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cohort analysis
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Abstract 

Background: While cannabis is known to have immunomodulatory properties, the clinical consequences of its use 
on outcomes in COVID-19 have not been extensively evaluated. We aimed to assess whether cannabis users hospital-
ized for COVID-19 had improved outcomes compared to non-users.

Methods: We conducted a retrospective analysis of 1831 patients admitted to two medical centers in Southern Cali-
fornia with a diagnosis of COVID-19. We evaluated outcomes including NIH COVID-19 Severity Score, need for supple-
mental oxygen, ICU (intensive care unit) admission, mechanical ventilation, length of hospitalization, and in-hospital 
death for cannabis users and non-users. Cannabis use was reported in the patient’s social history. Propensity matching 
was used to account for differences in age, body-mass index, sex, race, tobacco smoking history, and comorbidities 
known to be risk factors for COVID-19 mortality between cannabis users and non-users.

Results: Of 1831 patients admitted with COVID-19, 69 patients reported active cannabis use (4% of the cohort). 
Active users were younger (44 years vs. 62 years, p < 0.001), less often diabetic (23.2% vs 37.2%, p < 0.021), and more 
frequently active tobacco smokers (20.3% vs. 4.1%, p < 0.001) compared to non-users. Notably, active users had lower 
levels of inflammatory markers upon admission than non-users—CRP (C-reactive protein) (3.7 mg/L vs 7.6 mg/L, p 
< 0.001), ferritin (282 μg/L vs 622 μg/L, p < 0.001), D-dimer (468 ng/mL vs 1140 ng/mL, p = 0.017), and procalcitonin 
(0.10 ng/mL vs 0.15 ng/mL, p = 0.001). Based on univariate analysis, cannabis users had significantly better outcomes 
compared to non-users as reflected in lower NIH scores (5.1 vs 6.0, p < 0.001), shorter hospitalization (4 days vs 6 days, 
p < 0.001), lower ICU admission rates (12% vs 31%, p < 0.001), and less need for mechanical ventilation (6% vs 17%, p 
= 0.027). Using propensity matching, differences in overall survival were not statistically significant between cannabis 
users and non-users, nevertheless ICU admission was 12 percentage points lower (p = 0.018) and intubation rates 
were 6 percentage points lower (p = 0.017) in cannabis users.

Conclusions: This retrospective cohort study suggests that active cannabis users hospitalized with COVID-19 had 
better clinical outcomes compared with non-users, including decreased need for ICU admission or mechanical 
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Background
The COVID-19 (Coronavirus Disease 2019) Pandemic 
caused by SARS-CoV2 (severe acute respiratory syn-
drome coronavirus 2) has upended the global commu-
nity, infecting over 300 million people and claiming over 
5 million lives in its wake (Coronavirus Disease (COVID-
19) Situation Reports n.d.). In case surveillance data 
from the Centers for Disease Control and Prevention 
(CDC) during January to May of 2020, 14% of patients 
were hospitalized, 2% required ICU (intensive care unit) 
admission and 5% died (Gold et  al. 2021). In the USA 
case surveillance reports from 2020, during the time our 
data was collected, found that 14% of patients required 
hospitalization, 2% required ICU admission and 5% of 
all patients died (Gold et al. 2021). While several studies 
have reported the detrimental effects of tobacco smok-
ing on outcomes in patients with COVID-19(Saadatian-
Elahi et al. 2021; Patanavanich and Glantz 2020), little is 
known about these outcomes in people who use cannabis 
products. Cannabis has long been known to have immu-
nomodulatory effects and thus may not have the same 
negative effects as tobacco in patients with COVID-19 
(Colmenero et al. 2021).

The immunomodulatory effects of cannabis may 
be especially important to understand in hospital-
ized patients with COVID-19, where progression to 
more severe forms of COVID may be due to manifes-
tations of hyperinflammatory states (Ioannidis 2020). 
Patients with severe COVID-19 have elevated clini-
cal inflammatory markers (CRP, ferritin, procalcitonin) 
and increased serum cytokine and chemokine levels 
(IL-1B, IL-8, sTNFR) (Han and Mallampalli 2015; Pink 
et  al. 2021). Thus, one general hypothesis is that damp-
ening the immune system after infection with COVID 
may be a plausible strategy for mitigating severe disease 
progression (Onaivi and Sharma 2020). Indeed, cur-
rent guidelines from the CDC for treating patients with 
severe COVID-19 include immunosuppressive medica-
tions such as dexamethasone, tocilizumab and barcitinib 
(Hospitalized Adults: Therapeutic Management n.d.). 
Furthermore, liver transplant patients on immunosup-
pressants who contracted COVID were found to have 
lower mortality rates compared to the matched general 
population in a nationwide prospective study conducted 
in Spain (Guillon et al. 2020).

Phytocannabinoids (CBD) found in cannabis are capa-
ble of binding to endogenous cannabinoid receptors 

 CB1 and  CB2. These receptors are commonly expressed 
in neural tissue and immune cells, respectively. Nota-
bly,  CB2 receptors have been proposed as a therapeu-
tic target for multiple sclerosis when it was shown that 
selective  CB2 agonism could ameliorate symptoms of 
experimental autoimmune encephalomyelitis in mice 
through suppression and apoptosis of encephalitogenic 
T cells (Paland et al. 2021). More relevantly, treatment 
of SEB-induced (staphylococcal enterotoxin B) acute 
respiratory distress syndrome (ARDS) in mice with tet-
rahydrocannabinol treatment (a partial  CB1/2 agonist) 
led to 100% survival, decreased lung inflammation, 
and suppressed cytokine storm (Maresz et  al. 2007). 
Additionally, several strains of C. sativa have also been 
shown to mitigate SARS coronaviruses by downregulat-
ing ACE2 receptors on 3D human tissue models of oral, 
airway, and intestinal tissues (Mohammed et al. 2020). 
In a recent study, cannabinoid acids were notably found 
to prevent entry of SARS-CoV-2 into cells, proposing 
another mechanism by which cannabis may play an 
important role in patients with COVID-19 infection 
(van Breemen et al. 2022).

While some authors recommend caution in encour-
aging cannabis use for prevention or treatment of 
COVID-19, as has been eschewed in the media, there 
has been growing interest in this area (Borgonhi 
et  al. 2021). Recently, a pharmaceutical company has 
announced an early trial evaluating a cannabidiol treat-
ment in severe and critical COVID-19 infections (Bio-
techs n.d.).

To further understand how cannabis use affects 
COVID-19 outcomes, we performed a retrospective 
analysis of patients admitted to two California hospi-
tals with a diagnosis of COVID-19 and compared can-
nabis users to non-users. Important for our population, 
recent prevalence data demonstrated a higher propor-
tion of cannabis users in California compared to the 
national average, especially in those over age 65 (Recent 
Trends in Marijuana Use In Los Angeles County 2018). 
We hypothesize that chronic cannabis use may have 
positive effects on COVID-19 outcomes in hospital-
ized patients due to its immunomodulatory and hypo-
thetical anti-viral effects. We hypothesized that those 
who had chronically used cannabis products and were 
hospitalized with COVID-19 would have more limited 
progression to severe disease and reduced mortality 
compared to non-users.

ventilation. However, our results need to be interpreted with caution given the limitations of a retrospective analysis. 
Prospective and observational studies will better elucidate the effects cannabis use in COVID-19 patients.
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Methods
Study design and inclusion criteria
We performed a retrospective analysis using a data-
base of 1831 patients aged 18 years or older admitted to 
Ronald Reagan UCLA Medical Center or UCLA Santa 
Monica Medical Center between February 12, 2020 and 
February 27, 2021 with a diagnosis of COVID-19 as 
defined by a positive PCR test at the time of admission. 
Institutional Review Board (IRB) approval was obtained 
prior to data collection (IRB 20-000473) with informed 
consent waived by the IRB given the retrospective 
nature of the study utilizing existing clinical data. Can-
nabis use was assessed by patient self-report as part of 
the patient’s social history obtained at the time of admis-
sion. The electronic health records of documented can-
nabis users were manually abstracted to confirm active 
use, defined as any use of inhaled (both vaporized and 
combusted) or edible cannabis within 1 month prior to 
admission. Patients with missing social history regarding 
cannabis use were presumed to be non-users. Data was 
abstracted and stored in a REDCap database (Vanderbilt 
University, Nashville, TN) (Harris et al. 2009; Harris et al. 
2019). UCLA is a large academic center and all patients 
have been offered up to date medical management over 
the duration of study, per the recommendations from the 
CDC (Centers for Disease Control and Prevention) and 
World Health Organization (WHO).

Outcome measures and covariate definitions
The primary outcome was NIH COVID-19 severity 
score, a scale which refers to the eight-category ordinal 
scale used by the Adaptive COVID-19 Treatment Trial 
(ACTT) which classifies disease severity from 1 (not 
hospitalized, no limitations) to 8 (death) (Beigel et  al. 
2020). Secondary outcomes included need for supple-
mental oxygen, ICU admission, mechanical ventilation 
(including duration thereof ), length of hospitalization 
and in-hospital death. We collated patient characteris-
tics by abstracting the electronic health record, includ-
ing age, body mass index (BMI), and patient-reported 
sex, race, and tobacco smoking status. We also tabulated 
comorbidities including diabetes mellitus, cardiac dis-
ease, chronic kidney disease, chronic lung disease, and 
liver disease reported at time of admission, determined 
using ICD-10 codes. We collected both the admission lab 
values (first recorded result that was drawn within 48 h 
of admission) and the highest value that occurred during 
the patient’s hospital course. We also tallied certain phar-
macotherapies commonly used for admitted COVID-19 
patients, including remdesivir, systemic corticosteroids, 
and antibiotics, including use at any point during the 
patient’s hospital course.

Statistical analysis
Bivariate comparisons between self-reported active can-
nabis users and non-users (e.g., former and never users) 
were assessed using Welch’s t tests (or Wilcoxon rank 
sum) for continuous variables and Fisher’s exact tests for 
categorical variables. Because of the observational nature 
of the study and potential bias due to self-selection into 
the cannabis user groups, we utilized inverse-probabil-
ity-weighted regression adjustment (IPW-RA) based on 
the aforementioned covariates (demographics, tobacco 
smoking status, comorbidities and COVID-specific treat-
ment) as a means to estimate the effect of cannabis use 
on the study outcomes. The covariates were used in both 
the creation of the propensity weight and in the regres-
sion adjustment portion of the analysis. Both age and 
BMI were modeled using quadratic terms in order to cap-
ture potential non-linear associations with the outcomes 
and propensity for cannabis use. Certain outcomes (e.g., 
duration of mechanical ventilation and length of stay 
(LOS)) were log-transformed in these models. Because 
unknown tobacco smoking status was collinear with can-
nabis use (i.e., tobacco smoking status was known for all 
cannabis users), the IPW-RA models were implemented 
excluding the 72 non-users with unknown tobacco smok-
ing status. For some outcomes (death, ICU admission, 
and invasive ventilation), these IPW-RA models failed to 
converge and a 1-to-1 Propensity Score Matching (PSM) 
method with caliper distance restricted to within 0.20 
was implemented instead. The standardized mean dif-
ference between current marijuana users and non-users 
on the covariates used in the IPW-RA and PSM models 
were additionally examined (Supplemental Table 2). For 
the IPW-RA analyses, a post-hoc test for covariate bal-
ance was assessed using an omnibus test for over identi-
fication. All analyses were conducted in Stata SE version 
16.1 (StataCorp, LP, College Station, TX).

Results
Demographics and comorbidities
A total of 1831 patients with COVID-19 were included 
in this study. Of those, 69 (4% of the overall cohort) were 
active users, defined as use within the past 1 month 
(Moore et  al. 2005). Previous or former users included 
individuals who had history of cannabis use, but not 
within 1 month of hospitalization. Demographics, 
tobacco use, and comorbidities are described in Table 1. 
Notably, subjects who consumed cannabis were signifi-
cantly younger than non-users (44 years vs. 62 years, p < 
0.001). Active users also had lower rates of diabetes mel-
litus (23.2% vs. 37.2%, p < 0.021). There were no signifi-
cant differences among the other comorbid conditions. 
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Subjects that consumed cannabis also had nearly 5 times 
higher prevalence of current tobacco smoking (p < 0.001).

Hospitalization outcomes
Based on univariate analysis  in Table  2, cannabis users 
had significantly better outcomes compared to non-users 
as reflected in lower NIH scores (5.1 vs. 6.0, p < 0.001); 
an NIH score of 5 includes patients requiring supple-
mental oxygen while a score of 6 differentiates those that 
require either non-invasive ventilation or high flow oxy-
gen devices. Cannabis users also had shorter hospitaliza-
tions (4 days vs. 6 days, p < 0.001) and appreciably lower 
ICU admission rates (12% vs. 31%, p < 0.001). In addition, 
cannabis users had less need for mechanical ventilation 
(6% vs. 17%, p = 0.027) compared to non-users. Using 
propensity matching, differences in overall survival were 
not statistically significant between cannabis users and 
non-users, nevertheless ICU admission was 12 percent-
age points lower (p = 0.018) and intubation rates were 
6 percentage points lower (p = 0.017) in cannabis users 
after adjusting for covariates including age, sex, BMI, 
tobacco smoking history, and COVID-specific treat-
ment  (Table  3). No differences were detected in oxygen 
supplementation between cannabis users and non-users 
after covariates were accounted for.

Inflammatory biomarkers
We evaluated the admission lab values (drawn within 48 
h of admission) and the highest value during the patient’s 
hospital course (Table  4). Notably, cannabis users were 
more likely to have lower inflammatory markers levels on 
admission, such as CRP (3.7 mg/L vs. 7.6 mg/L, p < 0.001), 
Ferritin (282 μg/L vs. 622 μg/L, p < 0.001), and D-dimer 

Table 1 Baseline patient characteristics comparing subjects 
who did and did not actively consume cannabis products

Active cannabis use defined as cannabis consumption within 1 month of 
hospitalization. Any cannabis use thereafter are previous users. Non-users are 
patients with no history of cannabis use

BMI body mass index
a Welch’s t test
b Fisher’s exact test
c  % of each level of variable within that particular group, not between groups

Demographics Active 
cannabis 
users

Non-users or 
previous cannabis 
users

P value

(n = 69) (n = 1762)

aAge (years), mean ± SD 44 ± 19 62 ± 19 < .001
bMale sex, % 62 55 0.219
aBMI (kg/m2), mean ± SD 28.2 ± 7.9 28.8 ± 7.4 0.554
bRace, column %
 White 48% 31% 0.005

 Black 15% 9% 0.136

 Asian 4% 8% 0.362

 Latinx 28% 42% 0.017

 Unknown/mixed race 6% 10% 0.401
bTobacco use, column %
 Never 55% 66% 0.053

 Former use 24.6% 25.4% 1.000

 Current use 20% 4% < .001

 Unknown use 0c% 4% 0.110
bComorbid conditions, column %
 Diabetes mellitus 23% 37% 0.021

 Cardiac disease 16% 24% 0.148

 Chronic kidney disease 17% 27% 0.094

 Chronic pulmonary 
disease

26% 26% 1.000

 Chronic liver disease 3% 5% 0.581

Table 2 Propensity-matched outcomes comparing active cannabis users and non-users

NIH National Institutes of Health, IQR interquartile range, NC non-convergence, OR odds ratio
1 Inverse-Probability-Weighted Regression Adjustment
2 Propensity-score matching
a Log-transformed for modeling

Outcome Active cannabis users Cannabis
non-users

Propensity based user effect P value

β (95% CI)
1NIH Score, mean (SD) 5.1 (1.2) 6.0 (1.1) − 0.49 (− 0.69, − 0.29) < .001

eβ (95% CI)
1,aIntubation duration (days), median [IQR] 10.0 [4.0, 20.0] 7.0 [2.0, 13.0] NC NC
1,aLength of stay (days), median [IQR] 4.0 [2.0, 8.0] 6.0 [3.0, 12.0] 0.86 (0.76, 0.98) < .001

OR (95% CI)
2In-hospital mortality, % 4.3% 11.3% 0.98 (0.93, 1.04) 0.565
1Oxygen therapy, % 50.7% 84.0% 0.88 (0.70, 1.11) 0.270
2ICU Admission, % 11.6% 30.8% 0.88 (0.80, 0.98) 0.018
2Mechanical ventilation, % 5.8% 16.6% 0.94 (0.89, 0.99) 0.017
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(468 ng/mL vs. 1140 ng/mL, p = 0.017) compared to 
non-users. This effect was sustained during their hospi-
tal course, with cannabis users continuing to have lower 
inflammatory markers compared to non-users. Cannabis 
users were more likely to have higher lymphocyte counts 
on admission and during their hospital course. Peak neu-
trophil counts were also lower in cannabis users, while 
admission neutrophil values were the same. No statistical 
difference was detected in total white blood cell (WBC) 
count between cannabis users and non-users.

Pharmacotherapies
Given changing recommendations during the time of this 
patient sample, we also compared the pharmacologic man-
agement between groups. We found that non-users were 
more likely to receive systemic steroids (59.0% vs 39.1%, p 
= 0.001), remdesivir (55.5% vs 26.1%, p < 0.001) and anti-
biotics (66.6% vs 49.3%, p < 0.004) compared with users. 
Thus, cannabis users received less COVID-19 adjunctive 
therapies but had better outcomes compared to non-users. 
These findings, along with the aforementioned outcomes 
investigated in this study, were consistent at all points 
throughout the pandemic as shown in Fig. 1.

Discussion
In our study of hospitalized patients with COVID-19 at 
two Los Angeles area hospitals, we found that cannabis 
use was associated with decreased disease severity as 
assessed by NIH severity score and was associated with 
improved clinical outcomes in COVID-19. Consistent 
with known trends, active cannabis users were overall 
younger than non-users. However, when adjusting for age 

Table 3 Care patterns: use of pharmacotherapeutic agent 
during hospitalization

a Fisher’s exact test

aTreatment, 
%

All Active 
users

Non-users P value

Systemic 
Steroids

58.2 39.1 59.0 0.001

Remdesivir 54.4 26.1 55.5 < .001

Antibiotics 66.0 49.3 66.6 0.004

Table 4 Comparison of laboratory values at admission and peak value during the hospital stay comparing subjects who did and did 
not use cannabis

IQR interquartile range
a Wilcoxon rank sum test

aLab values, median [IQR] Active cannabis users Non-users P value

White blood cell total count  (109/L)

 Admission 6.54 [4.85, 9.44] 6.34 [4.36, 9.37] 0.691

 Peak value 9.7 [6.8, 13.6] 10.8 [7.6, 15.3] 0.069

Absolute lymphocyte count  (109/L)

 Admission 1.41 [0.73, 2.00] 0.86 [0.57, 1.31] < .001

 Peak value 2.01 [1.37, 2.70] 1.67 [1.17, 2.25] 0.020

Absolute neutrophil count  (109/L)

 Admission 4.69 [2.87, 6.63] 4.56 [2.93, 7.32] 0.556

 Peak value 6.72 [4.74, 10.21] 7.98 [5.37, 11.99] 0.029

Interleukin 6 (IL-6), pg/mL

 Admission 2.5 [2.0, 6.9] 6.7 [2.0, 17.7] 0.108

 Peak value 2.5 [2.0, 15.7] 7.5 [2.5, 21.6] 0.120

C-reactive protein (CRP), mg/dL

 Admission 3.7 [0.6, 6.0] 7.6 [3.0, 13.3] < .001

 Peak value 3.4 [0.8, 8.3] 9.6 [4.2, 16.0] < .001

Serum ferritin, ng/mL

 Admission 282 [156, 519] 622 [293, 1,262] 0.001

 Peak value 287 [125, 645] 778 [347, 1,690] < .001

D-dimer, ng/mL

 Admission 468 [401, 1,549] 1,140 [671, 2,073] 0.017

 Peak value 521 [399, 1,896] 1,628 [947, 4,351] 0.001

Serum procalcitonin, ng/mL

 Admission 0.10 [0.10, 0.12] 0.15 [0.10, 0.39] 0.001

 Peak value 0.10 [0.10, 0.20] 0.19 [0.10, 0.64] 0.006
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these outcomes remained consistent. Even more, when 
adjusting for comorbid conditions, demographics and 
smoking history we found that cannabis users still had 
less severe disease progression compared to non-users. 
This remained true despite less utilization of adjunct 
therapies like remdesivir and corticosteroids. Consistent 
with our understanding of how cannabis may play a role 
as an immunomodulator, non-cannabis users were found 
to have greater elevations in inflammatory biomarkers at 
the time of admission and during their hospital course. 
Thus, based on our current understanding of cannabis’ 

immunomodulatory effects, the link between cannabis 
usage and better COVID outcomes is sensible.

In the USA in 2020, an estimated 17.9% of the popu-
lation (49.6 million people) used cannabis during the 
past year (2020 National Survey of Drug Use and Health 
(NSDUH) Releases | CBHSQ Data n.d.). Given the 
magnitude of COVID-19 and the prevalence of can-
nabis use in the USA, it is important to evaluate how 
active cannabis usage may affect clinical outcomes in 
COVID-19 patients. According to a 2019 national sur-
vey, past-month cannabis usage in adults has significantly 

Fig. 1 Outcomes and treatment in COVID patients stratified by admission date. Outcomes varied throughout the pandemic due to COVID surges. 
Cannabis users consistently had less severe disease course. Percentages displayed are the proportion of patients with admission dates within each 
quarter (Q). Q1: February 2020–May 2020. Q2: June 2020–August 2020. Q3: September 2020–November 2020. Q4: December 2020–February 2021
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increased over the years from 7.2% in 2016 to 10.2% (Dai 
and Richter 2019). Important with respect to COVID-
19, is a trend of increasing cannabis use in older adults. 
Han et  al conducted a national survey including close 
to 15,000 respondents and found the prevalence of 
past-year cannabis use among adults 65 years and older 
increased from 2.4 to 4.2% from 2015 to 2018, a 75% 
relative increase (Russell et  al. 2018). Given our current 
knowledge of COVID-19 disproportionately hospitaliz-
ing older populations, understanding the effects of can-
nabis use in COVID patients is increasingly relevant.

In our population of cannabis users, there was a pau-
city of data regarding route of administration. This is 
important, as the route of cannabis use can influence 
health outcomes. While cannabis smoking is associated 
with respiratory issues including bronchitis and arguably 
impaired lung function (Tashkin and Roth 2019), some 
research suggests that vaporized and edible cannabis 
may offer the potential for reduced health risks, although 
this has also been questioned (Chadi et al. 2020). Moreo-
ver, cannabis vaping has been associated with over 2800 
of cases of Electronic or Vaping Associated Acute Lung 
Injury (EVALI) (The Lancet Respiratory Medicine 2020). 
The varied pharmacokinetics of cannabis depends on 
route of administration. Bioavailability of inhaled can-
nabinoid products is approximately 30% while ingesting 
cannabis results in 4–12% bioavailability (McGilveray 
2005). Peak serum concentration of cannabinoids is also 
notably higher and achieved more quickly when can-
nabinoids are inhaled as opposed to ingested. Despite the 
differences in pharmacokinetics between these two main 
routes of administration, systematic reviews have shown 
that there is high user variability within cohorts that all 
purportedly took in cannabinoids through the same 
route of administration. Given the diverse ways in which 
cannabis can be introduced into the body, our grouping 
of inhaled and ingested cannabis should introduce little 
variability to an already highly variable cohort of canna-
bis users. Pooling all cannabis users, regardless of admin-
istration method, gives our study more power in analysis 
while minimizing the risk of overfitted data.

Previous studies have found that patients with can-
nabis use disorder, while younger and less comorbid, 
had higher risk for breakthrough infections of COVID-
19 despite vaccination. Wang et  al. posit that behavioral 
factors or adverse pulmonary and immunologic effects 
of cannabis may contribute to this breakthrough risk 
(Wang et  al. 2021a). Another recent study found that 
COVID-19 patients with substance use orders have worse 
outcomes compared to general COVID-19 patients, 
including increased hospitalization and death (Wang et al. 
2021b). This study, however, grouped several substances, 

including opioids and alcohol use and is not specific to 
cannabis use.

To our knowledge, this study is one of the first evalua-
tions of the effect of cannabis use on outcomes in patients 
hospitalized with COVID-19. While previous data have 
determined the detrimental relationship of tobacco 
smoking with COVID-19, this study suggests that can-
nabis may actually lead to reduced disease severity and 
better outcomes despite a five-fold greater concomitant 
use of tobacco amongst cannabis users compared to non-
users in our study population.

Limitations
Inaccurate or incomplete documentation in the medical 
record may bias our findings, as we were beholden to 
the data contained within the clinical chart, which this 
retrospective analysis was based on. While the majority 
of data abstraction was blinded to our study purpose, 
our authors did evaluate each chart of reported canna-
bis users to ensure current use. Additionally, cannabis 
use is self-reported without specific focus on it during 
routine admission data collection. Thus, we may not 
have captured all current cannabis users, potentially 
introducing further selection bias. Additionally, we do 
not have complete data on the route of cannabis use, 
frequency or duration, and we were therefore unable to 
comment on dose response or durability of the poten-
tial effects of cannabis consumption. Cannabis users 
were defined after both automatic and manual data 
processing and both populations were very well char-
acterized. Given legalized recreational cannabis use in 
California, our retrospective analysis is less prone to 
the selection bias and underreporting of cannabis use 
in comparison to other centers where its use is illegal. 
Because our focus was also on cannabis use, we were 
also unable to ascertain alcohol use history and usage 
of other substances. Therefore, we were unable to fac-
tor in substance use disorder into our inverse probabil-
ity weighting process.

Conclusions
In this retrospective review of 1831 COVID-19 patients 
requiring hospital admission, current cannabis use was 
associated with decreased disease severity. This was dem-
onstrated in lower NIH severity scores as well as less 
need for oxygen supplementation, ICU admission and 
mechanical ventilation. While there was a trend toward 
improved survival in cannabis users, this was not sta-
tistically significant. To our knowledge, this is the first 
study looking at clinical outcomes of cannabis users 
hospitalized with COVID-19. Further studies, including 
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prospective analyses, will help to better understand the 
relationship between cannabis and COVID-19 outcomes.
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