	Moderate

	Burns, 201298
	9
	First episode psychosis (adolescents, adults)
	Cannabis use
	Duration of untreated psychosis
	Low

	Chisini, 201999
	4
	General population (adolescents, adults)
	Cannabis use
	Periodontitis
	Low

	Conner, 2016100
	31
	Pregnant women (adult)
	Marijuana use
	Low birth weight
	Moderate

	De Carvalho, 2015101
	6
	General population (adolescents, adults)
	Marijuana use
	Head and neck cancer
	Moderate

	Escelsior, 202154
	16
	General population (adolescents, adults)
	Cannabinoids
	Self-injurious behaviour
	Low

	Farooqui, 201955
	9
	HCV+NAFDL (adult)
	Marijuana use
	Liver fibrosis
	Moderate

	Foglia, 201756
	15
	Psychosis (adolescents, adults)
	Cannabis use (current, past)
	Antipsychotics adherence
	High

	Ghasemiesfe, 201921
	25
	General population (adults)
	Marijuana ever use, use >10 year
	Cancer (lung, head and neck, oral, testicular)
	High

	Ghasemiesfe, 201857
	22
	General population (adolescents, adults)
	Marijuana use
	Sputum production and cough
	High

	Gibbs, 201558
	6
	General population (adult)
	Cannabis use
	Mania symptoms
	Moderate

	Goldenberg, 201759
	20
	Mixed medical conditions† (adult)
	Cannabis, cannabinoids
	Health related quality of life
	Moderate

	Grant, 200260
	11
	General population (adult)
	Cannabis use
	Cognition
	Moderate

	Gunn, 201661
	6
	Pregnant women (adult)
	Cannabis use
	Maternal anaemia
	Moderate

	Gurney, 201562
	3
	General population (adults <50)
	Cannabis use, current
	Testicular cancer, non-seminoma
	Moderate

	Hostiuc, 201863
	24
	General population (adolescents, adults)
	Cannabis use
	Car events
	Moderate

	Johnson, 201765
	13
	General population (adolescents, young adults)
	Cannabis use
	Physical dating violence
	High

	Kamp, 201866
	5
	General population (adults)
	Cannabis use
	Dopamine receptors, transporter and synthesis
	Moderate

	Kiburi, 202167
	18
	General population (adolescent)
	Cannabis use
	Psychosis
	High

	Kraan, 201668
	7
	Ultra-high risk of psychosis (adolescents, adults)
	Cannabis use
	Psychosis (transition to)
	High

	Lev-Ran, 201469
	14
	General population (adolescents, adults)
	Cannabis use (normal, heavy)
	Depression
	High

	Lorenzetti, 201970
	30
	General population (adolescents, adults)
	Regular cannabis use
	Brain volume
	High

	Marchand, 202271
	16
	Pregnant women (adults)
	Marijuana use
	Low birth weight, small for gestational age, preterm delivery, NICU, Apgar, head circumference
	Low

	Moore, 200772
	35
	General population (adolescents, adults)
	Cannabis use
	Depression, psychosis symptoms and suicidal ideation
	Moderate

	Myles, 201273
	38
	General population (adolescents, adults)
	Cannabis use
	Age at onset of schizophrenia and other psychoses
	Moderate

	Noori, 202174*
	12
	Chronic pain on opioids
	Cannabis use
	Opioid use
	Low

	Power, 202176
	7
	General population (adolescents, young adults)
	Cannabis use, frequent/dependent
	IQ, verbal IQ
	High

	Rabin, 201177
	8
	Schizophrenia (adults)
	Cannabis use
	Cognition
	Low

	Rocchetti, 201378
	14
	General population (adolescents, adults)
	Cannabis use
	Hippocampal volume
	Moderate

	Rodriguez-Almaraz, 202079
	5
	Malignant CNS tumours (adults)
	Cannabis use
	Survival
	Low

	Rogeberg, 201980
	12
	Drivers (adult)
	Cannabis, THC positive
	Car crush and car crush culpability
	Low

	Ruisch, 201881
	36
	Pregnant women (adult)
	Cannabis use
	Offspring conduct problems
	Moderate

	Ruiz-Veguilla, 201282
	5
	Psychosis (adolescents, adults)
	Cannabis use
	Neurological soft signs
	Moderate

	Sabe, 202083
	20
	Schizophrenia (adults)
	Cannabis use
	Negative symptoms
	High

	Sánchez-Gutiérrez, 202084
	7
	First-episode psychosis (adolescents, adults)
	Cannabis use
	Cognition
	Low

	Schoeler, 201685
	24
	Psychosis
	Cannabis use (continued, past)
	Psychosis, relapse
	Moderate

	Schoeler, 201687
	88
	Healthy subjects, psychosis (adult)
	Cannabis use
	Cognition
	Low

	Schreiner, 201288
	33
	General population (adolescents, adults)
	Cannabis use (past)
	Cognition
	Critically low

	Schumacher, 201889
	11
	General population (adolescent, adult)
	Cannabis
	Condom use
	Moderate

	Scott, 201890
	69
	General population (adolescent, adult)
	Cannabis (current, past)
	Cognition
	High

	Smith, 201491
	11
	General population (adolescents, adults)
	Cannabis (heavy use)
	Behavioural inhibition
	Moderate

	Sultan, 201892
	13
	General population (not reported)
	THC
	Heart rate change
	Moderate

	Szoke, 201493
	29
	General population (adult)
	Cannabis use
	Schizotypy
	Moderate

	Wijarnpreecha, 201894
	3
	HCV (adult)
	Cannabis use
	Advanced liver fibrosis
	High

	Xue, 202195
	10
	General population (adolescents, adults)
	Cannabis use
	Anxiety
	Low

	Zhang, 201596
	6
	General population (adult)
	Cannabis use
	Lung cancer
	Low


Open in a separate window
CBM=cannabis based medications; CNS=central nervous system; HCV=hepatitis C virus; IQ=intelligent quotient; k=number of studies included in the overall eligible systematic review with meta-analysis; NAFLD=non-alcoholic fatty liver disease; NICU=admission to neonatal intensive care unit; THC=tetrahydrocannabinol.
*Included both observational studies and randomised controlled trials.
†Fibromyalgia, HIV, inflammatory bowel disease, and neuropatic pain.
Table 2
Characteristics of included meta-analyses of randomised controlled trials
	Author, year
	k
	Population (age)
	Type of cannabinoid/genetic exposure*
	Outcomes
	Quality

	Allan, 2018112
	22
	Mixed conditions (adults)
	CBM
	Pain, spasticity, nausea and vomiting, adverse events
	High

	Allende-Salazar, 2017123
	32
	Mixed conditions (chronic non-cancer pain)(adults)
	CBM
	Pain
	Low

	Amato, 2017134
	41
	Mixed conditions(adults)
	CBM
	Nausea, adverse events
	High

	Andreae, 2015145
	5
	Mixed conditions (chronic neuropathic pain) (adults)
	Cannabis (inhaled)
	Pain
	High

	Aviram, 2017148
	23
	Mixed conditions(adults)
	CBM
	Pain, adverse events
	Low

	Bahji, 2020149
	9
	Dementia (older people)
	Cannabinoids
	Psychiatric symptoms
	Low

	Bahji, 2020150
	14
	Anxiety (adults)
	Cannabinoids
	Anxiety, acceptability
	High

	Bajtel, 2022151
	16
	Mixed conditions (adults)
	CBM
	Drowsiness, fatigue, headache, nausea
	Moderate

	Black, 2019102
	86
	Psychiatric disorders (adults)
	THC/cannabidiol
	Psychiatric symptoms
	High

	Chesney, 2020103
	12
	Mixed conditions (children, adults)
	Cannabinoids
	Adverse events
	High

	Couch, 2018104
	53
	Crohn’s (adults)
	THC/cannabidiol
	Disease activity index
	Moderate

	Da Rovare, 2017105
	16
	Multiple sclerosis/paraplegia (spasticity, adults)
	CBM
	Dizziness, dry mouth, nausea, somnolence
	Moderate

	De Carvalho, 2020106
	4
	Treatment-resistant epilepsy (children, adults)
	Cannabis, cannabidiol
	Seizures, adverse events, pain
	Low

	De Vita, 2018107
	18
	Healthy subjects experimental pain (adults)
	Cannabinoids
	Pain
	High

	Doeve, 2020108
	4
	Inflammatory bowel disease (adults)
	Cannabis
	Remission, biomarkers, symptoms, quality of life
	Critically low

	Elliott, 2018109
	23
	Epilepsy (children)
	Cannabidiol
	Seizures, response, quality of life, sleep, vomit, diarrhoea
	Moderate

	Fu, 2018110
	23
	Multiple sclerosis (adult)
	Cannabinoids
	Spasticity, adverse events
	Critically low

	Gazendam, 2020111
	6
	Surgery (adult)
	CBM
	Pain
	Low

	Hauser, 2019113
	4
	Cancer (adult)
	Nabiximol, THC
	Pain, maintenance of opioid dosage, daily breakthrough opioid dosage
	High

	Hindley, 2020118
	15
	General population (adult)
	THC/cannabidiol
	Psychiatric symptoms
	High

	Kopelli, 2020114
	3
	Schizophrenia (adult)
	Cannabidiol
	Total symptoms, cognition
	Low

	Lattanzi, 2020115
	3
	Dravet syndrome (children)
	Cannabidiol
	Seizure, acceptability, adverse events
	Critically low

	Lattanzi, 2020116
	4
	Dravet syndrome, Lennox-Gastaut (children)
	Cannabidiol
	Seizure
	Critically low

	Lattanzi, 2018117
	2
	Lennox-gastaut syndrome (children)
	Cannabidiol
	Seizure, tolerability, adverse events
	High

	Lattanzi, 2018119
	4
	Treatment-resistant Dravet syndrome, Lennox-Gastaut (children)
	Cannabidiol
	Seizure, acceptability, tolerability, adverse events
	Moderate

	Lobos Urbina, 2016120
	29
	Cancer (adults)
	Cannabinoids
	Pain, quality of life, adverse events
	Low

	McKee, 2021121
	31
	Opioid use disorder and Cannabis use disorder (adults)
	CBM
	Opioid use and cannabis use
	Low

	McCartney, 2021122
	80
	General population (adults)
	THC
	Driving impairment, cognitive impairment
	Low

	Meza, 2017124
	7
	Multiple sclerosis (adults)
	Cannabinoids
	Spasticity, pain, adverse events
	Low

	Morales, 2017125
	4
	Cancer (chemotherapy, adults)
	Cannabinoids
	Nausea, vomit, adverse events
	Low

	Mucke, 2018126
	16
	Mixed conditions (chronic neuropathic pain, adults)
	CBM
	Pain, psychological distress, sleep problems
	High

	Mucke, 2018127
	8
	Cancer, HIV (adults)
	CBM
	Weight gain
	High

	Noori, 202174*
	5
	Cancer pain on opioids
	CBM
	Constipation, nausea, opioid use, pain, sleep, vomit
	Low

	Rodríguez, 2018128
	9
	Cannabis use disorder (adults)
	CBM
	Abstinence, craving symptoms, adverse events
	Low

	Ruthirakuhan, 2019129
	6
	Alzheimer’s disease (elderlies)
	CBM
	Agitation, cognition, neuropsychiatric symptoms, BMI, adverse events, tolerability
	High

	Sainsbury, 2021130
	17
	Mixed conditions (chonic, neuropathic pain, adults)
	CBM, THC/cannabidiol
	Pain
	Low

	Spanagel, 2021131
	26
	Mixed conditions (chonic, neuropathic pain, adults)
	CBM, THC/cannabidiol
	Appetite, sleep
	High

	Simon, 2022132
	4
	Cancer with cachexia (adults)
	Cannabinoids
	Appetite
	Low

	Smith, 2015133
	23
	Cancer (chemotherapy, adults)
	CBM
	Nausea vomit, dysphoria, euphoria, sedation, dizziness, discontinuation due to adverse events, participant preference
	High

	Stockings, 2018135
	91
	Mixed conditions (chronic pain, non-cancer, adults)
	CBM
	Pain
	High

	Stockings, 2018136
	36
	Epilepsy (any age)
	CBM
	Seizure, quality of life, adverse events, tolerability
	Moderate

	Sultan, 2017137
	25
	General population (adults)
	CBM
	Heart rate, blood pressure, blood flow
	Moderate

	Thanabalasingam, 2021138
	3
	Parkinson’s disease (adults)
	Cannabinoids
	Motor symptoms
	Low

	Torres-Moreno, 2018139
	17
	Multiple sclerosis (adults)
	CBM
	Pain, spasticity, bladder disfunction
	High

	Treves, 2021140
	8
	Mixed conditions (children)
	CBM, THC/cannabidiol
	Appetite, gastrointestinal adverse events, serious adverse events, seizures,
	High

	Velayudan, 2021141
	46
	Mixed conditions (adults)
	CBM
	Adverse events, acceptability, tolerability
	Low

	Wang, 2008142
	31
	Mixed conditions (adults)
	Cannabis
	Adverse events
	Low

	Wang, 2021143
	32
	Mixed conditions (chronic pain, adults)
	CBM or cannabinoids
	Pain
	High

	Watanabe, 2021144
	47
	Mixed conditions
	CBM
	Hypothension, orthostatic hypothension
	Low

	Whiting, 201523
	79
	Mixed conditions (not reported)
	CBM, THC/cannabidiol
	Adverse events
	High

	Wong, 2020146
	43
	Mixed conditions (chronic pain, non-cancer, adults)
	Cannabinoids
	Pain
	Low

	Zhang, 2021147
	2
	Schizophrenia (adults)
	Cannabinoids
	Psychotic symptoms
	Low


Open in a separate window
CBM=cannabis-based medications; THC=tetrahydrocannabinol. For full details of the populations see the supplementary appendix 2, supplementary table of characteristics of included meta-analyses.
*Specific single nucleotide polymorphisms are reported in supplementary table 8.
Meta-analyses of randomised controlled trials
The eligible meta-analyses of randomised controlled trials were published between 2008 and 2022. The quality of included meta-analyses according to AMSTAR 2 was high in 20 meta-analyses, moderate in seven, low in 21, and critically low in four (table 2). The median number of studies included in meta-analyses was five (interquartile range 3-9, range 2-42) and the median number of participants was 540 (251-1276, 37-4243).
Cannabidiol was specifically evaluated in seven meta-analyses, while others considered different combinations of cannabis, cannabinoids, tetrahydrocannabinol, and cannabis-based medicines including nabiximols, dronabinol, nabilone, levonantradol, and CT3. Overall, 364 unique meta-analytical associations were identified reporting on acceptability or tolerability of physical adverse events (n=213), psychiatric or psychological related outcomes (n=54), pain related outcomes (n=39), cognitive related (n=20), euphoria or feeling high (n=5), quality of life (n=5), and other various outcomes (n=28). Supplementary table 4 (associations with low or very low certainty) shows the summary effects of the unique meta-analyses or associations for randomised controlled trials.
Summary of associations
Based on the GRADE approach, 14 statistically significant meta-analytical associations (3.8%) met the high certainty criteria, 92 (25.3%) moderate certainty, 200 associations (55.0%) met the low certainty, and 58 associations (16.9%) met the very low certainty. The table detailing the classification of the level of evidence is presented in the supplementary material (supplementary table 4). In the following sections, we principally described the associations with high and moderate GRADE by subgroup of populations.
GRADE of evidence of cannabinoids and outcomes
Mixed chronic pain conditions 
Among the 34 associations in this population, cannabis-based medicines or cannabinoids reduced pain by 30% (equivalent odds ratio 0.59 (95% confidence interval 0.37 to 0.93)), but for pain relief no effect emerged (equivalent odds ratio not calculable, mean difference −0.09 (95% confidence interval −0.30 to 0.10)) with high certainty. An additional seven beneficial effects were supported by moderate certainty, including analgesic efficacy (n=5), pain reduction (n=1), and change in pain scores (n=1), yet no effect emerged on patient global impression much or very much improved (n=1), and 50% pain reduction (n=1) (fig 2 supplementary table 4). Two other associations with harmful effects were supported by moderate certainty, including psychological distress (n=1) and withdrawals due to adverse events (n=1). Low (n=17) or very low (n=3) certainty were found for the remaining associations (supplementary table 5).


Fig 2
Moderate and high certainty evidence according to Grading of Recommendations, Assessment, Development and Evaluations (GRADE), from randomised controlled trials on outcomes of cannabis based medications in people with chronic pain, multiple sclerosis, inflammatory bowel disease, and cancer. Only associations for which an eOR was available are displayed. Results are displayed in descending order of level of evidence and effect size. CBM=cannabis based medications eOR=equivalent odds ratio; H=high; M=moderate
Multiple sclerosis and paraplegia
None of the 18 associations in this population was supported by high certainty. Two beneficial effects of cannabis based medicines were supported by moderate certainty, including pain reduction (n=1), and spasticity (subjective; n=1) (fig 2, supplementary table 4). An additional four harmful effects were supported by moderate certainty, including dizziness (n=1), dry mouth (n=1), nausea (n=1) and somnolence (n=1) (fig 2, supplementary table 4). Low (n=10) or very low (n=2) certainty were found for the remaining associations (supplementary table 4).
Inflammatory bowel or Crohn’s disease 
Among the three associations in this population one between cannabinoids and better quality of life (fig 2, supplementary table 4) presented high certainty (equivalent odds ratio 0.34 (95% confidence interval 0.22 to 0.53)). Low (n=1) or very low (n=1) certainty were found for the remaining associations (supplementary table 5).
Cancer 
None of the 60 associations in this population was supported by high certainty. A beneficial effect emerged on sleep disturbances (n=1), as well as an increased risk of adverse events of gastrointestinal disorders (n=1), nervous system disorders (n=1), serious adverse events (n=1), tolerability (n=1), nausea (n=1), and no effect on daily breakthrough opioid dosage (n=1), constipation (n=1), pain (n=4), risk of psychiatric disorder (n=1), vomiting (n=1), or withdrawal due to adverse events (n=1), with moderate certainty (fig 2, supplementary table 4).
Epilepsy 
Among the 46 associations in this population one between cannabidiol and diarrhoea presented high certainty with harmful effects (equivalent odds ratio 2.25 (95% confidence interval 1.33 to 3.81)), and no effect on sleep disruption (equivalent odds ratio not calculable, mean difference −0.29 (95% confidence interval −0.88 to 0.30)). Moderate certainty emerged for seven harmful effects, namely any adverse event (n=2), decreased appetite (n=1), diarrhoea (n=1), serious adverse events (n=1), somnolence (n=1), treatment related adverse events (n=1), as well as for 10 beneficial effects: seizures reduction (n=7), global impression improvement (n=2), and quality of life (n=1). No effect was noted, with moderate certainty, for gastrointestinal side effects (n=1), quality of life in children (n=1), status epilepticus (n=1), upper respiratory infection (n=1), vomiting (n=1), pyrexia (n=1). Low (n=16) or very low (n=3) certainty were reported for the remaining associations (fig 3, supplementary table 4).
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Fig 3
Moderate and high certainty evidence according to Grading of Recommendations, Assessment, Development and Evaluations (GRADE), from randomised controlled trials on outcomes of cannabis based medications (CBD) in people with epilepsy. Results are displayed in descending order of level of evidence and effect size; only associations for which an eOR was available are displayed. eOR=equivalent odds ratio; H=high; M=moderate
Mixed conditions 
Among the 140 associations in this population three between cannabis-based medicines and various adverse events (supplementary figure 1, supplementary table 4) presented high certainty with harmful effects (equivalent odds ratio 2.84 (95% confidence interval 2.16 to 3.73) for central nervous system adverse events; 3.07 (1.79 to 5.26) for psychological adverse events, and 3.00 (1.79 to 5.03) for vision related adverse events). Moderate certainty supported a beneficial effect on nausea or vomit reduction (n=1), pain reduction (n=3), spasticity reduction (global impression of change) (n=1), an increased risk of feeling high (n=1), gastrointestinal adverse events (n=2), gastrointestinal disorder (non-serious; n=1), emerging psychiatric disorder (n=1), somnolence (n=1), and withdrawal due to adverse events (n=1), while no associations were reported with application site discomfort (n=1), cardiac adverse events (n=1), headache (n=1), musculoskeletal and connective disorder (n=1) and musculoskeletal adverse events (n=1), quality of sleep (n=1), renal urinary disorder (n=1), respiratory disorder (n=1), spasticity reduction (n=1), or weakness (n=1).
Two other beneficial effects of cannabidiol were noted with high certainty, on seizures (equivalent odds ratio 0.59 (95% confidence interval 0.38 to 0.92) for 50% seizure reduction and 0.59 (0.36 to 0.96) for seizure events; supplementary figure 1, supplementary table 4), but moderate evidence supported an increased risk of pneumonia (n=1), somnolence (n=1), gastrointestinal hyperactivity events (n=1), and withdrawal due to adverse events (n=1) (supplementary figure 1, supplementary table 4).
Low (cannabis-based medicines, n=63; cannabis, n=28) or very low (cannabis based medicines, n=9; cannabidiol, n=12) certainty were found for the remaining associations (supplementary table 5).
General population 
Among the 23 associations in this population, two between cannabis and emerging psychiatric symptoms presented at high certainty with harmful effects (positive psychotic symptom severity, equivalent odds ratio 5.21 (3.36 to 8.01) and total psychiatric symptoms, equivalent odds ratio 7.49 (5.31 to 10.42)). An additional 12 harmful effects were supported by moderate certainty, including negative symptom severity (n=1), and cognitive outcomes (n=11) (supplementary figure 2, supplementary table 5). Low (n=7) or very low (n=2) certainty were found for the remaining associations (supplementary table 4).
Healthy people 
Among the three associations in this population two between cannabinoids and pain outcomes presented high certainty with beneficial effects (equivalent odds ratio 0.74 (95% confidence interval 0.59 to 0.91) for pain threshold and 0.60 (0.41 to 0.88) for pain unpleasantness). Low (n=1) certainty was noted for the remaining association (supplementary table 4).
Mental health disorders, dementia, Alzheimer’s, and Parkinson’s disease 
None of the 37 associations in various neuropsychiatric populations (ie, psychiatric disorders, dementia, Alzheimer’s disease, Parkinson’s disease, opioid use disorder, and cannabis use disorder) was supported by either high or moderate certainty. Low (n=26) or very low (n=11) certainty was found for all the associations (supplementary table 4).
Meta-analyses of observational studies
The eligible meta-analyses of observational studies were published between 2002 and 2022. The quality of included meta-analyses according to AMSTAR 2 was high in 13 meta-analyses, moderate in 24, low in 12, and critically low in one (table 1). The median number of individual studies included in the meta-analyses was 6 (interquartile range 4-13, range 2-69), the median number of participants was 1063 (526-4414, 44-5 962 412), and the median number of cases was 814 (447-2078, 126-8060).
The meta-analyses of observational studies reported a wide range of meta-analytical associations between cannabinoids and related health outcomes (supplementary table 5): cognitive, neuropsychological (n=81), brain function, volume (n=38), maternal and neonatal (n=12), psychosis symptoms and relapse (n=15), cancer (n=14), motor vehicle accidents (n=7), suicide (n=6), depression (n=4), behavioural inhibition (n=5), adherence to antipsychotic treatment (n=4), liver fibrosis (n=3), physical dating violence (n=2), and others (n=24). The 215 meta-analytical associations included 878 individual estimates from individual studies: 375 were derived from cohort studies, 493 from case-control studies, and 10 from mixed study designs.
Summary of associations
Of the 215 examined meta-analytical associations, 109 (51%) had a nominally statistically significant effect (P≤0.05) under the random-effects models, but only 14 of those (7%) reached a P value of 10−6 or less. Only 15 meta-analytical associations (7%) had more than 1000 cases and none had more than 20 000 participants for continuous outcomes. Sixty-eight meta-analytical associations (32%) exhibited large heterogeneity (I2 >50%), and only 12 of them (6%) had a 95% prediction interval that excluded the null value. Additionally, small study effects were found for 13 meta-analytical associations (6%) and excess significance bias was found for 15 (7%).
Only two associations (1%) showed a convincing level of evidence (class I), and one (<1%) showed highly suggestive evidence (class II). Of the remaining associations, four (2%) showed suggestive evidence (class III), 102 (47%) weak evidence (class IV), and 106 (49%) had no evidence (not significant). The table detailing the classification of the level of evidence is presented in the supplementary material (supplementary table 5). In the following sections, we principally described the associations with the highest classes (I-convincing, II-highly suggestive, III-suggestive) of the evidence in the main and general sensitivity analysis by subgroup of populations.
Credibility of evidence of associations between cannabinoids and outcomes
Pregnant women 
Among the 19 associations in this population only two outcomes (fig 4, supplementary table 5) presented convincing evidence with harmful effects of cannabinoids (marijuana use and low birth weight, equivalent odds ratio 1.43 (95% confidence interval 1.27 to 1.62)) and marijuana and small for gestational age (1.61 (1.41 to 1.83); both unadjusted estimates). Class III evidence emerged for two other associations with harmful effects: one between marijuana use and preterm delivery (1.32 (1.14 to 1.54)) and one between marijuana and neonatal intensive care unit admission (1.41 (1.15 to 1.71); both unadjusted estimates). After removing the criterion of number of cases of more than 1000 in the sensitivity analysis, no change was reported in the level of class I and III evidence, however, one additional association was upgraded from weak (class IV) to suggestive evidence (class III; mean birth weight, unadjusted; supplementary table 5). No evidence was found for the remaining associations (supplementary table 5).
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Fig 4
Observational meta-analytical associations between cannabis and outcomes in pregnant women, drivers, and people with psychosis supported by convincing, highly suggestive, or suggestive evidence in main or sensitivity analysis. Results are displayed in descending order of level of evidence and effect size; only associations for which an eOR was available are displayed. n=cases; N=population; CE=class of evidence (convincing (I), highly suggestive (II), suggestive (III), weak (IV)); CES=class of evidence after removing the n>1000 cases criterion; eOR=equivalent odds ratio; NR=not reported
The association between marijuana use and low birth weight was downgraded to no evidence using only adjusted estimates or cohort studies. The association between marijuana and small for gestational age remained at the same level (ie. convincing) using only cohort studies (adjusted sensitivity analysis not possible). The association with preterm delivery remained suggestive in analyses of only cohort studies, but the level was downgraded to no evidence with use of only adjusted estimates (supplementary table 5).
Drivers 
None of the seven associations in this population was supported by convincing or highly suggestive evidence (class I and II) (fig 4, supplementary table 5). Evidence was weak (class IV) for the seven associations between cannabis use and driving outcomes with harmful effects (supplementary table 4). In the sensitivity analysis, after removing the criterion of number of studies as more than 1000, two associations were upgraded from weak (class IV) to convincing evidence (class I) for tetrahydrocannabinol and harmful effects of car crash and culpability (adjusted estimates). Two other associations between cannabis use and car death after car crash (unadjusted) and unfavourable traffic events related to cars (unadjusted) were upgraded from weak (class IV) to highly suggestive evidence (class II). Two additional associations between cannabis use and car collision and car injury (both unadjusted estimates) were upgraded from weak (class IV) to suggestive evidence (class III) (fig 4, supplementary table 5).
Psychosis 
None of the 50 associations in this population was supported by convincing or highly suggestive evidence (class I and II) (fig 4, supplementary table 5). Weak evidence (class IV) was available for 13 associations with harmful effects, whereas no evidence was found for the remaining associations (supplementary table 5). After removing the criterion of more than 1000 cases in the sensitivity analysis, five associations of cannabinoids with harmful effects (ie, working memory, psychosis relapse, premorbid IQ (unadjusted), poor adherence to antipsychotics (two associations adjusted)) were upgraded from weak (class IV) to suggestive evidence (class III).
General population 
Among the 119 associations in this population, only one between cannabis and psychosis (fig 5, supplementary table 5) presented highly suggestive evidence with harmful effects of cannabinoids in adolescents (equivalent odds ratio 1.71 (95% confidence interval 1.47 to 2.00); no information on adjustments). Evidence was suggestive (class III) for two other associations with harmful effects: one between heavy use of cannabis and suicide attempt (3.20 (1.72 to 5.94)) and one between most frequent use of cannabis and psychotic symptoms (2.18 (1.45 to 3.27); both adjusted estimates). Weak or no evidence were found for the remaining associations (supplementary table 5). After removing the criterion of more than 1000 cases in the sensitivity analysis, the level of class II and III evidence did not change. However, one additional association with harmful effects between tetrahydrocannabinol and increased heart rate (unadjusted) was upgraded from weak (class IV) to highly suggestive evidence (class II). Additionally, eight associations with harmful effects were upgraded from weak (class IV) to suggestive evidence (class III) including mania symptoms (adjusted), depression (adjusted), testicular cancer (three associations), orbitofrontal cortex volume (medial, total), and physical dating violence (supplementary table 5). The association with cannabis and psychosis also remained highly suggestive (table 2), but the level of evidence was upgraded to convincing when only cohort studies were included (adjusted sensitivity analysis not possible).
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Fig 5
Observational meta-analytical associations between cannabis and outcomes in the general population and healthy people supported by convincing, highly suggestive, or suggestive evidence in main or sensitivity analysis excluding 1000 cases criterion. Results are displayed in descending order of level of evidence and effect size; only associations for which an eOR was available are displayed. n=cases; N=population; CE=class of evidence (convincing (I), highly suggestive (II), suggestive (III), weak (IV)); CES=class of evidence after removing the n>1000 cases criterion; eOR=equivalent odds ratio; NR=not reported
Healthy people who use cannabis
None of the eight associations in healthy people who use cannabis was supported by convincing or highly suggestive evidence (class I and II) (fig 5, supplementary table 5). Only weak evidence (class IV) was noted for eight associations between cannabis use and cognitive outcomes with harmful effects (supplementary table 5). After removing the criterion of more than 1000 cases in the sensitivity analysis, four associations with harmful effects (ie, visual immediate recall, prospective memory, verbal learning, and verbal delayed recall) were upgraded from weak (class IV) to highly suggestive evidence (class II). Additionally, three associations (ie, verbal immediate recall, verbal recognition, and working memory) were upgraded from weak (class IV) to suggestive evidence (class III) (fig 5, supplementary table 5).
Other populations
Across people with cannabis use disorder, insomnia, chronic pain, mixed conditions, hepatitis C virus or non-alcoholic fatty liver disease, and central nervous system malignant disease, none of the 12 associations was supported by convincing or highly suggestive evidence (class I and II, supplementary table 5). Weak evidence (class IV) was noted for five associations between cannabis use with harmful effects, whereas no evidence was found for the remaining associations (supplementary table 5). After removing criterion of more than 1000 cases in the sensitivity analysis, three associations of cannabinoids with beneficial effects (namely sleep quality or quantity improvement, pain relief, and hepatic steatosis (all unadjusted)) were upgraded from weak (class IV) to suggestive evidence (class III).
Other details of cannabis use, adjustment of analyses, and quality of individual studies
Details on type of cannabis, route of administration, use, variables that analyses were adjusted for, and quality or risk of bias of individual studies included in eligible meta-analyses are reported in supplementary material 3.
Of the 512 individual studies included in the eligible meta-analyses, 325 were observational studies and 187 were randomised controlled trials. Among the 325 observational studies (cohort n=160, cross-sectional n=97, case-control n=68), 211 reported on cannabis, 108 on marijuana, two on dronabinol, two on nabilone, one on cannabidiol, and one on tetrahydrocannabinol and cannabidiol. Of these, 312 focused on recreational use of cannabinoids, 12 on medical use, and one on both; 292 studies did not report the route of administration, which was inhaled in 28 studies and oral in five studies. Overall analyses were unadjusted in 79 studies and adjusted or matched in the remaining studies. The median Newcastle-Ottawa score of case-control and cohort studies was 7 (interquartile range 7-9).
Among the 187 randomised controlled trials, 64 reported on tetrahydrocannabinol, 32 on nabilone, 26 on nabiximols, 22 on cannabis, 18 on cannabidiol, and the remaining on various combinations of cannabis-based medicines, or other individual cannabis based medicines. Of these, 186 focused on medical use of cannabinoids, and one on recreational use; the route of administration was oral in 121, oral spray in 29, inhaled in 21, intravenous in six, intramuscular in four, oral and inhaled in three, and transdermal in two studies. The risk of bias was high in 79 randomised controlled trials, unclear in 55, low in 48, and moderate in five.
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Discussion
Principal findings
This umbrella review grades the credibility and certainty of evidence on the effect of cannabinoid use, encompassing observational and interventional evidence.
Regarding harmful outcomes, among all meta-analytical associations supported by at least suggestive evidence in observational studies and moderate certainty in randomised controlled trials, converging evidence supports an increased risk of psychosis associated with cannabinoids in the general population. Specifically, cannabis use was associated with psychosis in adolescents (highly suggestive credibility, convincing certainty in main sensitivity analyses) and adults (suggestive credibility, suggestive certainty), and with psychosis relapse in people with a psychotic disorder (weak credibility, suggestive certainty). Use of cannabinoids in adult non-clinical and clinical populations was associated with positive (high certainty) and negative (moderate certainty) psychotic symptoms in randomised controlled trials.
Evidence from observational studies (weak credibility, suggestive certainty) and randomised controlled trials (high credibility, moderate certainty) show an association between cannabis and general psychiatric symptoms, including depression and mania, as well as detrimental effects on prospective memory, verbal delayed recall, verbal learning, and visual immediate recall (weak credibility, highly suggestive in observational evidence, moderate certainty in randomised controlled trials). Across different clinical and non-clinical populations, observational evidence suggests an association between cannabis use and motor vehicle accidents (weak credibility, convincing certainty). Additionally, evidence from randomised controlled trials shows an association with somnolence (cannabinoids (moderate certainty) and cannabidiol (high certainty)),103 and cannabis based medicines and visual impairment (high certainty), disorientation, dizziness, sedation, and vertigo (moderate certainty), among others.
These associations are of particular concern given the epidemiology and age pattern of cannabis use disorders, and the population attributable fraction of cannabis for schizophrenia, which is almost 10%.152 According to the Global Burden of Disease 2019, cannabis use disorders are associated with 690 000 (95% uncertainty interval 421 000-1 080 000) disability adjusted life years per 100 000 individuals globally.9 Prevalence and disability related to cannabis start to be measurable at ages 10-14 years (11 900 disability adjusted life years), peak at ages 20-24 years (163 000 disability adjusted life years), then gradually decrease.9 12 153 The age pattern of cannabis use disorders coincide with the peak age at onset of mental health disorders. According to the largest meta-analysis on the age at onset of mental disorders published to date, which pooled 192 studies and 708 561 individuals, around 34.6% of mental health disorders have onset by age 14 years, 48.4% by 18 years, and 62.5% by 25 years; the age that any mental health disorder onset peaks is at 14.5 years.154 For cannabis use disorders, 66% of people will have onset by age 25 years, with age of peak onset 20.5 years. Of note, age at peak onset of schizophrenia spectrum disorders is also in the early 20s, with a slightly lower proportion of people with onset by 25 years (47.8%). In addition to the association between cannabis and psychosis, cannabis is also associated with a worse outcome after onset, including poorer cognition,87 lower adherence to antipsychotics,56 and higher risk of relapse.85 In other words, use of cannabis when no psychotic disorder has already occurred increases the risk of its onset, and using cannabis after its onset, worsens clinical outcomes. Mood disorders also have their peak of onset close to that for cannabis use, which is of concern given the associations shown in this work between cannabis and depression, mania, and suicide attempt. Moreover, high tetrahydrocannabinol content cannabis could serve as a so-called gateway to other substances, particularly in younger people: this effect has been shown in humans155 and animal models,156 157 strengthening the recommendation to avoid cannabis use in adolescents and young adulthood.
Evidence suggests detrimental effects on cognition, an association with motor vehicle accidents, together with the age pattern of cannabis use (disorder), and related burden, which raise two additional matters. Firstly, given the adverse effects of cannabis on verbal delayed recall, verbal learning, visual immediate recall, and mental health, negative effects on scholastic or academic performance are reasonably expected, particularly in people who heavily use. Secondly, psychiatric symptoms such as suicide ideation and attempt, mania, and poor cognition, among other adverse events (eg, somnolence, disorientation, dizziness, sedation, vertigo, and visual impairment) might mediate the association between cannabis and increased risk of motor vehicle accidents. According to the DRUID project (driving under the influence of drugs, alcohol, and medicines in Europe), tetrahydrocannabinol ((0.5-2.2), measured as tetrahydrocannabinol or carboxy-tetrahydrocannabinol, in oral fluid or blood) is the second most frequent compound detected in seriously injured drivers, after alcohol (14.1-30.2%), then cocaine and amphetamines.158
Numerous observational associations indicated harmful outcomes, but they were either isolated without converging evidence from different study designs, supported by weak evidence only, or downgraded to not significant. Downgrading applied to the association between cannabis and low birth weight, and preterm delivery,100 which might be mediated by smoking.
Regarding the therapeutic potential of cannabis-based medicines, cannabidiol was beneficial in reducing seizures in certain forms of epilepsy in children and adults, including Lennox-Gastaut syndrome, Dravet syndrome, or other types of epilepsy. Cannabis based medicines were beneficial for pain and spasticity in multiple sclerosis, as well as for chronic pain in various conditions, and in palliative care, yet not without adverse events. However, cannabidiol and other cannabis-based medicines were associated with lower acceptability and tolerability than placebo in children and adults, and cannabis based medicines were also associated with psychiatric adverse events, as stated previously. These findings must be put into a clinical perspective to be fully appreciated and compared with available alternatives. Regarding epilepsy, established anticonvulsants are not free from adverse events, including sedation, weight gain, cognitive impairment, and psychiatric symptoms.159 160 161 Regarding chronic pain, excessive use of prescribed opioid medications has contributed to the opioid crisis, indicating the need for novel pharmacological and non-pharmacological treatment options for chronic pain162 to reduce prescribed opioid medications abuse. Regarding multiple sclerosis, botulinum toxin seems to be the only pharmacological alternative to cannabis based medicines for spasticity.110 163 Finally, the clinical populations included in eligible meta-analyses had treatment resistant or chronic conditions or were being treated in the context of palliative care and ongoing chemotherapy, and other treatment options had not proven effective. Thus, cannabis-based medicines could be reasonable options for chronic pain in different conditions, muscle spasticity in multiple sclerosis, and for nausea and vomiting in mixed clinical populations, and for sleep in people with cancer. Importantly, in patients with chronic pain, evaluation of the clinical effects considering the whole clinical presentation (several of the included reviews question the clinical value), the effects of prolonged use of cannabinoids still needs to be tested because current findings only come from short term randomised controlled trials. Also, active comparisons between cannabidiol and available options for epilepsy, as well as between cannabis-based medicines and other pain medications, other treatments for muscle spasticity in multiple sclerosis, or treatments for sleep in persons with cancer are needed, with a focus on both efficacy and safety, to inform future guidelines.
Overall, a mismatch is manifest between the legislation ruling cannabinoids versus alcohol use, considering both the well-known harms of alcohol on physical and mental health, in any age group,164 and the epidemiological figures. According to Global Burden of Disease 2019, alcohol use disorders were associated with 17 000 000 (95% uncertainty interval 13 500 000-21 500 000) disability adjusted life years per 100 000 individuals,9 roughly 25 times higher than for cannabis. Also, disability related to cannabis was largely limited to individuals aged 10-24 years, whereas alcohol is associated with disability from early stages of life, increasing continuously to 2 120 000 disability adjusted life years at age 35-39 years, and very slowly decreasing to less than 200 000 disability adjusted life years only after age 80 years.9 If cannabis use prevalence increased in the younger portion of the population due to large scale legalisation, whether the gap described previously would diminish is unclear. Moreover, to the best of our knowledge alcohol has no role as a medical treatment, whereas our research shows that cannabinoids can have beneficial effects in specific clinical conditions. The (scientific) reasoning behind extreme or ideological legislative approaches, namely complete legalisation and commercialization of cannabis even in young adults versus complete prohibition, and the different legislative requirements between cannabis and alcohol in disclosing to consumers the associated risks remains unclear.9
Strengths and limitations
The main strength of this work is that we pool evidence from different sources of evidence and deliberately consider convergence of results from different study designs. Also, this umbrella review is the first to pool observational and interventional studies on the effects of cannabinoids on humans.
Our results should be interpreted with caution. Firstly, the evidence from observational studies has ecological validity with regards to the type of cannabis available in the legal or illegal market on a large scale. However, tetrahydrocannabinol content and other cannabinoids on which no meta-analytical evidence was included can vary considerably among legal and illegally sold products. At the individual level, this variation can mean the difference between harmful or neutral or beneficial effects. Moreover, evidence from more than a decade ago, might not be representative of the cannabis that can be purchased nowadays illegally and legally, which is rich in tetrahydrocannabinol. This means that findings of this work might be underestimating harmful effects of cannabis. Also, the clinical effect of tetrahydrocannabinol on GABA and glutamate signalling via partial agonism on CB1 receptors depends on the concentration and distribution of CB1 receptors in the brain of each individual.10 As such, not all individuals will experience the same effects of cannabis on their mental health and cognition. Nonetheless, a crossover trial of 64 volunteers found that short term detrimental effects of 10 mg of inhaled tetrahydrocannabinol on psychological measures and cognition was not influenced by the co-administration of up to 30 mg of cannabidiol, potentially mitigating potential concerns with a role of tetrahydrocannabinol or cannabidiol ratio as a confounder of findings of this work.165 However, this trial was limited by a very short follow-up (90 min) and high loss to follow-up (28%). Furthermore, cannabidiol products that contain either no tetrahydrocannabinol, or subclinical amounts, are unlikely to result in psychological or cognitive impairment. Similarly, cannabis use disorder seems to have similar rates of people who use recreationally versus medically.166 Secondly, another reason to be cautious is that umbrella reviews neglect evidence from individual cohort studies or randomised controlled trials that have not been previously pooled in meta-analyses. However, individual studies need replication, are frequently exploratory, and need to be pooled in systematic reviews (and ideally meta-analyses) so that a comprehensive understanding of a given association or intervention can be appraised. Hence, any evidence that was not included in this umbrella review, even if potentially relevant, could be exploratory or preliminary. Thirdly, confounding factors could drive associations in observational evidence. However, we have applied stringent criteria, as confirmed by downgrading convincing evidence to non-significant on the association between cannabis and pregnancy outcomes. The quantitative criteria we applied to grade evidence from observational evidence accounted for selection and publication bias, excess of significance driven by small studies with larger effect sizes than the largest study in the meta-analysis, or marginal statistical significance driven by large sample sizes. Also, we have discussed findings from observational evidence in the context of converging evidence from different sources of evidence. For instance, observational studies might be affected by confounding factors, whereas randomised controlled trials might not be representative of the real-world population and affected by selection bias instead. We believe that converging evidence from these two study designs strengthens the ecological and methodological credibility of our findings. Fourthly, excess of significance bias testing might have been underpowered in meta-analyses with few studies, which could arguably apply to all meta-analyses included in this umbrella review, yet, a specific threshold of number of studies to set adequate power of excess of significance bias has not been established. Fifthly, we could have included meta-analyses based on their quality instead of the number of studies. However, that would have introduced a selection bias, leaving out a large portion of evidence. Sixthly, to harmonise effect sizes, we calculated the equivalent odds ratio as a measure of strength of the association. Yet, the harmonisation comes at the cost of losing information on time-to-event analyses and of course any association should be considered more in depth considering the frequency of each outcome, and the follow-up duration and time to event occurrence in each of the included studies. Additionally, the number of cases over the overall population of included studies does not reflect the prevalence of outcomes of interest. For instance, the global prevalence of preterm birth is 11.3%167 versus 9.9% reported in this work and varies across regions and countries’ income levels. The global prevalence of small for gestational age is 27%167 versus 9.1% reported here, with large variations across regions. The prevalence of testicular cancer is 0.04% versus 29.5% reported in the included meta-analysis of case-control studies. Lastly, and most importantly, the results of this work aim to inform future guidelines. These guidelines should account for additional aspects such as cost-effectiveness considerations, clinical relevancies (eg, numbers needed to treat for benefit), long term effects of cannabinoids on which evidence is lacking, and stakeholders, including patients and family members perspectives.
Future research assessing use of cannabis should clearly report what type of cannabis that patients used, how cannabis was administered, the content of tetrahydrocannabinol and cannabidiol, and the amount of cannabis consumed. The dose of exposure to different cannabinoids is needed to infer any causal relation between cannabis and outcomes.
Conclusions
Convincing or converging evidence supports that cannabis use is associated with poor mental health and cognition, increased the risk of car crashes, and can have detrimental effects on offspring if used during pregnancy. Cannabis use should be avoided in adolescents and young adults (when neurodevelopment is still occurring), when most mental health disorders have onset and cognition is paramount for optimising academic performance and learning, as well as in pregnant women and drivers. Conversely, cannabidiol could be considered a potential beneficial treatment option in epilepsy across age groups to reduce seizures. Cannabis based medicines could also be considered for chronic pain across different conditions, such as multiple sclerosis, spasticity in multiple sclerosis, for nausea and vomiting in people with mixed conditions and for sleep in cancer. However, clinical relevance must be considered before a possible incorporation into clinical guidelines; for example, including numbers needed to treat for benefit, risk to benefit ratios, comparative efficacy and safety with existing treatment options, and development of patient information concerning potential adverse events. Cannabidiol appears to be safe regarding psychiatric symptoms, but more research needs to be conducted before this drug can be recommended for the treatment of any psychiatric disorder. The remaining associations between cannabis and health outcomes are not supported by converging or convincing evidence.
Law and public health policy makers and researchers should consider this evidence synthesis when making policy decisions on cannabinoids use regulation, and when planning a future epidemiological or experimental research agenda, with particular attention to the tetrahydrocannabinol content of cannabinoids. Future guidelines are needed to translate current findings into clinical practice, while involving stakeholders.
What is already known on this topic
· Observational evidence reported that cannabinoids were associated with numerous health outcomes and have been tested for several conditions in randomised controlled trials
· Credibility and coherence of findings from different sources of evidence on the same outcomes have not been assessed to date
What this study adds
· Most outcomes associated with cannabinoids are supported by weak evidence (observational studies), low to very low certainty (randomised controlled trials), or are not significant (observational studies, randomised controlled trials)
· Convincing or converging evidence recommends avoiding cannabis during adolescence and early adulthood in people prone to have or have mental health disorder, who are pregnant, and while driving
· Cannabidiol is effective for epilepsy, notably in children, while other cannabinoids can be effective in use for multiple sclerosis, chronic pain, inflammatory bowel disease, and palliative care
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