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Abstract

Introduction: Medical cannabis use has expanded rapidly, yet long-term real-world safety
data remain limited. We evaluated adverse-event (AE) frequency, severity, and predictors in a
US telehealth registry of medical cannabis patients over one year.

Methods: We analyzed 14,313 adults who completed intake between June—August 2024. Pa-
tients reported any of 30 prespecified adverse events (AEs) and rated each on a 0-10 impact
scale. Weekly exposure was estimated as (days/week) x (serving size) and categorized into
quintiles. We computed AE rates per 100 patients with binomial 95% confidence intervals (CI)
and tested linear trends. Univariate logistic regressions assessed 20 candidate predictors within
chronic-pain and anxiety subgroups. We then applied LASSO to select multivariate predictors,
combining these with age, sex, race/ethnicity, smoking, and unhealthy-weeks in final logistic
models. Marginal predicted-probability curves were generated across exposure, stratified by
subgroup, sex, race, and age.

Results: Overall, 2.6% of patients reported >1 AE. The most common symptoms were in-
creased appetite (23.8%), fatigue (20.3%), and anxiety (19.9%) with mean impact <4/10. In
adjusted models, having been to the doctor because of their condition remained the sole AE pre-
dictor for patients with anxiety (OR 4.03, 95% CI: 2.44-6.87); age was a significant predictor
for patients with chronic pain (OR 0.981, 95% CI: 0.97-0.99). Marginal curves remained flat
(~2-3% AE probability) across weekly cannabis exposure. Ad hoc analysis of non-missing-
at-random data suggests possible AE rates are in line with current literature.

Discussion: In this large cohort, AEs were infrequent and mild, and weekly cannabis frequency
did not independently increase odds. Healthcare engagement likely reflects underlying health
complexity driving AE reporting. These findings support the safety of medical cannabis.
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1 Introduction

The use of medical cannabis as a therapeutic has increased greatly in the U.S. and abroad over the
past decade (Boehnke et al., 2024; Wang et al., 2024). Indeed, the 21* century has seen cannabis
legalized for medical purposes in the UK, Canada, Australia, Germany, Israel, a majority of the US,
and several other nations (Schlag, 2020; Shover and Humphreys, 2019). The increased ubiquity
of the medical product has shifted public opinion positively towards the concept of cannabis as
medicine (CaM) (Hallinan et al., 2022; Hossain and Chae, 2024); Descriptive trend analyses show
increases in overall medical cannabis use (Boehnke et al., 2024; Wang et al., 2024).

Cannabis is one of the oldest medicinal plants in the world containing over 500 reported com-
pounds, and specifically 125 isolated cannabinoids (Lu and Mackie, 2016; Radwan et al., 2021).
The plant contains two primary constituents, cannabidiol (CBD) and delta-9-tetrahydrocannabinol
(THC) with many other cannabinoids, such as tetrahydrocannabivarin (THCV), being identified
as potentially therapeutic. These cannabinoids interact with the endocannabinoid system (ECS),
an important neuromodulator system that helps maintain physiological balance by producing lipid-
based messengers (endocannabinoids) on demand, which bind to CB1 and CB2 receptors to broadly
tune neuronal and non-neuronal signaling. In doing so, the ECS regulates processes such as pain
perception, appetite, mood, memory and immune function (Lu and Mackie, 2016).

Recent research has demonstrated that CaM can prove efficacious for a number of health con-
ditions. The seminal 2017 National Academies of Science reported strong evidence for the use of
medical cannabis in the treatment of chronic pain, multiple sclerosis spasticity, and as an antiemetic
(National Academies of Sciences, Engineering, and Medicine, 2017). Newer research has found
some evidence of efficacy specific to post-traumatic stress disorder (Doucette et al., 2024d; Krediet
et al., 2020; Lynskey et al., 2024; Nacasch et al., 2023; Pillai et al., 2022; Rehman et al., 2021;
Roitman et al., 2014; Sznitman et al., 2020), sleep disorders (Ried et al., 2023; Sznitman et al.,
2020; Vivek et al., 2024; Walsh et al., 2021), and inflammatory bowel disease (Dalavaye et al.,
2023; Greywoode et al., 2023; Sunil et al., 2022) among other medical conditions. Other research
has found medical cannabis to assist with discontinuation of potentially harmful medications such
as prescription opioids (Jeddi et al., 2024; Nguyen et al., 2023; O’Connell et al., 2019; Shi, 2017;
Takakuwa et al., 2020; Wen and Hockenberry, 2018) and benzodiazepines (Doucette et al., 2025b;
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O’Connell et al., 2019; Purcell et al., 2019), and produce downstream effects on healthcare utiliza-
tion (Cook et al., 2023; Doucette et al., 2024c; Greywoode et al., 2023; Sobotka et al., 2021).

As legalization and public demand for CaM have expanded, research into its potential bene-
fits and risks has likewise intensified and its use is not without safety concerns (MacCallum and
Russo, 2018; MacCallum et al., 2021). Several potential adverse events (AEs) of medical cannabis
have been identified with increased research. Most of the AEs are associated with THC rather than
CBD, and are related to psychoactivity, specifically dizziness, psychological disturbances, and som-
nolence (Gottschling et al., 2020). Though other common AEs exist, such as dry mouth, fatigue,
nausea, vomiting, headache, constipation, and muscular weakness. Researchers have increasingly
completed controlled studies with real-world data to generate pragmatic evidence on CaM safety
(Crescioli et al., 2020; Dalavaye et al., 2023; Ergisi et al., 2022; Erridge et al., 2022, 2023; Hachem
et al., 2024; Harris et al., 2022; Kalaba et al., 2022; Nicholas et al., 2023; Nimalan et al., 2022;
Olsson et al., 2023; Pillai et al., 2022; Rifkin-Zybutz et al., 2023; Tait et al., 2023; Vivek et al.,
2024).

1.1 Safety Evidence from Clinical Trials and Real-World Evidence

Across multiple RCTs, including crossover and parallel-group designs, pharmacovigilance data re-
veal low rates of treatment-related AEs (Abrams et al., 2020; Aminilari et al., 2022; Aran et al.,
2021; Grimison et al., 2024; Zylla et al., 2021). For example, in adults with sickle-cell disease,
inhaled cannabis (treatment group) produced a similar discontinuation rate as the placebo group
and with no serious or severe events attributable to treatment (Abrams et al., 2020). In a proof-
of-concept autism trial, whole-plant and pure CBD preparations yielded only mild, non-serious
AEs (Aran et al., 2021). While the whole-plant and CBD groups had higher a percentage of pa-
tients report somnolence as an AE compared to placebo, all other common AEs occurred at similar
percentages across the three trial arms (Aran et al., 2021). A Phase II/IIl RCT of oral extract
for chemotherapy-induced nausea documented increased sedation in 18% and increased dizziness
in 10% of treated patients versus 7% or less in placebo, with only two discontinuations due to
neuropsychiatric effects (2.8% discontinuation rate) (Grimison et al., 2024). Other common AEs,
specifically anxiety and disorientation, were not statistically significantly different comparing treat-

ment to placebo groups (Grimison et al., 2024). A meta-analysis of 39 sleep-specific RCTs found
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medical cannabis was associated with small risk differences (RD) in the following AEs, nausea,
vomiting, headache, fatigue, dry mouth, dizziness, nausea, and somnolence. However, overall evi-
dence suggested medical cannabis was associated with small benefits in sleep disturbances for those
with impaired sleep (AminiLari et al., 2022). A randomized trial of medical cannabis patients with
stage IV cancer (n = 30) found no serious safety issues and high satisfaction from patients who were
randomized to either early or delayed start cannabis (Zylla et al., 2021).

Real-world data from observational registries extend safety surveillance to broader, more het-
erogeneous populations. Results from the UK’s medical cannabis database have documented safety
signals across a large swath of medical conditions including anxiety, chronic pain, and PTSD,
among others (Dalavaye et al., 2023; Ergisi et al., 2022; Erridge et al., 2022, 2023; Harris et al.,
2022; Nicholas et al., 2023; Nimalan et al., 2022; Olsson et al., 2023; Pillai et al., 2022; Rifkin-
Zybutz et al., 2023; Tait et al., 2023; Vivek et al., 2024). While most of these registry-based ex-
aminations contain small populations, they provided baseline and follow-up information, including
safety signals. The AE rate across all 11 manuscripts published using the UKs medical cannabis pa-
tient registry vary, from 47% in the trial of children treated for treatment resistant epilepsy to 13.1%
for adults with insomnia. In all of the condition-specific examinations, the average AE reported was
greater than 1 per person and most were non-serious.

Other countries with centralized data related to medical cannabis use report similar AE rates to
the UK medical cannabis database and provided descriptive information on AE demographics. The
Italian Phytovigilance database (252 patients) recorded an adverse reaction rate of 21%, though they
were also primarily non-serious (Crescioli et al., 2020). The mean age was 61.9 and was primary
female (77.3%). Nearly 99% of all AE came from an oral cannabis administration route, compared
to an inhalation route, with nearly 70% of AE completely resolving. Quebec’s pharmacovigilance
registry (2,991 participants) reported moderate or severe AEs in just 3.6% of patients, prompting
discontinuation in fewer than 0.3% (Hachem et al., 2024). The mean age of those with an AE
was 50.9 years and females reported 50.2% of AEs. An Australian real-world data study (535
participants) noted that 57.9% of patients reported at least one AE, 97% of which were non-serious
with a discontinuation rate of 6% (Kalaba et al., 2022).

High-level evidence syntheses have consolidated cannabis’ safety signals across diverse study

designs. A scoping review of 72 systematic reviews found minor AEs such as dizziness, dry mouth,
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and nausea in more than half of analyses. Serious harm was not common, but at least one serious
harm was reported in 36% of the 72 reviews, often without definitive causality attribution (Pratt
et al., 2019). An umbrella review of 101 meta-analyses reported elevated odds ratios for central
nervous system events (OR 2.8), psychological effects (OR 3.1), and visual disturbances (OR 3.0),
as well as improved nausea/vomiting, pain, and spasticity (Solmi et al., 2023). An earlier systematic
review of 31 studies documented that 96.6% of all AEs were non-serious and 3.4% were serious,

including relapse of multiple sclerosis and gastrointestinal complications (Wang et al., 2008).

1.2 Current Contribution

Despite an expanding body of trial and registry data, long-term safety signals for medical cannabis
remain characterized by small cohorts and brief follow-up. To add to this body of literature, we
conducted a pharmacovigilance study using a US-based real-world data registry of over 14,000
patients who used medical cannabis for 1 year. As such, we had the following three aims: 1) describe
the AE frequency and rate per 100 patients, as well as the self-reported tolerability of the AEs, across
demographics, lifestyle characteristics, and cannabis use habits, 2) identify predictors of AEs across
top two conditions (anxiety and chronic pain), and 3) examine whether the probability of having an

AE varies based on weekly cannabis exposure across select demographics and conditions.

2 Methods

2.1 Study Design and Population

We conducted a retrospective pharmacovigilance study using real-world data from a registry of
patients seeking medical cannabis certification through Leafwell, a national telehealth platform.
This database has been previously used for academic purposes (Doucette et al., 2024d,b,a, 2025a,b).
Leafwell is a telehealth platform that facilitates access to licensed physicians for patients who may
qualify for medical cannabis within a given state. The company operates in 34 states and advertises
on internet search engines and digital media. As part of being seen by a qualified physician, patients
must fill out an intake form regarding demographic, lifestyle behaviors, and for those renewing their

certification cards, past-year medical cannabis use habits. We utilized the data from the intake form
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to inform our study.

We accessed administrative data from June 2024 to August 2024 (3-month study period) for
returning patients to Leafwell, or those individuals who had previously been certified to use medical
cannabis 1 year earlier and came back to become re-certified during the study period. For these
individuals, their intake form asked them to self-report medical cannabis use habits for the past
year and any AEs. We excluded any patients under the age of 18. Internal researchers did not have
access to non-anonymized data, and this project received exempt status from an external third-party

institutional review board (IRB).

2.2 Measures

In the Leafwell intake form, patients were asked whether they experienced any cannabis-related
AEs in the past year (yes vs. no). If they responded positively, patients were asked to identify
which AEs they had suffered from a list of 29 specific AE, including an ‘Other’ option (Full list
provided below). For each AE that was selected, there was a corresponding question to assess its
severity; patients were asked to rate, on a scale of 0 to 10, with ‘0’ being No impact at all and ‘10’
Extremely impactfull, how the AE impacted their daily life.

We included several other covariates in this analysis. Available demographic data included
age (continuous), sex (male vs. female), race/ethnicity (non-Hispanic, white vs. all other races),
education (college degree or higher vs. less than a college degree), veteran status (yes vs. no) and
health insurance status (yes vs. no). We also included data related to patient’s tobacco smoking
status (current smoker vs. former or never smoker) alcohol consumption habits (non-drinkers vs.
those who drink at least one day per week).

We included two validated measures of health status. First, we used the Centers for Disease
Control’s Health-related Quality of Life-4 scale, which provided a number of unhealthy days per
month (Mielenz et al., 2006; Zahran et al., 2005). We created a four-level variable representing the
unhealthy weeks per month (1 week or less, 2 weeks or less, 3 weeks or less, and more than 3 weeks
per month). We also used the Graded Chronic Pain Scale Revised to assess pain severity within the
study population (Von Korff et al., 2020). We created a binary variable comparing no/mild chronic
pain to bothersome/severe chronic pain.

Patients were asked a set of cannabis use habit questions. Patients were asked to report how
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many days per week they used medical cannabis (1 through 7 days), their most common route of
administration (dried flower (vaporizer), dried flower (smoked), edible, inhaler, sublingual spray,
vape pen, tablet/capsule, tincture/oils/drops, topical lotion, or transdermal patch), and the type of
product they most commonly used (High THC vs Low CBD, Low THC vs High CBD, THC only,
CBD only, Equal amounts of CBD and THC). For each route of administration, patients were asked
to specify the most common serving size, which ranged from less than 1 serving to 4 or more

servings (Supplemental Table 1 provides serving size information).

2.2.1 Weekly Cannabis Exposure

To assess dose-response relationships, we constructed a weekly cannabis exposure variable. To
accomplish this, a composite continuous variable for weekly exposure was created by multiplying
the number of days per week a patient consumed by the average serving size per use. Serving
size estimates were harmonized across modalities (see Supplemental Table 1 for more detail). For
example, 1 edible = 1 smoked bowl (dried flower). This variable was used as a continuous predictor.
We also presented this variable in quintiles to examine whether the risk of AEs increased as the

measure of weekly cannabis exposure increased.

2.3 Statistical Analysis

All analyses were conducted in R (version 4.5.1) (RStudio Team, 2025). We first generated descrip-
tive statistics: counts and percentages (for categorical variables) and means + SD (for continuous
variables) were compared between patients reporting any AE and those reporting none, using x>
tests for categorical data and two-sample t-tests for continuous variables. We also calculated unad-
justed AE rates per 100 patients with exact binomial 95% confidence intervals (CIs).

Next, we characterized the AE experience itself. First, we examined AE prevalence across
weekly-exposure quintiles, computing within-quintile counts, proportions, binomial 95% CIs, and
testing for a linear trend in the log-odds of AE using a Cochran—Armitage approach (Cochran, 1954;
Armitage, 1955; Signorell et al., 2025). We then tabulated the number and proportion of patients
who reported each of the pre-specified AEs, and summarized mean impact scores (0—10 scale) with

standard errors. We did that overall and stratified by patients with anxiety and patients with chronic
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pain.

Given the small prevalence of AEs within the sample, we used a multi-step process to identify
meaningful predictors of AEs within the two largest patient subgroups, chronic pain and anxiety.
First, we performed univariate logistic regressions with each covariate entered singly into a logistic
model with AE (yes vs no) as the outcome; coeflicients, 95% ClIs, and p-values were extracted. We
applied robust “sandwich” standard errors to all regression models to mitigate potential misspeci-
fication of the binomial variance. Missingness was minimal (> 90% complete for all covariates).

We then sought to identify the most relevant predictors of having an AE to ensure the most par-
simonious model. To this end, we next fitted penalized logistic models (LASSO, a = 1) with 5-fold
cross-validation using the R package, glmnet (Tibshirani et al., 2010; Friedman et al., 2008). The
design matrix included weekly exposure and all other covariates. We selected non-zero coefficients
at the )\ that minimized cross-validated deviance (A min), yielding a small set of LASSO-selected
predictors (Tibshirani, 1996). We used these selected coefficients in our final multivariate logistic
models to identify predictors of AE in addition to the following a prior variables, sex, race/ethnicity,
age, tobacco use status, number of unhealthy weeks, and weekly cannabis exposure. We extracted
adjusted odds ratios (ORs) with robust standard errors and 95% ClIs.

Finally, we visualized the exposure—response relationship via marginal predicted-probability
curves. For each model, we created a 200-point exposure grid spanning the observed weekly-use
range, held all other covariates at reference values (mean age; female; non-White; non-smoker;
no doctor visit; < 1 unhealthy week), and used predict probabilities to obtain logit-scale fits and
standard errors. We back-transformed to probabilities and constructed 95% logit-scale CIs. We ex-
pressed the marginal exposure-response curves overall for anxiety and chronic pain patients. Within
both anxiety and chronic pain patients, we also visualized the exposure-response curve stratified by
sex and race/ethnicity. Additionally, we examined the predicted probability of having an AE across

the age spectrum.

3 Results

A total of 14,313 patients were included in the study. This represented 59.7% of the total patient

population that was eligible for medical card renewal during the 3-month study period. Of them, 367
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reported having at least one AE, or (2.6%). Of the 367 patients who reported an AE, 261 reported
what their AEs was (71.1%). In total, there were 375 reported AEs among the 261 patients who

specified what their AEs were, or around 1.44 AEs per patient.

Table 1: Descriptive table of covariates across the presence of at least one adverse event

Adverse Event Reported  No Adverse Event Total p-value  Adverse Event Rate (95% CI)

(n=367) (n=13946) (n=14313)
Demographics
Sex: Female 202 (56%) 6756 (49%) 6958 0.009 2.90 (2.51-3.30)
Sex: Male 160 (44%) 7190 (51%) 7350 2.20 (1.86-2.54)
Race/Ethnicity: White non-Hispanic 290 (79%) 10514 (75%) 10 804 0.13 2.68 (2.38-2.99)
Race/Ethnicity:All other race/ethnicity 77 (21%) 3432 (25%) 3509 2.19 (1.71-2.68)
Education: Less than College degree 211 (57%) 8839 (63%) 9050 0.024 2.33 (2.02-2.64)
Education: College degree or more 156 (43%) 5107 (37%) 5263 2.96 (2.51-3.42)
Veteran Status: No 343 (93%) 13027 (93%) 13370 >0.9 2.57 (2.30-2.83)
Veteran Status: Yes 24 (6.5%) 919 (6.6%) 943 2.55 (1.54-3.55)
Smoking Status: ~ Former/Never 300 (82%) 11122 (80%) 11422 0.4 2.63 (2.33-2.92)
Smoking Status: Current 67 (18%) 2824 (20%) 2891 2.32 (1.77-2.87)
Alcohol: Non-drinker 239 (65%) 8989 (64%) 9228 0.8 2.52 (2.09-2.95)
Alcohol: Drinker 128 (35%) 4957 (36%) 5085 2.59 (2.27-2.91)
Age, mean (SE) 43.18 (0.77) 45.14 (0.13) 44.98 0.013 —
Health Status
Unhealthy weeks/month <1 85 (23%) 4783 (34%) 4868 <0.001 1.75 (1.38-2.11)
Unhealthy weeks/month 1-2 70 (19%) 2765 (20%) 2835 2.47 (1.90-3.04)
Unhealthy weeks/month 2-3 74 (20%) 2448 (18%) 2522 2.93 (2.28-3.59)
Unhealthy weeks/month 3—4 138 (38%) 3950 (28%) 4088 3.38 (2.82-3.93)
Pain Status: No/Mild 215 (60%) 8847 (64%) 9062 0.13 2.37 (2.06-2.69)
Pain Status:  Bothersome/Severe 142 (40%) 4911 (36%) 5053 2.81(2.35-3.27)
Insurance: No 29 (7.9%) 1612 (12%) 1641 0.037 1.77 (1.13-2.40)
Insurance: Yes 338 (92%) 12334 (88%) 12672 2.67 (2.39-2.95)
Chronic Pain: No 275 (75%) 10095 (72%) 10370 0.3 2.65 (2.34-2.96)
Chronic Pain: Yes 92 (25%) 3851 (28%) 3943 2.33 (1.86-2.80)
Anxiety: No 273 (74%) 10337 (74%) 10610 >0.9 2.57 (2.27-2.87)
Anxiety: Yes 94 (26%) 3609 (26%) 3703 2.54 (2.03-3.05)

Continued on next page
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Table 1: Descriptive table of covariates across the presence of at least one adverse event (continued)

AE Reported No AE Total p-value AE Rate (95% CI)

Healthcare Utilization

Doctor visit: No 143 (39%) 7 188 (52%) 7331 <0.001 1.95 (1.63-2.27)
Doctor visit: Yes 224 (61%) 6758 (48%) 6982 3.21 (2.79-3.62)
Urgent care visit: No 345 (94%) 13417 (96%) 13762 0.043 2.51(2.25-2.77)
Urgent care visit: Yes 22 (6.0%) 529 (3.8%) 551 3.99 (2.36-5.63)
ED visit: No 344 (94%) 13362 (96%) 13706 0.069 2.51(2.25-2.77)
ED visit: Yes 23 (6.3%) 584 (4.2%) 607 3.79 (2.27-5.31)
Hospital visit: No 353 (96%) 13577 (97%) 13930 0.20 2.53 (2.27-2.80)
Hospital visit: Yes 14 (3.8%) 369 (2.6%) 383 3.66 (1.78-5.53)
Consumption Habits

Every day use: No 178 (49%) 6496 (47%) 6674 0.5 2.67 (2.28-3.05)
Every day use: Yes 189 (51%) 7450 (53%) 7639 2.60 (2.23-2.96)
Routes: Smoked 126 (34%) 6014 (44%) 6140 0.002 2.05(1.70-2.41)
Routes: Edible 92 (25%) 2873 (21%) 2965 3.10 (2.48-3.73)
Routes: Vaped 78 (21%) 2604 (19%) 2682 291 (2.27-3.54)
Routes: Other 71 (19%) 2092 (15%) 2163 3.28 (2.53-4.03)

Note: p-values from chi-square tests (age by t-test). AE rate per 100 patients with 95% confidence. The following variables had missing information: Sex = 79 patients, Race/ethnicity = 1 patient,

Chronic pain status = 198 patients, Everyday use = 360 patients, Route of administration = 363 patients, product type = 432 patients..

Those who experienced an AE were slightly younger (mean 43.2 vs. 45.1 years; p = 0.013)
and more often female (56% vs. 49%; p = 0.009) (Table 1). There was no significant difference
by race/ethnicity (White non-Hispanic 79% vs. 75%; p = 0.13) or veteran status (6.5% vs. 6.6%;
p > 0.9). College graduates had a modestly higher AE rate than those without a degree (2.96 per
100 patients vs. 2.33 per 100 patients). Current smokers and non-smokers reported similar AE
frequencies (18% vs. 20%; p = 0.40), as did drinkers versus non-drinkers (35% vs. 65%; p = 0.80).

Patients with more unhealthy weeks per month were increasingly likely to report AEs (from
1.8 per 100 in <1 week to 3.4 per 100 in 3—4 weeks; p < 0.001) (Table 1). Self-reported pain
severity and chronic pain or anxiety diagnoses did not significantly affect AE risk. Those who
sought healthcare for their condition, particularly doctor visits, had markedly higher AE rates: 3.21
per 100 versus 1.95 per 100 for those who did not see a doctor (p < 0.001). Urgent-care visits (3.99
per 100 vs. 2.51; p = 0.043) and emergency-department visits (3.79 per 100 vs. 2.51; p = 0.069)
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also trended toward higher AE reporting. Hospitalizations were uncommon but associated with a
higher AE rate (3.66 per 100 vs. 2.53; p = 0.20). Patterns of cannabis use, daily versus less frequent,
route of administration, and product type, showed some variation: edible and “other” routes had
higher AE rates (3.10 and 3.28 per 100, respectively) compared with smoking (2.05 per 100; p =
0.002), whereas product type did not significantly influence AE frequency (p = 0.80). In general,
most variables were not missing data (see Table 1 for missingness details).

AE prevalence was not uniform across weekly-exposure quintiles (Table 2). In the lowest and
second lowest exposure quintile (EQ), 84 and 83 of 2,756 patients each reported an AE. Preva-
lence dipped in EQ3 (63/2,756; 2.29%, 1.9-2.9%) and fell to its lowest in EQS5 (61/2,755; 2.21%,
1.7-2.8%). The results of the Cochran-Armitage trend test suggested AE prevalence declined with
increased weekly exposure (p = 0.036). In total, 3.7% of respondents didn’t answer either the daily
use question (n = 360) or the average serving size question (n = 174). Due to the low percentage of

data missingness for this exposure variable, we utilized a complete-case analysis.

Table 2: Prevalence of Any Adverse Event by Weekly Cannabis Exposure Quintile

Exposure Quintile =~ N AE Count Prevalence 95% CI

Quintile 1 2756 84 3.05% (2.4%—3.8%)
Quintile 2 2756 83 3.01% (2.4%—3.7%)
Quintile 3 2756 63 2.29% (1.9%-2.9%)
Quintile 4 2756 73 2.65% (2.1%-3.3%)
Quintile 5 2755 61 2.21% (1.7%—2.8%)

Note: p-value for linear trend in log-odds across quintiles (Cochran—Armitage test) = 0.036. Of the 14,313
patients, 360 (2.5%) did not respond to the question of use habits. An additional 174 people (3.7% total) did
not respond to the question related to serving size.

Among the 375 total AE reports captured (Table 3), the most commonly reported symptom was
an increase in appetite (n = 62, 23.8%), followed by tiredness/fatigue (n = 53, 20.3%) and anxiety
(n =52, 19.9%) (non-mutually exclusive). These top three AEs also exhibited moderate impact on
daily life, with mean impact scores of 3.81 (Standard error (SE) = 0.25) for increased appetite, 3.85
(SE = 0.26) for fatigue, and 3.63 (SE = 0.32) for anxiety. Feeling sick or nauseous and increased
cannabis tolerance were each reported by 31 patients (11.9%), with mean impacts of 2.61 (SE =

0.41) and 4.16 (SE = 0.39), respectively.
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Less frequent events, such as paranoia and memory loss (both 7.7%), showed higher mean im-
pacts (3.75 (SE = 0.66) and 4.15 (SE = 0.35)), while weight gain (6.9%; 4.39 (SE = 0.44)) and
dizziness (5.4%; 3.14 (SE = 0.65)) fell in the mid-range of impact. A heterogeneous group of
‘Other’ symptoms (4.6%) averaged 2.42 (SE = 0.50) in impact. Several infrequent AEs, decreased
appetite, diarrhea, loss of balance, irritability, had mean impacts from 3.67 to 6.00 but were re-
ported by fewer than 10 patients each (< 3%). Rare events such as seizures, wheezing, and in-
creased pain sensitivity (< 1% each) demonstrated variable impact (impact range 3-5). Euphoria
and weight-loss reports (each 0.4%) were too sparse for reliable impact-SE estimates, and three
events (hospitalization, suicidal thoughts, spasms/tics) were not reported at all.

Table 4 describes the AE profile for specifically anxiety and chronic pain patients. While in-
creased appetite, fatigue, and anxiety were the top three AEs overall (23.8%, 20.3%, 19.9%; Ta-
ble 4), their within-subgroup proportions are uniformly lower, ranging 13—18% (Table 3), reflecting
that no single symptom dominates any one condition. “Feeling sick or nauseous” and “increased
tolerance” each account for ~12% overall but varied by subgroup. Many low-frequency events in
Table 3 (< 3% overall) appear only sporadically (< 3.5%) or not at all in subgroups presented in
Table 4.

In univariate logistic regression (Table 5), we examined the crude association between each
candidate covariate and the odds of reporting any AE, separately within chronic pain and anxiety
patients. Among the anxiety patients, having been to the doctor (OR 3.425, 95% CI 2.215-5.437),
the number of unhealthy weeks (1-2 weeks vs. less than 1 week: OR 1.956, 95% CI 1.126, 3.435;
2-3 weeks vs. less than 1 week: OR 1.987, 95% CI 1.102, 3.584), routes of administration (Vape
vs. dried flower: OR 1.74, 95% CI 1.039, 2.915), and product type (Equal ratio vs. High THC:
OR 0.317, 95% CI 0.115, 0.947) were among the few predictors reaching statistical significance,
while demographic and exposure variables remained largely nonsignificant. For chronic pain, age
displayed a small but statistically significant predictor of the odds of having an AE, (age: OR 0.984,
95% CI1 0.970, 0.999) as did the number of unhealthy weeks (2-3 weeks vs. less than 1 week: OR
1.663, 95% CI 1.003, 2.824).
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Table 3: Frequency and Mean Impact on Daily Life for Reported Adverse Events

Adverse Event n %o Mean Impact (SE)
Increase in appetite 62 238 3.81 (0.25)
Tiredness/fatigue 53 20.3 3.85(0.26)
Anxiety 52 19.9 3.63 (0.32)
Feeling sick or nauseous 31 11.9 2.61(0.41)
Increased tolerance to cannabis medication 31 11.9 4.16 (0.39)
Paranoia 20 7.7 3.75 (0.66)
Memory loss 20 7.7 4.15 (0.35)
Weight gain 18 69 4.39 (0.44)
Dizziness 14 54 3.14 (0.65)
Other 12 4.6 2.42 (0.50)
Sore throat 9 34 3.33(0.87)
Decreased appetite 7 2.7 4.71 (0.84)
Diarrhea 5 1.9 2.40 (0.40)
Loss of balance 5 1.9 4.60 (1.63)
Irritability 5 1.9 4.60 (0.81)
Hallucinations (visual and/or auditory) 4 1.5 2.50 (0.87)
Constipation 3 1.1 3.67 (1.33)
Negative behavioral or mood change 3 1.1 5.33(0.33)
Somnolence 3 1.1 3.33 (0.88)
Loss of interest in usual activities 3 1.1 6.00 (1.00)
Agitation 3 1.1 4.00 (1.53)
Weakness 2 0.8 3.00 (2.00)
Increased pain sensitivity 2 08 4.50 (1.50)
Wheezing 2 0.8 5.00 (1.00)
Seizures 2 0.8 3.00 (0.00)
Increase in depression 1 0.4 5.00 (—)
Weight loss 1 0.4 0.00 (—)
Euphoria 1 04 4.00 (—)
Tremors 1 04 0.00 (—)

Note: Three adverse events (hospitalization, suicidal thoughts, spasms/tics) had zero reports and were ex-
cluded. Patients asked to rate, on a scale from 0 to 10, how the adverse event impacted their daily life with O
being no impact at all and 10 being extremely impactfull. Patients had the ability to report multiple adverse
events.
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Table 4: Adverse Event Frequency by Subgroup: Anxiety vs. Chronic Pain

Adverse Event Anxiety (n=108) Chronic Pain (n=96)
Increase in appetite 15 (13.9%) 17 (17.7%)
Tiredness/fatigue 14 (13.0%) 15 (15.6%)
Anxiety 16 (14.8%) 14 (14.6%)
Feeling sick or nauseous 7 (6.5%) 8 (8.3%)
Increased tolerance to cannabis medication 10 (9.3%) 5 (5.2%)
Paranoia 11 (10.2%) 3 (3.1%)
Memory loss 6 (5.6%) 3 (3.1%)
Weight gain 4 (3.7%) 6 (6.3%)
Dizziness 2 (1.9%) 4 (4.2%)
Other 4 (3.7%) 1 (1.0%)
Sore throat 0 (0.0%) 3 (3.1%)
Decreased appetite 3 (2.8%) 2 (2.1%)
Diarrhea 1 (0.9%) 3 (3.1%)
Loss of balance 0 (0.0%) 3 (3.1%)
Irritability 2 (1.9%) 1 (1.0%)
Hallucinations (visual/auditory) 1 (0.9%) 1 (1.0%)
Constipation 2 (1.9%) 0 (0.0%)
Negative behavioral/mood change 1 (0.9%) 2 (2.1%)
Somnolence 1 (0.9%) 0 (0.0%)
Loss of interest in usual activities 1 (0.9%) 2 (2.1%)
Agitation 2 (1.9%) 0 (0.0%)
Weakness 2 (1.9%) 0 (0.0%)
Increased pain sensitivity 2 (1.9%) 0 (0.0%)
Wheezing 0 (0.0%) 1 (1.0%)
Seizures 0 (0.0%) 0 (0.0%)
Increase in depression 0 (0.0%) 1 (1.0%)
Weight loss 0 (0.0%) 1 (1.0%)
Euphoria 0 (0.0%) 0 (0.0%)
Tremors 1 (0.9%) 0 (0.0%)
Hospitalization 0 (0.0%) 0 (0.0%)
Suicidal thoughts 0 (0.0%) 0 (0.0%)
Spasms/tics 0 (0.0%) 0 (0.0%)
Total reports 108 (100%) 96 (100%)

Note: Adverse events reported for specifically anxiety and chronic pain.
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Figure 1: Marginal exposure-response curves stratified by anxiety and chronic pain patients.
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Figure 2: Marginal exposure-response curve across sex and race independent of medical
condition.

To reduce model complexity and mitigate overfitting, we then applied LASSO penalization
within each condition-specific dataset (Table 5). For anxiety patients, only visiting a doctor was a
significant predictor of increased odds of having an AE. For chronic pain patients, age, sex, smoking
status, having 3-4 unhealthy weeks per month, receiving doctor care, receiving ED care, and weekly
exposure were significant predictors of AE Odds.

Our multivariate logistic models combined the a priori confounders (age, sex, race/ethnicity,
smoking status, number of unhealthy weeks, and weekly cannabis exposure), and the LASSO-
identified predictors (Table 5). Among those with anxiety, having visited the doctor was the only
significant predictor of having an AE (OR 4.03, 95% CI 2.44—-6.87); no other covariate was related
to having an AE. For those with chronic pain, age was the only significant predictor of having an

AE (OR 0.98, 95% CI 0.97-0.99).
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The marginal exposure—response curves (Figure 1) plot the adjusted probability of reporting
any AE against weekly cannabis use frequency separately for anxiety and chronic pain patients.
The chronic pain curve shows a slight downward slope, AE probability increases from 3% to 2.1%
across the exposure range, whereas the anxiety curve is virtually unchanged, hovering around 2%
throughout. The narrow logit-scale 95% confidence bands indicate precision in these estimates.
Overall, after adjusting for age, sex, race/ethnicity, smoking status, doctor visits, and unhealthy-

weeks, weekly cannabis frequency does not appear to influence AE risk in either condition.

Condition Anxiety Chronic Pain

Predicted Probability of Adverse Event

0.00

25 50 75

Age (years)

Figure 3: Marginal exposure-response curve across age independent of medical condition.

Figure 2 presents the same marginal exposure—response curves stratified by key demograph-

ics: sex (Male vs. Female) and race/ethnicity (White non-Hispanic vs. all other race/ethnicities).
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Among all four plots, the slopes remain flat with increasing exposure: the maximal difference be-
tween strata is under one percentage point, and the bands overlap substantially. These plots confirm
that sex and race produce small vertical shifts in baseline AE probability but do not modify the

near-null exposure—response relationship.

[ [4*]
o o

o

Overall AE Rate in Full Cohort (%)

o

(%]

10 15 20 25 30 35 40 45 50
Assumed AE Rate in Non-Responders (%)

Figure 4: Sensitivity of overall adverse-event rate to non-responder risk assumptions.

Figure 3 depicts the adjusted probability of an AE as a function of patient age (with weekly
exposure held at its mean) in the chronic pain and anxiety groups. Both curves slope gently down-
ward: younger patients (age 20) have predicted AE probabilities of 3.0-3.2%, which decline to
2.0-2.2% by age 80. The confidence ribbons widen slightly at the extremes, reflecting fewer obser-
vations, but remain well within 1-5%. This indicates that, independent of cannabis dose and other
confounders, older patients are slightly less likely to report AEs, possibly reflecting age-related
reporting biases or differential susceptibility, agreeing with findings from our multivariate models.

Given our 59.7 percent one-year follow-up rate, we conducted an ad hoc sensitivity analysis to
assess how non—missing-at-random loss to follow-up might bias our reported 2.6 percent AE rate
(see Figure 4). We assumed that the 40.3 percent of eligible patients who did not return for recerti-
fication could have experienced AEs at rates ranging from 5 percent (consistent with the lower end

of registry estimates) up to 50 percent (upper estimates in small cohorts). For each assumed non-
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responder AE percentage, we imputed the corresponding number of events among non-responders
and recalculated the overall AE rate in the full cohort. Under a 5 percent assumption, the aggregate
AE rate increases from 2.6% to approximately 3.55%, whereas a 50 percent assumption among
all non-respondents yields an overall rate near 21.68%. This exploratory analysis illustrates that,
if non-responders systematically experienced more side effects, our observed AE frequency likely

represents a conservative lower bound.

4 Discussion

In our registry of more than 14,000 patients who used medical cannabis for one year, AEs proved
rare and generally tolerable. Only 2.5 percent of users reported any AE, and when they did, the most
common complaints, increased appetite (23.8 percent of AE reporters), fatigue (20.3 percent), and
anxiety (19.9 percent), scored below 4 on a 0-to-10 impact scale (Table 3). Importantly, once we
adjusted for patient characteristics and health status, weekly cannabis exposure was not associated
with an increased odds of having an AE.

Notably, age proved to be a significant predictor of AE odds among those with chronic pain.
With every 1 unit increase in age, the odds of having an AE reduced 1.6%. Among those with
anxiety, the strongest predictor was having seen a doctor for one’s condition. Patients who had
a doctor visit were about 4 times greater odds of reporting an AE in the anxiety subgroup. This
finding likely suggests that patients who seek more medical care may have more complex health
profiles. They may be on multiple medications, have more severe symptoms, or have comorbidities
that heighten the likelihood of side effects once medical cannabis is added. From a clinical stand-
point, providers should pay particular attention to co-medications and overall health statuses when
initiating or adjusting cannabis treatment. Ensuring that patients understand potential interactions
and monitoring them closely may be as important as dosing decisions.

Our results are consistent with randomized trials and international registries showing that med-
ical cannabis is generally safe and well tolerated Pratt et al. (2019); Wang et al. (2008). Controlled
trials of medical cannabis use have reported AE rates between 10 percent and 50 percent with al-
most exclusively mild events such as dizziness, dry mouth, and sedation and low discontinuation

rates (Abrams et al., 2020; AminiLari et al., 2022; Aran et al., 2021; Grimison et al., 2024; Zylla
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etal., 2021). National cohorts in the UK and Canada similarly documented AE frequencies from 3
percent to 35 percent, again dominated by non-serious symptoms and without clear dose-response
trends (Dalavaye et al., 2023; Ergisi et al., 2022; Erridge et al., 2022, 2023; Harris et al., 2022;
Nicholas et al., 2023; Nimalan et al., 2022; Olsson et al., 2023; Pillai et al., 2022; Rifkin-Zybutz
et al., 2023; Tait et al., 2023; Vivek et al., 2024). What our analysis adds is a large, US telehealth
registry perspective with one year of follow-up data across multiple product types and routes of
administration.

In the test of differences in log-odds trends, we did see meaningful differences in AE risk at
lower weekly cannabis exposure (p-value = 0.036, See Table 2). However, our regression approach
identified that the crude association between weekly cannabis exposure and AE odds were non-
significant once we accounted for demographics, health-care utilization, and general health status.
Taken together, the concordance of trial, registry, and real-world findings reinforces that, under
clinical supervision, medical cannabis can be prescribed with a tolerable safety profile.

In our univariate analyses, specific routes of administration were associated with higher odds of
reporting an AE among patients with anxiety. When we applied LASSO penalization within each
condition subgroup, none of the route variables retained importance. This divergence suggests that
although certain administration routes may appear to carry elevated risk on their own, their apparent
effects are largely explained by confounding factors such as patients’ overall health status, frequency
of doctor visits, or concurrent use habits. In other words, once we account for the broader clinical
and demographic context, the choice of delivery method does not independently predict AEs. Clin-
icians should therefore consider focusing on patient complexity and co-medication profiles rather
than route alone when evaluating safety. For future research exploring AE risk, careful adjustment
for variables related to route of administration, such as product potency, dose per administration,
and patient selection factors, is a necessary step to avoid biased estimates and to isolate any true
effects of delivery method.

Given that we found an overall AE rate of <3%, independent of underlying condition, and that,
in our multivariate models for both chronic-pain and anxiety patients, neither sex, race, smoking
status, nor weekly cannabis exposure predicted AE risk, clinicians can counsel patients that the
likelihood of experiencing a new side effect is likely low when cannabis is used as prescribed.

Rather than focusing on dose adjustments alone, providers should prioritize comprehensive medi-
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cation reviews and management of co-morbid health issues, particularly for patients with frequent
healthcare utilization, since these factors more strongly signal AE reporting. In practice, this may
include screening for poly pharmacy and potential drug—cannabis interactions before initiation, set-
ting patient expectations that mild symptoms such as appetite changes or fatigue may occur but are
generally tolerable, and scheduling follow-up visits not to adjust dose per se but to monitor overall
clinical complexity and intervene in modifiable risk factors. By integrating these insights, clinicians
can optimize safety while maintaining the therapeutic benefits of medical cannabis.

Our application of marginal exposure-response curves in a large sample of medical cannabis
users is a novel contribution, providing clear, adjusted visualizations of how exposure relates to
safety in real-world practice. However, it is important to recognize a key limitation of our exposure
metric. We measured weekly exposure only by asking patients how many days per week they used
cannabis and their regular serving size per use. This structure implicitly assumes one use session
per day at whatever typical dose. We did not collect data on the number of times per day or the
number of servings per session. Thus, a patient who uses cannabis four or five times daily would
be treated the same as one who uses once per week, provided both fall into the same “every day”
category. If we had also captured use per day, the true relationship between cumulative exposure
and AE risk might differ. Future studies should therefore incorporate detailed frequency metrics
to more accurately characterize dose—response and avoid underestimating risk among heavy, high-
frequency users.

Although our cross-sectional design provides an important safety snapshot, longitudinal data is
needed to understand incident AEs and their time course. Future work should link registry records
with electronic health-record data to capture emergency department visits, hospitalizations, and se-
rious events that may not be self-reported. Incorporating pharmacokinetic measures and detailed
chemovar profiles, THC/CBD ratios, terpene content, formulation, would enable more precise mod-
eling of dose-response relationships. Adaptive or pragmatic trial designs could randomize patients
to different exposure levels with real-time safety monitoring, identifying thresholds beyond which
AE risk increases. Because healthcare utilization emerged as a key signal, studies of drug-drug
interactions in patients on polypharmacy regimens are also critical. Qualitative research on how
patients perceive and report side effects could improve pharmacovigilance capture in real-world

practice. Finally, expanding surveillance to other subgroups will ensure that safety conclusions

22


https://doi.org/10.1101/2025.07.18.25331800
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.07.18.25331800; this version posted July 18, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

apply broadly across all medical-cannabis users.

Our ad hoc sensitivity analysis reaffirms that, under missing—not—at—-random scenarios, our ob-
served 2.6 percent AE rate likely underestimates true risk but remains consistent with existing real-
world pharmacovigilance data. When we impute a modest 5% AE rate among non-responders, the
overall rate rises only to 3.6 percent, still below the 10-35 percent rates commonly reported in U.K.
and Canadian registry studies, and even an extreme 50% assumption yields 21.7 percent, which
falls squarely within the broad 3—57 percent range observed in smaller cohorts and meta-analyses
(Crescioli et al., 2020; Ergisi et al., 2022; Erridge et al., 2023; Harris et al., 2022; Kalaba et al.,
2022; Nicholas et al., 2023; Nimalan et al., 2022; Olsson et al., 2023; Rifkin-Zybutz et al., 2023;
Tait et al., 2023). This suggests that our lower bound is plausible and that, while loss to follow-up
may conceal some events, it is unlikely to shift the safety profile into the high-risk territory im-
plied by controlled-trial discontinuation rates (typically <5 percent) or the serious-AE rates (<1-3

percent).

4.1 Strengths and limitations

Our study’s strengths include a large, national telehealth sample with minimal missing data and
a 59% response rate, giving us the power to detect even modest safety signals. We combined
univariate screening, cross-validated LASSO selection, and adjustment for a priori confounders
(age, sex, race-ethnicity, smoking status, unhealthy weeks and weekly cannabis exposure) to build
parsimonious, robust multivariate models. Nonetheless, because our data are cross-sectional and
self-reported, we cannot establish temporality or causality, and recall bias may affect both exposure
and event reporting. Our telehealth sample, while large, may not represent all medical cannabis
patients, and we did not formally assess model discrimination or adjust for multiple comparisons
beyond penalization. There are likely unmeasured factors that could also influence event reporting
and are not included in our analysis. Finally, patient-rated impact scores lack clinical adjudica-
tion and may under capture rare but serious outcomes. Despite these limitations, our multi-method
approach provides a rigorous framework for pharmacovigilance in medical cannabis therapy and

informs both clinical practice and regulatory considerations.
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4.2 Conclusion

Our large, real-world registry demonstrates that AEs from medical cannabis are infrequent, gener-
ally mild, and not driven by weekly cannabis exposure once complexity is accounted for. Healthcare
engagement emerged as the key predictor of side-effect reporting for anxiety patients, highlighting
the importance of comprehensive clinical assessment and medication review. These findings sug-
gest that, with appropriate monitoring and attention to comorbidities and co-medications, medical
cannabis can likely be prescribed safely. Future work using more granular exposure metrics and

longitudinal designs will further refine our understanding of risk in diverse patient populations.
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