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Abstract
Objectives: Despite increasing rates of legalization of medical cannabis worldwide, the current evidence available on its effect

on mental health outcomes including anxiety is of mixed results. This study assesses the effect of medical cannabis on gen-

eralized anxiety disorder 7-item (GAD-7) scores in adult patients between 2014 and 2019 in Ontario and Alberta, Canada.

Methods: An observational cohort study of adults authorized to use medical cannabis. The GAD-7 was administered at the

time of the first visit to the clinic and subsequently over the follow-up time period of up to 3.2 years. Overall changes in GAD-

7 scores were computed (mean change) and categorized as: no change (<1 point); improvement; or worsening—over time.

Results: A total of 37,303 patients had initial GAD-7 scores recorded and 5,075 (13.6%) patients had subsequent GAD-7

follow-up scores. The average age was 54.2 years (SD 15.7 years), 46.0% were male, and 45.6% noted anxiety symptoms

at the baseline. Average GAD-7 scores were 9.11 (SD 6.6) at the baseline and after an average of 282 days of follow-up

(SD 264) the average final GAD-7 score recorded was 9.04 (SD 6.6): mean change −0.23 (95% CI, −0.28 to −0.17,
t[5,074]: −8.19, p-value <0.001). A total of 4,607 patients (90.8%) had no change in GAD-7 score from their initial to

final follow-up, 188 (3.7%) had a clinically significant decrease, and 64 (1.3%) noted a clinically significant increase in their

GAD-7 scores.

Conclusions: Overall, there was a statistically significant decrease in GAD-7 scores over time (in particular, in the 6–12-
month period). However, this change did not meet the threshold to be considered clinically significant. Thus, we did not

detect clinical improvements or detriment in GAD-7 scores in medically authorized cannabis patients. However, future

well-controlled clinical trials are needed to fully examine risks or benefits associated with using medical cannabis to treat anx-

iety conditions.

Abrégé

Objectifs: Malgré les taux croissants de la légalisation du cannabis médical dans le monde entier, les données probantes

actuellement disponibles concernant son effet sur les résultats de santé mentale, notamment l’anxiété, sont des résultats

mixtes. La présente étude évalue l’effet du cannabis médical sur les scores au trouble d’anxiété généralisée en 7 items

(TAG-7) chez les patients adultes entre 2014 et 2019 en Ontario et en Alberta, Canada.
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Méthodes: Une étude de cohorte observationnelle d’adultes autorisés à consommer du cannabis médical. Le TAG-7 a été

administré lors de la première visite à la clinique et subséquemment, durant la période de suivi de jusqu’à 3,2 ans. Les change-

ments généraux des scores au TAG-7 ont été calculés (changement moyen) et catégorisés comme étant : aucun changement

(< 1 point); amélioration ou dégradation – au fil du temps.

Résultats: Les premiers scores au TAG-7 de 37 303 patients ont été enregistrés et 5 075 (13,6 %) patients ont eu des scores

subséquents au suivi du TAG-7. L’âge moyen était de 54,2 ans (ET 15,7), 46,0 % étaient de sexe masculin, et 45,6 % ont

mentionné des symptômes anxieux au départ. Les scores moyens au TAG-7 étaient de 9,11 (ET 6,6) au départ et après

une moyenne de 282 jours de suivi (ET 264) le score moyen final au TAG-7 s’inscrivait à 9,04 (ET 6,6) : changement

moyen -0,23 (IC à 95 % -0.28 à -0.17; t[5074] : -8,19; valeur-p < 0,001). Des patients au nombre de 4 607 (90,8 %) n’avaient
aucun changement de score au TAG-7 du suivi initial au suivi final, 188 (3,7 %) avaient une diminution cliniquement significa-

tive, et 64 (1,3 %) ont remarqué une augmentation cliniquement significative de leurs scores au TAG-7.

Conclusion: En général, il y avait une diminution statistiquement significative des scores au TAG-7 avec le temps (en parti-

culier, dans la période de 6 à 12 mois). Toutefois, ce changement n’atteignait pas le seuil pour être considéré cliniquement

significatif. Nous n’avons donc pas détecté d’améliorations cliniques ni de détriment aux scores du TAG-7 chez les patients

autorisés au cannabis médical. Cependant, il faut de futurs essais cliniques bien contrôlés afin d’examiner pleinement les ris-

ques ou les avantages associés à la consommation de cannabis médical pour traiter les troubles anxieux.
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Introduction
A growing number of jurisdictions are enabling legal access
to cannabis for medical purposes. Despite this, cannabis’
therapeutic benefits or potential health harms1 are still
unclear. Indeed, clinical outcomes in individuals who use
medical cannabis are understudied—the majority of studies
do not assess the effect of medical cannabis as a medical
therapy.2,3 Since its legalization, medical cannabis has been
utilized for various therapeutic interventions (such as pain,
sleep disorders, and others)4—one major area of utilization
being for the treatment of anxiety disorders and
anxiety-related symptoms.5 However, strong evidence
regarding the safety and efficacy of medical cannabis use
for anxiety is lacking.6,7 In Canada, the recent legalization
of cannabis for non-medical use has corresponded with
increasing interest in the therapeutic benefits of cannabis,
and with more people considering cannabis use as one
option for managing health conditions, including anxiety.
Thus, there is a need to further clarify evidence on medical
cannabis’ effect on anxiety—to assist clinicians and patients
in evaluating the potential risks and benefits of cannabis use
on anxiety disorders.

Past systematic reviews on medical cannabis’ effects on
anxiety and anxiety-related symptoms have shown mixed
results8–11—with significant research evidence linking can-
nabis use with increased anxiety symptoms.12–14 One
meta-analysis on cannabis use and anxiety by Twomey,15

reported that cannabis use was only a minor risk factor and
showed a very small association with increasing anxiety
symptoms. Conversely, other studies, such as Gobbi
et al.,16 report that cannabis use is significantly associated
with a higher risk for depression, anxiety, and suicide in

young adults. However, the majority of former studies are
limited due to the following: studies focus on how cannabis
increases anxiety levels12,14,17 rather than how cannabis
could potentially improve anxiety18,19; few accurately differ-
entiate cannabis prescribed medically versus non-medical
use13,20; studies are typically age-specific with small cohort
sample sizes3,16,21–24; and the studies primarily measure
anxiety and concomitant use of cannabis in the context of
other illegal substance use (not medical cannabis use).25,26

Despite the evidence on its well-validated measure for
anxiety, few studies27–29 have directly utilized the generalized
anxiety disorder 7-item (GAD-7)30 questionnaire as a method
of measuring anxiety levels in association with cannabis use.
To date, the most recent clinical recommendations from both
Canada and the US (based on the best available evidence)31,32

concur that there is limited evidenceoncannabis’ effectiveness
in improving anxiety symptoms. Concerns also exist on
whether medical cannabis use could iatrogenically increase
anxiety and anxiety-related symptoms. Thus, clarity of
anxiety-related health outcomes among patients accessing
medical cannabis is needed to understand its downstream
influence on the overall healthcare system.33 To address this
gap, the present longitudinal cohort observational study
assesses changes in GAD-7 scores from adult patients medi-
cally authorized to access cannabis from 2014 to 2019.

Materials (or Patients) & Methods

Study Design
We conducted a cohort study of adult patients authorized for
medical cannabis use from specialized cannabis clinics in
Alberta and Ontario, Canada between 2014 and 2019.
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Study Population
Inclusion Criteria. The study population consisted of all adult
patients authorized medical cannabis (inhaled [smoked or
vaporized] or orally consumed [oils] cannabis) attending a
chain of specialized clinics in the province of Alberta and
Ontario (Canada) between June 2014 and January 2019.
Our study includes individuals at least 18 years of age, of
any sex and ethnicity, who received medical cannabis autho-
rization for a wide range (over 1,000 reasons) of health con-
ditions (acute and chronic). Patients may choose to seek
assessment for medical cannabis through the clinic via a self-
referral or by a physician referral. The index date for each
patient was the first recorded initial GAD-7 score following
medical cannabis authorization at the clinics.

Exclusion Criteria. We excluded patients whose records were
incomplete (i.e. they had no recorded GAD-7 score at the
baseline and/or follow-up appointments). Patients with
GAD-7 scores that were recorded as a number outside
(lower or higher) of the range of scores 0–21 due to input
error, were also excluded from the study.

Data Source
Between June 2014 and January 2019, all patients seeking
assessment at included cannabis clinics in Alberta and
Ontario, Canada were eligible. Informed consent was pro-
vided by the patient at the time of first referral which
allowed data to be collected and used for clinical and research
purposes. As part of the intake process, each patient seeking
medical cannabis meets with a trained counselor who per-
forms an initial assessment and collects relevant data. All
patients must provide sociodemographic information and dis-
close their primary medical complaints that constitute their
rationale for requesting a medical cannabis authorization.
In addition, the majority of patients complete several vali-
dated questionnaires at the baseline, which includes the
GAD-7 questionnaire. Following their initial intake inter-
view, the patient is referred to a physician who makes their
assessment based on the self-reported information, the
patient’s health record, and any additional assessments con-
ducted by the physician. All data was released as
de-identified data.

Patient Consent
Informed patient consent was provided by the patient at the
time of the first intake, which allows data to be collected
and used for clinical and research purposes.

Patient and Public Involvement
Patients and the public were not involved in the design,
conduct, and reporting of this research project.

Ethics Approval
This study was approved by the University of Alberta Health
Research Ethics Board (PRO 00068887) and the Veritas
Research Ethics Board in Ontario (16,111-13:21:103-01-
2017). Informed signed consent is provided by the patient
at the time of first referral, which allows data to be collected
and used.

Outcomes
To assess the association between medical cannabis and
anxiety and anxiety-related health outcomes, our study uti-
lized the GAD-7 questionnaire.30 The GAD-7 questionnaire
is a self-administered tool for assessing generalized anxiety
disorder and anxiety-related symptoms. The GAD-7 was
selected for this study because it is currently one of the
assessment instruments routinely administered by physicians
during clinical encounters within the clinics. Using the
threshold score of 10, the GAD-7 has a sensitivity of 89%
and a specificity of 82% for GAD. It is moderately good at
screening three other common anxiety disorders—panic dis-
order (sensitivity 74%, specificity 81%), social anxiety disor-
der (sensitivity 72%, specificity 80%), and post-traumatic
stress disorder (sensitivity 66%, specificity 81%).30 At
every clinical encounter, medically authorized cannabis
patients reported on the frequency (from not at all to nearly
every day) via the completion of seven question items, to
determine the severity of anxiety symptoms experienced.
The outcome of the questionnaire is reported as a score
between 0 and 21 with 0 indicating no anxiety and 21 indicat-
ing the highest level of anxiety.

Other Variables
Covariates including sociodemographic characteristics: age at
authorization, sex, neighbourhood average income quintile,
length of follow-up, and reason for cannabis use were consid-
ered. Neighbourhood average income was determined by
matching census data to the current area of residence for the
patient. Length of follow-up was recorded as the number of
days between the patients’ first appointment when the baseline
GAD-7 questionnaire was administered and the appointment
when the follow-up GAD-7 questionnaire was conducted.
The reason for seeking medical cannabis was coded into
grouped categories (Table 1). Due to the scope of the study
(anxiety outcomes)—mental health was further divided into
subcategories: anxiety, depression, post-traumatic stress disor-
der, bipolar, panic disorder, and mood disorder (Supplemental
Table 1). It is important to note that some patients’ records did
not identify their reasons for seeking medical cannabis. Hence,
for this subset of patients, reasons for cannabis authorization
were coded as “unknown.”
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Statistical Analysis
The primary analysis evaluated the mean change in GAD-7
scores by subtracting the baseline GAD-7 scores from the
final GAD-7 score. Therefore, a mean change in GAD-7
score with a negative value represents a decrease in
anxiety; and a positive value represents an increase in
anxiety from the baseline to follow-up (Figure 1). The

GAD-7 scores were also represented with clinical categoriza-
tions of anxiety levels as follows: GAD-7 score of 0–4
(none), 5–9 (mild), 10–14 (moderate), and 15–21
(severe).30 These qualitative measures in anxiety categories
ensured clearer observance of any clinically relevant
changes, in addition to a numeric change in the GAD-7
score. Finally, we used a minimally clinically important dif-
ference in the GAD-7 of at least a 4-point change as

Table 1. Characteristics of Patients Authorized Medical Cannabis and Screened Using the GAD-7 Questionnaire (n= 37,303). Significance

was Determined Using Chi-Square Tests Unless Otherwise Indicated.

Characteristic

N (%)

p-value
All Patients with GAD-7

scores (N= 37,303)

Patients with GAD-7

follow-up (N= 5,075)

Patients without GAD-7

follow-up (N= 32,228)

Age (years)

Mean (SD) 54.2 (15.7) 54.3 (15.9) 53.5 (14.8) 0.001a

<21 207 (0.6) 20 (0.4) 187 (0.6)

21–30 2,497 (6.7) 272 (5.4) 2,225 (6.9)

31–40 5,615 (15.1) 833 (16.4) 4,782 (14.8)

41–50 6,635 (17.8) 975 (19.2) 5,660 (17.6)

51–60 9,140 (24.5) 1,344 (26.5) 7,796 (24.2)

61–70 7,387 (19.8) 986 (19.4) 6,401 (19.9)

71–80 3,958 (10.6) 451 (8.9) 3,507 (10.9)

81–90 1,643 (4.4) 173 (3.4) 1,470 (4.6)

>90 221 (0.6) 21 (0.4) 200 (0.6)

Sex 0.199

Female 20,147 (54.0) 2,799 (55.2) 17,348 (53.8)

Male 17,154 (46.0) 2,276 (44.9) 14,878 (46.2)

Neighbourhood income quintile <0.001

1 7,190 (19.3) 1,064 (21.0) 6,126 (19.0)

2 7,797 (20.9) 906 (17.9) 6,891 (21.4)

3 8,118 (21.8) 1,048 (20.7) 7,070 (21.9)

4 8,586 (23.0) 1,246 (24.6) 7,340 (22.8)

5 5,612 (15.0) 811 (16.0) 4,801 (14.9)

GAD score, mean (SD) 9.11 (6.62) 9.27 (6.63) 9.09 (6.62) 0.0665a

Anxiety 0.022

None 11,809 (31.7) 1,546 (30.5) 10,263 (31.8)

Mild 8,496 (22.8) 1,209 (23.8) 7,287 (22.6)

Moderate 7,400 (19.8) 965 (19.0) 6,435 (20.0)

Severe 9,598 (25.7) 1,355 (26.7) 8,243 (25.6)

Reason for cannabis use

Pain 29,559 (79.2) 4,232 (83.4) 25,327 (78.6) <0.001

Mental health 14,878 (39.9) 1,935 (38.1) 12,943 (40.2) 0.006

Anxiety 9,294 (24.9) 1,217 (24.0) 8,077 (25.1) 0.098

Depression 6,107 (16.4) 774 (15.3) 5,333 (16.6) 0.020

Post-traumatic stress disorder 1,470 (3.9) 178 (3.5) 1,292 (4.0) 0.088

Bipolar 775 (2.1) 87 (1.7) 688 (2.1) 0.051

Panic disorder 1,336 (3.6) 158 (3.1) 1,178 (3.7) 0.053

Mood disorder 1,448 (3.9) 172 (3.4) 1,276 (4.0) 0.051

Autoimmune 16,027 (43.0) 2,324 (45.8) 13,703 (42.5) <0.001

Cancer 3,846 (10.3) 414 (8.2) 3,432 (10.7) <0.001

Sleep problems 9,077 (24.3) 1,173 (23.1) 7,904 (24.5) 0.029

Neurological 3,013 (8.1) 400 (7.9) 2,613 (8.1) 0.583

Gastrointestinal 1,772 (4.8) 278 (5.5) 1,494 (4.6) 0.009

Other 6,282 (16.8) 860 (17.0) 5,422 (16.8) 0.829

Uncategorized 2,429 (6.5) 222 (4.4) 2,207 (6.9) <0.001

Note: GAD-7= generalized anxiety disorder 7-item; SD= standard deviation.
aSignificance was determined using a t-test.
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potentially clinically meaningful, which is supported by
Toussaint et al.’s34 sensitivity to change analysis of the
GAD-7 scale.

Descriptive statistics using counts, percentages, means,
and standard deviation were used to describe the patient’s
demographics. Paired t-tests were used to examine the differ-
ences between the initial and final GAD-7 scores. Simple and
multiple linear regressions were conducted to assess the
effect of additional variables on the change in GAD-7
scores based on each patient’s sex, age, neighbourhood
income quintile, initial GAD-7 score, length of follow-up,
and the presence or absence of other disorders (Table 1).
Variables with a p-value <0.1 in the simple linear regression
or identified as being potential confounders were considered
for the multiple linear regression analysis. Variables with p <
0.05 in the multiple linear regression analysis or identified as
being confounders were included in the final model. The
score is measured as a whole number (0–21); length of
follow-up (0–1,168 days); and pain, anxiety, depression,
and sleep problems (=1) when the condition is present and
(=0) when the condition is absent. Statistical analysis was
conducted using Stata version 15.1.

Sensitivity Analysis
To assess the effect of length of exposure tomedical cannabis on
GAD-7 scores, follow-up time was divided into six categories:
less than seven days; one week to three months; three to six
months; six to twelve months; one to two years, and greater
than two years as these time frames represented the most
commonmeasurement periods of the GAD-7. In a posthoc anal-
ysis, we also specifically evaluated the association between
authorization for medical cannabis and change in GAD-7
scores among those who reported moderate to severe GAD-7
scores at baseline (i.e., score ≥10). In addition, we restricted
the cohort to only patients who had at least 6 months of
follow-up data to evaluate the change in GAD-7 scores.

Results
In total, 84,809 patients were authorized for medical canna-
bis. From this, 37,303 patients completed the initial GAD-7
questionnaire, and 47,506 patients (56%) did not have their
GAD-7 score recorded, in which 237 patients had a reported
score that was outside of the range of 0–21. However, only
5,075 patients (6%) completed the GAD-7 questionnaire at
a consequent follow-up appointment(s) (Figure 2), which
were the number of patients included in the analysis. The
large loss of follow-up is largely due to the GAD-7 question-
naire not being re-administered at follow-up appointments.
Some of the patients had multiple follow-up appointments
where the GAD-7 questionnaire was retaken, resulting in
5,732 post-follow-up GAD-7 measurements.

The demographics of the patients with GAD-7 retested
were similar to those of the patients who did not have their

GAD-7 retested; however, there were statistically significant
differences in age (p-value: 0.001), neighbourhood income
(p-value: <0.001), initial anxiety level (p-value: 0.022), and
many of the reasons for seeking medical cannabis
(Table 1). The mean age at authorization was 54 years (SD
15.7 years). More than half of the population were female,
respectively, among all patients (54.0%); those who only
had an initial GAD-7 score (53.8%); and those who had
follow-up GAD-7 scores (55.2%). Patient’s initial anxiety
classification for those who did and did not have follow-up
scores, respectively, were: 30.5%, 31.8% (reported no
anxiety), 23.8%, 22.6% (mild anxiety), 19.0%, 20.0%
(moderate anxiety), and 26.7%, 25.6% (severe anxiety).
The most frequent reasons for seeking medical cannabis
were pain, autoimmune disease, mental health, and
sleep problems. Patients seeking medical cannabis for multi-
ple reasons were coded into multiple categories (Table 1).
The timing of the follow-up GAD-7 reassessment was vari-
able: 11.3% (<7 days), 25.7% (1 week to 3 months),
17.8% (3–6 months), 18.3% (6–12 months), 20.7% (1–2
years), and 6.45% (greater than two years) (Supplemental
Table 2).

Overall, the mean GAD-7 score at the baseline was 9.11
(SD 6.6). After an average follow-up of 286 days (SD:
268) (median: 195 days, interquartile range 77 to 453), the
mean GAD-7 score was 9.04 (SD 6.6). The majority of
patients experienced no change in their GAD-7 score
(90.8%) or anxiety classification (93.3%) (Table 2;
Supplemental Table 3). The mean difference between
initial and final GAD-7 scores for all patients with follow-up
scores was −0.23 (95% CI, −0.28 to −0.17, t[5,074]: −8.19
p-value <0.0001). Indeed, among all patients, only 188
(3.7%) showed at least a four-point decrease in GAD-7
scores while 64 (1.3%) showed at least a four-point increase
in GAD-7 scores. An analysis based on the patient’s initial
anxiety classification showed similar results. For patients
with severe anxiety (n= 1,355), 5.3% had a decrease in
their GAD-7 score of at least four points; 0.1% had an
increase in their GAD-7 score of at least four points; the
mean difference in their final and initial GAD-7 score was
−0.58 (95% CI, −0.72 to −0.44, t[1,354]: −7.98, p-value
<0.0001). For patients with moderate anxiety (n= 965),
6.5% had a decrease of at least four points; 0.9% had an
increase of at least four points; and the mean difference in
GAD-7 score was −0.46 (95% CI, −0.59 to −0.32, t[964]:
−6.55, p-value <0.0001). For patients with mild anxiety (n
= 1,209), 3.8% had a decrease of at least four points; 1.1%
had an increase of at least four points; and the mean differ-
ence in GAD-7 score was −0.16 (95% CI, −0.24 to −0.07,
t[1,208]: −3.64, p-value= 0.0003). For patients classified
as having no anxiety (n= 1,546), 0.4% had a decrease of at
least four points, 2.6% had an increase of at least four
points; and the mean difference in GAD-7 score was 0.17
(95% CI, 0.10 to 0.23, t[1,545]: 4.92, p-value <0.001)
(Table 2 and Supplemental Table 3).
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The multiple linear regression analysis showed that the
initial GAD-7 score, length of follow-up, pain, anxiety,
depression, and sleep disorder were statistically associated
with changes in GAD-7 scores (Supplemental Table 4).
However, none of the individual coefficients contributed to
a clinically important change in the GAD-7 score of at
least four points. The other variables (i.e. sex, age, neigh-
bourhood income quintile, and the presence or absence of
neurological conditions, gastrointestinal conditions, autoim-
mune conditions, cancer, general mental health conditions,
post-traumatic stress disorder, panic disorders, mood disor-
ders, or bipolar disorder) were determined not to be associ-
ated with changes in GAD-7 (Supplemental Table 5).

Sensitivity Analyses Results
The analysis based on the timing of the follow-up appoint-
ment revealed that the most frequent change in GAD-7

scores occurred in the 6- to 12-month time period
(Table 3). Among the 1,090 (19.0%) patients with a measure-
ment in this time period, 10.6% had a decrease and 3.9% had
an increase in their GAD-7 score: mean difference −0.50
(95% CI, −0.67 to −0.34, t[1,089]: −6.14, p-value
<0.0001); however, the difference may not be considered
to be clinically important. Within 7 days following authoriza-
tion of medical cannabis, a greater frequency of increased
anxiety (2.7%) than decreased anxiety (2.1%) was observed:
mean difference: 0.10, 95% CI, 0.016 to 0.21, t(628): 1.99,
p-value 0.05; however, the difference was not considered
to be clinically important (Table 3 and Supplemental
Table 2). The majority (95.2%) of patients during this time
period had no change in their GAD-7 score.

In our posthoc analyses, authorization for medical canna-
bis was not associated with a clinically important change in
GAD-7 scores among those within initially moderate
to severe GAD-7 scores. Overall, among these patients

Figure 1. Change in mean generalized anxiety disorder 7-item (GAD-7) scores over time.
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(n= 2,320), the mean change in GAD-7 score was −0.53
(95% CI, −0.63 to −0.43, t[2,319]: −10.28, p-value
<0.001), which may not be considered as clinically impor-
tant. Finally, analyses restricted to patients with at least 6
months of follow-up data (n= 2,923) showed similar findings
to the overall cohort: mean change −0.38 (95% CI, −0.47 to
−0.29, t[2,922]: −8.22, p-value <0.001).

Discussion
This population-based study showed no clinically important
improvements associated with authorization for medical can-
nabis use and changes in GAD-7 scores (90.8% observed no
change) and anxiety classification (93.3%) over time for the
majority of patients. Despite a statistically significant

decrease in GAD-7 scores over time (in particular, in the
6–12-month period), this change did not meet the threshold
to be considered clinically significant. Although most
patients demonstrated no benefit, there was no evidence of
any worsening in GAD-7 scores or in anxiety classification
either.

In comparison with previous studies, there are only three
studies that specifically utilized the GAD-7 to measure
anxiety levels and cannabis use. Turna et al.29 reported that
in 92% of their participants (n= 888), medical cannabis use
improved their anxiety symptoms—however, their severity
measurements suggested that cannabis had not been effective
in decreasing symptoms to a clinically significant level.
Further, Turna et al.29 reported that the most significant
improvements in anxiety symptoms were in patients that

Figure 2. Selection of study population.
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reported moderate–severe GAD-7 scores at the baseline. This
is in contrast to our results, which did not see a strong clini-
cally important association between authorization for
medical cannabis and changes in GAD-7 scores in this
subset of patients. Similar to this, Feingold et al.27 focused
on anxiety levels in prescribed opioid users in comparison
with general medical cannabis users. Feingold et al.27

reported that anxiety levels were also significantly lower in
medical cannabis users (22.3% vs. 57.1%)—but this study
only compared the results to opioid users, and not the
general population.27

Conversely, the majority of studies on medical canna-
bis and anxiety-related symptoms reported that anxiety
symptoms were higher post-medical cannabis use;
however, our data did not support this premise. For
GAD-7 scores in the study by Bahorik et al.,35 the
results showed that cannabis use worsened anxiety
levels. The systematic review by Moore et al.17 suggested
that anxiety outcomes were consistently higher for those
who used cannabis more frequently than individuals
who did not. Mammen et al.14 and Hill12 echoed this
result in that cannabis use was often linked with individ-
uals with substance use disorders, which in turn fre-
quently results in higher anxiety levels. For the
remaining studies identified, the level of anxiety level
reduction/increase was difficult to quantify as every
study used a different standard of measuring anxiety
(not the GAD-7)9,18,36 or utilized primarily surveys/

databases to measure anxiety.13,20,25,37,38 Collectively,
these data are in contrast to our findings where the vast
majority of patients did not show any worsening in their
GAD-7 scores or anxiety classification over time.

The strength of our study is that it is currently, to our
knowledge, the largest population-based study on medical
cannabis users and changes in anxiety levels, and one of
few studies that assess cannabis with validated
anxiety-related outcomes using the GAD-7 questionnaire.

However, our study is not without limitations. First, attri-
tion bias was a limitation as a large proportion of baseline
medical cannabis patients did not complete their follow-up.
From this, it may be possible that those who did not
follow-up may have had higher increases in anxiety symp-
toms. Second, although initial and follow-up GAD-7
scoring is a clinical practice recommendation for medical
cannabis authorizing physicians in Canada, the GAD-7 was
not consistently administered during the initial/follow-up
assessments. Consequently, patients who completed
follow-up assessments may represent a specific subset of
patients, although baseline characteristics were similar
between those completing and not completing follow-up
GAD-7 scores. Third, although patients were authorized to
use medical cannabis, we have no way of ensuring the prod-
ucts were consumed as prescribed or if patients elected to use
alternative agents than what was prescribed for anxiety.
Fourth, some patients who are seeking medical cannabis
may have had previous experience with cannabis use.
Therefore, the GAD-7 baseline score may not represent a
true “baseline.” Another limitation of our study is the lack
of a control group. We do not know whether GAD-7
scores would change over the same period of time in individ-
uals who did not seek medical cannabis for treating their
anxiety symptoms. Lastly, our study is limited by the lack
of clinical details: exposure, the amount, route, strain,
onset/age of anxiety symptoms, and frequency of consump-
tion of medical cannabis. We also did not have information
on any concomitant use of other medications or treatments,
such as the use of anti-depressants, mood stabilizers, or
benzodiazepines.

Conclusions
Overall, we did detect a statistically significant numerical
decrease in anxiety over time, particularly in the 6- to
12-month time period. However, we found no evidence of
a clinical or therapeutic benefit associated with authorizing
medical cannabis for patients seeking help with anxiety con-
ditions, disorders, and related symptoms. With the increasing
availability of cannabis for medical purposes in many areas
of the world, we believe our findings contribute important
information to the field of mental health—in specific, for cli-
nicians who currently counsel medical cannabis for patients
seeking anxiety-related symptom treatment. Although a sub-
stantial number of studies have been conducted on acute

Table 2. Changes in Anxiety Classification From Initial to Final

Generalized Anxiety Disorder 7-Item (GAD-7) Assessment Based

on Initial Anxiety Level Classification (n= 5,075).

Anxiety category change N (%)

Mean change in

GAD-7 score

Severe (n= 1,355) –0.58 (2.68)

Severe to none 23 (1.7)

Severe to mild 25 (1.85)

Severe to moderate 24 (1.77)

No change 1,283 (94.69)

Moderate (n= 965) –0.46 (2.16)

Moderate to none 33 (3.42)

Moderate to mild 33 (3.42)

Moderate to severe 12 (1.24)

No change 887 (91.92)

Mild (n= 1,209) –0.16 (1.50)

Mild to none 62 (5.13)

Mild to moderate 13 (1.08)

Mild to severe 7 (0.58)

No change 1,127 (93.22)

None (n= 1,546) 0.16 (1.32)

None to mild 29 (1.88)

None to moderate 14 (0.91)

None to severe 1 (0.06)

No change 1,502 (97.15)
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cannabis use and anxiety, clarity is needed on the exact clin-
ical outcomes of medical cannabis use on anxiety levels, par-
ticularly for long-term use. The present study suggests
medical cannabis may not impact anxiety levels negatively
or positively, however, future well-controlled clinical trials
are needed to fully examine risks or benefits associated
with using medical cannabis to treat anxiety conditions.
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Table 3. Change in Anxiety Categories for Each Patient’s Follow-up Generalized Anxiety Disorder 7-Item (GAD-7) Testing Over Each

Patient’s Entire Follow-up Period (n= 5,732).

N (%)

All appointments ≤7 days 1 week to 3 months 3–6 months 6–12 months 1–2 years >2 years

(n= 5,732) (n= 629) (n= 1,361) (n= 819) (n= 1,090) (n= 1,367) (n= 466)

Reduced anxiety 279 (4.9) 7 (1.1) 61 (4.5) 47 (5.7) 77 (7.1) 64 (4.7) 23 (4.9)

Severe to none 34 (0.6) – 6 (0.4) 4 (0.5) 12 (1.1) 12 (0.9) –
Severe to mild 33 (0.6) – 4 (0.3) 5 (0.6) 8 (0.7) 8 (0.6) 8 (1.7)

Severe to moderate 29 (0.5) 3 (0.5) 6 (0.4) 6 (0.7) 9 (0.8) 5 (0.4) –
Moderate to none 50 (0.9) – 15 (1.1) 8 (1.0) 11 (1.0) 14 (1.0) 2 (0.4)

Moderate to mild 44 (0.8) 1 (0.2) 8 (0.6) 8 (1.0) 17 (1.6) 7 (0.5) 3 (0.6)

Mild to none 89 (1.6) 3 (0.5) 22 (1.6) 16 (2.0) 20 (1.8) 18 (1.3) 10 (2.2)

Increased anxiety 105 (1.8) 13 (2.1) 25 (1.8) 14 (1.7) 20 (1.8) 20 (1.5) 13 (2.8)

None to severe 4 (0.1) 1 (0.2) 1 (0.1) – – 1 (0.1) 1 (0.3)

Mild to severe 9 (0.2) 4 (0.6) 1 (0.1) 1 (0.1) 1 (0.1) 2 (0.2) –
Moderate to severe 16 (0.3) 3 (0.5) 4 (0.3) – 4 (0.4) 2 (0.2) 3 (0.6)

None to moderate 17 (0.3) 1 (0.2) 4 (0.3) 2 (0.2) 5 (0.5) 4 (0.3) 1 (0.2)

Mild to moderate 20 (0.4) 3 (0.5) 1 (0.1) 5 (0.6) 1 (0.1) 5 (0.4) 5 (1.1)

None to mild 39 (0.7) 1 (0.2) 14 (1.0) 6 (0.7) 9 (0.8) 6 (0.4) 3 (0.6)

No change 5,348 (93.3) 609 (96.8) 1,275 (93.7) 758 (92.6) 993 (91.1) 1,283 (93.9) 430 (92.3)
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