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Co-use of cannabis and tobacco is a highly common 

practice.

Historically, inadequate measurement (e.g. 67% of 

sample that smoke via spliffs/joints in Netherlands 

self-reported as non-smokers) 

Hindocha & McClure 2021; Fix 2019

Contributes to difficulty in 

disentangling the independent effects 

of each (i.e. confounding)

Limits understanding of prevalence 

and risks of co-use (e.g. physical 

health, substance dependence)

BACKGROUND



Higher risk been linked to higher frequency use 

(i.e. dose-response) and higher cannabis potency 

e.g. Fluharty 2017; Petrilli 2022; Robinson 2022

BACKGROUND

Cannabis use and tobacco use have both been 

positively associated with mood disorders (e.g. 

depression), anxiety disorders (e.g. GAD), and 

psychotic disorders (e.g. schizophrenia)
e.g. Farooqui 2022; Fluharty 2017; Garey, 2020; Gobbi 2019; Godin 2022; 

Hunter, 2020; Marconi 2015; Xue 2020; Zimmerman 2020
Mental ill-health causes substance use

Substance use causes mental ill-health

Common liability (i.e. common risk 

factors)

Gold-standard for assessing 

causality (i.e. well-conducted 

RCTs) neither ethical nor 

practical…

Reliance on traditional 

observational data and 

inherent biases



Many reviews focusing on observational 

evidence have not conducted a comprehensive 

assessment of bias due to confounding, but state 

as a key limitation.

Question: To what extent are the associations 

biased by unmeasured confounding?

AIMS + OBJECTIVES

Methodological Gap



Knowledge Gap

Very few reviews consider both cannabis and 

tobacco use using same eligibility criteria.

No reviews focusing on longitudinal studies of 

co-use and risk of developing a mental health 

condition. 

Question: Is co-use associated with mental ill-

health to a greater extent than use of either 

substance? 

Examine the longitudinal association 

between cannabis use, tobacco use, co-use 

and incident mood, anxiety, and psychotic 

disorders

AIMS + OBJECTIVES

Evaluate risk of bias due to 

residual/unmeasured confounding
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Longitudinal cohort or nested case-control 

studies, excluding ppts with outcome of 

interest at baseline.

Any mood, anxiety or psychotic disorder 

excluding substance-induced disorders, 

OCD and PTSD. Must be dichotomous.

Any measure of tobacco product, 

cannabis use or co-use. Compared to a 

non-exposed group.

Broadly representative of general 

population. Excludes populations selected 

on health status (e.g. pregnancy).
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CINAHL, Embase, MEDLINE, PsycINFO 

and ProQuest Dissertation and Theses. 

CitationChaser to identify 

supplementary records.

Excluded reviews, meta-analyses, case 

series, qualitative evidence, animal 

studies and commentaries.

Random-effects meta-analysis to 

pool summary risk ratios (RR) and 

95% CIs. 

Newcastle Ottawa Scale, confounder 

matrix and E-values. Publication bias 

assessed using Doi plot and LFK index.

Pre-registered on PROPSERO (CRD42021243903) and 

the Open Science Framework (https://osf.io/5t2pu/).

METHODS

about:blank
about:blank


RESULTS: Searches

Records identified from:

CINAHL, Embase, PsycINFO, 

MEDLINE, PQDT (n = 26823) 

Duplicate records removed 

(n = 8183)

Title/abstracts screened

(n = 27789)

Full-texts assessed for eligibility

(n = 485)

Records identified from citation 

chasing (n = 9147) and contact 

with field experts (n = 2)

Studies included in review

(n = 72)
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Reports excluded (n = 413):

Duplicate (n = 3)

Ineligible design (n = 12)

Not longitudinal (n = 83)

Analysis direction (n = 39)

Not binary outcome (n = 88)

Not incident (n = 113)

Ineligible outcome (n = 26)

Ineligible exposure (n = 3)

Comparator type (n = 11)

Not OR, HR, RR, IRR (n = 2)

Population (n = 2)

Missing data (n = 6)

Cohort overlap (n = 25)

Overview

Anxiety: 7

Mood: 9

Psychotic: 4

Cannabis 

Tobacco 

Co-use 

Anxiety: 11

Mood: 52

Psychotic: 5

None!



Status (e.g. ever 

use) = 34

Heaviness (e.g. daily, ≥10 

CPD) = 38

Self-reported (e.g. 

treatment)

Scale (e.g. PHQ-9, 

CES-D)

Interview (e.g. 

CIDI)

Composite (i.e. mixture 

of above)

Registry code (e.g. 

ICD-10)

Adolescent

Young adult

Middle/Older adulthood

Adulthood

North America

Europe

Australia

Asia

N =1, 782, 646

Median = 5.5 years

= 3

= 30

= 20

= 3

= 16

x32

x20 x3

x10

Australi

a
Africa

x1

RESULTS: Characteristics

Exposure

Age

Outcome

Follow-up

Continent

Participants



RESULTS: Meta-analysis

Exposure Outcome K RR 95% CI I2 PI

Tobacco Mood 43 1.39 1.30-1.49 63% 1.03-1.87

Cannabis Mood 7 1.37 1.02-1.84 72% 0.54-3.44

Tobacco Anxiety 7 1.21 0.87-1.68 75% 0.41-3.55

Cannabis Anxiety 7 1.13 1.01-1.26 3% 0.94-1.35

Tobacco Psychotic 4 2.82 1.96-4.04 69% 0.69-11.42

Cannabis Psychotic 4 3.39 2.28-5.03 0% 1.42-8.46

Table 1. Random-effects meta-analysis of adjusted study estimates for all 

exposure + outcome pairs.



(1): Identify relevant confounding 

variables, may help to display in 

directed acyclic graph (DAG)

(2): Define sufficient adjustment (e.g. 

education versus education and

income to capture ‘SES’) 

(3): Use a matrix to graphically depict 

how well each study accounted for 

each confounder

RESULTS: Confounder matrix

Confounder Matrix

Peterson 2022



RESULTS: Confounder matrix

Example: Tobacco + Mood = adequate = some concerns = inadequate

…

Summary

Most studies adequately adjusted 

for sociodemographic factors.

Approximately half of the studies 

adequately adjusted for: other 

substance use*, SES and lifestyle 

factors.

Few studies adequately adjusted 

for psychiatric comorbidity and 

psychological factors.

No studies adjusted for genetic 

liability.



RESULTS: E-values

E-value

The minimum strength of association, on a risk 
ratio scale, an unmeasured confounder/s would 
need to have with both treatment and outcome 
to fully explain a exposure-outcome association, 
conditional on measured covariates.

Vanderweele & Ding 2017

Broadly, the larger the E-value the more robust 
the effect estimate to unmeasured confounding.

Table 2. Pooled effect estimates and median E-values for 

point estimates of included studies with RR ≥1 and LCI 

≥1.

Exposure Outcome E-value 

for RR

E-value 

for LCI

Tobacco Mood 2.20 1.59

Cannabis Mood 3.41 1.90

Tobacco Anxiety 2.15 1.97

Cannabis Anxiety 1.52 1.64

Tobacco Psychotic 5.97 2.41

Cannabis Psychotic 3.29 1.64

Could the combined effect of ACEs, genetic 

liability to tobacco use/depression, externalizing 

behaviour (conditional on measured covariates) 

have an association of RR = 2.20?



DISCUSSION: Results in context

Heterogeneity in menta l hea lth 

outcome measurements →

difficulty interpreting effects.

Wider issues with substance use 

measurement (e.g. frequency, 

recency).

Other sources of bias 

(e.g. selection bias) 

from cohort attrition and 

non-response.

Populations with high % 

of co-administration, 

hard to unpick effects 

even if measured.

More robust causal methods (e.g. 

Mendelian randomisation) 

suggestive of some causal effects.



SUMMARY

Limitations

Key Findings

Future research should 

prioritise triangulation, and 

assess effects across multiple 

analyses with different sources 

of bias 
Hammerton & Munafo 2021

Important to assess whether co-

use poses greater risk.

Future Directions

Restricting to general population 

and people without outcome at 

baseline reduces generalisability.

Small study numbers precluded a 

range of pre-planned subgroup and 

sensitivity analysis.

Grouping conditions into diagnostic 

groups potentially masks specific 

effects.

Focus on narrow study design 

missed relevant evidence (e.g. twin 

studies).

Existing evidence is moderately biased by unmeasured 

confounding.

Research examining effects of co-use for mental health is 

limited.



• There is a longitudinal association 

between cannabis use, tobacco use and 

incident mental ill-health.

• Existing traditional observational 

evidence is moderately biased by 

unmeasured confounding.

• There is a paucity of research on the 

association between concurrent use and 

risk of mental ill-health.

• Future research should triangulate with 

other methods to support stronger 

causal inference (e.g. Mendelian 

randomisation).

SUMMARY
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