
  1Vozoris NT, et al. BMJ Open Resp Res 2022;9:e001216. doi:10.1136/bmjresp-2022-001216

To cite: Vozoris NT, Zhu J, 
Ryan CM, et al. Cannabis 
use and risks of respiratory 
and all- cause morbidity 
and mortality: a population- 
based, data- linkage, cohort 
study. BMJ Open Resp Res 
2022;9:e001216. doi:10.1136/
bmjresp-2022-001216

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ bmjresp- 2022- 
001216).

Received 23 January 2022
Accepted 30 April 2022

For numbered affiliations see 
end of article.

Correspondence to
Dr Nicholas T Vozoris;  
 nick. vozoris@ utoronto. ca

Cannabis use and risks of respiratory 
and all- cause morbidity and mortality: a 
population- based, data- linkage, 
cohort study

Nicholas T Vozoris,1,2,3,4 Jingqin Zhu,2,5 Clodagh M Ryan,1,6 
Chung- Wai Chow    ,1,6,7 Teresa To1,2,5,7

Smoking

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Although cannabis is frequently used 
worldwide, its impact on respiratory health is characterised 
by controversy.
Objective To evaluate the association between cannabis 
use and respiratory- related emergency room (ER) visits 
and hospitalisations.
Methods A retrospective, population- based, cohort 
study was carried out, linking health survey and health 
administrative data for residents of Ontario, Canada, aged 
12–65 years, between January 2009 and December 2015. 
Individuals self- reporting cannabis use within the past year 
were matched to control individuals (people who reported 
never using cannabis, or used cannabis only once, and 
more than 12 months ago) in upwards of a 1:3 ratio on 
31 different variables, using propensity score matching 
methods. Respiratory- related and all- cause ER visits or 
hospitalisations, and all- cause mortality, were evaluated up 
to 12 months following the index date.
Results We identified 35 114 individuals who had either 
used cannabis in the past year or were controls, of whom 
6425 (18.3%) used cannabis in the past year. From this 
group, 4807 (74.8%) were propensity- score matched to 10 
395 control individuals. In the propensity score matched 
cohort, there was no significant difference in odds of 
respiratory- related ER visit or hospitalisation between 
cannabis users and the control group (OR 0.91, 95% CI 
0.77 to 1.09). Compared with control individuals, cannabis 
users had significantly increased odds of all- cause ER visit 
or hospitalisation (OR 1.22, 95% CI 1.13 to 1.31) and there 
was no significant difference with respect to all- cause 
mortality (OR 0.99, 95% CI 0.49 to 2.02).
Conclusions Although no significant association was 
observed between cannabis use and respiratory- related ER 
visits or hospitalisations, the risk of an equally important 
morbidity outcome, all- cause ER visit or hospitalisation, 
was significantly greater among cannabis users than 
among control individuals. Therefore, cannabis use is 
associated with increased risk for serious adverse health 
events and its recreational consumption is not benign.

INTRODUCTION
Cannabis is the most commonly used psycho-
active drug worldwide and its use is rising.1 
Prevalent past- year use rate in the Canadian 

population in 2021 was estimated to be 
25%.2 Although cannabis can be consumed 
in a variety of ways, smoking combusted 
cannabis is the most predominant route in 
Canada.2 Although cannabis contains similar 
types and quantities of volatile compounds 
(eg, ammonia, hydrocyanic acid, etc) and 
tar components (eg, phenols, naphtha-
lene, etc) as tobacco (which are implicated 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ The published literature on cannabis smoking and 
acute respiratory illness is extremely limited, with 
one previous study demonstrating that cannabis 
smoking is associated with higher frequency of pro-
tracted acute bronchitis episodes, and another study 
showing significantly greater outpatient visits for re-
spiratory illness, but not hospitalisations.

WHAT THIS STUDY ADDS
 ⇒ Our population- based, retrospective, propensi-
ty score matched cohort study, involving 15 202 
individuals and extensive covariate adjustment, 
showed no significant difference in the frequen-
cy of respiratory- related emergency room visits or 
hospitalisations between cannabis users (3.6%) 
and never- users (3.9%), but all- cause emergency 
room visits or hospitalisations were significantly 
greater among cannabis users (30.0% vs 26.0%). 
Respiratory- related reasons were the second lead-
ing aetiology for all- cause ER visits and hospitalisa-
tions among cannabis users.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

 ⇒ Given that all- cause emergency visits or hospi-
talisations, which are a clinically important mor-
bidity marker, were significantly greater among 
cannabis users than among control individuals, and 
respiratory- related reasons were the second most 
common cause for emergency visits and hospital-
isations in the all- cause outcome, our results sug-
gest that the worldwide rising use of recreational 
cannabis needs to be curtailed.
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in the development of tobacco smoking- related airway 
disease),3 data published on the association between 
cannabis smoking and airways health have been contra-
dictory. On the one hand, cannabis smoking has been 
shown to be associated with the development of chronic 
bronchitis- type symptoms (including chronic cough, 
chronic sputum production and wheezing),4 and similar 
changes of bronchial inflammation are evident on bron-
choscopy and endobronchial biopsies among cannabis 
and tobacco smokers.5 6 On the other hand, cannabis 
smoking has largely thus far not been found to be asso-
ciated with pulmonary function test measures of airflow 
obstruction, such as declining forced expiratory volume 
in one second (FEV1) or reduced FEV1/forced vital 
capacity ratio as a result of a low FEV13 4 (with a few 
recently published exceptions7 8), or with thoracic CT 
evidence of emphysema.9

Cannabis smoking might theoretically predispose to 
acute respiratory illness in several ways: cannabis is known 
to destroy airway ciliated columnar epithelial cells and 
promote mucous- secreting goblet cell hyperplasia and 
such changes may predispose to acute respiratory tract 
infection6; δ-9 tetrahydrocannabinol has potential immu-
nosuppressive effects, which may contribute to acute 
respiratory tract infection10 11; cannabis is frequently 
contaminated with pathogenic micro- organisms12 13; and, 
cannabis use can contribute to altered mental state14 
and/or hyperemesis,15 which might then lead to an 
aspiration event. There is a paucity of data on the asso-
ciation between cannabis smoking and acute respira-
tory illness.16 17 Compared with non- cannabis smokers, 
one small study reported significantly higher frequency 
of protracted acute bronchitis episodes,16 and another 
study a significantly greater number of outpatient visits 
for respiratory illness (but not hospitalisations),17 among 
cannabis smokers.

Using linked health survey and health administrative 
data, our purpose was to evaluate the association between 
cannabis use and more serious, acute, adverse respiratory 
events, as identified by emergency room (ER) presenta-
tion or hospital admission for respiratory- related reasons.

METHODS
Study design
This was a retrospective, population- based cohort study, 
linking health survey data with multiple Ontario health 
administrative databases, for January 1, 2009 to December 
31, 2015. All databases are held and were analysed at ICES 
(formerly known as the Institute for Clinical Evaluative 
Sciences). ICES is an independent, non- profit research 
institute, whose legal status under Ontario’s health infor-
mation privacy law allows it to collect and analyse health-
care and demographic data, without consent, for health 
system evaluation and improvement. Because sampling 
strategies were used in the collection of the health survey 
data to obtain a representative sample of the community- 
dwelling population aged 12 years and older,18 and 

because health administrative data are collected on all 
Ontario residents through the province’s single- payer 
public health insurance plan, our analysis can be consid-
ered population based. Ontario is Canada’s most popu-
lous province (~14.7 million people,~40% of national 
population) and is culturally diverse. Use of the data in 
this project is authorised under section 45 of Ontario’s 
Personal Health Information Protection Act and does 
not require review by a research ethics board.

Data sources
Multiple health- related databases were linked at ICES 
using unique coded identifiers. Ontario data from the 
2009–2010 and 2011–2012 Canadian Community Health 
Surveys (CCHS) were used. The CCHS is national, cross- 
sectional survey conducted by Statistics Canada every 2 
years that collects a broad range of self- reported socio-
demographic and health data on a nationally represent-
ative sample of the Canadian community- dwelling popu-
lation aged 12 years and older.18 Although more recent 
CCHS cycles have been conducted beyond 2011–2012, 
these were not yet available for linkage with health 
administrative databases at ICES. Self- reported cannabis 
use was captured by the CCHS with the following ques-
tions: “Have you ever used or tried marijuana, cannabis 
or hashish?” (with possible responses including yes, 
just once; yes, more than once; or, no), and those who 
responded affirmatively were then asked, “Have you 
used it in the past 12 months?” (with possible responses 
including yes or no). Although information on route of 
cannabis receipt was not collected by CCHS, inhalation 
is by far the most predominant form of consumption.19 
Although recreational versus authorised medicinal use 
was not distinguished by the CCHS, recreational purposes 
account for the bulk of cannabis use.20 The CCHS data 
were linked to the following health administrative data-
bases: (1) the Canadian Institute for Health Information 
Discharge Abstract Database (CIHI- DAD), which contains 
information on all hospital discharges; (2) the National 
Ambulatory Care Reporting System (NACRS) Database, 
which contains information on ER visits; (3) the Regis-
tered Persons Database, which contains information on 
demographics and mortality; (4) the Ontario Health 
Insurance Plan (OHIP) claims database, which contains 
information on all physician fee- for- service patient care 
claims, in both ambulatory and hospital settings; (5) the 
Ontario Mental Health Reporting System (OMHRS), 
which contains information on all mental health hospital 
admissions and (6) several validated, disease- specific 
databases created by ICES (outlined in the online supple-
mental file) using clinical and health administrative 
data.21–27

Study population
Ontario residents aged 12–65 years, who participated in 
either the 2009–2010 or 2011–2012 CCHS, were included. 
Individuals aged 66 years and older were excluded, since 

https://dx.doi.org/10.1136/bmjresp-2022-001216
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a trivial number of cannabis users belonged to that age 
group (~1%). If an individual participated in both CCHS 
cycles (equating to ~0.2% of 2009–2010 and 2011–2012 
CCHS participants), only data from the most recent cycle 
were considered.

Exposed and control groups with index date definitions
The exposed group consisted of individuals reporting 
any cannabis use in the preceding 12 months. The 
control group included individuals who reported never 
having used cannabis, or having used cannabis only once 
and more than 12 months ago. Individuals who had 
used cannabis multiple times, but more than 12 months 
ago, were intentionally excluded, since our purpose 
was to compare outcomes associated with recent/active 
cannabis use with an uncontaminated control group of 
never or former trivial cannabis users. The index date for 
both the exposed and control group was the date of the 
CCHS interview.

Outcomes
Consistent with our objective to examine the associ-
ation between cannabis use and more serious, acute, 
adverse respiratory events, our primary outcome was a 
respiratory- related ER visit or hospitalisation, defined 
as the recording of an International Classification of 
Diseases version 10 (ICD- 10) diagnostic code for either 
upper or lower respiratory tract infection, respira-
tory failure, asthma or chronic obstructive pulmonary 
disease (COPD), as the reason for presentation/admis-
sion (see the online supplemental file for a comprehen-
sive listing of ICD- 10 codes considered). We considered 
codes for asthma and COPD in our primary outcome 
definition, since these are two commonly encountered 
chronic airway conditions, characterised by recurrent, 
acute respiratory exacerbations, which are sometimes 
serious enough to necessitate presentation to hospital. 
Secondary outcomes considered were all- cause ER visit 
or hospitalisation, and all- cause mortality. All outcomes 
were evaluated up to 12 months following the index 
date, or up to the date of death, whichever came first. We 
intentionally limited the time period in which to evaluate 
outcomes in our main analysis to 12 months following 
the index date, so as to be reasonably confident that any 
positive outcomes observed would be linked to exposure 
status at the time of the index date. The longer the time 
window used, the greater the likelihood for changes in 
cannabis exposure to occur among individuals classified 
in the exposed and/or control groups, which would then 
result in group contamination.

Propensity score matching
In order to minimise bias in our analysis from other vari-
ables, propensity score matching methods were used.28 
A propensity score model for cannabis use was created, 
using logistic regression modelling, incorporating 31 

different variables, including demographics, multiple 
physical and mental health comorbidities, markers of 
general healthcare use, previous respiratory- related ER 
visit or hospitalisation, tobacco smoking history and 
quantity, problem drinking and other substance use, 
previous contact with a respirologist, previous receipt of 
pulmonary function testing, previous respiratory- related 
medication use, previous influenza vaccine receipt and 
year of cohort entry. A full list of variables included in 
the propensity score can be found in table 1. The supple-
ment contains a detailed description of the variables 
included in the propensity score. One exposed individual 
was matched upwards to a maximum of three control 
individuals (for the purpose of enhancing sample size). 
In accordance with published recommendations, we 
matched individuals on the logit of the propensity score 
using a width calliper equal to 0.2 of the SD of the logit 
of the propensity score.29 In addition to the propensity 
score, we hard- matched exposed and control individuals 
on the following variables in order to facilitate planned 
sensitivity analyses (described in more detail below): 
sex; respiratory- related ER visit or hospitalisation in the 
preceding year; tobacco smoking history status; and, pre- 
existing asthma or COPD.

Sensitivity analyses
Several planned sensitivity analyses were undertaken. 
First, outcomes were examined stratifying by sex, since 
possible sex- related differences in the association 
between cannabis use and respiratory health have been 
up to now little explored.8 Second, outcomes were eval-
uated distinguishing by presence of a respiratory- related 
ER visit or hospitalisation in the year prior to the index 
date. Because respiratory exacerbations are known 
to be the best single independent predictor of future 
respiratory exacerbation risk in the setting of obstruc-
tive airways disease,30 we sought to further minimise the 
potential confounding effects of a history of respiratory 
infections/exacerbations, by evaluating outcomes in the 
subgroup of individuals without such a history. Third, 
because concurrent tobacco smoking is common among 
cannabis users,31 32 and tobacco smoking is well- known 
to influence respiratory- related morbidity and mortality 
risks, outcomes were evaluated among current/former 
versus never tobacco smokers, to further minimise poten-
tial bias by this factor. Fourth, we examined outcomes 
distinguishing by presence of asthma or diagnosis of 
COPD prior to the index date, in order to determine if 
risk of cannabis- related adverse respiratory events was 
greater among individuals with established obstructive 
airways disease, as some research has suggested.7 8 Pres-
ence of asthma or COPD diagnosis was based on previ-
ously validated algorithms of health administrative data-
base coding,21 22 where the reference standard was expert 
panel review of information in patient primary care 
medical charts (for asthma, sensitivity = 84% and spec-
ificity = 76%21, and for COPD, sensitivity = 85.0%, 

https://dx.doi.org/10.1136/bmjresp-2022-001216
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Table 1 Baseline characteristics of overall cohort, before and after propensity score matching

Variable

Before propensity score matching After propensity score matching

Control 
group

Cannabis 
users

Standardised 
difference*

Control 
group

Cannabis 
users

Standardised 
difference*

n=28 689 n=6425 n=10 395 n=4807

Age at index date (years), 
mean±SD, (IQR)

40.2±17.6, 
(23–57)

32.2±14.0, 
(23–43)

0.51 35.2+15.4, 
(21–48)

34.4+14.6, 
(21–47)

0.05

Women (%) 58.6 38.8 0.40 42.0 42.0 0.00

Income quintile (%)

  1 (lowest) 17.3 20.5 0.08 19.8 19.6 0.01

  2 19.3 20.4 0.03 20.6 20.6 0.01

  3 20.8 19.1 0.04 19.5 20.0 0.01

  4 22.0 19.9 0.05 20.3 20.1 0.01

  5 20.4 19.8 0.01 19.3 19.9 0.01

  Missing 0.3 0.3 0.01 0.4 0.3 0.01

Rural residence (%) 21.4 18.8 0.06 20.0 19.6 0.01

≥1 ER visit or hospitalisation for 
any cause past year (%)

24.9 30.5 0.12 28.9 28.1 0.02

≥1 Respiratory- related ER visit or 
hospitalisation past year (%)

3.6 4.1 0.03 3.7 3.7 0.00

Number of outpatient physician visits past year (%)

  0 19.8 24.0 0.10 24.0 23.5 0.01

  1 14.6 16.1 0.04 15.5 15.5 0.01

  2 11.9 13.7 0.05 12.9 13.3 0.01

  ≥3 53.6 46.2 0.15 47.7 47.8 0.01

Tobacco smoking status (%)

  Current/former 41.3 79.1 0.84 73.9 73.9 0.00

  Never/not available 58.7 20.9 0.84 26.1 26.1 0.00

Number of cigarettes smoked per day among current/former smokers (%)

  ≤12 per day 14.5 36.6 0.52 31.1 31.0 0.00

  >12 per day 26.8 42.5 0.33 42.7 42.8 0.00

  Not applicable/not available 58.8 20.9 0.84 26.2 26.2 0.00

Any illicit substance use past year 
(%)

0.1 10.3 0.47 0.7 0.7 0.01

History of problem drinking (%) 6.7 25.1 0.52 18.3 17.1 0.03

Asthma or COPD (%) 18.7 23.1 0.11 21.4 21.4 0.00

Other pulmonary disease (%) 2.0 1.9 0.01 1.9 2.0 0.01

GORD (%) 0.6 0.5 0.02 0.6 0.5 0.02

Hypertension (%) 19.9 8.7 0.32 11.2 10.7 0.02

Myocardial infarction (%) 0.9 0.7 0.02 1.1 0.9 0.02

Congestive heart failure (%) 0.9 0.4 0.06 0.6 0.5 0.01

Diabetes (%) 7.7 3.3 0.20 4.0 4.0 0.00

Cancer (%) 3.2 1.5 0.11 1.8 1.9 0.01

Psychotic mental health disease 
(%)

1.6 3.7 0.13 3.0 3.0 0.00

Depression disorder (%) 4.2 7.5 0.14 6.5 6.4 0.00

Anxiety disorder (%) 21.5 27.8 0.15 26.4 25.9 0.01

Mental/behavioural disorder from 
substance use (%)

2.5 8.6 0.27 6.8 6.6 0.01

Personality disorder (%) 0.6 1.3 0.08 0.9 0.9 0.00

Continued
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specificity = 78.4%22). A final sensitivity analysis, evalu-
ating outcomes over a longer 3- year follow- up period 
after the index date, is presented in the online supple-
mental file.

Statistical analysis
Descriptive statistics with standardised differences were 
calculated for all baseline covariates among exposed and 
control individuals, in order determine the adequacy 
of the matching process. Logistic regression with the 
method of generalised estimating equations was used to 
estimate odds ratios (ORs) with associated 95% confi-
dence intervals (CIs) for all outcomes in the propensity 
score matched cohort in the main analysis and sensitivity 
analyses. Number needed to harm (NNH) was deter-
mined by previously described methods.33

Patient and public involvement statement
Our study was conducted using deidentified data. There 
was no direct interaction with any individual participant, 
and therefore, members of the public were not involved 
in study design, recruitment or conduct of the study.

RESULTS
Cohort derivation
In the 2009–2010 and 2011–2012 CCHS, there were 35 114 
individuals aged 12–65 years who had used cannabis in the 
past year or were control individuals. Of these, 6425 (18.3%) 
used cannabis in the past year, and from this group, 4807 
(74.8%) were propensity score matched in upwards of a 1:3 
ratio to 10 395 control individuals (figure 1). After propen-
sity score matching, cannabis users and control individuals 

were adequately balanced on baseline characteristics, with 
standardised differences being below 10% for all variables 
(table 1). In the propensity score matched sample, cannabis 
use frequency among exposed individuals occurred as 
follows: 42.5% were using less than once a month; 18.1% 
were using 1–3 times a month; 9.4% were using once a week; 
11.4% were using more than once a week; 10.5% were using 
every day; and, cannabis use frequency data were unavail-
able for 8.0%.

Figure 1 Flow diagram outlining derivation of the exposed 
and control groups. CCHS, Canadian Community Health 
Surveys.

Variable

Before propensity score matching After propensity score matching

Control 
group

Cannabis 
users

Standardised 
difference*

Control 
group

Cannabis 
users

Standardised 
difference*

n=28 689 n=6425 n=10 395 n=4807

Other non- psychotic mental 
health disorder (%)

6.2 5.6 0.03 5.5 5.3 0.01

Sleep disorder (%) 9.8 7.9 0.07 8.2 8.1 0.00

Respirologist outpatient visit past 
year (%)

1.4 1.0 0.03 1.2 1.1 0.00

Spirometry, bronchoprovocation 
or exercise oximetry testing past 
year (%)

3.4 2.5 0.06 2.8 2.7 0.00

Respiratory- related medication 
use past year (%)

7.0 8.1 0.04 7.6 7.8 0.01

Influenza vaccination past year 
(%)

32.6 19.4 0.31 22.3 21.7 0.01

Year of Canadian Community Health Survey (CCHS) interview was also included in our propensity score model and well- balanced 
among cannabis users and controls, but is not shown above for table formatting purposes.
*Standardised differences of >0.10 are thought to indicate potentially meaningful differences.
COPD, chronic obstructive pulmonary disease; ER, emergency room; GORD, gastro- oesophageal reflux disease; n, number.

Table 1 Continued
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Overall cohort analysis
In the propensity score matched cohort, odds of 
respiratory- related ER visit or hospitalisation was not 
significantly different between exposed and control indi-
viduals (OR 0.91, 95% CI 0.77 to 1.09, p=0.32) (table 2). 
However, compared with the control group, cannabis 
users had significantly greater odds of all- cause ER visit or 
hospitalisation (OR 1.22, 95% CI 1.13 to 1.31, p<0.0001, 
NNH 25). Examining the top 100 ICD- 10 diagnostic 
codes recorded as etiologies for the all- cause ER visit and 
hospitalisation outcome among cannabis users revealed 
that respiratory- related were the second most common 
cause (14.2%), after acute trauma (15.1%) (table 3). All- 
cause mortality was not significantly different between 
the two groups (OR 0.99, 95% CI 0.49 to 2.02, p=0.98).

Sensitivity analyses
By sex
There was no significant difference in the odds of 
respiratory- related ER visit or hospitalisation between 

cannabis users and control individuals, among both men 
and women (table 4). However, compared with their 
respective controls, both men and women cannabis users 
had significantly higher and similar odds of all- cause ER 
visit or hospitalisation (men: OR 1.23, 95% CI 1.11 to 
1.36; women: OR 1.23, 95% CI 1.10 to 1.37). Owing to 
the small sample size, we were unable to produce a reli-
able OR estimate for all- cause mortality for this sensitivity 
analysis and all others presented in table 4.

By prior respiratory-related ER visit or hospitalisation
In the subgroup of individuals who had not experienced 
a respiratory- related ER visit or hospitalisation in the year 
prior to the index date, no significant difference was 
observed in respiratory- related ER visit or hospitalisation 
odds among exposed versus control individuals (table 4). 
However, significantly greater all- cause ER visit or hospi-
talisation odds were observed among cannabis users (OR 
1.22, 95% CI 1.13 to 1.32) relative to control individuals. 
In the subgroup of individuals who had experienced one 
or more respiratory- related ER visits or hospitalisations 
in the year prior to the index date, no significant differ-
ences were observed between the two groups with respect 
to any of the outcomes.

By tobacco smoking history
Among current/former tobacco smokers, exposed 
versus control individuals had significantly lower odds of 
respiratory- related ER visits or hospitalisations (OR 0.80 
95% CI 0.65 to 0.99), but significantly higher odds of all- 
cause ER visits or hospitalisations (OR 1.16, 95% CI 1.06 
to 1.26) (table 4). Among never- tobacco smokers, there 
was no significant difference in respiratory- related ER 
visit or hospitalisation odds for exposed versus control 
individuals, but significantly greater all- cause ER visit or 
hospitalisation odds were observed among exposed (OR 
1.35, 95% CI 1.16 to 1.56).

By pre-existing asthma or COPD
There was no significant difference in odds of respiratory- 
related ER visits or hospitalisations between cannabis 
users and control individuals in both the subgroup with 
pre- existing asthma and COPD and the subgroup without 
pre- existing asthma and COPD (table 4). However, in 

Table 2 ORs and confidence intervals for outcomes in the overall propensity score matched cohort

Outcomes Cannabis use status Number of events (%) OR (95% CI), p value

Respiratory- related ER visit or 
hospital admission

Cannabis users 175 (3.6) 0.91 (0.77 to 1.09), p=0.32

Control group 410 (3.9) 1.00

All- cause ER visit or hospital 
admission

Cannabis users 1443 (30.0) 1.22 (1.13 to 1.31), p<0.0001

Control group 2699 (26.0) 1.00

All- cause mortality Cannabis users 11 (0.2) 0.99 (0.49 to 2.02), p=0.98

Control group 24 (0.2) 1.00

ER, emergency room; n, number.

Table 3 Breakdown of all- cause emergency room visit and 
hospitalisation outcome for cannabis users for the top 100 
ICD- 10 diagnostic codes recorded

Cause Frequency (%)

Acute trauma 15.1

Respiratory 14.2

Gastrointestinal 13.3

Miscellaneous* 11.3

Genitourinary 11.0

Muscle/joint pain 8.0

Infection (that does not fall into any of the 
other categories)

6.8

Mental health 5.4

Cardiovascular 5.4

Neurologic 3.3

Dermatologic 3.2

Cancer- related 3.0

*Includes items like attention to dressings/sutures, issuing of a 
repeat drug prescription, follow- up on results of investigations, 
non- specific symptoms (eg, dizziness), etc.
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both subgroups, cannabis use was associated with signif-
icantly elevated odds of all- cause ER visits or hospitalisa-
tions (with pre- existing asthma or COPD: OR 1.16, 95% 
CI 1.00 to 1.35, p=0.05; without pre- existing asthma or 
COPD: OR 1.24, 95% CI 1.13 to 1.35).

DISCUSSION
Our primary outcome, odds of respiratory- related ER 
visits or hospitalisations, was not significantly greater 
among cannabis users than the the control group in either 
the overall cohort, or in any of our sensitivity analyses. 
However, our population- based study demonstrated that 
cannabis use was associated with significantly increased 
all- cause ER visits or hospitalisations, which is arguably 
an equally clinically important morbidity outcome, with a 
relatively low NNH of only 25, and that respiratory- related 
reasons were in fact the second most common aeti-
ology for all- cause ER visits and hospitalisations among 
cannabis users. Although the observation of no signifi-
cant association between cannabis use and respiratory- 
related ER visits or hospitalisations may certainly be real, 
and somewhat at odds with the limited previous litera-
ture on the topic,16 17 the negative result might also be 
explained by several possible factors for which we were 
unable to adjust, including: insufficient cannabis smoke 
exposure among users included in our particular study 

(eg, previous research has shown that decline in lung 
function occurs only among cannabis smokers with >20 
joints per year exposure history7 34); some of the reported 
cannabis use being non- inhalational (which would be 
less likely to cause respiratory- related illness than inhaled 
cannabis); and, possible secondhand cannabis smoke 
exposure among control individuals, thereby ‘contami-
nating’ the control group. It is also possible that our anal-
ysis might have been insufficiently powered to detect a 
significant signal with respect to the primary outcome.

As all- cause ER visits/hospitalisations were signifi-
cantly elevated in association with cannabis use among 
the subgroup of individuals without a recent history 
of respiratory- related ER visits/hospitalisations, this 
strengthens the credibility of a true link between cannabis 
use and the outcome, since these individuals would prob-
ably have a lower a priori risk of presenting to hospital. 
Although all- cause ER visits/hospitalisations were not 
found to be elevated among cannabis users with a recent 
history of respiratory- related ER visits/hospitalisations, 
the much smaller sample size numbers in that subgroup 
potentially impeded the ability to detect a significant 
result. In contrast to some previous research demon-
strating that combined cannabis and tobacco exposure is 
linked to worse outcomes,35 36 we surprisingly found that 
cannabis use was associated with significantly decreased 

Table 4 ORs and confidence intervals for outcomes, according to selected subgroups

Cannabis use 
status

Respiratory- related ER visit or hospital 
admission All- cause ER visit or hospital admission

N (%) OR (95% CI), p value N (%) OR (95% CI), p value

By sex

  Men Cannabis users 81 (2.9%) 1.00 (0.77 to 1.31), p=0.99 742 (26,6%) 1.23 (1.11 to 1.36), p<0.0001

Control group 171 (2.9%) 1.00 1327 (22.7%) 1.00

  Women Cannabis users 94 (4.7%) 0.86 (0.68 to 1.10), p=0.23 701 (34.8%) 1.23 (1.10 to 1.37), p=0.0003

Control group 239 (5.3%) 1.00 1372 (30.1%) 1.00

By prior respiratory- related ER visit/hospitalisation in the past year

  No Cannabis users 149 (3.0%) 0.94 (0.77 to 1.14), p=0.52 1333 (28.8%) 1.22 (1.13 to 1.32), p<0.0001

Control group 328 (3.5%) 1.00 2490 (24.9%) 1.00

  Yes Cannabis users 33 (18.6%) 0.82 (0.53 to 1.26), p=0.36 110 (62.2%) 1.25 (0.89 to 1.74), p=0.19

Control group 82 (21.9%) 1.00 209 (55.9%) 1.00

By tobacco smoking status

  Current/former 
smoker

Cannabis users 123 (3.5%) 0.80 (0.65 to 0.99), p=0.04 1070 (30.1%) 1.16 (1.06 to 1.26), p=0.001

Control group 290 (4.2%) 1.00 1856 (27.1%) 1.00

  Never smoker/not 
available

Cannabis users 52 (4.1%) 1.23 (0.89 to 1.70), p=0.21 373 (29.7%) 1.35 (1.16 to 1.56), p<0.0001

Control group 120 (3.4%) 1.00 843 (23.9%) 1.00

By pre- existing asthma/COPD

  Yes Cannabis users 62 (6.1%) 0.82 (0.61 to 1.11), p=0.20 362 (35.7%) 1.16 (1.00 to 1.35), p=0.05

Control group 157 (7.3%) 1.00 694 (32.1%) 1.00

  No Cannabis users 113 (3.0%) 0.96 (0.77 to 1.20), p=0.70 1081 (28.5%) 1.24 (1.13 to 1.35), p<0.0001

Control group 253 (3.1%) 1.00 2005 (24.4%) 1.00

COPD, chronic obstructive pulmonary disease; ER, emergency room; n, number.
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odds of respiratory- related ER visits/hospitalisations 
in the subgroup of current/former tobacco smokers. 
However, in the same subgroup of current/former 
tobacco smokers, odds of all- cause ER visits/hospitalisa-
tions were significantly elevated among cannabis users, 
and reduced odds of respiratory- related ER visits/hospi-
talisations was not observed with cannabis use in the 
subgroup with pre- existing obstructive airways disease 
(and many individuals in that subgroup would be charac-
terised by having a significant tobacco smoking history). 
Both sexes were at similar heightened odds for all- cause 
ER visits/hospitalisations in association with cannabis use, 
which is in contrast to some previous research demon-
strating that men (but not women) cannabis smokers 
were more susceptible to worse health.8

It is noteworthy that the leading aetiology of the 
increased all- cause ER visit/hospitalisation outcome 
among cannabis users was acute trauma (~18%). Because 
our present research focus was on the possible associa-
tion between cannabis use and acute respiratory infec-
tious illness, it was beyond our scope to further describe 
possible associations between cannabis use and physical 
trauma. However, there is a growing body of published 
literature linking cannabis consumption to increased 
risks of generalised body injury,37 motor vehicle acci-
dents,38 falls39 and skeletal fractures (along with low bone 
mineral density).40

Our study has several limitations. Causation should 
not be inferred as the explanation for any of our posi-
tive findings, given the observational nature of our study. 
Unmeasured confounding might have accounted for 
any of our observed positive results. However, we mini-
mised confounding factors by propensity score matching 
on a broad list of relevant covariates (including, but not 
limited to, tobacco smoking, multiple physical and mental 
health comorbidities, and previous ER visits/hospitalisa-
tions) and we performed several sensitivity analyses strati-
fying by some key variables (eg, tobacco smoking). While 
not all cannabis users in our exposed group might have 
consumed cannabis by inhalation (which is the route that 
would be most likely to cause respiratory- related illness), 
inhalation is known to be the most common route of 
receipt.19 Because cannabis use was based on self- report, 
there is potential for introduction of recall and social 
desirability biases. However, information on smoking is 
usually gathered by self- report. While the CCHS included 
a question that crudely captured frequency of cannabis 
use over the preceding year among exposed individuals, 
we were unable to perform a dose–response analysis, as 
reliable estimates could not be produced given small 
sample numbers in the frequency response categories. 
The high numbers of infrequent cannabis users in our 
exposed group might have contributed to our finding 
of no significant positive association between cannabis 
use and respiratory- related ER visits or hospitalisations. 
Information on quantity and potency of cannabis used 
was not collected by CCHS, and therefore, could not be 
accounted for in our analysis. About 25% of cannabis 

users in our study went unmatched, and therefore could 
not be included in the propensity score matched anal-
ysis, and it is unknown how their potential inclusion, 
if matched, would have influenced the results. We had 
access to cannabis use data only from the time prior 
to its decriminalisation in Canada (ie, October 2018). 
Cannabis use has increased in Canada following its 
decriminalisation (mostly among middle- aged and older 
adults),41 potentially affecting both the frequency and 
nature of related adverse events, but we were unable to 
perform an analysis before and after decriminalisation. 
We were also unable to adjust for possible secondhand 
cannabis smoke exposure among control individuals, as 
such data were not available to us. Although we consid-
ered a broad range of ages in this study (12–65 years), 
our findings may not apply to children or older adults 
who use cannabis. Relatively small numbers of cannabis 
users aged <20 years old and ages 50–65 years precluded 
evaluation for our adverse outcomes by these age groups 
of potential interest. Although our results are based on 
individuals from a single jurisdiction, Ontario, Canada, is 
culturally diverse.

In conclusion, no significant association was observed 
between cannabis use and respiratory- related ER visits 
or hospitalisations. However, after adjusting for a broad 
range of covariates, the risk of an equally important 
morbidity outcome, all- cause ER visits or hospitalisa-
tion,s was significantly greater among cannabis users 
than among control individuals, and respiratory- related 
reasons were the second most common cause for ER visits 
and hospitalisations in the all- cause outcome. Further 
research is needed to confirm our findings, but our results 
suggest that cannabis use is associated with increased risk 
for serious adverse health events, and therefore, its recre-
ational consumption in the general population should be 
discouraged.
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