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Abstract

Introduction: Few studies have examined consumer knowledge and communi-

cation of tetrahydrocannabinol (THC) content among cannabis consumers,

including potential differences by cannabis legislation. The study sought to:

(i) examine self-reported knowledge of THC content across 10 cannabis products;

(ii) examine self-reported intoxication levels; and (iii) examine association between

self-reported THC levels and intoxication levels.

Methods: Repeat cross-sectional surveys were conducted in Canada and the

United States in September–November 2020 as part of the International Cannabis

Policy Study. Respondents were past 12-month cannabis consumers, aged 16–65
(n = 13,689). A weighted logistic regression model examined the association between

expected intoxication of dried flower, jurisdiction and frequency of cannabis use.

Results: Across all 10 cannabis products, approximately two-thirds of consumers

did not know the quantitative THC level of the cannabis product they last used.

Qualitative levels of THC (e.g., ‘low’ or ‘high’ THC) showed moderate correspon-

dence with quantitative self-reported THC levels for most products. Approxi-

mately half of consumers across all products reported achieving their desired

intoxication level at last use, with higher levels among more frequent consumers

and Canadian consumers of dried flower (F = 2.54, p = 0.019).

Discussion and Conclusions: Overall, comprehension of THC levels in canna-

bis products is low among consumers in both illegal and legal markets.
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1 | INTRODUCTION

Cannabis is among the most widely used drug in the world
[1]. Cannabis is used for its psychoactive effects, including the
euphoric experience of feeling ‘high’, as well perceived thera-
peutic effects, such as sleep outcomes and pain management
[2]. Cannabis can also have adverse outcomes, ranging from
acute effects associated with over-consumption, impaired
driving and longer-term adverse effects associated with early
onset and heavy cannabis use, including addiction [3].

Adverse outcomes from cannabis use are influenced
by the type of cannabis product. The short- and long-term
effects of cannabis vary depending on the mode of
administration (e.g., smoking, vaping, eating) and prod-
uct forms (e.g., dried flower, oral oils, edibles). Product
forms can have markedly different potency, which is typi-
cally assessed by tetrahydrocannabinol (THC) levels [4].
Cannabis concentrates contain substantially higher levels
than dried flower and can exceed 90% in solid concen-
trates and vaping liquids [5, 6]. THC levels can also vary
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within product categories; for example, edibles can range
from several milligrams (mg) of THC to several hundred
mgs of THC [4].

The diversity of THC levels across cannabis products
presents challenges for communicating THC levels to
consumers and consumer understanding and resulting
consumption [7]. Overconsumption is particularly com-
mon with cannabis edibles due to the wide range of
potency levels, combined with the delayed onset of effects
from oral consumption [8, 9]. Although overconsuming
cannabis products is not fatal, these adverse events can
be highly unpleasant and result in increased use of
health-care resources [5, 10].

Several studies indicate that many cannabis con-
sumers are aware of THC; however, understanding of
THC levels is very low [11]. Low consumer knowledge of
THC levels likely reflects unreliable labelling practices
and communication in illegal markets. Products sourced
in illegal markets are often sold without any formal pack-
aging and the potency of cannabis products is often
inferred from the strain and various descriptors, which
are unreliable indicators of potency or THC levels [12,
13]. When illegal products are sold in ‘manufactured’
packaging and display THC content, the accuracy of THC
numbers is questionable [13].

Legalisation and regulation of cannabis markets pro-
vides an opportunity to educate consumers about product
characteristics, including THC levels. As of 2022, 18 US
states and the District of Columbia have legalised non-
medical cannabis, while Canada has also legalised canna-
bis at the national level. Each of these jurisdictions have
regulations that require product testing and display of
THC numbers on product packaging, either in THC per-
centage or mg [13]. A 2016 study examined consumer use
and understanding of edible products in Colorado and
Washington State and called for improvements in label-
ling, noting that respondents found labels unclear and
lacking information [14]. To date, only one study has
directly compared THC knowledge between US jurisdic-
tions that have and have not legalised non-medical can-
nabis [11]. The effectiveness of mandated THC labels in
enhancing consumer knowledge and understanding
depends on whether consumers are actually exposed to
the information displayed on the label; in the first
24 months following legalisation in Canada, approxi-
mately half of consumers continued to source their prod-
ucts from illegal sources [15, 16].

Better communication and understanding of THC
levels has the potential to promote lower-risk cannabis
use. The shifting legal status of cannabis presents an
opportunity to address this lack of knowledge through
accurate product labelling and targeted consumer educa-
tion. The current study had three primary objectives:

(i) to examine self-reported knowledge of THC content
across 10 cannabis products using both quantitative and
qualitative descriptors; (ii) to examine self-reported intoxi-
cation levels associated with 10 types of cannabis products;
and (iii) to examine association between self-reported
THC levels and intoxication levels of dried flower.

2 | METHODS

Data are from Wave 3 of the International Cannabis Pol-
icy Study, a cross-sectional survey conducted in Canada
and the United States [17]. Data were collected via self-
completed web-based surveys conducted in September–
November 2020 from respondents aged 16–65 years and
recruited through the Nielsen Consumer Insights Global
Panel and their partners’ panels. The Nielsen panels are
recruited using a variety of probability and non-
probability sampling methods. Nielsen draws stratified
random samples from the online panels, with quotas
based on age and state/province of residence. Nielsen
emailed panellists an invitation to access the survey via a
hyperlink; respondents were unaware of the survey topic
prior to accessing the link. Respondents confirmed their
eligibility and provided consent before completing the
survey. Upon completion, respondents were transferred
back to the Nielsen platform and receive remuneration.
The American Association on Public Opinion Research
Cooperation rate was 62.0% in 2020 [18].

Surveys were conducted in English in the
United States and English or French in Canada. Median
survey time was 21 min. The study was reviewed by and
received ethics clearance through a University of Water-
loo Research Ethics Committee (ORE#31330). A full
description of the study methods can be found in the
Technical Report and methodology paper [17, 19].

2.1 | Measures

2.1.1 | Socio-demographics

Respondents provided demographic information, including
sex at birth, age, race, highest education level, perceived
income adequacy and device used to complete survey. See
Table S1, Supporting Information, for measures.

2.1.2 | Cannabis use frequency

Frequency of cannabis use was categorised as: ‘Less than
monthly, but in the past year’, ‘Monthly’, ‘Weekly’,
‘Daily/almost daily’.
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2.1.3 | US cannabis laws

US states were categorised according to their cannabis laws at
the time of survey. ‘Illegal’ states were defined as states without
medical or non-medical cannabis laws. ‘Medical’ states were
defined as those with medical cannabis laws. ‘Non-medical’
states were defined as those with non-medical cannabis laws.

2.1.4 | Cannabis product use

Respondents were asked about their use of nine cannabis
products in the past 12 months (no; yes, but not in past
12 months; yes, in past 12 months): dried flower (smoked or
vaped), cannabis oils/liquids taken orally (drops or capsules),
cannabis oil/liquid for vaping, edibles/foods, drinks, solid
concentrates (e.g., wax, shatter), hash or kief, tinctures and
topicals. Respondents who reported past 12-month con-
sumption were asked to provide their frequency of each
product use: ‘Less than monthly, but in the past year’,
‘Monthly’, ‘Weekly’, ‘Daily/almost daily’. Cannabis drops
and capsules were separated to total 10 cannabis products.

2.1.5 | Qualitative THC ratio

Past 12-month consumers of each product type were
asked, ‘Think of the last time you used … [product type].
Which of the following best describes the THC level?’ See
Table 1 for response options.

2.1.6 | Quantitative THC levels

Past 12-month consumers of each product type were
asked, ‘Do you know the amount of THC or CBD of the
[product type] you used last?’ with response options ‘Yes’,
‘No’, and ‘Do not know’. Respondents who answered
‘Yes’ were asked to enter the THC level (either as a per-
centage or in mg, depending on the cannabis product).

2.1.7 | Self-reported intoxication

Past 12-month consumers of each product type were
asked, ‘The last time you used [product type], how high
did you feel?’. See Table 1 for response options.

2.1.8 | Desired intoxication

Past 12-month consumers of each product type were
asked, ‘Which best describes your experience after using

[product type]?’. See Table 1 for full response options.
For regression analyses, responses were categorised as:
‘More high than I wanted’, ‘About right’ and ‘Less high
than I wanted’.

All questions included ‘Do not know’ and ‘Refuse to
answer’ options. All ‘Refuse to answer’ options were set
to missing. Except in measures described above, all ‘Do
not know’ options were set to missing.

2.2 | Data analysis

The full sample comprised 43,871 survey respondents, of
which a final sample of 13,689 past 12-month cannabis
consumers was used for analyses. A sub-sample of 13,275
were included in the current analysis after excluding
those with missing data on education and income ade-
quacy (n = 414).

Post-stratification sample weights were constructed based
on known population targets. Respondents from Canada
were classified into age-by-sex-by-province, education and
age-by-smoking status groups. Respondents from US legal
states were classified into age-by-sex-by-legal state, region-
by-race and education-by-legal state. Respondents from US
illegal and medical only states were classified into age-by-
sex, region-by-race and education. Separately for jurisdiction,
a raking algorithm was applied to the analytic sample to
compute weights that were calibrated to these groupings.
Weights were rescaled to the sample size for each jurisdic-
tion. Estimates are weighted unless otherwise specified.

First, descriptive statistics were used to describe THC
knowledge, self-reported and desired intoxication across
10 cannabis products. Second, the mean and median THC
levels were estimated among respondents who reported
knowing the THC level of their products. Third, the mean
and median percentage of THC was examined across
desired intoxication of all 10 cannabis products. Finally, a
multinomial logistic regression model was fitted to exam-
ine the association between desired intoxication of dried
flower, jurisdiction and frequency of cannabis use. Regres-
sion models were adjusted for age, sex, education level,
race, income adequacy and survey device type. Adjusted
odds ratios were reported with 95% confidence intervals.
Analyses were conducted using survey procedures in SAS
(SAS version 9.4, SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Sample characteristics

Table S1 displays the sample characteristics of past
12-month cannabis consumers in Canada and the
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United States in 2020. In all jurisdictions, half of respon-
dents were male, three-quarters were ‘White’, over a
third were daily/almost daily cannabis consumers and a
third resided in Canada.

3.2 | Qualitative THC levels

Table 1 displays qualitative descriptors of the THC levels
of the products ‘last used’ across 10 cannabis product
types among past 12-month cannabis consumers. The
percentage of respondents who reported not knowing the
THC level was lowest for liquid capsules (8.7%) and high-
est for topicals (27.9%). Qualitative THC levels differed
among products. Most solid concentrate consumers
reported that their product contained high or very high
THC (62.0%). In contrast, 17.1% of topical consumers
reported that their product contained high or very
high THC.

3.3 | Knowledge of quantitative THC
levels

A minority of consumers in each product category
reported knowing the quantitative THC level (Table 1).
For example, only 27.6% of dried flower consumers
reported knowing the THC percentage of the dried flower
they used last, with a low of 18.2% among hash consumers
and a high of 40.5% among consumers of liquid capsules.

Table S2 displays the average THC level of cannabis
products used last among consumers who reported know-
ing the quantitative THC level. The lowest median THC
level was for oral oils (23.3%) and the highest median THC
level was for solid concentrates (74.9%). For edibles, the
median THC content reported was 10.0 mg. The median
value for dried flower was below the biological limit of 30%
THC (23.9%), but the mean THC level was above (31.9%).

3.4 | Self-reported and desired
intoxication

Most consumers for dried flower (70.5%), drinks (60.9%),
edibles (59.0%), vape oils (57.3%) and capsules (53.1%)
reported feeling ‘a little high’ or ‘high’ after consuming
their respective product (Table 1). Most consumers of
topicals (77.6%), oral oils (63.1%) and tinctures (53.8%)
reported feeling ‘not at all high’ or ‘a little’ high. Most
hash/kief (67.3%) or solid concentrate (59.0%) consumers
reported feeling ‘high’ or ‘very high’.

In terms of the desired versus experienced level of
intoxication, close to half of consumers reported that the

high that they experienced was ‘about right’ in all prod-
uct categories except for topicals, where over half of con-
sumers reported feeling ‘not high at all’ (Table 1). Nearly
70% of consumers of dried flower indicated feeling ‘about
right’ and only 5% of consumers were ‘much more high’
than they wanted. Although half of solid concentrate
consumers indicated feeling ‘about right’, over one-third
of consumers indicated being ‘more high’ or ‘much more
high’ than they wanted.

3.5 | Association between self-reported
THC level and intoxication levels

Tables 2 and 3 compare self-reported qualitative and quanti-
tative THC levels among consumers who reported the
quantitative THC level of their product. In general, qualita-
tive levels of THC aligned with the median order of quanti-
tative THC percentages. For example, the median
percentage of THC in dried flower among consumers who
reported using a product with ‘no THC’ was 0.0% increas-
ing to and 28.0% among those reporting ‘very high THC’ in
their dried flower. The alignment between qualitative and
quantitative THC levels was less consistent for other prod-
ucts, including oral oils, liquid capsules and tinctures, par-
ticularly with respect to THC levels described as ‘medium’.

Consumers of dried flower, oral oils, liquid capsules,
edibles, drinks, tinctures and topicals who reported that
their experience was ‘about right’ reported lower THC
levels than consumers who reported feeling higher than
was desired. For example, capsule consumers who
reported feeling ‘about right’ reported a median THC
level of 35.0%, compared to consumers who felt higher
than they desired (45.0%). Among vape oil, solid concen-
trate, and hash/kief consumers, those reporting feeling
‘about right’ also reported the highest median THC level,
79.0%, 82.0% and 49.0%, respectively.

3.6 | Correlates of self-intoxication level
among dried flower consumers

A multinomial logistic regression model was fitted to
examine correlates of the desired intoxication of dried
flower at last use (Table 4). Respondents in Canada had
higher odds of reporting their experience was ‘about
right’ versus ‘higher than I wanted’ compared to respon-
dents in all US jurisdictions. Respondents in Canada had
higher odds of reporting their experience was ‘less than I
wanted’ relative to ‘higher than I wanted’ compared to
respondents in US medical states.

Monthly or more frequent dried flower consumption
was associated with higher odds of reporting an
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TAB L E 4 Weighted multinomial logistic analysis for correlates of expected intoxication from dried flower among dried flower

consumers in 2020 (n = 8899).

What best describes your experience the last time you used dried flower? n = 8899

Less high than I wanted
(vs. higher than I wanted)

About right
(vs. higher than I wanted)

AOR (95% CI), p-value AOR (95% CI), p-value

Jurisdiction

Canada (vs. US illegal states) 1.34 (0.95, 1.88), p = 0.093 1.40 (1.07, 1.84), p = 0.013

US medical (vs. US illegal) 0.98 (0.67, 1.42), p = 0.904 0.94 (0.70, 1.26), p = 0.677

US non-medical (vs. US illegal) 1.08 (0.77, 1.52), p = 0.663 1.06 (0.81, 1.39), p = 0.673

Canada (vs. US medical) 1.37 (1.01, 1.85), p = 0.041 1.49 (1.19, 1.88), p = 0.001

US non-medical (vs. US medical) 1.11 (0.81, 1.50), p = 0.523 1.13 (0.90, 1.42), p = 0.304

Canada (vs. US non-medical) 1.24 (0.95, 1.61), p = 0.108 1.33 (1.09, 1.62), p = 0.005

Frequency of dried flower use

Less than monthly, but in
past 12 months

REF REF

Monthly/weekly 1.39 (1.07, 1.82), p = 0.015 1.85 (1.52, 2.24), p < 0.001

Daily/almost daily 2.70 (2.02, 3.62), p < 0.001 3.04 (2.42, 3.83), p < 0.001

Age, years

16–25 REF REF

26–35 0.71 (0.51, 0.98), p = 0.036 0.97 (0.75, 1.26), p = 0.817

36–45 0.77 (0.55, 1.08), p = 0.125 1.22 (0.92, 1.60), p = 0.164

46–55 0.64 (0.45, 0.93), p = 0.019 1.32 (0.98, 1.76), p = 0.066

56–65 0.99 (0.69, 1.46), p = 0.993 1.96 (1.45, 2.65), p < 0.001

Sex

Male REF REF

Female 1.11 (0.89, 1.38), p = 0.375 1.01 (0.85, 1.19), p = 0.953

Ethnicity/race

White REF REF

Other/mixed 0.86 (0.66, 1.12), p = 0.257 0.85 (0.69, 1.03), p = 0.099

Education

Less than high school REF REF

High school diploma 1.12 (0.76, 1.67), p = 0.566 1.15 (0.83, 1.60), p = 0.388

Some college or technical vocation 1.13 (0.77, 1.65), p = 0.537 1.19 (0.87, 1.63), p = 0.272

Bachelor’s degree or higher 0.96 (0.63, 1.44), p = 0.825 0.91 (0.65, 1.26), p = 0.562

Income adequacy

Very difficult REF REF

Difficult 1.13 (0.78, 1.62), p = 0.525 1.38 (1.02, 1.87), p = 0.037

Neither easy nor difficult 0.72 (0.50, 1.03), p = 0.074 1.73 (1.29, 2.31), p = 0.001

Easy 0.60 (0.40, 0.89), p = 0.011 1.38 (1.01, 1.89), p = 0.042

Very easy 0.54 (0.34, 0.86), p = 0.010 0.93 (0.65, 1.33), p = 0.685

Device used

Smartphone REF REF

Computer 1.03 (0.80, 1.32), p = 0.831 1.04 (0.86, 1.25), p = 0.702

Tablet 1.07 (0.60, 1.91), p = 0.829 1.15 (0.75, 1.75), p = 0.520

Note: Bold font indicates statistical significance.
Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.

8 LINEHAM ET AL.

 14653362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dar.13664 by U

niversity O
f W

aterloo D
ana Porter L

ibrary, W
iley O

nline L
ibrary on [17/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



experience of being ‘less high than I wanted’ as well as
being ‘about right’ compared to ‘higher than I wanted’.
Compared to respondents aged 16–25, respondents aged
26–35 and 46–55 had higher odds of reporting ‘less high
than I wanted’. Respondents aged 56–65 had higher odds
of reporting an experience which was ‘about right’ com-
pared to respondents aged 16–25. Respondents who
reported finding it easy or very easy to make ends meet
had lower odds of reporting ‘less high than I wanted’ rela-
tive to those who reported finding it very difficult. With
the exception of respondents who reported finding it very
easy to make ends meet, all respondents had higher odds
of reporting an experience which was ‘about right’ com-
pared to respondents who reported finding it very difficult.

Sex at birth, ethnicity/race, highest level of education
and survey device used were not significantly associated
with expectation of dried flower experience.

4 | DISCUSSION

The current study is among the few to analyse consumer
knowledge of THC levels and its association with self-
reported intoxication. Across all 10 product categories,
approximately two-thirds of consumers did not know the
THC level of the cannabis product they last used. Some
differences were observed across products: a greater per-
centage of consumers of products associated with ‘medi-
cal cannabis’ use, such as oral oils and capsules, reported
knowing THC levels. These products used for medical
purposes may be more likely to be sold in manufactured
packaging with THC labelling [11, 20]. Knowledge of
THC levels was low even for dried flower, the most com-
mon cannabis product, where only one-quarter of dried
flower consumers reported knowing the THC levels of
the last product they used. However, estimates have
increased from the same study in 2018, where only 1 in
10 dried flower consumers reported knowing the THC
levels [11]. Legal jurisdictions should improve public
education to more effectively communicate THC levels to
consumers and future research should examine whether
consumer awareness and understanding of THC levels
are increasing over time in the broader population.

Compared to THC levels, consumers were much more
capable of reporting ‘descriptive’ levels of THC for their
last product consumed. Descriptive terms are commonly
used anecdotally by consumers and, in some cases, in
retail settings as context [5]. In the current study, the
descriptive THC levels across product types was generally
consistent with typical THC concentrations: THC levels
for solid concentrates, hash and vape oils were rated as
higher THC compared to other product categories such as
tinctures and topicals, consistent with data on actual THC

content of cannabis products [11]. Descriptive THC levels
showed moderate correspondence with self-reported quan-
titative THC levels among the minority of respondents
who reported quantitative amounts. Although the relative
order of THC levels corresponded to the order of the quali-
tative descriptors, the mean numbers across all categories
were more variable and unrealistically high in some cases.
For example, dried flower consumers reported a mean THC
level of 32%, which exceeds the biological limit for dried
flower of approximately 30% to 35%, unless infused with oil
or other high THC extracts [3, 21]. Even participants who
reported the qualitative THC level as ‘low’ reported a mean
of 26% THC. Compared to mean THC levels, median num-
bers were more reasonable and more consistent with the
range of products on the commercial market. A study
which examined the validity of self-reported THC levels
also found a moderate association between qualitative
descriptors of product strength and objectively verified THC
levels after product use, although less so for dried flower
than cannabis resin [22]. Overall, the findings raise doubts
about the validity of self-reported THC levels—either quali-
tative or quantitative—at the individual level. Low aware-
ness of THC levels is a particular concern for high-potency
products and oral products, such as edibles, where there
may be a delay in the onset of effects and accidental over-
consumption could result in adverse events [23].

Consumers self-reported a range of intoxication levels
during their last use of cannabis products. The findings
were consistent with the hypothesised pattern across
products: greater levels of self-reported intoxication were
reported for product types with typically higher THC con-
centration, including solid concentrates, whereas lower, if
any, intoxication levels were reported for products such as
topicals. The correspondence between desired and self-
reported level of intoxication varied across products. Approx-
imately two-thirds of dried flower consumers reported intox-
ication levels that were ‘about right’—the highest of any
product category—compared with approximately half of
consumers for other products. These data suggest that many
consumers have difficult accurately ‘dosing’ non-flower
products to their desired levels, particularly when using
higher THC products. Consumer difficulty in identifying
and consuming desired amounts of cannabis likely contrib-
utes to adverse events from cannabis use [5, 24, 25].

More frequent consumers were substantially more
likely to report achieving their desired levels when using
dried flower, which may be attributable to greater famil-
iarity with cannabis products, as well as higher tolerance
levels [3]. Canadian consumers were also more likely to
report achieving their desired intoxication level compared
to US consumers. This could reflect more comprehensive
cannabis labelling regulations in Canada mandated as part
of the federal legalisation of cannabis in October 2018.

CANNABIS THC KNOWLEDGE IN CANADA AND UNITED STATES 9
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However, few differences were observed between US states
when comparing states that have legalised non-medical
adult use, medical use, or states in where all cannabis use
remains illegal. Currently, states that have legalised medi-
cal cannabis or non-medical cannabis have adopted differ-
ent labelling practices for THC on cannabis products [26].
Harmonising THC labelling practices across states, com-
bined with public education campaigns, has the potential
to increase understanding of THC concentrations. Further
research should examine the role of cannabis labelling in
legal markets and the extent to which they can increase
consumer understanding of THC content and reduce over-
consumption and the associated adverse outcomes.

4.1 | Limitations

This study is subject to limitations common to survey
research. Respondents were recruited using non-proba-
bility-based sampling; therefore, the findings do not nec-
essarily provide nationally representative estimates. The
data were weighted by age, sex, region, education and
cigarette smoking status in both countries and region-by-
race in the United States. However, compared to the
national population, the US sample had fewer respon-
dents with low education levels and Hispanic ethnicity.
Cannabis use estimates were generally lower than
national estimates for young adults and higher than
national surveys in both countries. In both countries, the
International Cannabis Policy Study sample also had
poorer self-reported general health compared to the
national population, which is a feature of many non-
probability samples and may be partly due to the use of
web surveys, which provide greater perceived anonymity
than in-person or telephone-assisted interviews often
used in national surveys [27, 28].

Self-reported data are subject to social desirability biases.
At the time of study, cannabis was illegal at the federal level
in the United States; therefore, patterns of cannabis use or
experience may be underreported or misrepresented. How-
ever, the survey included a data integrity question wherein
those who reported not answering questions honestly were
excluded. In addition, this survey was self-administered
online, which compared to interviewer assisted surveys, can
reduce social desirability biases by providing anonymity.

Non-medical and medical cannabis laws vary across
the United States, and therefore combining states by their
cannabis laws may lose the nuance of individual state
laws, especially with regards to product content and
labelling. In addition, future studies should examine
potential differences in knowledge between consumers
authorised for medical cannabis use versus those who
use cannabis for ‘recreational’ purposes.

Finally, only dried flower was analysed in the models
examining self-reported and desired intoxication, whereas
accuracy in dosing may vary according to product. How-
ever, dried flower contributes the majority of the cannabis
market in both illegal and legal settings and would provide
a decent representation of THC knowledge and experience.

5 | CONCLUSIONS

In legal, regulated cannabis markets, consumers should be
able to easily identify, understand and apply information
on the THC content of cannabis products. Broad knowl-
edge of THC and the strength of products is also important
for adherence to lower risk cannabis use guidelines in
Canada and the elsewhere, which advise consumers to
avoid ‘high potency’ and ‘high THC’ products [29, 30]. To
date, however, knowledge of THC levels in cannabis prod-
ucts is low among cannabis consumers, particularly
among less frequent consumers who are at greater risk of
over-consumption and adverse events. Thus, guidance to
consumers to ‘start low and go slow’ has little meaning if
consumers are unable to identify ‘low’ THC levels in prod-
ucts. Overall, there is a need for clear THC labelling on
cannabis products, as well as targeted public education
campaigns. Future research should examine more effective
approaches to label THC content of products, including
the use of symbols, descriptors or standardised units to
enhance consumer comprehension and use [5].

ACKNOWLEDGEMENTS
Funding for this study was provided by a Canadian Insti-
tutes of Health Research Project Bridge Grant (PJT-153342)
and a Canadian Institutes of Health Research Project Grant.
Additional support was provided by a Public Health Agency
of Canada-Canadian Institutes of Health Research Chair in
Applied Public Health (David Hammond). The authors
acknowledge and thank the study respondents. Elle Wads-
worth is currently affiliated at RAND Europe; however, all
the research was conducted when at the University of
Waterloo.

CONFLICT OF INTEREST STATEMENT
The authors report there are no competing interests to
declare. David Hammond has served as a paid Expert Wit-
ness on behalf of public health authorities in response to
industry legal challenges to cannabis regulations in Canada.

ORCID
Jesse Lineham https://orcid.org/0000-0003-3544-5723
Elle Wadsworth https://orcid.org/0000-0003-0797-8493
David Hammond https://orcid.org/0000-0001-8197-
6010

10 LINEHAM ET AL.

 14653362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dar.13664 by U

niversity O
f W

aterloo D
ana Porter L

ibrary, W
iley O

nline L
ibrary on [17/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-3544-5723
https://orcid.org/0000-0003-3544-5723
https://orcid.org/0000-0003-0797-8493
https://orcid.org/0000-0003-0797-8493
https://orcid.org/0000-0001-8197-6010
https://orcid.org/0000-0001-8197-6010
https://orcid.org/0000-0001-8197-6010


REFERENCES
1. Hall W, editor. Health and social effects of nonmedical canna-

bis use. Geneva, Switzerland: World Health Organization;
2016.

2. National Academies of Sciences, Engineering, and Medicine.
The health effects of cannabis and cannabinoids: the current
state of evidence and recommendations for research. 2017.

3. Pertwee RG. Handbook of cannabis. USA: Oxford University
Press; 2014.

4. Freeman TP, Craft S, Wilson J, Stylianou S, ElSohly M, Di
Forti M, et al. Changes in delta-9-tetrahydrocannabinol (THC)
and cannabidiol (CBD) concentrations in cannabis over time: sys-
tematic review and meta-analysis. Addiction. 2021;116:1000–10.

5. Hammond D. Communicating THC levels and ‘dose’ to con-
sumers: implications for product labelling and packaging of
cannabis products in regulated markets. Int J Drug Policy.
2021;91:102509.

6. Caulkins JP, Bao Y, Davenport S, Fahli I, Guo Y, Kinnard K,
et al. Big data on a big new market: insights from Washington
State’s legal cannabis market. Int J Drug Policy. 2018;57:
86–94.

7. Leos-Toro C, Fong GT, Meyer SB, Hammond D. Cannabis
labelling and consumer understanding of THC levels and serv-
ing sizes. Drug Alcohol Depend. 2020;208:107843.

8. Barrus DG, Capogrossi KL, Cates SC, Gourdet CK, Peiper NC,
Novak SP, et al. Tasty THC: promises and challenges of canna-
bis edibles. Methods Rep RTI Press. 2016;2016:1–18. https://
doi.org/10.3768/rtipress.2016.op.0035.1611

9. Reboussin BA, Wagoner KG, Sutfin EL, Suerken C, Ross JC,
Egan KL, et al. Trends in marijuana edible consumption and
perceptions of harm in a cohort of young adults. Drug Alcohol
Depend. 2019;205:107660.

10. Lake S, Kerr T, Werb D, Haines-Saah R, Fischer B, Thomas G,
et al. Guidelines for public health and safety metrics to evalu-
ate the potential harms and benefits of cannabis regulation in
Canada. Drug Alcohol Rev. 2019;38:606–21.

11. Hammond D, Goodman S. Knowledge of tetrahydrocannabinol and
cannabidiol levels among cannabis consumers in the United States
and Canada. Cannabis Cannabinoid Res. 2020;7:345–54.

12. Kruger DJ, Kruger JS, Collins RL. Frequent cannabis users
demonstrate low knowledge of cannabinoid content and dos-
ages. Drugs Educ Prev Policy. 2021;28:97–103.

13. Mudge EM, Murch SJ, Brown PN. Chemometric analysis of
cannabinoids: chemotaxonomy and domestication syndrome.
Sci Rep. 2018;8:13090.

14. Kosa KM, Giombi KC, Rains CB, Cates SC. Consumer use and
understanding of labelling information on edible marijuana
products sold for recreational use in the states of Colorado and
Washington. Int J Drug Policy. 2017;43:57–66.

15. Wadsworth E, Driezen P, Hammond D. Retail availability and
legal purchases of dried flower in Canada post-legalization.
Drug Alcohol Depend. 2021;225:108794.

16. Wadsworth E, Driezen P, Pacula RL, Hammond D. Cannabis
flower prices and transitions to legal sources after legalization
in Canada, 2019–2020. Drug Alcohol Depend. 2022;231:109262.

17. Hammond D, Goodman S, Wadsworth E, Rynard V,
Boudreau C, Hall W. Evaluating the impacts of cannabis legal-
ization: the international cannabis policy study. Int J Drug Pol-
icy. 2020;77:102698.

18. American Association for Public Opinion Research. Online Panels.
2016. Available from: https://www.aapor.org/Education-Resources/
Election-Polling-Resources/Online-Panels.aspx. Accessed 9 June
2022

19. Goodman S, Burkhalter R, Hammond D. International canna-
bis policy study technical report. Waterloo, Canada: University
of Waterloo; 2020.

20. Goodman S, Wadsworth E, Schauer G, Hammond D. Use and
perceptions of cannabidiol products in Canada and in the
United States. Cannabis Cannabinoid Res. 2022;7:355–64.

21. Hillig KW, Mahlberg PG. A chemotaxonomic analysis of cannabi-
noid variation in cannabis (Cannabaceae). Am J Bot. 2004;91:966–75.

22. van der Pol P, Liebregts N, de Graaf R, Korf DJ, van den
Brink W, van Laar M. Validation of self-reported cannabis dose
and potency: an ecological study. Addiction. 2013;108:1801–8.

23. Wang GS, Le Lait MC, Deakyne SJ, Bronstein AC, Bajaj L,
Roosevelt G. Unintentional pediatric exposures to marijuana
in Colorado, 2009-2015. JAMA Pediatr. 2016;170:e160971.

24. Roehler DR, Hoots BE, Holland KM, Baldwin GT, Vivolo-
Kantor AM. Trends and characteristics of cannabis-associated
emergency department visits in the United States, 2006-2018.
Drug Alcohol Depend. 2022;232:109288.

25. Myran DT, Pugliese M, Tanuseputro P, Cantor N, Rhodes E,
Taljaard M. The association between recreational cannabis
legalization, commercialization and cannabis-attributable
emergency department visits in Ontario, Canada: an inter-
rupted time–series analysis. Addiction. 2022;117:1952–60.

26. Schauer GL. Cannabis policy in the United States: implications
for public health. J Natl Cancer Inst Monogr. 2021;58:39–52.

27. Fahimi M, Barlas F, Thomas R. A practical guide for surveys
based on nonprobability samples. American Association for Pub-
lic Opinion Research. 2018. Available from: https://www.aapor.
org/Education-Resources/Online-Education/Webinar-Details.aspx?
webinar=WEB0218

28. Hays RD, Liu H, Kapteyn A. Use of internet panels to conduct
surveys. Behav Res Methods. 2015;47:685–90.

29. Fischer B, Robinson T, Bullen C, Curran V, Jutras-Aswad D,
Medina-Mora ME, et al. Lower-risk cannabis use guidelines
(LRCUG) for reducing health harms from non-medical canna-
bis use: a comprehensive evidence and recommendations
update. Int J Drug Policy. 2022;99:103381.

30. Health Canada. Canada’s lower-risk cannabis use guidelines
[Internet]. Canada.ca. 2020. Available from: https://www.canada.
ca/en/health-canada/services/drugs-medication/cannabis/resources/
lower-risk-cannabis-use-guidelines.html

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Lineham J,
Wadsworth E, Hammond D. Self-reported THC
content and associations with perceptions of
feeling high among cannabis consumers. Drug
Alcohol Rev. 2023. https://doi.org/10.1111/dar.
13664

CANNABIS THC KNOWLEDGE IN CANADA AND UNITED STATES 11

 14653362, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/dar.13664 by U

niversity O
f W

aterloo D
ana Porter L

ibrary, W
iley O

nline L
ibrary on [17/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.3768/rtipress.2016.op.0035.1611
https://doi.org/10.3768/rtipress.2016.op.0035.1611
https://www.aapor.org/Education-Resources/Election-Polling-Resources/Online-Panels.aspx
https://www.aapor.org/Education-Resources/Election-Polling-Resources/Online-Panels.aspx
https://www.aapor.org/Education-Resources/Online-Education/Webinar-Details.aspx?webinar=WEB0218
https://www.aapor.org/Education-Resources/Online-Education/Webinar-Details.aspx?webinar=WEB0218
https://www.aapor.org/Education-Resources/Online-Education/Webinar-Details.aspx?webinar=WEB0218
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/resources/lower-risk-cannabis-use-guidelines.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/resources/lower-risk-cannabis-use-guidelines.html
https://www.canada.ca/en/health-canada/services/drugs-medication/cannabis/resources/lower-risk-cannabis-use-guidelines.html
https://doi.org/10.1111/dar.13664
https://doi.org/10.1111/dar.13664

	Self-reported THC content and associations with perceptions of feeling high among cannabis consumers
	1  INTRODUCTION
	2  METHODS
	2.1  Measures
	2.1.1  Socio-demographics
	2.1.2  Cannabis use frequency
	2.1.3  US cannabis laws
	2.1.4  Cannabis product use
	2.1.5  Qualitative THC ratio
	2.1.6  Quantitative THC levels
	2.1.7  Self-reported intoxication
	2.1.8  Desired intoxication

	2.2  Data analysis

	3  RESULTS
	3.1  Sample characteristics
	3.2  Qualitative THC levels
	3.3  Knowledge of quantitative THC levels
	3.4  Self-reported and desired intoxication
	3.5  Association between self-reported THC level and intoxication levels
	3.6  Correlates of self-intoxication level among dried flower consumers

	4  DISCUSSION
	4.1  Limitations

	5  CONCLUSIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


