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ABSTRACT

Objective: The potential impact of cigarette and cannabis smoking on COVID-19 infection outcomes is not
well understood. We investigated the association between combustible tobacco use and dried cannabis use
with COVID-19 infection in a longitudinal cohort of community adults. Method: The sample comprised
1,343 participants, originally enrolled in 2018, who reported their cigarette and cannabis use in 11
assessments over 44 months, until 2022. COVID-19 infection history were self-reported after the onset of
the pandemic. Univariate and multivariate logistic regression analyses were performed. The potentially
confounding factor of vaccination status was also considered by stratifying data by booster vaccination self-
reporting. Results: Among 1,343 participants, 820 (61.1%) reported any COVID-19 infection. Dried
cannabis use (46.3% of participants, n = 721) was associated with higher self-reporting of 2+ COVID-19
infections (13.3% vs. 7.3% in non-users, p = .0004), while tobacco use (18.5% of participants, n = 248) had
no significant effect (13.3% vs. 10.0% in no use group, p=.116). When stratified into single or dual substance
use groups, dried cannabis-only use was associated with increased reporting of 1 or 2+ COVID-19 infections
compared to substance non-users, while tobacco-only use and dual use groups were not significantly
different from non-users. To account for differences in vaccination rates between substance use groups, we
found that, among individuals with a COVID-19 booster vaccine, dried cannabis use was still associated
with increased reporting of 2+ COVID-19 infections (p = .008). Conclusions: Our study suggests that dried
cannabis use is associated with a higher likelihood of reporting 2+ COVID-19 infections. Although the study
was observational and relied on self-report infection status, our findings support the need for further
investigation into the impact of cannabis use on COVID-19 infection, particularly studies employing
controlled experimental designs.

Key words: = COVID-19; cannabis use; cigarette smoking; infection reporting; immunomodulation;
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Although smoke exposures have long been Cohen et al., 1993; Feldman et al., 2015; Kark et
known to increase susceptibility and severity of al., 1982; Noah et al., 2012; Rebuli et al., 2019;
respiratory tract infection (Blake et al., 1988; Rogot & Murray, 1980), the effects of cannabis
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smoke on respiratory tract viral infection remain
poorly understood. There is some evidence that
individuals who use cannabis report increased
incidence of bronchitis- and pneumonia-related
respiratory symptoms (Macleod et al., 2015; Tetrault
et al., 2007), as well as increased hospitalization
rates and length of stay associated with respiratory
tract infections compared to those who do not use
cannabis (Polen et al., 1993; Rosoff et al., 2021a). In
preclinical models, it was shown that both direct
administration of the cannabinoid
tetrahydrocannabinol (THC; (Buchweitz et al., 2007;
Buchweitz et al., 2008) and exposure to cannabis
smoke (Milad et al., 2023) before and after influenza
A 1infection in mice suppressed aspects of the anti-
viral inflammatory response, leading to reduced
immune cell recruitment and an increased
pulmonary viral load. Therefore, in the wake of
widespread legalization and potential for future
global pandemics, it is crucial that we understand to
what extent cannabis use might impact pulmonary
host-defense and antiviral responses.

The SARS-CoV-2 (COVID-19) virus has
dramatically affected the pulmonary health of
millions of people globally, but there is ambiguity
surrounding the potential additional risks among
cigarette and cannabis smokers. Some early studies
suggested there was a “smoker’s paradox,” where
cigarette smokers were found to be underrepresented
among patients with severe COVID-19 infection
(Lippi et al., 2020; Lombardi et al., 2021; Meini et al.,
2021), although data regarding the relationship
between COVID-19 and smoking status are
conflicting (Lippi et al., 2020; Zhou et al., 2020) (Guo,
2020; Kozak et al., 2020; Liu et al., 2020; Lowe et al.,
2021; Patanavanich & Glantz, 2020, 2021; Rosoff et
al.,, 2021b; Yu et al., 2020; Zheng et al., 2020).
Similarly, the potential link between cannabis
smoking and COVID-19-associated disease has also
been debated. Initially, several published reviews
and editorials suggested that cannabis use might
dampen pulmonary inflammation associated with
COVID-19 infection through the immunomodulatory
effects of cannabinoids, namely THC and cannabidiol
(CBD), and thus alleviate symptoms and improve
outcomes (Onaivi & Sharma, 2020; Paland et al.,
2021; Pascual Pastor et al., 2020; Pérez et al., 2022).
When clinical data were collected, studies showed
conflicting results, where some suggested a
protective effect (Huang et al., 2022; Shover et al.,
2022), no effect (Rosoff et al., 2021a, 2021b) or a
negative effect (Hasin et al., 2022; Huang et al., 2022;

Merianos et al., 2022) on COVID-19 infection rate
and/or severity. Further complicating research into
these topics are reports that substance use, e.g.
alcohol and cannabis, may have increased early in
the pandemic (Imtiaz et al., 2021; Levitt et al., 2023;
Newport et al, 2023), though it subsequently
decreased over the ensuing reopening and return to
work.

Overall, the impact of tobacco and cannabis
smoking on COVID-19 outcomes remains poorly
understood, which has significantly complicated
public messaging during the recent COVID-19
pandemic (Pascual Pastor et al., 2020). A common
limitation of previous studies has been cross-
sectional data collection. In addition, the
Investigation of how substance use might affect
respiratory tract infections is complicated by the
potentially confounding factor of vaccine hesitancy,
asitis possible that significant differences in COVID-
19 infections and outcomes between users and non-
users may be related to reduced vaccine uptake in
substance users. In the current study, a cohort of
participants recruited pre-pandemic in 2018 were
assessed for tobacco and cannabis use at regular
intervals (3-6  months), with COVID-19
measurements added after the onset of the
pandemic. This prospective observational cohort
study enabled quantification of self-reported tobacco
and cannabis use over 44 months spanning several
COVID-19 infection waves, providing a higher
resolution perspective on consumption of cannabis
and tobacco in relation to COVID-19 outcomes.

METHODS

Patient Recruitment, Baseline Characteristics, and
COVID-19 Self-Reporting

The study population of N= 1,502 was recruited
from the Population for Assessment of Tomorrow’s
Health (PATH) registry of 2,165 community-based
adults from Hamilton, Ontario, Canada. The registry
was a one-time, in-person assessment from 2016-
2018 which captured biometric indices (sex, weight,
height, heart rate, blood pressure, etc.). Inclusion
criteria were as follows: between the ages of 18-65,
minimum 9t grade education for adequate literacy to
complete online assessments, willingness to receive
Invitations to future assessments, and no current
terminal illnesses to ensure ability to participate in
future assessments. The first web-administered
assessment occurred in September 2018, with online
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follow-ups every 6 months (Supplementary Figure 1)
via Research Electronic Data Capture (REDCap)
software (Harris et al., 2009). Two additional follow-
ups spaced at 3-month intervals were administered
in the acute phase of the COVID-19 pandemic
(specifically, July 2020 and January 2021). Cannabis
was legalized in Canada in October 2018; therefore,
data on substance use was collected pre- and post-
legalization. Attrition analysis can be found in
Supplementary Table 1. Quality control was
administered at each wave, which consisted of asking
participants to correctly answer at least 3 of 5
questions embedded throughout the assessment
correctly. These questions had unambiguous correct
responses, such as “For this question, choose
‘Strongly Disagree.” Retention in each wave is high,
with few excluded due to low quality control (QC)
where the mean average passing QC = 99.4%. The
study was approved by the Hamilton Integrated
Research Ethics Board (Protocol #4699), all
participants underwent informed consent, and all
procedures complied with the Helsinki Declaration.
To analyze COVID-19 infection self-reporting,
participants were included in the final sample if they
had data at either T10 (April 2022) or T11 (October
2022), as these waves captured a fulsome window of
the pandemic, including the Omicron strain (Breznik
et al., 2023). This saw a total of 1,343 individuals
included in analysis (89% retention), in which most
had data for all 11 survey waves (M= 10.65; median
=11). It is also in these waves that we administered
a question asking about all prior COVID-19
infections. COVID-19 infections were self-reported,
and thus include individuals who had confirmed
COVID-19 positive tests via PCR or rapid antigen
testing, as well as participants who did not test but
strongly suspected they had a COVID-19 infection.
The COVID-19 vaccination status of participants
was also determined wvia self-reporting, and
participants were stratified into two categories:
booster vaccination (1-2 primary vaccines plus a
bivalent booster dose) or no booster vaccination
(includes unvaccinated and primary vaccine only
without bivalent booster dose). These groups were
selected in order to explore whether differences in
COVID-19 infection reporting may be influenced by
group differences in vaccination hesitancy, since 1 or
2 primary vaccinations were mandated by the
Canadian government in September 2021, while
booster vaccination was always optional (Bowdish et
al.,, 2024; "Ontario Regulation 645/21; Rules for
Areas at Step 3 and the Roadmap Exit Step," 2021),
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an unvaccinated group (<5% of cohort) was not
included in the analyses.

Cannabis and Tobacco Use Frequency

Cannabis was legalized in Canada in October
2018, and dried cannabis use was defined as
consumption of any dried flower cannabis across all
waves of the study. Among dried cannabis users,
dried leaf/flower could be smoked and/or vaped in a
heating device that did not lead to combustion,
although 92% of dried cannabis users chose
combustion or combustion plus vaping as their main
route of administration. Conversely, edibles were
considered a separate usage group not included in
our analysis. An average frequency of use across all
surveys (2018-2022) in which the participant has
data was used as a predictor of the COVID-19 related
outcomes. In addition to frequency, typical amount of
dried cannabis used per occasion in which cannabis
was consumed was also collected, in which the
average amount of dried cannabis product in grams
consumed across waves was multiplied by frequency
and used as a predictor of COVID-19 infection. To
mitigate improper estimating of dried cannabis use
self-reporting, a scaling image is provided within the
survey comparing the size of 1 gram of dried cannabis
to a bottle cap (Supplementary Figure 2).

Tobacco use was defined as smoking any
cigarettes across all waves of the study. The average
number of cigarettes consumed across waves for
which participants have data was used as a predictor
of the COVID-19 related outcomes. See Online
Supplementary Materials for additional information
on cannabis and tobacco cigarette use questions.
Throughout the manuscript, tobacco cigarettes will
simply be referred to as tobacco or cigarettes.

To attempt to establish a dose-response
relationship between substance use and COVID-19
infection, we 1) compared substance use frequency
between those reporting a COVID-19 infection and
those not reporting a COVID-19 infection and 2)
performed univariate (unadjusted) and multivariate
(adjusted) logistical regression analyses of substance
use frequency and COVID-19 infection reporting.

Statistical Analyses

Chi-squared tests were used to test differences in
proportions, and two-sided t-tests (Welch’s t-test
when non-normality of variance was detected) were
used when comparing the means of two groups.
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Univariate and multivariate (sex, age, continuous
income, and substance use as covariates) logistic
regressions were performed using the entire n =
1,343 sample to predict odds ratios (OR) of having 1
or 2+ COVID-19 infections. Similarly, univariate
(unadjusted) and multivariate (adjusted) logistic
regressions were performed for a subset of
participants with a prior COVID-19 infection who
endorsed a) cigarette use or b) dried cannabis use to
determine if significant predictors remain significant
in a subset of substance users. Raw p values are
reported throughout with a conservative significance
value of a=.005 per Benjamin et al. (2018), and effect
sizes using Cohen’s D are reported for statistically
significant t-tests (Lakens, 2013).

RESULTS
Baseline Characteristics and COVID-19 Outcomes

Among the 1,343 included participants, we found
that 248 individuals endorsed smoking cigarettes
(18.5% of cohort), and 753 individuals endorsed using
dried cannabis (56.1% of cohort) during the study
period. Dividing participants by cannabis use
revealed that participants who endorsed dried

cannabis use were significantly younger, had lower
median income, and reported increased tobacco use
throughout the study (Supplementary Table 2).
Furthermore, when looking at vaccination status,
there was a trend towards lower reporting of COVID-
19 booster vaccination among dried cannabis users
compared to non-users, #1) = 226, p = .0256
(Supplementary Table 2). When comparing baseline
characteristics, there was a trend towards White
race, significantly lower median income, and
significantly higher cannabis use among individuals
who endorsed smoking cigarettes compared to those
who did not (Supplementary Table 2). Self-reported
vaccination status was also significantly different
depending on cigarette use, where a smaller
proportion of tobacco smokers had received a primary
COVID-19 vaccination compared to non-smokers,
89.9% vs 95.5%, X2(1) = 11.5, p = .000840, and a
smaller percentage of tobacco smokers had received
a COVID-19 booster vaccine, 64.1% vs 79.7%, XX(1) =
26.8, p<.0001, Supplementary Table 2.

Dual use of tobacco and dried cannabis was
relatively common: 199 participants, or 14.8% of the
whole cohort, endorsed using both substances, which
represents 80.2% of cigarette smokers and 26.4% of
dried cannabis users (Figure 1).

Figure 1. Distribution of COVID-19 Infection Reporting Among Cigarette and Dried

Cannabis Single or Dual Users in the Cohort

14.8% Dual Use 41.3% Cannabis Only Use

an

W = 1 participant

EEEEEEEEEEENEEEREED
50.1 67%

13.4%

14.3%

Note. Self-reported COVID-19 infections divided by cigarette and dried cannabis use as follows:
non-users (blue), cigarette only users (grayscale), dried cannabis only users (green) and dual
cigarette and dried cannabis users (yellow). One square represents one participant.

Therefore, participants were divided into
mutually exclusive substance use groups as
follows: no use, cigarette-only use, dried cannabis-

only use, and dual cigarette and cannabis use.
Baseline characteristics were also compared for
mutually exclusive groups, where booster
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vaccination was found to be lower in the dual use
group compared to substance no use and dried
cannabis-only use, 63.8% vs 81.1% and 78.3%,
respectively, X2(3) = 29.0, p < .0001, cannabis use
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throughout the study was higher in dual use
group compared to cannabis-only use, and median
income was significantly lower in dual use group
compared to dried cannabis-only use (Table 1).

Table 1. Baseline Characteristics of Cohort of Mutually Exclusive Cigarette/Cannabis Use Groups

Cigarette Dried
Characteristic No Use 18ar Cannabis Dual Use Statistics
Only
Only
N (Overall %) 541 (40.3%) 49 (3.7%) 554 (41.3%) 199 (14.8%)
X2=9.95
N (%) Female 351 (64.9%) 36 (73.5%) 321 (57.9%) 114 (57.3%) = 0190
N (%) White X2=9.97
42 .3% 4 .9% 42 .3% 161 .9%
Ethnicity 9 (79.3%) 7 (95.9%) 8 (77.3%) 61 (80.9%) p=.0189
Prior Respiratory Conditions:
. X2=1.89
COPD: 16 (3.0%) 1(2.0%) 13 (2.3%) 8 (4.0%) b= 597
, X2=2.43
Asthma: 92 (17.0%) 8 (16.3%) 106 (19.1%) 40 (20.1%) b= 488
Vaccination Status:
Pri inati X2=12.5
rimary Vacenation o0 g0 900 40 (81.6%) 509 (91.9%) 169 (84.9%)
(1-2 vaccine) p=.00572
Booster Vaccination
127 X2=29.0
- 3 + A 0/ )b . 0, . 0, a
(1-2 vaccines 439 (81.1%)>  32(65.3%) 434 (78.3%) (63.8%)ab £<.0001
booster)
Cigarette Use (mean
] . +/- . +/- = 2.
# cigarettes N/A 13,328.91 +/ N/A 8,5626.23 +/ t=2.26
throughout study +/- 13,884.93 13,173.57 p=.0246
SD)
Cannabis Use
(mean grams N/A N/A 285.67 +/- 902.68 +/- t=3.71
throughout study +/- 898.01 1,700.4 p=.000256
SD)
Alcohol Use (mean
standard number of 9,70.9 +/- 1,601.38 +/- 1,618.85 +/- 2,421.48 +/- F=39.2
drinks throughout 1,126.15¢ 1,740.71 1,732.23ac 2,505.982 p<.0001
study +/- SD)
Median Income** $90,000 - $75,000 - $75,000 - $45,000 - F=25.0
$104,999 $89,999 $89,9992 $59,9992 p<.0001
M +/- SD A t
enza; 50 ;2 - eggizn 4383+ 35.3 +/- 35.54 +/- F=476
14.98¢ ’ 12.3¢d 11.78 p<.0001

age)

Note. 2Post-hoc: significant difference between cannabis only use and dual use (p < .005), bPost-hoc:
significant difference between no substance use and dual use (p < .005), <Post-hoc: significant
difference between cannabis only use and no substance use (p <.005), 4Post-hoc: significant difference
between cannabis only use and cigarette only use (p < .005).
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Dried Cannabis Use and COVID-19 Infection

In the whole cohort, 820 (61.1%) reported at least one
COVID-19 infection, and 143 (10.6%) reported two or
more COVID-19 infections. When comparing
individuals who endorsed using dried cannabis to
those who did not, dried cannabis use was associated
with increased reporting of a single, trend, X2(1) =
6.01, p=.0142, or multiple COVID-19 infections, X2
(1) = 11.9, p=.000573, Supplementary Table 3. In
contrast, there was no significant difference in
COVID-19 infection self-reporting associated with
tobacco use (Supplementary Table 3). To ensure that
any associations between multiple COVID-19
infections and cigarette/cannabis use were not the
result of participants quitting or reducing their use
after a COVID-19 infection, substance use before and
after a participant reported their first COVID-19

infection were compared, and no significant change
1n substance use was observed pre- and post-infection
(Supplementary Table 4).

Since dual use was common, COVID-19 infections
were also assessed for the mutually exclusive groups:
no use, cigarette-only use, dried cannabis-only use,
and dual cigarette/cannabis use. There was a
significant increase in reporting of a single COVID-
19 infection among the dried cannabis-only use group
(67.6%) compared to no use (56.8%; p=.000307) and
dual use (54.3%; p = .00115; Figure 1 and Table 2).
Similarly, a significant increase in reporting multiple
COVID-19 infections was observed for dried
cannabis-only use group (13.4%) compared to no use
(6.7%; p = .000267), with trends (p < .05) towards
increases for cigarette-only use and dual use groups
when compared to no use (Figure 1 and Table 2).

Table 2. COVID-19 Infection Self-Reporting Among Cigarette Smokers, Dried Cannabis Users,

and Dual Users

Mutually Exclusive Substance Use Groups

Dried Cigarette-onl
N (% of use No Use Cannabis- £ U y Dual Use Statist;
group) (N=541) only Use ( N—SZ 9 (N=199) tatistics
(N=554)

1+ COVID-19 307 (56.7%) 374 (67.5%)ab 31 (63.3%) 108 (54.3%) X2=17.9
Infection p=.000466

2+ COVID-19 36 (6.7%) 74 (18.4%)2 7 (14.3%)c 26 (13.1%)d X2=15.2
Infections p=.00162

Note. 2 Post-hoc: significant difference between dried cannabis-only use vs no use, » Post-hoc:

significant difference between dried cannabis-only use vs dual use, ¢ Post-hoc: trend towards
difference between cigarette-only use and no use (p < .05), d Post-hoc: trend towards difference

between dual and no use (p <.05).

Frequency of Substance Use and COVID-19 Infection
Self-Reporting

Interestingly, both cigarette use and dried
cannabis use among those reporting a COVID-19
infection consumed on average fewer grams of dried
cannabis (0.19 vs 0.32; trend p = .00569) and fewer
cigarettes (3.51 vs 6.31) per day throughout the study
than those not reporting a COVID-19 infection
(Supplementary Table 5), initially suggesting an
inverse correlation between substance use and
COVID-19 infection. To assess the possible
interaction between dried cannabis and tobacco use
among those endorsing dual substance use, analyses

were repeated using mutually exclusive substance
use groups. Analysis revealed that the trend that
participants endorsing dried cannabis use and
reporting a COVID-19 infection consumed less dried
cannabis daily on average than those not reporting
an infection only remained a trend (0.63 vs 0.33
grams/day; p=.0112) in the dual use group, with no
difference observed in the dried cannabis-only use
group (0.16 vs 0.15 grams/day; Table 3). Similarly,
the decrease in cigarettes consumed per day by
individuals reporting a COVID-19 infection was only
present in the dual use group (593 vs 2.9
cigarettes/day; p = .00111), not in the cigarette-only
use group (Table 3).
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Table 3. Dried Cannabis and Tobacco Consumption by COVID-19 Infection Reporting

Mutually Exclusive Substance Use Groups

Dried Cannabis

Cigarette Only

Mean +/- SD No Use Only Use Use Dual Use
Medi N=541 N=199
(Median) ( ) (N=554) (N = 49) ( )
Average Cigarettes per Day
No COVID-19 8.23 +/- 7.82
+/- +/- .93 +/-8.1 (1.
Infection 0+/-0(0) 0+/-0 (5.59) 5.93 +/- 8.1 (1.36)
COVID-19
: 0+/-0(0) 0+/-0 5.63 +/- 6.2 (3.55) 2.9 +/- 4.6 (0.48)
Infection
Sienificance t=1.29; t=3.31
& p=.204 p=.00111
Effect Size
(Cohen’s D) =041
Average Daily Cannabis Grams
No COVID-19 0.16 +/- 0.37
+/- +/- .63 +/- 1.0 (0.
Infoction 0+/-0(0) ©0.01) 0+/-0 0.63 +/- 1.0 (0.1)
COVID-19 0.15+/- 0.48 0.33 +/- 0.65
0+/-0( 0+/-0
Infection ©) (0.01) (0.02)
Sionifi t=0.115; t=2.56
1gnificance =910 p= 0112
Effect Size
d=0.36
(Cohen’s D)
To further probe potential dose-response although cigarette smoking frequency was

relationships, logistic regression analyses were
performed to assess whether there was a
correlation between total substance use
throughout the study and COVID-19 infection
self-reporting. Initially, the univariate analysis
revealed a trend that each gram of dried cannabis
consumed per day was associated with a 29%
reduction in the odds of reporting a COVID-19
infection (OR = 0.71; p = .00745); however, dried
cannabis use frequency was not a significant
predictor of COVID-19 infection reporting after
accounting for sex, age, household income, alcohol
consumption, and tobacco cigarette smoking in
the multivariate analysis (Table 4). Similarly,

negatively associated with COVID-19 infection
self-reporting in the univariate analysis (OR =
0.94; p = .0015), this relationship was no longer
significant when data were adjusted for age, sex,
household income, alcohol consumption, and dried
cannabis use via multivariate analysis (Table 4).
Overall, the dose-response pattern that increased
substance use is associated with reduced COVID-
19 infection self-reporting was only significant for
tobacco smoking in the dual use group, and this
relationship disappears for both tobacco and dried
cannabis use once data were adjusted, suggesting
it is related to confounding variables.

Table 4. Univariate and Multivariate Odds Ratios (ORs) for COVID-19 Infection Self-Reporting

Among Substance Use Groups

OR pvalue
1+ COVID-19 Infection
Unadjusted Analysis
Cannabis Grams per Day 0.71 (0.55 — 0.91) .00745
Dried Cannabis Use (N=753)
Cigarettes per Day 0.94 (0.90 - 0.97) .00154
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Cigarette Use (V= 248)

Adjusted Analysis*

Cannabis Grams per Day 0.82 (0.62 — 1.08) .161
Dried Cannabis Use (N=753)
Cigarettes per Day 0.97 (0.93 — 1.01) 147

Cigarette Use (V= 248)

Note. *Adjusted for age, sex, household income, alcohol consumption and other substance use

Booster Vaccination and Self-Reported COVID-19
Infection

As previously outlined in Table 1, individuals
endorsing dried cannabis and tobacco use
exhibited different COVID-19 vaccination
patterns. To assess the potentially confounding
factor of vaccination on COVID-19 infection self-
reporting, data were stratified based on COVID-
19 booster vaccination status. In the whole cohort,
the proportion of individuals having received a
booster vaccination was not significantly different
between those reporting a single COVID-19
infection versus no infection, while those
reporting multiple COVID-19 infections were less
likely to report receiving a booster vaccination
compared to those declaring fewer than two
COVID-19 infections: 67.1% vs  78.0%,
respectively (Supplementary Table 6).

When we assessed the impact of dried
cannabis and tobacco use on COVID-19 infection
reporting only among participants with the same
vaccination status, dried cannabis use among

participants with a booster vaccination was
associated with trends towards increased self-
reporting of a single COVID-19 infection (63.3% vs
56.5%; p=.0227) or multiple COVID-19 infections
(11.6% vs 6.6%; p=.00806; Supplementary Table
7). Conversely, no significant difference was
observed in self-reporting of one or multiple
COVID-19 infections between those endorsing
cigarette use and those not endorsing cigarette
use, regardless of booster vaccination status
(Supplementary Table 7). When participants were
divided into mutually exclusive substance use
groups, we found that, among individuals with a
booster vaccine, dried cannabis-only use was
associated with increased reporting of at least one
COVID-19 infection (66.6% vs 55.8%; p = .00338)
compared to the no substance use group (Table 5).
Overall, this suggests that despite differences in
vaccine uptake between substance use groups,
dried cannabis use among individuals with a
booster vaccine is linked to a higher likelihood of
reporting a COVID-19 infection.

Table 5. Self-reported COVID-19 Infection Stratified by Booster Vaccination and Substance Use

Mutually Exclusive Substance Use Groups

Dried Cannabis-

No Use Cigarette-only Use Dual Use ..
N (%) ~ only Use - ~ Statistics
(N=541) (N=554) (V=49) (N=199)
1+ COVID-19 Infection
No boost X2=15.22
O POOSTEL 69 (60.8%) 85 (70.8%) 10 (58.8%) 40 (55.6%)
vaccination p=.157
Boost X2=13.7
OOSTEY 945 (55.8%) 289 (66.6%)s 21 (65.6%) 68 (53.5%)
vaccination p=.00338

Note. aPost-hoc: significant difference between dried cannabis only use and no use (p < .005)

DISCUSSION

The impact of dried cannabis use and tobacco
cigarette smoking on viral infections has been a
topic of growing interest, particularly in the
context of the SARS-CoV-2 (COVID-19) pandemic.

In this study, we aimed to explore the association
between dried cannabis use and/or cigarette
smoking and COVID-19 infection. We found that
dried cannabis use was associated with increased
self-reporting of COVID-19 infections while,
conversely, tobacco cigarette smoking led to



Cannabis, Tobacco, and COVID-19

trends towards reduced COVID-19 infection self-
reporting. Even among individuals who received a
booster vaccine, dried cannabis use was
associated with increased reporting of one or
multiple COVID-19 infections. When looking at
use frequency, there were initially indications of
inverse dose-response relationships between
substance use and COVID-19 self-reporting:
increased dried cannabis or cigarette consumption
among individuals not reporting a COVID-19
infection compared to those reporting an infection
and lower odds ratios. However, when multiple
substance use was accounted for by dividing
individuals into mutually exclusive use groups or
by multivariate regression analyses, no
significant associations between the frequency of
dried cannabis or cigarette use and self-reported
COVID-19 infections was observed. Overall, our
findings suggest that dried cannabis and tobacco
use impact COVID-19 self-reporting in distinct
and complex ways.

We are not the first to observe features of a
“smoker’s paradox,” where reports early in the
COVID-19 pandemic showed a reduced proportion
of those being admitted to hospital for COVID-19
were tobacco smokers compared to the general
population (Lippi et al., 2020; Lombardi et al.,
2021; Meini et al., 2021). Many mechanisms
underlying the seemingly protective effect of
tobacco smoking on COVID-19 self-reporting have
been posited, including both behavioural and
biological pathways. From the behavioural angle,
cigarette smokers underestimate the negative
health consequences of inhaling smoke (Krosnick
et al., 2017), a perception that may also apply to
COVID-19 symptoms that would contribute to
reduced self-reporting of an infection. From the
biological side, tobacco smoke exposure increases
the expression of angiotensin converting enzyme
2 [ACE2; Lombardi et al. (2021)] and, although
ACE2 is a receptor used by SARS-CoV-2 to enter
cells, it also has profound anti-inflammatory
effects and has been shown to exhibit protective
effects in the response to lung injury (Imai et al.,
2005). In our study, we observed increased mean
tobacco cigarettes smoked per day in participants
who did not report a COVID-19 infection
compared to those reporting one or multiple
COVID-19 infections only found for the dual use
group, not the tobacco-only use group. Although
this suggests a protective effect of tobacco
smoking, no dose-response correlations persisted
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after correcting for age, sex, income, and other
substance use. However, it is important to note
that in our study, the number of participants in
the cigarette-only use group was quite small (n =
49; 3.6% of cohort), since 80.2% of individuals who
endorsed cigarette use also endorsed dried
cannabis use, which makes specifically dissecting
the impact of cigarette smoking on COVID-19
infection rate in this group of individuals
particularly challenging. Taken together with
previous findings, our results suggests that the
“smoker’s paradox” trends observed are not strong
and largely disappear when other important
variables are taken into account. The fact that
increased tobacco use was associated with
reduced COVID-19 reporting only in the dual
cigarette/cannabis use group is of interest,
indicating that studying individual substance use
1s crucial to understanding their distinct effects on
respiratory infections.

There is also a lot of debate regarding the
effect of cannabis smoking and COVID-19-
associated disease. Although cannabinoids have
long been known to exhibit anti-inflammatory
effects (Klein et al., 1998), there is no consensus
as to the impact of cannabis use on COVID-19
outcomes, with studies offering inconsistent
results: positive effects (Shover et al., 2022), no
effect (Rosoff et al., 2021a, 2021b), or negative
effects (Hasin et al., 2022; Huang et al., 2022;
Merianos et al., 2022). Several factors may
explain these conflicting findings, including
differences 1n  study design, population
characteristics, and type/frequency of cannabis
use. Interpretation of these data is further limited
by the fact that little is known about usage
pattern, with cannabis users being identified as
anyone who endorsed previously using cannabis
without information on frequency, dose, potency,
route of administration, or history of use. In our
study, we 1isolated dried cannabis users only,
excluding other forms of cannabis use such as
edibles and tinctures. We found that dried
cannabis use was associated with increased self-
reporting of one or multiple COVID-19 infections.
The possible confounding factor of tobacco
smoking among cannabis users was also assessed,
where it was shown that the dried cannabis-only
use group was still significantly more likely to
report one or multiple COVID-19 infections
compared to the no use group. Although this
seems to suggest that dried cannabis use is
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associated with increased risk of COVID-19 self-
reporting, dried cannabis use frequency was not
significantly associated with COVID-19 infection.
In fact, initially there was a trend towards
reduced COVID-19 infection reporting with
increased daily dried cannabis use or increased
daily cigarette smoking; however, this “smoker’s
paradox” did not persist when individuals
endorsing dual substance use were excluded or
when multivariate analyses were performed. The
lack of any significant dose-response relationship
is not surprising given the nature of the data
collected, where information about potency and
cannabinoid content were not gathered.
Therefore, although no correlation was observed
between dried cannabis use frequency and
COVID-19 infection, we found that endorsing
dried cannabis use is associated with increased
reporting of COVID-19 infections.

The increase in self-reporting of multiple
COVID-19 infections observed among those
endorsing dried cannabis use may reflect
physiological changes associated with dried
cannabis use or other behavioral factors that may
contribute to the increased infections such as
lower adherence to government guidelines,
scepticism towards medical interventions,
increased risk of infection related to sharing of
cannabis joints between individuals, and belief in
the efficacy of cannabis as a natural medicine.
Furthermore, there are several social factors,
such as rural/urban housing, which could have
affected COVID-19 infection but were not
captured in this study. Though some -clinical
studies have found that individuals who endorse
using cannabis or cigarette did not exhibit
differences in vaccine hesitancy (Lum et al., 2022;
Yang et al., 2021), one systematic review showed
that vaccine acceptance and uptake was lowest in
individuals who 1identify as tobacco and/or
marijuana users (49.1%) compared to the general
population (77.9%), as well as other hesitant
groups such as pregnant women (53.8%) and
religious groups (60.2%), suggesting that COVID-
19 vaccination may differ significantly between
users and non-users (Yasmin et al., 2021).
Consequently, booster vaccination status was
considered as a potential confounding factor in our
study. In our cohort, there were differences in the
rates of primary and booster COVID-19
vaccination between substance use groups. When
analyses were stratified by vaccination status, it

was shown that, even among individuals that
received a booster COVID-19 wvaccination,
individuals endorsing dried cannabis use only still
exhibited higher self-reporting of a COVID-19
infection compared to those vaccinated
participants who did not endorse using either
substance. Since previous animal studies have
found that cannabinoids dampen the humoral
response to an antigen (Karmaus et al., 2013;
Karmaus et al., 2012; Milad et al., 2023), our data
may also suggest that the protective effects of
vaccination may be impaired by cannabis use.
However, one clinical study looking at circulating
spike receptor-binding domain-specific
immunoglobulin G (IgG) levels 31-122 days
following a COVID-19 booster vaccination in both
cancer and non-cancer patients were unaffected
by cannabis use, though participants in the
cannabis group were significantly younger than
those in the no use group (Idan et al., 2022).
Therefore, the impact of substance use on the
protective effects of COVID-19 vaccination and
the adaptive immune response requires further
investigation in larger and more controlled
studies designed to address these important
questions.

While our study provides valuable insights
into the additional risks associated with cigarette
smoking and dried cannabis use on COVID-19
infection outcomes, there are several limitations
that should be acknowledged. Firstly, our study
relies on self-reported data, which may be subject
to several sources of error such as recall bias,
underreporting of asymptomatic cases, lack of at-
home testing early in the pandemic, and
underlying behaviours and perceptions of health.
Participants may also underreport their
substance use or COVID-19 infection due to
stigma or social norms, leading to potential
Iinaccuracies in the data. Secondly, although
responses related to COVID-19 infections were
collected at each time-point, our infection data are
not based on COVID-19 test results nor medical
records and we were unable to assess COVID-19
symptom severity and could not confirm COVID-
19 infection diagnoses. Furthermore, while we
adjusted for age, sex, income, and other substance
use in our multivariate analyses, there may be
other relevant wvariables, such as underlying
health  conditions, workplace and home
environment, or adherence to COVID-19 safety
measures, which were not accounted for and could
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influence the results. The timing of data collection
and participant follow-up may also have affected
reporting of COVID-19 infections and of substance
use. For instance, participants who experienced a
COVID-19 infection during the later waves of the
study may have been more or less likely to report
an infection compared to those infected earlier,
considering the evolving pandemic situation, new
variants of the virus, differences in
symptomology, and changes in public health
measures.

Another complicating factor in our study is
that many features of cannabis consumption could
not be incorporated (e.g., strain, cannabinoid
content, etc.). Although we observed a trend
towards reduced self-reporting of COVID-19
infections with increased daily dried cannabis use,
this trend was no longer present when data were
adjusted in the multivariate analyses and,
furthermore, the dose-response relationship
between substance use and COVID-19 outcomes
is difficult to elucidate without details of cannabis
potency and route of administration. Firstly, we
considered any participant who endorsed using
dried cannabis at any point during the study
period as a dried cannabis user, meaning there
were many participants who reported using less
than 1 gram over the 4-year period. Therefore, our
substance use groups are likely diluted with
participants who only tried cannabis once or twice
and would not be considered cannabis users in a
clinically relevant way; nevertheless, we still see
important differences between non-users and
dried cannabis users indicating the strength of the
association. It would be prudent for future studies
of cannabis use to establish use cutoffs to
differentiate between “regular users” and “non-
regular users,” as has been done by the Centre for
Disease Control (CDC) for tobacco smoking, where
individuals are considered current or former
smokers if they have consumed more than 100
cigarettes in their lifetime (Adult Tobacco Use
Glossary). Secondly, dried cannabis flower can
differ dramatically in cannabinoid content and,
although both CBD and THC exhibit significant
anti-inflammatory effects (Klein et al., 1998), it is
unclear to what extent the individual
cannabinoids may contribute to COVID-19
infection risk. Finally, dried cannabis can be
consumed in many ways, including but not limited
to dry-herb vaping (non-combustion) and smoking
dried cannabis alone or mixed with tobacco
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(Russell et al.,, 2018). How these routes of
administration differ in their impact on the
immune response to infection has yet to be
explored. Preclinical studies comparing cannabis
strains of differing cannabinoid contents as well
as comparing cannabis smoke and cannabis
vapour exposures are required to mechanistically
determine the impact of THC/CBD ratios and
route of administration on respiratory tract
infection outcomes. In subsequent clinical studies,
thorough examination of cannabinoid content and
specific routes of administration will allow us to
better elucidate the contribution of each
cannabinoid and truly assess dose-response
relationships.

In conclusion, our study suggests that
cigarette smoking and dried cannabis use have
distinct, and in some ways unexpected, effects on
COVID-19 infection reporting. While those
endorsing cigarette use exhibited trends towards
reduced self-reporting of COVID-19 infection,
especially among the dual cigarette/cannabis use
group, these effects were greatly mitigated by
corrections for age, sex, income, and other
substance use. On the other hand, dried cannabis
use was associated with increased COVID-19
infection reporting, even among those that
received a COVID-19 booster vaccine. Although
this study relies on infection and substance use
self-reporting, our findings support further study
into the impact of cigarette smoking and cannabis
use on COVID-19 outcomes and overall adaptive
iImmune competency. Understanding the
consequences of inhaled psychoactive substances
on respiratory tract infections is critical to develop
effective, evidence-based public health strategies
and to adequately inform the public. As the
COVID-19 pandemic continues to evolve and
future pandemics are inevitable (The Lancet
Respiratory, 2022), ongoing observational and
experimental investigations will be essential to
shed light on these complex relationships.
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