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Abstract

Background Cannabis is commonly used as a self-prescribed treatment for anxiety and depression, but few studies
have evaluated these associations using both validated mental health scales and biological cannabinoid markers.
This study aimed to test associations between cannabis use frequency and symptoms of anxiety and depression,
and to examine whether frequent cannabis users with high symptom scores were less likely to use FDA-approved
medications.

Methods This is a secondary analysis of a cross-sectional study on sleep and cannabis use, including 195 participants
who completed the Hospital Anxiety and Depression Scale (HADS), Beck Anxiety Inventory (BAI), Beck Depression
Inventory-Il (BDI-II), and self-reported cannabis use. Urinary tetrahydrocannabinol (THC) metabolites validated recent
cannabis exposure. Regression models adjusted for demographic and clinical variables.

Results Frequent cannabis use (> 15 uses in the past 30 days) vs. infrequent use (14 or fewer uses in the past 30 days)
was associated with higher likelihood of anxiety, AOR=1.06 (95% CI 1.01, 1.12), p<0.01 for the BAl and AOR=1.05
(95% C11.01, 1.09), p < 0.05 for the HADS-A. However, frequency of cannabis use was not associated with depression
for either the HADS-D, AOR=0.98 (95% CI 0.94, 1.05) or BDI-Il, AOR=0.98 (95% Cl 0.92, 1.04), ps >0.05. Use of FDA-
approved anxiolytic or antidepressant medications did not significantly differ by non-use, infrequent, and frequent
cannabis use groups (20% vs. 18.2% vs. 21.1% for anxiolytic-hypnotics and 14% vs. 9.1% vs. 11.4% for antidepressants),
and urinary cannabinoid levels were not associated with symptom severity, all ps > 0.05.

Conclusions Elevated anxiety was common among frequent cannabis users, yet use of FDA-approved medications
was infrequent in this group despite increased symptom burden. These results suggest that some individuals may
turn to cannabis to manage their symptoms instead of using evidence-based treatments. Clinicians should consider
the possibility that patients might substitute cannabis for prescription medications, and routinely screen cannabis
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users for untreated anxiety. Randomized studies are needed to determine causal associations between anxiety
symptoms and cannabis use, including potential interactions with FDA-approved pharmacotherapies. Such evidence
will inform clinical recommendations and policy on cannabis use and mental health.

Keywords Cannabis use, Anxiety, Depression, Urinary cannabinoids, Adults

Background

Mild to moderate anxiety and depressive symptoms are
common in adults, with annual prevalence of anxiety
disorders affecting 19% and major depressive episode
affecting 8% of adults in the U.S., respectively (NIMH,
2017). A’-tetrahydrocannabinol (THC) has long been
recognized as having potential anxiolytic effects, pos-
sibly directly through cannabinoid receptors (CB1R) or
indirectly through benzodiazepine receptors (Berrendero
and Maldonado 2002; Garcia-Gutiérrez and Manzanares
2010; Witkin et al. 2005). Though evidence is mixed,
recent reviews and meta-analyses generally show positive
associations between greater cannabis use and higher
frequencies of mental health conditions, with chronic
cannabis users reporting the highest levels of mood and
anxiety disorders, and psychosis symptomology (Marti-
notti and Di Forti 2025; Onaemo et al. 2021; Polkosnik et
al. 2021; Sorkhou et al. 2021, 2024). Some studies show
a dose-dependent relationship between cannabis use and
mental health symptoms, with low doses of A’>-THC pro-
ducing anxiolytic effects and high doses producing anx-
iogenic responses (Petrilli et al. 2022; Sorkhou et al. 2021;
Turna et al. 2017). Further, in the current cannabis legal-
ization environment, THC potency has increased sub-
stantially over the past two decades (e.g., average ranges
of 20% to above 90% THC, depending on the cannabis
form and U.S. state dispensary regulations) (Chandra
et al. 2019; Orens 2018). Although THC can show anx-
iolytic effects at low doses in laboratory settings, more
research is needed to understand its associations with
mood and anxiety symptoms at the higher concentra-
tions now common in cannabis products.

One of the major side effects of anxiety and depres-
sive symptoms is disturbed sleep, particularly insomnia
(Staner 2003). Insomnia and difficulty sleeping are com-
mon reasons for cannabis use, as shown by decreases
in over-the-counter sleep medication after introduc-
tion of dispensaries (Doremus et al. 2019). Studies have
documented subjective improvements in sleep with can-
nabis use, however research to date has not observed
improvements in sleep architecture among those using
and not using cannabis, including our own work (Althoff
et al. 2024; Lavender et al. 2022; Pacek et al. 2017; Vel-
zeboer et al. 2022). The relationship between anxiety
and depression and sleep disturbance may be explained
by chronic stress leading to activation of the corticoste-
roid axis, resulting in chronic alertness (Hirotsu et al.
2015). Population studies suggest that anxiety disorders

are present in roughly one quarter to one third of those
with insomnia (Breslau et al. 1996). Further complicat-
ing the sleep-mental health disorder interactions are the
adverse effects of cannabis withdrawal on mood, which
may potentiate continued cannabis use (Bonnet and Pre-
uss 2017). While legalization of medical and recreational
cannabis has become more common, there are few stud-
ies examining the prevalence of anxiety and depression in
those taking cannabis for sleep.

Cannabis is still a Schedule I drug in the U.S. (i.e., can-
not be prescribed by physicians using a Drug Enforce-
ment Administration [DEA] license), though it might
become Schedule III and is more likely to be used outside
of the medical establishment. Patients who use cannabis
to treat medical disorders are more likely to seek homeo-
pathic solutions to their medical problems and forsake
US. Food and Drug Administration (FDA) approved
medications (Wallis et al. 2022). Moreover, there is evi-
dence that the legalization of cannabis has resulted in a
10-15% reduction in prescriptions for anxiolytic and
antidepressant medications in states that have legalized
cannabis (Bradford and Bradford 2016), despite the lack
of clear evidence that recreational doses of THC have a
beneficial impact on anxiety and depressive symptoms.

Purpose of study

While existing studies have linked greater self-reported
cannabis use frequency to more severe mental health
symptoms (e.g., Leadbeater et al. 2019; Rup et al. 2021;
Steeger et al. 2021), few have incorporated biological
measures of THC to validate cannabis exposure or exam-
ined use of FDA-approved pharmacotherapy among
individuals with elevated anxiety and depressive symp-
toms. To our knowledge, this is one of the first commu-
nity-based studies to integrate multiple validated mental
health scales, urinary THC biomarkers, and prescription
medication data. This approach aims to clarify anxiety
and depressive symptom burden among individuals who
frequently self-administer cannabis, and how this canna-
bis use relates to use of pharmacotherapy for anxiety or
depression. The findings will offer important insight into
symptom burden and self-medication behavior, inform-
ing efforts to improve screening and treatment for adult
cannabis users.

We conducted a secondary analysis of anxiety and
depressive symptoms in a cohort of cannabis users and
comparison participant non-users (controls) who were
recruited for a study examining the impact of cannabis
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use on sleep. We hypothesized that participants who self-
dosed cannabis frequently, as measured by self-report
and urinary cannabinoids, will have more symptoms of
anxiety and depression than those who infrequently self-
dosed cannabis or cannabis users who have not used in
the past 30 days. We further hypothesized that frequent
cannabis users with high anxiety and depression scores
would infrequently use traditional FDA-approved anx-
iolytic and antidepressant medications such as benzodi-
azepines, selective serotonin reuptake inhibitors (SSRIs),
serotonin and norepinephrine inhibitors (SNRIs), tricy-
clic antidepressants (TCAs), monoamine oxidase inhibi-
tors (MAOISs), etc.

Methods

Participants and procedures

The National Jewish Health Institutional Review Board
approved this research. All participants consented to the
study and were adults (aged 21-80 years) with less than
30 pack-year tobacco smoking history and were willing to
complete a Home Sleep Test (HST). The age range was
selected to encompass a broad adult demographic for
comprehensive assessment. The exclusion of individuals
with 30 pack-year or more of tobacco smoking history
aimed to minimize the confounding effects of significant
pulmonary comorbidities on sleep and other physiologi-
cal measures relevant to the broader study aims, as this
is a common criterion in respiratory and sleep research.
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Participants were recruited through local dispensaries,
research bulletin boards, and word of mouth with flyers
that included keywords such as cannabis and sleep.

Cases were defined as those who typically used can-
nabis>3 days per week for at least one year and were
further subdivided into infrequent (<15 days in the past
month) versus frequent (>15 days in the past month).
Further details on frequency cutoffs are described below
in the measures section. Controls (non-cannabis users)
were recruited from similar sources who had not used
cannabis in the past 30 days.

Participants enrolled in the study completed two study
visits and underwent a HST over an ~18-hour period,
described elsewhere in a parent study (Althoff et al.
2024). First, a baseline visit was conducted in the clinic
in the evening. During this visit, participants completed
questionnaires including demographic information and
medical history, sleep quality, mental health, and canna-
bis use. They were also provided with sleep diaries and
fitted for a HST (Althoff et al. 2024). Participants com-
pleted one night of diary tracking and HST recording and
returned for the second and final follow-up visit the next
morning to provide a blood and urine sample. A total of
218 participants were enrolled in the study from 2016 to
2019; 23 participants were excluded from the analysis
due to incomplete or missing data for cannabis use or
missing anxiety or depression measures (Fig. 1). Thus,
195 participants were included for analysis.

Enrollment and Assessment for Eligibility (n=218)

Excluded

v

— e Missing Beck Depression Inventory (n=16)
e Missing Beck Anxiety Inventory (n=13)
e Missing Cannabis Use Questionnaire (n=10)

(n=23)

Included in analysis (n=195)

¢

Provided urine for analysis (n=191)

Fig. 1 Flow diagram showing the number of participants enrolled and included in analyses
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Measures

Participants completed a medical history form regard-
ing current and past medical conditions diagnosed by a
medical provider (Supplemental Materials Table 1), sub-
stance use history, sleep quality (Pittsburgh Sleep Quality
Index; PSQI; Buysse et al. 1989), and current medication
use (Supplemental Materials Table 2).

Self-reported cannabis use

The cannabis use questionnaire included a detailed his-
tory of recent cannabis use. Participants were categorized
into three groups based on the number of days they used
cannabis in the past 30 days: non-users (0 days), infre-
quent users (1-14 days), and frequent users (15 or more
days). The frequency of cannabis use cutoff scores used
in this study divided the distribution of past 30-day use
in our sample (see Supplemental Materials Table 3 for
frequency of use information) and aligns with published
thresholds indicating semi-frequent (10-19 days/month)
and frequent (=20 days/month) use (Caulkins et al.,
2020; Lorenzetti et al., 2021; Sofis et al., 2020; Walsh et
al., 2025). Thus, our 15 day cutoff captures use patterns
of individuals who use cannabis on most days, reflecting
elevated exposure.

Quantitation of cannabis in urine

Urine and blood assay methods are described else-
where and included a panel of 11 total cannabinoids
(Althoff et al. 2024; Klawitter et al. 2017). 11-nor-A9-
tetrahydrocannabinol-9-carboxylic acid glucuronide
(THC-COOH-gluc) (Althoff et al. 2024) is reported in
the current study because most other cannabinoids,
including cannabidiol (CBD), were below the limit of
quantitation in most participants.

Self-reported anxiety and depressive symptoms

At enrollment, participants completed the 14-question
Hospital Anxiety and Depression Scale (HADS), 21-ques-
tion Beck Anxiety Inventory (BAI), and the 21-question
Beck Depression Inventory-II (BDI-II). Moderate to
severe (or clinically significant) anxiety and depression
cutoffs for the HADS-Anxiety Subscale (HADS-A) and
HADS-Depression Subscale (HADS-D) were both >8
(Bjelland et al. 2002; Zigmond and Snaith 1983). BDI-
II cutoffs were: 0—13 minimal depression, 14—19 mild
depression, 20-28 moderate depression, and 29-63
severe depression (Beck et al. 1996). BAI cutoffs were:
0-7 minimal anxiety, 8—15 mild anxiety, 16—25 moderate
anxiety, and 26—63 severe anxiety (Julian 2011).

Statistical analysis

All analyses were performed in SAS 9.4 or R 3.6.1.
ANOVA was used to assess differences in demo-
graphic variables across the three cannabis use groups.
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Proportions were compared using NPARIWAY Chi-
square test. Multivariable logistic regression was used to
examine the associations between the frequency of can-
nabis use (days of cannabis use per month, continuous
variable) and elevated anxiety and depressive symptoms
(HADS-A>8, BAI>16, HADS-D>8 and BDI-II>20).
Regression analyses adjusted for age (years), sex (male/
female), education (bachelor’s or more/less than bach-
elor’s), sleep quality (PSQI score), and anxiolytic-hyp-
notic use or antidepressant use (any use/no use). Linear
regression was used to assess the relationship between
HADS-A, BAIL, HADS-D, and BDI-II scores and uri-
nary cannabinoids. Variance inflation factors (VIF) were
checked for model multicollinearity, and values were not
elevated (VIF > 5) (see Supplemental Materials Table 4).

Results

Participant characteristics and cannabis use group
comparisons

Participant demographic and substance use character-
istics are shown in Table 1. Non-users of cannabis were
more likely to report as female, have a bachelor’s degree
or higher, earn more money, and have never used tobacco
cigarettes, but were otherwise similar in age, race,
employment status, and alcohol use compared to current
(frequent or infrequent) cannabis users. Frequent can-
nabis users were more likely to be unmarried and used
cigarettes compared to non-users or infrequent cannabis
users.

In current cannabis users, the reason for using canna-
bis at night was: to initiate sleep (78%) and/or to maintain
sleep (48%). The major conditions that participants listed
as the reason for taking cannabis at night were stress
(57%), anxiety (52%), pain (46%), post-traumatic stress
disorder (PTSD, 12%), and nightmares (9%). The preva-
lence of other medical conditions by cannabis frequency
group were not significantly different among groups
(Supplemental Materials Table 1).

Anxiety and depression

Elevated anxiety was more frequent in cannabis users
measured using both the HADS (HADS-A=>8: 33%
among frequent users, 18% among infrequent users, and
8% among non-users; p =0.002) and the BAI instruments
(BAI score>16: 30% among frequent users, 14% among
infrequent users, and 0% among non-users, p<0.001;
Table 2). Despite much higher report of anxiety symp-
toms among frequent cannabis users, there was no
significant difference in the use of FDA-approved anx-
iolytic-hypnotics between groups (21% among frequent
users, 18% among infrequent users, and 20% among non-
users), p >0.05 (Table 2). Multivariable logistic regression
models indicated that frequent cannabis use (days per
month) was associated with higher likelihood of elevated
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Table 1 Description of participant characteristics

Current (past 30 days) cannabis users

Non-users Infrequent Frequent users p-value
(n=50) Users (=15 days)
(<15 days) (n=123)
(n=22)

Age 395+17.2 419+185 40.7+14.2 NS
Sex (Female) 37 (74%) 11 (50%) 60 (50%) 0.0116
Race (White) 39 (78%) 17 (81%) 96 (79%) NS
Education Level (= Bachelor’s) 42 (84%) 12 (57%) 46 (38%) <0.001
Marital status 0.0028

Married 21 (42%) 10 (45%) 24 (20%)

Not Married 24 (48%) 6 (27%) 65 (53%)

Widowed/ Separated/Divorced 5(10%) 6 (27%) 33 (27%)
Employment (working now) 36 (72%) 10 (52%) 70 (57%) NS
Family income 0.0247

Less than US$35,000 12 (25%) 6 (32%) 50 (46%)

US$35,000 - US$50,000 11 (23%) 3(16%) 26 (24%)

US$50,000 - US$75,000 12 (25%) 2 (10%) 12 (11%)

US$75,000 - US$100,000 6 (12%) 2(11%) 13 (12%)

US$100,000 and above 7 (15%) 6(31%) 8 (7%)
Tobacco Cigarette Use

Ever use 9 (18%) 6 (29%) 68 (56%) <0.0001

Current users 0 (0%) 1 (5%) 29 (24%) 0.0002
Frequency of alcohol use

Never 4(8.3) 4(19.0) 19 (15.8) NS

Monthly or less 9 (19%) 3 (14%) 24 (20%)

2-4 times per month 22 (45%) 4(19%) 33 (27%)

2-3 times per week 10 (21%) 6 (29%) 32 (27%)

> 4 times per week 3 (6%) 4 (19%) 12 (10%)

Note. n (%) or mean +standard deviation are shown. Not significant (NS) indicates p>0.05

Table 2 Symptoms of anxiety and depression and use of commonly prescribed medication among participants

Cannabis use in the past 30 days

Non-users Infrequent users (< 15 days) Frequent users (=15 days) Chi-square test
0 days (n=22) (n=123) p-value
(n=50) n (%) n (%)
n (%)
HADS anxiety score=8 4 (8.0) 4(18.2) 41 (33.3) 0.002
HADS depression score >8 2 (4.0) 1(4.5) 13(10.6) NS
Beck Anxiety Inventory
Minimal (0-7) 42 (84.0) 15 (68.2) 64 (52.0) <0.001
Mild (8-15) 8(16.0) 4(18.2) 22(17.9)
Moderate (16-25) 0(0.0) 1(4.5) 21(17.1)
Severe (26-63) 0(0.0) 2(9.) 16 (13.0)
Beck Depression Inventory
Minimal (0-13) 48 (96.0) 20(90.9) 92 (74.8) 0.011
Mild (14-19) 1(2.0) 0(0.0) 16 (13.0)
Moderate (20-28) 1(20) 1(10.0) 10 (8.1)
Severe (29-63) 0(0.0) 0(0.0) 54.1)
Medication Usage
Anxiolytic-hypnotic 10 (20.0) 4(18.2) 26 (21.1) NS
Antidepressants 7 (14.0) 2(9.1) 14 (11.4) NS

Note. Total N=195. HADS =Hospital Anxiety and Depression Scales. Not significant (NS) indicates p>0.05
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anxiety, AOR=1.06 (95% CI 1.01, 1.12), p<0.01 for the
BAI and AOR=1.05 (95% CI 1.01, 1.09), p<0.05 for the
HADS-A (Table 3).

Clinically-elevated symptoms of depression (HADS-D
score>8) were not significantly different across groups
(11% among frequent users, 5% among infrequent users,
and 4% among non-users), p>0.05. However, using the
BDI-II, frequent cannabis users were more likely to have
moderate or severe symptoms of depression compared
to infrequent users or never users (BDI-II>20: 12% vs.
10% vs. 2%, p=0.011) (Table 2). Among frequent canna-
bis users, there were more participants with moderate or
severe anxiety symptoms (30%) than moderate or severe
depressive symptoms (12%). There was not a significant
difference in use of antidepressants among cannabis use
types (11% among frequent users, 9% among infrequent
users, and 14% among non-users), p>0.05 (Table 2).
Finally, in multivariable regression models, the frequency
of cannabis use was not associated with elevated depres-
sive symptoms for either the BDI-II, AOR=0.98 (95% CI
0.92, 1.04) or HADS-D, AOR= 0.99 (95% CI 0.94, 1.05),
ps>0.05 (Table 3).

Urinary cannabinoids and anxiety and depressive
symptoms

Although infrequent cannabis users had significantly
less urinary cannabinoids compared to frequent users
(1.46 £3.09 ng/ml versus 9.58+26.2 ng/ml; p=0.013;
Supplemental Materials Fig. 1), there were no signifi-
cant associations between urinary cannabinoids and the
severity of anxiety symptoms or depressive symptoms,
ps>0.05 (Fig. 2).

Discussion

This study found that frequent cannabis use in the past
month was associated with elevated symptoms of anxiety
but not depression, even after adjusting for key covari-
ates. Though anxiety scores were higher among frequent
cannabis users, there was no significant difference in the
use of anxiolytic-hypnotic medications among frequent
users, infrequent users, and non-users, which suggests
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that frequent users are not using FDA-approved medica-
tions as a primary method to treat their anxiety. Contrary
to expectation, we also found no relationship between
urinary THC-COOH-gluc (i.e., the highest detectable
cannabinoid in this sample) and either elevated anxiety
or depressive symptoms, suggesting that participants
may not be fully self-titrating with cannabis to attenuate
symptoms. It is also likely that at high levels of anxiety
and depression, cannabis use is ineffective in fully con-
trolling symptoms (Feingold et al. 2015). Although anxi-
ety symptoms were higher in frequent cannabis users for
both anxiety measures, there was a significant difference
in BDI-II depression scores but not HADS-D scores.
Additionally, the use of antidepressant medications was
similar across groups.

Although the HADS-D did not indicate significant
group differences in depression, the BDI-II found higher
levels of moderate to severe depression for frequent can-
nabis users. This discrepancy may reflect differences in
how the two depression measures assess symptoms. The
BDI-II includes somatic symptoms (e.g., sleep distur-
bance, fatigue), which may be relevant to frequent users
in this community-based sample, in addition to affective
and cognitive symptoms.

Though it is difficult to speculate about the reasons
for null findings, there are several possible explana-
tions for why there could have been significant associa-
tions between cannabis use and anxiety symptoms but
not depressive symptoms. Results may be due to differ-
ences in the acute self-medicating potential of cannabis
for anxiety (particularly with CBD-dominant strains;
Bidwell et al. 2024; Kosiba et al. 2019; Sharpe et al. 2020).
There is also some evidence for a stronger neurobiologi-
cal overlap between cannabinoids and anxiety-related
circuits (e.g., CB1R) (Lutz et al. 2015) than depression
pathways. Finally, in the current study, participants’ most
prevalent reasons for cannabis use were for sleep, anxiety,
stress, and pain reduction rather than depressive symp-
toms. Prospective studies and randomized controlled tri-
als (RCTs) are needed to differentiate symptom-specific

Table 3 Multivariable logistic regression models testing associations between cannabis use and elevated anxiety and depressive

symptoms

Anxiety Depression

BAI=16 HADS-A>8 BDI-I1=20 HADS-D=8
Age (per year) 0.97 (0.95, 1.00) 0.95 (0.93, 0.98)** 0.97 (0.93,1.02) 1.00 (0.97, 1.04)
Gender (female) 1.58 (0.68,3.71) 1.07 (049, 2.38) 142 (041,4.94) 1.63 (049, 5.38)
Education Level 0.69 (0.48,0.97)* 0.86 (0.62,1.17) 0.83 (049, 1.40) 0.72 (045, 1.16)
(>Bachelor’s)
PSQI 1.18(1.07, 1.30)*** 1.24(1.12, 1.38)*** 1.37 (1.150, 1.63)*** 1.17 (1.02, 1.33)*

Cannabis Days
(per month)

1.06 (1.01, 1.12)**

1.05(1.01, 1.09)*

0.98 (0.92,1.04) 0.99 (0.94, 1.05)

Note. Adjusted odds ratios with 95% Cls are shown. Significant odds ratios are bolded; *p <0.05; **p < 0.01; ***p <0.001; BAl=Beck Anxiety Inventory; HADS-Anxiety
Subscale (HADS-A); BDI-ll=Beck Depression Inventory; HADS-Depression Subscale (HADS-D); PSQI =Pittsburgh Sleep Quality Index
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motivations and neurobiological pathways linking canna-
bis use and mental health (Hasbi et al. 2023).

Anxiety disorders are among the most prevalent men-
tal health conditions worldwide (Kessler et al. 2010); yet
nearly half of sufferers do not achieve complete relief with
pharmacologic treatment (Bandelow et al. 2008). Endo-
cannabinoids such as anandamide (AEA), metaboliz-
ing enzymes such as fatty acid amide hydrolase (FAAH),
and CBIR have all been shown experimentally to play an
important role in anxiety (Patel et al. 2017; Scherma et
al. 2018). CB1R is found extensively throughout the brain
in regions such as the amygdala, hippocampus, and pre-
frontal cortex and are likely to mediate most of the anxio-
lytic effects of cannabinoids such as THC, although there
is still uncertainty about the role other cannabinoids
(such as CBD) play in these pathways (Patel et al. 2017).
Further evidence to support a role for cannabinoids in
treating mental health includes a cross-over RCT of 10
participants in which the synthetic cannabinoid nabi-
lone reduced PTSD-associated nightmares (Jetly et al.
2015). Additionally, a meta-analysis of 14 clinical studies
of anxiety disorders (including six RCTs) showed a -1.85
standardized mean difference in subjects who received
cannabinoids without significant adverse effect (Bahji et
al. 2020). Thus, it is not surprising that cannabis is cur-
rently being used as a self-remedy by many participants.

The current study shows that frequent cannabis users
had higher BAI and HADS-A scores than non-frequent
users or non-users. This is consistent with recent reports
indicating that individuals with anxiety disorders or
depression who self-medicate with cannabis have a more
severe course and worse symptoms (Bahorik et al. 2017;
Beletsky et al. 2024; Wilkinson et al. 2015). In our study,
frequent cannabis use was still associated with elevated
anxiety symptoms after controlling for confounders. One
explanation may be self-titration, a concept supported by
studies showing that use of cannabinoids can have anx-
iolytic effects at low doses but may provoke anxiety at
higher doses (Turna et al. 2017; Viveros et al. 2005). How-
ever, we did not collect longitudinal measurements on
changes in anxiety after cannabis use and cannot com-
ment on the impact of cannabis on anxiety symptoms.
Although cessation of cannabis was not part of this study,
the short half-life of cannabinoids combined with self-
medication behavior may lead cannabis users to rely on
cannabis for short-term relief, unaware that frequent use
could perpetuate a long-term usage because of anxiety
induced by withdrawal.

A major challenge for cannabis research is assessing
dose. To our knowledge, our study is among the first to
include quantitative urinary cannabinoid measurements
to objectively assess the relationship between dose and
severity of anxiety and depressive symptoms. While
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there was a strong association between self-reported fre-
quency of dosing and urinary cannabinoids, there was no
association between urinary cannabinoids and severity
of depression. This result confirms the lack of associa-
tion between self-reported frequency of use and severity
of depressive symptoms and suggests accuracy in self-
reported use data for the current sample. Interestingly,
while using cannabis more days per month was associ-
ated with elevated anxiety, the urinary cannabinoid levels
were not associated with severity of anxiety scores, sug-
gesting that daily use may be more important than high
doses of cannabis.

Our observation of a low prevalence of anxiolytics in
participants who have elevated levels of anxiety sup-
ports the idea that participants may be self-treating with
cannabis instead of using FDA-approved medications,
though we cannot exclude barriers to seeking medical
care for anxiety and depression in medication differences
between groups. Differences between the Bradford and
Bradford (2016) study and the current study were pri-
marily that the authors included only Medicare patients,
who are older, and represent only 21% of medical can-
nabis users in Colorado (CDPHE, 2020). Additionally,
Bradford & Bradford did not account for the legalization
of recreational cannabis use, which occurred in 2012 in
Colorado. Furthermore, pain is by far the most reported
therapeutic target of medical cannabis use and anxiety
and depression are not listed as conditions for medical
use in Colorado. The observed infrequent use of FDA-
approved anxiolytic medications in participants with
high anxiety scores who frequently use cannabis suggests
potential for both medication substitution and self-man-
agement of symptoms.

The finding that frequent cannabis users with elevated
anxiety and depression scores were not more likely to
use FDA-approved treatments is consistent with prior
evidence on self-medication and under-treatment in
this population. Past research shows that individuals
may substitute cannabis for anxiolytics or antidepres-
sants (Corroon et al.,, 2017; Kvamme et al., 2021; Lucas
& Walsh, 2017), and many people with mood or anxi-
ety symptoms are undertreated (Lamoureux-Lamarche,
Berbiche, & Vasiliadis, 2022; Weisberg et al., 2014). The
current study adds to the cannabis use and mental health
literature by demonstrating this pattern using both vali-
dated anxiety and depressive symptom scales and bio-
marker-confirmed cannabis use.

Limitations and future directions

While this study is among the largest to investigate the
relationship between anxiety and depression and biologic
measurements of cannabinoids, there are several limita-
tions. First, the study was cross-sectional, and we were
not able investigate the relationship between cannabis
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use and mental health over time to determine whether
frequent cannabis use causes future mood and anxiety
symptoms, mood and anxiety symptoms lead to more
frequent cannabis use, or whether associations are bidi-
rectional. In an Australian cohort study of adolescents,
daily cannabis use was associated with a higher preva-
lence of depression and anxiety six years later; however,
anxiety or depression in adolescence were not associ-
ated with more frequent cannabis use over time (Patton
et al. 2002). The Patton et al. study contrasts results from
the current research, which only includes adults. Mixed
findings in this area underscore the need for prospec-
tive research to investigate the direction of associations
between cannabis use and mental health symptoms,
and how associations may vary across adolescent, young
adult, and adult age groups (Gobbi et al. 2019; Lowe et al.
2024; Sorkhou et al. 2021, 2024).

Second, while the strongest determinant of urinary
cannabinoids was frequency of use and not type of use,
we were not statistically powered to assess whether
method of cannabis use (e.g., smoking, vaping, edibles,
dabbing, etc.) was associated with severity of anxiety and
depression. Additionally, this community-based sample
recruited for a study on sleep and cannabis use had com-
plex patterns of use, including various methods of use,
products, and dosage particularly for daily users, which
made it difficult to determine predominant cannabis use
methods and products. Third, the current study did not
systematically assess cannabis potency (% THC and CBD
concentration) or quantity, which are important consid-
erations when examining frequency of use and mental
health symptoms given the range of cannabis strains and
products currently available in the legal market (Prince
and Conner 2019; Steeger et al. 2021). Though some
recent reviews on cannabis potency and mental health
show that THC is the primary cannabinoid responsible
for the health effects of cannabis use (Petrilli et al. 2022),
there is mixed evidence of the therapeutic role of CBD
in reducing mental health symptoms (Khan et al. 2020).
Well-designed clinical trials and longitudinal research are
needed to further understand how CBD and other can-
nabinoids may moderate the effects of THC on anxiety
and depressive symptoms (Bhuller et al. 2024; Bidwell et
al. 2024; Khan et al. 2020).

Fourth, this study was not funded to quantitate nico-
tine in addition to THC. Future studies should examine
whether tobacco smoking may be a confounding factor of
associations among nicotine use, anxiety, and sleep dis-
turbances. Fifth, this research was designed as an obser-
vational study of frequent users, primarily recruited from
cannabis dispensaries, which can introduce selection
bias including study participants who may not generalize
to broader or clinical populations with diagnosed men-
tal health conditions. Medical cannabis vs. recreational
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cannabis use status was not available for this sample
and should be measured in future studies given some
evidence of different cannabis use patterns for medi-
cally- vs. recreationally-motivated cannabis user types,
including different product preferences and cannabi-
noid profiles (Sznitman 2017; Turna et al. 2020). How-
ever, in the current study, participants had zero to low
detectable levels of CBD in biological specimens, which
suggests that regardless of medical or recreational user
status, this sample of cannabis users largely used THC-
dominant products. Sixth, participants did not endorse
depression as a common reason for cannabis use. Thus,
the lack of association between frequent cannabis use
and depression may be sample-specific. Finally, while we
did not specifically recruit those with sleep disorders, the
primary study objective of understanding cannabis and
sleep using a HST may have led to increased participa-
tion among those with sleep problems, impacting gener-
alizability of our findings.

Conclusions

We found that elevated anxiety is common in frequent
cannabis users, but those with elevated anxiety were not
more likely to be taking FDA-approved anxiolytic medi-
cations. These findings support the concept that canna-
bis users may be self-treating their anxiety with cannabis.
Our findings suggest that anxiety symptom screening
among adults who use cannabis may present opportuni-
ties to connect individuals with FDA-approved anxio-
lytic/hypnotic treatment. There is also a clear need for
prospective studies and randomized trials to determine
causal associations between cannabis use and anxiety or
depressive symptoms, including any interactions between
cannabis use and anxiolytics or antidepressants on men-
tal health symptoms.
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