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Abstract
Objectives: Cannabis use is proposed as a risk factor for psychosis and is associated with depressive disorders. However, the
relationship between recreational cannabis use and its longitudinal implications on anxiety conditions is less studied. The aim
of this investigation is to systematically evaluate published literature and perform a meta-analysis of the data.

Methods: A systematic search was performed of MEDLINE, Embase, and PsychINFO from inception to May 31, 2020, in
addition to a hand search. Longitudinal studies that evaluated the relationship of cannabis use and development of anxiety
were included. Where applicable, adjusted odds ratios (ORs) were extracted, pooled, and evaluated using random-effects
meta-analysis.

Results: After screening of unique abstracts (n ¼ 6835), the final evaluation included 24 studies, of which 10 reported ORs
that were analyzed quantitatively. Cannabis use was significantly associated with increased odds of developing any anxiety
conditions (OR¼ 1.25; 95% CI, 1.01 to 1.54). Cannabis use was not significantly associated with developing generalized anxiety
disorder, panic disorder, or social anxiety disorder. Review of studies not reporting OR revealed mixed results but are
suggestive of a link between cannabis use and increased rates/severity of anxiety.

Conclusions: Published evidence suggests that cannabis use is likely associated with increased risk of anxiety in the long term
but variability of study designs precludes declaration of a causal relationship. Awareness of this association is of relevance for
both clinical practice and mental health policy implementation.

Abrégé
Objectifs : L’usage du cannabis est proposé comme facteur de risque de psychose et est associé aux troubles dépressifs.
Cependant, la relation entre l’usage récréatif du cannabis et ses implications longitudinales sur les conditions d’anxiété
fait moins l’objet d’étude. La présente recherche vise à évaluer systématiquement la littérature publiée et à réaliser une
méta-analyse des données.
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Méthodes : Une recherche systématique a été menée dans MEDLINE, Embase et PsychINFO, du début au 31 mai 2020, en
plus d’une recherche manuelle. Les études longitudinales qui évaluaient la relation entre l’usage du cannabis et le
développement de l’anxiété ont été incluses. Le cas échéant, les rapports de cotes (RC) ajustés ont été extraits, regroupés et
évalués à l’aide d’une méta-analyse à effets aléatoires.

Résultats : Après dépistage des résumés uniques (n ¼ 6 835), l’évaluation finale comprenait 24 études, dont 10 présentaient
des RC qui ont été analysés quantitativement. L’usage du cannabis était significativement associé à des probabilités accrues de
développer une condition d’anxiété [RC¼ 1,25; IC à 95% 1,01 à 1,54]. L’usage du cannabis n’était pas significativement associé
au développement d’un trouble d’anxiété généralisée, d’un trouble panique ou d’un trouble d’anxiété sociale. L’examen des
études qui ne comportaient pas de RC a révélé des résultats mixtes mais suggère un lien entre l’usage du cannabis et des taux
d’anxiété plus graves.

Conclusions : Les données probantes publiées suggèrent que l’usage du cannabis est probablement associé à un risque accru
d’anxiété à long terme mais la variabilité des méthodologies des études empêche de déclarer une relation causale. La con-
naissance de cette association est pertinente tant pour la pratique clinique que pour la mise en œuvre des politiques de santé
mentale.
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Introduction

In October 2018, Canada became the second country in the

world to legalize and regulate cannabis for nonmedical pur-

poses. This has been part of a global movement for the

legalization of recreational cannabis production and retail

following Uruguay and multiple American states.1 Accord-

ing to the most recent Canadian Tobacco, Alcohol and Drugs

Summary in 2017, a survey representing a weighted total of

29.7 million Canadian residents, 12% reported using canna-

bis over the past year.2 Furthermore, postlegalization, the

rate of use was as high as 34.8% among youth aged 18 to

24 years on the National Cannabis Surveys 2019).3 The

widespread and increasing cannabis use as well as the chang-

ing legal landscape poses unique challenges to clinicians

tasked with providing public education and counseling

regarding cannabis and its mental health implications.4

Although the Canadian Task Force on Cannabis Legali-

zation and Regulation recognized the risk of psychosis with

early and regular use, there are little data on its use and the

risk of anxiety conditions, which are said to affect over

2.4 million Canadians over the lifetime.5,6 This issue is par-

ticularly salient as cannabis is commonly regarded as an

anxiolytic agent and is often used for self-medication, in

spite of the lack of systematic evaluations of its long-term

impact on the onset and cause of anxiety disorders.7,8

Published literature on cannabis use and prospective

development of anxiety symptoms and/or disorders is lim-

ited. While a previous narrative review found the common

co-occurrence of cannabis use and anxiety symptomatology,

it observed the scarcity of prospective studies at the time to

determine the relationship of cannabis use and long-term

anxiety.9 Other narrative reviews provided mixed findings

nestled within much broader study scopes and combined

animal-based, cross-sectional and longitudinal data.10-14 In

a recent systematic review focused on youth under 25 years,

6 cohort studies on cannabis use and depression and/or

anxiety were identified; however, only one of the studies

involved anxiety as an independent outcome.14

Among existing meta-analyses, results on cannabis use

and prospective anxiety outcomes were either combined

with depression and obsessive-compulsive disorder out-

comes or based on a small number of cohort studies.15-17

For example, in a meta-analysis with studies published up

to 2013, cannabis use was found to be positively associated

with anxiety disorders.17 However, the authors recognized

that only a small subset of its studies (n¼ 5) could be used to

construe a temporal relationship and noted that limiting the

literature search to only 2 databases precluded the inclusion

of a more complete set of relevant studies. A subsequent

meta-analysis with studies published up to 2016 also found

cannabis use to be positively associated with elevated anxi-

ety symptoms in the general population, based on 10

reports.18 However, the single-author design, methodologi-

cal flaws in data extraction, as well as exclusion of studies of

specific anxiety disorders may have led to potential bias in

study selection and the findings. Neither review incorpo-

rated a systematic review component that would have

enabled a synthesis of significant longitudinal data that

could not be captured with a meta-analysis design.

Along with the increasing public and scientific interest in

cannabis, a flourish of longitudinal studies has been published

in the recent years. A thorough synthesis of their findings could

strengthen our understanding of the complex interplay between

cannabis use and anxiety. This systematic review and meta-

analysis aims to summarize and update the literature on canna-

bis use and its long-term implications on anxiety, using both

narrative and quantitative data and methods. Specifically, it

focuses on longitudinal investigations to better determine pos-

sible temporal associations and optimizes search results by

including multiple databases and minimizing search limits.

In addition, the association between cannabis use and any spe-

cific anxiety-spectrum disorder was explored.
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Methods

Search Strategy

A systematic literature search was performed of MEDLINE,

Embase, and PsychINFO electronic databases from their

inception (1860, 1883, and 1860, respectively) to December

2019. The search was updated on May 31, 2020. All references

with either subject headings or keywords involving “cannabis”

or “marijuana” or “marihuana” or “cannabinoid”; and

“anxiety” or “anxiety disorders” or “phobia” or “panic” were

collected. Each keyword was expanded to verify its definition

and exploded such that relevant narrower terms were also

included in the search. All keywords were searched with pos-

sible truncations, for example, “anxiet*,” to account for vari-

ous suffixes. The search was not restricted to human-based and

English language studies nor was it restricted to study design or

publication type. The terms “cohort” or “follow-up” or

“longitudinal” were not included in the search strategy to max-

imize search outcomes.

All unique titles and abstracts of identified studies were

examined. Full texts of potentially relevant studies were

reviewed by S.X. and M.I.H. simultaneously to consider

their eligibility of inclusion. Disagreements were resolved

by in-depth discussion and consensus. References of

included studies were hand searched to identify additional

relevant publications. Authors were contacted when a full

text could not be obtained through electronic databases.

Inclusion/Exclusion Criteria

Studies were included if they met the following criteria:

(1) were original studies published in a peer-reviewed jour-

nal; (2) collected population-based data in a longitudinal or

prospective design; (3) included cannabis use with or with-

out cannabis use disorder as an exposure variable; and

(4) measured anxiety symptoms and/or disorders as outcome

variable(s).

Studies were excluded if they: (1) were not longitudinal

(e.g., cross-sectional) in design; (2) did not present cannabis

use data separately from other psychoactive substances;

(3) involved antenatal cannabis exposure; or (4) exclusively

involved special patient populations with severe primary

psychiatric conditions such as psychotic disorders. Studies

of cohorts with depressive symptoms were included, given

the high comorbidity and overlap of symptoms—if the anxi-

ety data could be independently extracted. In cases of dupli-

cate studies that drew data from the same cohort in the same

time frame, the study using the heaviest cannabis use (e.g.,

cannabis use disorder) as exposure variable was included.

Outcome Measures

The primary outcome measure was the effect of cannabis on

anxiety, as measured by validated rating scales, or diagnostic

criteria of Diagnostic and Statistical Manual of Mental Dis-

orders or International Classification of Diseases. If more

than one anxiety symptom measure was provided in a par-

ticular study, the primary outcome measure for the study was

preferred over other measures.

Quality Assessment

Quality of the included studies for meta-analysis was

assessed using the National Institute of Health Study Quality

Assessment Tools.19 Specifically, the Quality Assessment

Tool for Observational Cohort and Cross-Sectional Studies

was selected, which outlines 14 criteria, including the spe-

cification of study population, participation/attrition rates,

and adjustment of confounding variables, that guide to a

global rating of either good, fair, or poor. S.X. and M.I.H.

independently assessed the studies; ratings were compared

and disagreements were resolved by consensus.

Data Extraction

Study characteristics, including year of publication, country

of study, age at baseline and at follow-up, measures of can-

nabis use and anxiety, control variables, and study exclu-

sions were extracted by S.X. and verified by K.W. If

available, odds ratios (ORs) and associated 95% confidence

interval (95% CI) of developing anxiety based on predeter-

mined cutoff scores or individual anxiety disorder diagnoses,

including generalized anxiety disorder (GAD), panic disor-

der (PD), and social anxiety disorder (SAD), were extracted.

Otherwise, efforts were made to calculate ORs based on

available data. For studies that report more than one OR, the

following rules were applied in a step-wise, hierarchical

manner to extract one OR per anxiety outcome per study:

a. The OR for the longest duration of follow-up was chosen;

b. The OR for the heaviest/most chronic use subgroup (e.g.,

daily use or cannabis use disorder) was chosen;

c. The OR from the model most adjusted for confounder vari-

ables (i.e., the most conservative estimate) was chosen; and

d. The OR accounting for/excluding baseline anxiety was

chosen.

Data Analysis

Studies with available ORs were quantitatively synthesized

using meta-analysis; other studies were narratively summar-

ized. ORs were pooled using random-effects models, based on

the assumption that observed variance is due to heterogeneity

among studies in populations and methodologies.20 Heteroge-

neity across studies was quantified by I2 index.21 Subgroup

analyses investigated whether strength of association was mod-

ified by early onset of cannabis use and study quality. All

analyses were conducted using Review Manager Version 5.3.

Publication bias of studies included in the meta-analyses

was assessed by using visual inspection of a funnel plot.22

Sterne and Egger found that it is best to use log OR as the

horizontal axis and standard error as the vertical axis. The

assumption is that studies of small sample sizes with insig-

nificant results are less likely to get published. When there is
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no bias, the points in the plot, which show the effect esti-

mates of each study, tend to symmetrically spread around the

summary estimate solid line. An asymmetrical spread of the

points indicates a publication bias.23

Results

Search Results

The search strategy yielded n ¼ 10,211 references, of which

n ¼ 3,376 were duplicates. The study selection procedure

and reasons for exclusion are summarized in the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses

flowchart (Figure 1). One hundred and twenty-six (n ¼ 126)

studies were assessed in full length, and n ¼ 24 studies were

included in the final review, of which n ¼ 10 included ORs

that could be analyzed quantitatively (total number of sub-

jects ¼ 49,273).

Study Characteristics

Study characteristics are detailed in Table 1. Study settings

spanned North America (n ¼ 14), Europe (n ¼ 6), and Aus-

tralia and Oceania (n ¼ 4). Half of the studies (n ¼ 12) were

published after 2013. The majority of the studies (n ¼ 18)

enrolled participants in their adolescence (less than or equal

to 18 years old) and measured cannabis use at that time point.

Length of follow-up ranged from 12 weeks to over 20 years,

with half of the studies (n ¼ 12) following participants for

5 years or more.

Measures of cannabis exposure were largely based on

self-report of use frequency over a defined time period

(e.g., past 30 days, past year, lifetime). Two studies

considered cannabis dependence, and 1 study considered

the type/potency of cannabis most commonly used as the

exposure variable. Measures of anxiety outcome were

also varied, with 10 (n ¼ 10) studies using rating scales,

Figure 1. PRISMA flow chart for literature search process. PRISMA ¼ Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.
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for example, Beck Anxiety Inventory, Brief Symptom

Inventory, and Hospital Anxiety and Depression Scale.

The rest (n ¼ 14) used a structured interview that was

delivered by either mail, computer, phone, and/or in

person.

Of the 10 studies included in the quantitative analysis,

6 were judged to be of high quality (Table 2).

Qualitative Analyses

Fourteen studies investigated the longitudinal association of

cannabis use and anxiety symptomatology at follow-up but

did not report OR or provide sufficient data for its calcula-

tion. Their findings are summarized narratively

below.24,26-28,34,35,37,38,40-45,47

Cannabis use was found to be significantly linked to

increased risk of anxiety in 5 studies. In a U.S. based

cohort of 973 college students, cannabis users of the

chronic, late-increase and early decline trajectory groups

experienced more anxiety symptoms than nonusers or low

users 6 years later when adjusted for baseline anxiety and

other substance use.35 Cannabis use trajectory groups were

also developed in a Canada-based study of 662 adoles-

cents, among whom chronic users reported more anxiety

symptoms in young adulthood than all other groups except

occasional users.43 Adolescents of greater cannabis use

were further found to experience more persisting anxiety

level in another U.S. study.45 In a Dutch study of 1,425

adolescents followed over 5 years, cannabis use predicted

anxiety levels in a linear regression model (b ¼ 0.08, SE ¼
0.03; P ¼ 0.01). A parallel process latent growth model

indicated that the positive association was present among

carriers of the short allele of the 5-HTTLPR gene, which is

involved in the regulation of serotonin activation and not

noncarriers.40 Regarding specific anxiety disorders, one

study of 808 youth from high-crime areas in Seattle

reported that adolescence-onset regular cannabis use pre-

dicted GAD when assessed at age 33 (incidence risk ratio

¼ 1.57; 95% CI, 1.08 to 2.28).41

The positive association between cannabis use and pro-

spective anxiety lost statistical significance in 2 other studies

when adjusted for confounding variables.26,38 In a 3-year

longitudinal study of 6,720 Swedish participants, the relative

risk of developing anxiety with baseline cannabis use was

1.38 (95% CI, 1.26 to 1.50) when adjusted only for age and

sex. It dropped to 1.09 (95% CI, 0.98 to 1.20) when other

variables (e.g., illicit drug use and family tension) were

included.38 Another New Zealand based study found that

frequent cannabis use at age 15 to 16 years was significantly

associated with a higher likelihood of anxiety at 3-year

follow-up. The association disappeared when the model was

adjusted to include confounding factors. Maternal age, child-

hood sexual abuse, low self-esteem, and presence of mood/

anxiety disorders were identified as significant covariates.26

Two studies examined the effect of cannabis use reduc-

tion on prospective anxiety.34,42 An improvement in anxiety

(b ¼ �0.09, SE ¼ 0.04; P < 0.05) at 12-week follow-up was

observed in a group of 152 adults who reduced their cannabis

use as part of a randomized controlled trial of

N-acetylcysteine as treatment for cannabis use disorder.42

In another study, quantity/frequency of cannabis use and

anxiety symptoms significantly reduced among 132 Austra-

lian adolescents 3 months after they completed a residential

treatment program.34 However, it was thought that the

change in mental health symptoms was not significantly

associated with the change in cannabis use, and the authors

speculated that unmeasured confounding factors may have

prevented the finding of a relationship.

Five studies did not find any significant association

between cannabis use and anxiety outcomes. Three different

U.S. based studies independently found that cannabis use

trajectory group status was not predictive of increased anxi-

ety levels or lifetime anxiety diagnosis in adulthood.28,37,44

For instance, in a cohort of 401 adolescents with chronic,

escalating, and low cannabis use, anxiety outcome did not

differ across groups at 2-year follow-up (w2 ¼ 0.12, df ¼ 2,

P ¼ .94).44 One small study from 1985 focused on the adult

population and found 11 out of 97 regular cannabis users

were newly diagnosed with anxiety disorders at follow-up

6 to 7 years later, but this increase in prevalence was not

considered to be statistically significant.24 In another study

of 2,429 U.S. youth, latent growth modeling suggested GAD

symptoms at 10-year follow-up were predicted by higher

probability of cannabis and tobacco couse, but not cannabis

use alone (intercept estimate ¼ �0.01, slope estimate ¼
0.00, P > 0.05).46

Quantitative Analyses

The main meta-analysis included 7 studies that reported ORs

of developing any clinically significant anxiety, defined by

the individual studies as either meeting cutoff on a question-

naire or meeting criteria of psychiatric diagnoses in the anxi-

ety spectrum.25,27,29,32,33,36,39 Cannabis use was found to be

significantly associated with increased odds of developing

Table 2. Quality Assessment of 10 Studies Included in
Meta-Analyses Based on the National Institute of Health Study
Quality Assessment Tool.

Study Quality Rating

Brook et al.27 Fair
Brook et al.32 Poor
Degenhardt et al.33 Good
Hines et al.47 Good
Feingold et al.39 Good
Fergusson et al.25 Poor
Fröjd et al.31 Poor
Gage et al.36 Good
van Laar et al.29 Good
Zvolensky et al.30 Good
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anxiety on follow-up (OR¼ 1.25; 95% CI, 1.01 to 1.54; I2¼
39%; Figure 2). The OR was reduced if the analysis was

restricted to those using a structured diagnostic interview

rather than a self-report questionnaire (OR ¼ 1.15; 95%
CI, 1.01 to 1.30). The OR remained positive but did not

retain statistical significance if the analysis was restricted

to high-quality studies (OR ¼ 1.10; 95% CI, 0.82 to 1.47),

or to studies capturing cannabis use prior to 18 years old (OR

¼ 1.32; 95% CI, 0.97 to 1.79), or to studies published after

1999 (OR ¼ 1.36; 95% CI, 0.95 to 1.96).

A small number of studies reported ORs of developing

specific anxiety disorders: GAD (n ¼ 4), SAD (n ¼ 3), and

PD (n ¼ 3).29-31,39,47 Cannabis use was nonsignificantly

associated with increased odds of developing GAD (OR ¼
1.44; 95% CI, 0.94 to 2.22; I2 ¼ 35%), SAD (OR ¼ 1.12;

95% CI, 0.61 to 2.05; I2 ¼ 38%), and PD (OR ¼ 1.52; 95%
CI, 0.96 to 2.40; I2 ¼ 0%) at follow-up (Figure 2).

The funnel plot incorporated the effect estimates of the 7

ORs of the main analysis (Figure 3). The symmetrical dis-

tribution of points indicated that there was little evidence for

publication bias.

Discussion

Although there exist several publications on the interrelation-

ship between cannabis use and anxiety symptoms, few

Figure 2. Forest plots showing pooled odds ratio of developing (A) any anxiety, (B) generalized anxiety disorder, (C) panic disorder,
and (D) social anxiety disorder with baseline cannabis use.
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explored it longitudinally.9 This review included 24 cohort

studies and involved participants from 8 countries and 3 con-

tinents, and who were followed for a period of up to 20

years.24-47 Furthermore, this is the first review that evaluated

the association between cannabis use and development of

specific anxiety disorders such as GAD, SAD, and PD.

Meta-analysis of 7 studies published up to May 2020

revealed a pooled OR of 1.25 (95% CI, 1.01 to 1.54) of

developing an anxiety disorder among cannabis users. When

the analysis was restricted to only high-quality studies and

adolescence-onset cannabis use, the pooled OR remained

positive but was not statistically significant. This finding

reinforces previous meta-analyses, which either included

fewer studies (n ¼ 3 to 5) or had significant methodological

flaws and reported a positive association between cannabis

use and anxiety disorders with pooled ORs between 1.15 and

1.28.15,17,18

Of note, one full text48 included in previous meta-ana-

lyses16-18 could not be located in spite of extensive efforts.

Should this study be included, the pooled OR of the current

meta-analysis would only be minimally increased to OR¼ 1.28

(95% CI, 1.07 to 1.54). Thus, the addition of the study would

not alter the overall finding. Meta-analyses of studies examin-

ing specific anxiety disorders revealed pooled ORs between

1.12 and 1.52, also indicating a similar positive yet statistically

nonsignificant relationship.

This review also included 14 additional longitudinal

studies that would otherwise be excluded from meta-

analyses. The studies, most of which were published in the

past 2 years, are intended to supplement the quantitative

findings and to respond to the call to include more up-to-

date literature.49 While the studies reported mixed findings,

many are indicative of a positive association. Seven studies

supported an association between cannabis use and

increased risk of developing an anxiety disorder and/or

increased severity of the condition.35,38,40,41,43,45,47

Another study suggested reduction of cannabis use to be

associated with decreased severity of anxiety on follow-

up.42

The evaluation considering both the quantitative and qua-

litative data indicates a summative trend that cannabis use

may pose an increased risk on anxiety outcomes. However,

the results are to be interpreted with caution as subgroup

analyses revealed the loss of statistical significance when

only high-quality data were included. The findings are also

less statistically robust for adolescence-onset cannabis use. It

has been argued that much of the observed association

between cannabis use and affective outcomes can be

explained by confounding variables.16 In one study included

in the main meta-analysis, the odds of developing PD from

cannabis dependence was reported to be 4.9 (95% CI, 1.7 to

14.0); however, after adjusting for noncannabis drug depen-

dence comorbidity and cigarette smoking, the odds were

reduced to 1.6 and became statistically nonsignificant.47

Five individual studies that were qualitatively reviewed also

did not find any association between cannabis use and future

anxiety,24,28,37,44,46 including the study with the longest

period of follow-up, in which subjects aged 12 to 16 years

were followed up at age 33 to 39 years.37

The effect sizes from this meta-analysis are less pro-

nounced than that of cannabis on the onset of psychotic

disorders (ORs between 1.41 and 3.90) as well as mood

disorders (OR up to 1.62 among heavy users).15,16,50-52

Recreational cannabis, used as the exposure variable of all

included studies, contains 2 main components: delta-9-

tetrahydrocannabinol (THC) and cannabidiol (CBD). Both

modulate human anxiety responses in complex manners that

are not fully established, though the anxiogenic effect of

THC is well-recognized while CBD is suggested to have

anxiolytic properties.53 Several mechanisms have been pro-

posed to mediate the neurochemical effects of cannabis

including activation of the serotonin 1A receptors (5-

HT1A receptors), facilitation of the endocannabinoid

signaling, and reduction of glutamate transmission.

Furthermore, there is evidence that cannabis may increase

adult hippocampal neurogenesis and can modulate the

activities of limbic and paralimbic regions.54-59 An

increasing number of reviews support the potential

application of CBD as a treatment for anxiety.60,61 It is

therefore possible that the effect size of this review is

moderated by the purported opposing effects of the

constituents of cannabis as they relate to anxiety.

The findings from this review should take account of its

limitations. There is a large variability of how cannabis use

is measured across studies. In order to minimize the varia-

bility, only ORs from the heaviest use group from each study

were extracted wherever possible. Thus, results of the

meta-analysis are not entirely generalizable to rare or occa-

sional cannabis use. Furthermore, the majority of the studies

quantify cannabis use in terms of frequency of use and do not

factor in quantity, potency, or CBD to THC ratio of the

cannabis products. Therefore, even among the heaviest use

groups, exposure to cannabis may not be consistent. While

Figure 3. Funnel plot testing for publication bias.
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the THC content in recreational cannabis has been steadily

increasing,62 limiting the main meta-analysis to more recent

studies resulted in an OR that was no longer statistically

significant. Upon examining studies in the qualitative

review, no consistent pattern was identified either between

the year of publication and study findings. This review has

thus not been able to demonstrate that the year of publication

(and indirectly, THC concentration) has an effect on anxiety

conditions. Whereas previous reviews explored the associa-

tion between cannabis use and anxiety outcomes using pri-

marily cross-sectional studies, this review focused on

longitudinal studies to better understand the directionality

of the relationship. However, the results still do not confirm

any causal relationship due to reasons of residual confound-

ing and lack of causal inference methodology in most

studies. Another intrinsic limitation to using longitudinal

data is attrition, which is up to 36% to 37% in multiple

studies.32,40,46 As individuals with higher psychopathology

burden at follow-up are less likely to be contacted success-

fully,63 the meta-analysis may underestimate the true odds of

anxiety outcomes. The meta-analysis additionally indicates

that the strength of association may be affected by the mod-

ality of anxiety measurement, as the OR decreased when

studies using self-report questionnaires were excluded. The

effect size may also be underestimated as individuals may be

more prone to underreport symptoms in interviews.64

Although efforts were made to explode each keyword, the

search results could be optimized by including additional

search terms that encompass more medicinal cannabis con-

cepts such as nabilone and nabiximols. Although a funnel

plot was used to test for publication bias, the number of

studies included was less than the liberal criterion of 10.65

Thus, it may not be sufficient to detect a bias should it exists.

To conclude, this systematic review and meta-analysis

examined 24 longitudinal studies on baseline cannabis use

and anxiety outcomes. We found a general trend that canna-

bis use may increase the odds of developing an anxiety dis-

order. This finding should be considered alongside numerous

recent prospective cohort studies demonstrating increased

levels of anxiety with cannabis use in the life span. With the

legalization of recreational cannabis in Canada and beyond,

mental health clinicians are increasingly questioned by

patients and caregivers about the impacts of cannabis use

on mental well-being. Clinicians may use these findings to

provide psychoeducation to patients about the potential risk

and should consider cannabis use as an exacerbating factor

for anxiety, particularly in patients who do not improve with

standard treatment such as selective serotonin reuptake inhi-

bitors and cognitive behavioral therapy. Finally, it is essen-

tial that public health policy-makers are updated on the

accumulating evidence regarding the negative consequences

of recreational cannabis on mental health. More longitudinal

studies are needed to strengthen the current understanding of

cannabis use and prospective anxiety. Future studies are

recommended to consider ways to more precisely character-

ize cannabis exposure, as there may be new possibilities to

enroll participants who use medicinal cannabis or those who

use retail products with known CBD and/or THC concentra-

tions. Finally, it may be important to consider anxiety as an

independent entity from other psychiatric comorbidities and

to continue to explore the relationship between cannabis use

and specific anxiety disorders.

Acknowledgments

The authors would like to acknowledge the assistance of the

following colleagues at the Centre for Addictions and Mental

Health (CAMH): Ms Sarah Bonato for advising on the systematic

literature search strategy, Mr Kevin Wang for verifying the extrac-

tion of ORs and running preliminary statistical analyses, and

Dr Wei Wang for providing guidance on the funnel plot creation.

The authors would also like to thank Dr Zohn Rosen and librarian

staff at CAMH, Gerstein Science Information Centre and Robarts

Library for their assistance in locating original articles. This work

was supported in part by an Academic Scholars Award to MIH

from the Department of Psychiatry, University of Toronto.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest

with respect to the research, authorship, and/or publication of this

article: MIH is a PI for a trial sponsored by COMPASS Pathways

Limited for which he receives salary support. The other authors

declare that there is no conflict of interest.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Siqi Xue, MD https://orcid.org/0000-0002-6937-9552

Arun V. Ravindran, MBBS, PhD, FRCP(C)FRCPsych https://

orcid.org/0000-0002-1655-2753

Supplemental Material

Supplemental material for this article is available online.

References

1. Hammond D, Goodman S, Wadsworth E, Vicki R, Christian B,

Wayne H. Evaluating the impacts of cannabis legalization: the

international cannabis policy study. Int J Drug Policy. 2020;77:

102698.

2. Canadian Tobacco, Alcohol and Drugs Survey (CTADS):

Summary of results for 2017. Government of Canada. 2019

[cited 2020 Jan]. https://www.canada.ca/en/health-canada/ser

vices/canadian-tobacco-alcohol-drugs-survey/2017-summary.

html

3. Rotermann M. Analysis of trends in the prevalence of cannabis

use and related metrics in Canada. Health Rep. 2019;30(6):

3-13.

4. Hall W, Weier M. Has marijuana legalization increased mar-

ijuana use among US youth? JAMA Pediatr. 2017;171(2):

116-118.

5. McLellan AA, Ware MA, Boyd S, et al. A framework for the

legalization and regulation of cannabis in Canada. Government

136 The Canadian Journal of Psychiatry 66(2)

https://orcid.org/0000-0002-6937-9552
https://orcid.org/0000-0002-6937-9552
https://orcid.org/0000-0002-6937-9552
https://orcid.org/0000-0002-1655-2753
https://orcid.org/0000-0002-1655-2753
https://orcid.org/0000-0002-1655-2753
https://orcid.org/0000-0002-1655-2753
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html
https://www.canada.ca/en/health-canada/services/canadian-tobacco-alcohol-drugs-survey/2017-summary.html


of Canada. 2016 [cited 2019 Nov]. https://www.canada.ca/en/

health-canada/services/drugs-medication/cannabis/laws-regula

tions/task-force-cannabis-legalization-regulation.html?

¼undefined&wbdisable¼true

6. Pearson C, Janz T, Ali J. Mental and substance use disorders in

Canada. Statistics Canada. 2013 [2019 Nov]. https://www150.

statcan.gc.ca/n1/pub/82-624-x/2013001/article/11855-eng.pdf
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56. Campos AC, Guimarães FS. Involvement of 5HT1A receptors

in the anxiolytic-like effects of cannabidiol injected into the

dorsolateral periaqueductal gray of rats. Psychopharmacology

(Berl). 2008;199(2):223-230.

57. Guimarães FS, Carobrez AP, De Aguiar JC, Graeff FG, Anxio-

lytic effect in the elevated plus-maze of the n MDA receptor

antagonist Ap7 microinjected into the dorsal periaqueductal

grey. Psychopharmacology (Berl). 1991;103:91-94.

58. Esposito G, Scuderi C, Valenza M, et al. Cannabidiol reduces

Ab-induced neuroinflammation and promotes hippocampal

neurogenesis through PPARg involvement. PLoS One. 2011;

6(12):e28668.

59. Wolf SA, Bick-Sander A, Fabel K, et al. Cannabinoid receptor

CB1 mediates base- line and activity-induced survival of new

neurons in adult hippocampal neurogenesis. Cell Commun Sig-

nal. 2010;8:12.

60. Blessing EM, Steenkamp MM, Manzanares J, Charles RM.

Cannabidiol as a potential treatment for anxiety disorders.

Neurotherapeutics. 2015;12(4):825-836.

61. White CM. A review of human studies assessing cannabidiol’s

(CBD) therapeutic actions and potential. J Clin Pharmacol.

2019;59(7):923-934.

62. ElSohly MA, Mehmedic Z, Foster S, Chandrani G, Suman C,

James CC. Changes in cannabis potency over the last 2 decades

(1995-2014): analysis of current data in the United States. Biol

Psychiatry. 2016;(7):613-619.

63. Allott K, Chanen A, Yuen HP. Attrition bias in longitudinal

research involving adolescent psychiatric outpatients. J Nerv

Ment Dis. 2006;194(12):958-961.

64. Moum T. Mode of administration and interviewer effects in

self-reported symptoms of anxiety and depression. Soc Indic

Res. 1998;45(1-3):279-318.

65. Lau J, Ioannidis JP, Terrin N, Christopher HS, Ingram O. The

case of the misleading funnel plot. BMJ. 2006;333(7568):

597-600.

138 The Canadian Journal of Psychiatry 66(2)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


