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Abstract

Objective: This study aimed to examine consumer knowledge of tetrahydrocannabinol (THC) and cannabidiol
(CBD) levels for usual cannabis products.

Methods: Data are from the International Cannabis Policy Study conducted online in August-September 2018.
Respondents included 6471 past 12-month cannabis users, aged 16-65 years, recruited from the Nielsen Global
Insights Consumer Panel using nonprobability methods. Respondents were recruited from Canada, which had
not yet legalized nonmedical cannabis (n=2354), and US states that had (n=2160) and had not (n=1957) legal-
ized nonmedical cannabis.

Results: Participants reported descriptive THC:CBD ratios (e.g., high THC, low CBD) and numeric THC and CBD
levels (mg or %) for products they usually use in each of nine product categories. Few consumers knew and
were able to report the numeric THC or CBD levels of their usual cannabis products. For example, only 10%
of dried herb consumers reported the THC level, approximately 30% of whom reported implausible values.
A greater proportion of consumers reported a descriptive THC:CBD ratio of their usual product, ranging from
50.9% of edible users to 78.2% of orally ingested oil users. Consumers were substantially more likely to report
products high in THC versus low in THC for all products except topicals and tinctures, whereas similar proportions
reported using products high and low in CBD. Despite some evidence of greater knowledge in legal jurisdictions,
knowledge was still low in states with legal cannabis markets.

Conclusions: Consumer knowledge of THC and CBD levels was low, with only modest differences between con-
sumers living in jurisdictions that had and had not legalized nonmedical cannabis. The findings cast doubt on the
validity of self-reported cannabinoid levels.
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Introduction

The cannabis market in North America is diversifying
in terms of the number of products and modes of ad-
ministration. Although smoking dried cannabis herb
remains the most common mode of administration,
use of other forms is increasing, particularly high-
potency products, including vape oils and solid concen-
trates. There is also diversity within product categories,
including their levels of tetrahydrocannabinol (THC)'—
the primary psychoactive cannabinoid in cannabis that
produces impairment. Among commercially available

dried herb products, THC levels can range from 1%
or less to ~30%.'~> Vape oils can have an even greater
range—from no THC to more than 90%—while canna-
bis edibles also vary from several milligrams to several
hundred milligrams of THC in a single product.

At the same time, cannabidiol (CBD)-rich products
are undergoing significant growth within the North
American market.* CBD is a psychoactive cannabinoid
that (unlike THC) does not produce impairment when
used alone. Compared with dried herb, CBD is tradi-
tionally present in higher concentrations in orally
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ingested oils and capsules. A broader use of CBD prod-
ucts as natural health products also has emerged in top-
ical creams, often at subclinical concentrations.
Anecdotal evidence further suggests that there is an in-
creasing demand for dried herb that has higher levels of
CBD or products with balanced levels of CBD and
THC. This is likely due to preliminary research sug-
gesting that CBD may have antipsychotic effects
and/or moderate some of the impairment produced
by THC.>®

To date, most information on THC and CBD levels
is from market scans or sales data in jurisdictions with
legal cannabis markets. There is considerable interest
in individual-level data to better understand implica-
tions of product potency on indicators of problematic
use and potential adverse outcomes.”®

Few studies have examined the accuracy of self-
reported THC or CBD levels. One study asked consum-
ers to descriptively categorize the potency (e.g., mild, av-
erage, and strong) of their cannabis products and found
modest correlations with objectively determined THC
concentrations, but to a lesser extent for dried herb com-
pared with hash resin.” Another study examined subjec-
tive estimates of cannabis potency using a scale from 1
(negligible effect) to 10 (incredibly strong).'® Estimated
cannabis potency was modestly associated with actual
THC concentration among daily users, but not nondaily
users, with no differences across product types.

North American jurisdictions that have legalized
medical and nonmedical cannabis have regulations
that require THC (and in some cases CBD) levels to
be labeled on cannabis products. Although the impact
of these regulations has yet to be examined, several
qualitative and experimental studies suggest that con-
sumers have limited familiarity with THC numbers.""
Few consumers are aware of THC labeling, and con-
sumers struggle to interpret THC numbers as indica-
tors of potency for products such as cannabis
edibles.'*'*>  Consumer difficulties understanding
THC may be exacerbated by inconsistent labeling of
cannabis products on the illicit market.'*

The aim of the current article is to examine self-
reported cannabinoid levels among cannabis consum-
ers, with three specific objectives: (1) to examine the
proportion of consumers who can report THC and
CBD ratios and numeric THC and CBD levels; (2) to
compare self-reported THC and CBD levels across
each of nine cannabis product categories; and (3) to ex-
amine differences in self-reported knowledge of THC
and CBD levels across three jurisdictions: US states
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that had legalized nonmedical cannabis as of August
2018, US states in which recreational cannabis
remained illegal (US legal and illegal states, respective-
ly), and in Canada in the year before recreational can-
nabis legalization.

Materials and Methods

Sample

Data are cross-sectional findings from Wave 1 of the
International Cannabis Policy Study (ICPS)."> Data
were collected using self-completed web-based surveys
conducted from August 27 to October 7, 2018, with
respondents aged 16-65 years. Respondents were
recruited through the Nielsen Consumer Insights
Global Panel and their partners’ panels using nonprob-
ability methods. E-mail invitations (with a unique link)
were sent to a random sample of panelists (after target-
ing for age and country criteria); panelists known to be
ineligible based on age and country were not invited.
Surveys were conducted in English in the United States
and English or French in Canada. Median survey time
was 19.9 min.

Respondents provided consent before completing
the survey. Respondents received remuneration in ac-
cordance with their panel’s usual incentive structure
(e.g., point-based or monetary rewards and chances
to win prizes). The study was reviewed by and received
ethics clearance through a University of Waterloo
Research Ethics Committee (ORE #31330). A full de-
scription of the study methods, including participation
rates, can be found in the International Cannabis Pol-
icy Study Technical Report.'®

Measures
For full item wording, refer to the ICPS 2018 (Wave 1)
survey."” Participants reported past 12-month use of
nine cannabis product types: dried herb (smoked or
vaped), cannabis liquid/oil taken orally, cannabis liquid/
oil for vaping, edibles (foods), drinks (e.g., cannabis
cola, tea, and coffee), concentrates (e.g., wax and shat-
ter), hash or kief, tinctures, and topical ointments.
For each product type, consumers were asked to re-
port the THC-to-CBD ratio: “Which of the following
best describes the type of [product] you usually use?”
(High THC, Low CBD; High THC, High CBD; Low
THC, Low CBD; Low THC, High CBD; Other; I don’t
know; or Refuse to answer). Past 12-month users of
each product type were also asked to report numeric
THC and CBD levels (“What are the THC and CBD lev-
els in the [product] you usually use?”). Respondents



Downloaded by 64.58.42.48 from www.liebertpub.com at 11/27/20. For personal use only.

KNOWLEDGE OF THC AND CBD LEVELS

could enter THC and CBD amounts in mg or % or select
“Don’t know” or “Refuse to answer”. Sociodemographic
characteristics included sex at birth, age, race/ethnicity,
highest level of education, and frequency of cannabis
use (see response options in Table 1).

Statistical analyses
A total of 28,471 respondents completed the survey.
After removing 1302 respondents with invalid re-
sponses to data quality questions, ineligible country
of residence, smartphone use (due to screen size con-
cerns), or residence in District of Columbia (due to in-
adequate sample size), 27,169 respondents were
retained. The current analysis was conducted among
a subsample of 6471 respondents who reported using
any form of cannabis in the past 12 months.
Poststratification sample weights were constructed
based on the Canadian and US census estimates.
Respondents from Canada were classified into age-by-
sex-by-province and education groups. Respondents
from the US legal states were classified into age-by-
sex-by-legal state, education, and region-by-race
groups, while those from the illegal states were classified
into age-by-sex, education, and region-by-race groups.
Correspondingly grouped population count and pro-
portion estimates were obtained from Statistics Canada

Table 1. Sample Characteristics (n=6471)

US illegal
states US legal
Canada (n=1957) states
(n=2354) % (n) (n=2160)
Age, years
(M, SD) 37.8 (13.9) 37.3 (14.2) 383 (14.2)
Sex
Female 45.2% (1064) 43.3% (848) 47.0% (1015)
Male 54.8% (1291) 56.7% (1109) 53.0% (1145)
Education

Less than high school 17.7% (417)  15.0% (293) 11.0% (237)

High school diploma or  27.5% (648) 19.0% (372) 19.2% (414)
equivalent

Some college*

Bachelor's degree or

35.9% (846) 43.1% (844) 45.0% (972)
18.9% (444) 22.9% (448) 24.8% (537)

higher
Race/Ethnicity
White 80.8% (1901) 75.4% (1475) 80.0% (1727)
Other/Mixed/Unstated 19.2% (453) 24.6% (482) 20.0% (433)

Cannabis use frequency
< Once per month 304% (716)  29.1% (569) 26.6% (575)
1+ times/month 18.0% (425) 21.6% (423) 19.1% (413)
1+ times/week 18.7% (440) 17.5% (343) 20.8% (450)
Daily/almost daily 32.9% (774) 31.8% (622) 33.5% (723)

*Includes some college technical/vocational training, college certifi-
cate/diploma, apprenticeship, or some university.

and the US Census Bureau.'”'® A raking algorithm was
applied to the full analytic sample (n=27,169) to com-
pute weights that were calibrated to these group-
ings."”** Weights were rescaled to the sample size for
Canada, US illegal states, and US legal states. Estimates
are weighted unless otherwise specified.

Logistic regression models were fitted to examine dif-
ferences between jurisdictions in the proportion report-
ing a THC:.CBD ratio (0=Don’t know vs. 1=any
THC:CBD ratio reported) and THC and CBD levels of
nine products (0=Don’t know vs. l=any value
reported). All models were adjusted for age, sex, educa-
tion level, race/ethnicity, and cannabis use frequency.
Analyses were conducted using survey procedures in
SAS Studio 9.4 (Cary, NC).

Results
Sample characteristics are shown in Table 1.

THC/CBD ratios

Figure 1shows the self-reported THC:CBD ratios for nine
types of cannabis across jurisdictions. Across all products,
participants were more likely to report products as being
high in THC compared with low in THC. The proportion
of CBD-rich products (those low in THC and high in
CBD) was less than 10% for all products, with the excep-
tion of orally ingested oils, tinctures and topicals, for
which a plurality chose either of the low THC ratios.

As shown in Table 2, consumers in US legal states
were more likely to report knowing the THC:CBD
ratio than consumers in Canada for eight of nine prod-
uct categories, and more likely than consumers in US
illegal states to report THC:CBD ratios for five of
nine product categories.

Supplementary Tables S1-S9 show the contrasts for
additional covariates included in the regression models.
The odds of reporting the THC:CBD ratio for dried
herb, cannabis oil ingested orally, vaped cannabis oil, ed-
ibles, and topicals were significantly greater among those
who used cannabis more frequently. Males were also more
likely to report the THC:CBD ratio of several products
(dried herb, edibles, concentrates, cannabis oil for vaping,
and hash/kief), as were those with higher levels of educa-
tion (dried herb, edibles, and cannabis oil for vaping).

Self-reported numeric THC and CBD levels

As shown in Table 3, less than one third of consumers
in each jurisdiction were able to report the numeric
THC or CBD level for the cannabis products they
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Cannabidiol Ratio of the Product They Usually Use

Table 2. Prevalence of Past 12-Month Users Who Reported the Tetrahydrocannabinol

Legal states vs. Canada (ref) Legal vs. illegal states (ref)

lllegal states vs. Canada (ref)

US illegal states US legal states

Canada

AOR (95% ClI), p-value

% (n)

Product

2.00 (1.61-2.47), <0.001 1.85 (1.50-2.29), <0.001

0.90-1.30), 0.415

1.08
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Binary logistic regression (1=selected a ratio or “Other”; 0

“Don’t know"), excluding “Refuse to answer”.

*Regression models for drinks and tinctures produced quasi-separation of data points due to small cell sizes; results of these models should be interpreted with caution.

Cl, confidence interval; AOR, adjusted odds ratio; ref, reference group.

usually used. Consumers in US legal states were more
likely to report the usual THC levels of six of the
nine product types compared with consumers in Can-
ada (dried herb, vape oil, edibles, concentrates, hash,
and drinks) as well as four products compared with
consumers in US illegal states (dried herb, vape oil, ed-
ibles, and hash).

A similar pattern was observed for CBD levels: con-
sumers in US legal states were significantly more likely
to report the CBD levels for five product types compared
with those in Canada (dried herb, vape oil, edibles, hash,
and drinks) and for two product types compared with
those in US illegal states (dried herb and edibles). As
shown in Supplementary Tables S1-S9, with the excep-
tion of concentrates, hash/kief, and drinks, the odds of
reporting THC and/or CBD levels differed by frequency
of use, such that those who used cannabis more fre-
quently were more likely to report THC or CBD levels.

Tables 4 and 5 show the mean THC and CBD levels
reported for usual products in the unit selected by con-
sumers. With the exception of dried herb and cannabis
oil for vaping, both units—mg and % THC—were
reported by at least one third of consumers. As shown
in Tables 4 and 5, a wide range of THC and CBD levels
were reported for each product type. For example, 7.2%
of dried herb consumers reported THC levels <15%,
63.3% reported THC levels between 15% and 30%, and
29.5% reported THC levels >30%. Fewer daily users
of dried herb (20.4%) reported THC levels >30% com-
pared with those who used it weekly (36.9%), monthly
(39.6%), or less than once a month (31.2%).

Discussion
The current study casts doubt on the validity of self-
reported cannabinoid levels in cannabis products.
Between one fifth and one half of consumers were unable
to report even a descriptive ratio of THC and CBD for
their usual cannabis product. The current findings are
consistent with a 2019 national survey conducted in Can-
ada, in which almost one third of past 12-month users
reported not knowing the general THC-to-CBD ratios
of the products they typically use.”! THC labeling of can-
nabis products outside of the legal market is inconsistent
and of dubious value.'* Instead, many consumers infer
potency from references to the cannabis strain—either
broad categories, such as Sativa, Indica, or Hybrid, or
specific strains such as Purple Kush—none of which
are reliable indicators of THC or CBD levels.***’

With the exception of dried herb and cannabis oil for
vaping, numeric THC levels in mg and percent THC
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Table 4. Usual Tetrahydrocannabinol Levels (mg or %) Reported by Past 12-Month Users of Each Product Type,

by Jurisdiction

Canada

US illegal states US legal states

Product and unit Median, mode,

Median, mode, Median, mode,

(% or mg) Mean (SD) and range Mean (SD) and range Mean (SD) and range
Dried herb

% (n=477) 329 (224) 24.0, 20.0, 1-100 420 (28.2) 29.4, 80.0, 0-100 30.7 (19.5) 24.0, 20.0, 0-96

mg (n=142) 46.0 (209.1) 10.0, 2.0, 2-1500 20.3 (23.7) 10.0, 10.0, 1-100 41.2 (52.1) 229, 20.0, 1-300
QOil - oral*

% (n=196) 24.5 (23.7) 22.8, 25.0, 0-90 27.2 (31.6) 19.0, 0.0, 0-100 18.6 (22.4) 10.0, 0.0, 0-95

mg (n=143) 76.0 (256.7) 3.0, 1.0, 0-1500 6.2 (8.0) 3.0, 1.0, 0-25 20.9 (29.3) 10.0, 0.0, 0-162
Oil - vaped

% (n=230) 49.6 (34.3) 47.7, 25.0, 0-100 41.1 (34.5) 25.0, 0.0, 0-100 499 (31.8) 50.0, 22.0, 0-95

mg (n=93) 58.2 (122.6) 12.0, 12.0, 0-750 11.5 (18.8) 4.0, 1.0, 0-92 127.9 (272.9) 10.0, 1.0, 0-1000
Edibles/foods

% (n=161) 404 (29.2) 34.1, 60.0, 0-100 35.2 (27.2) 27.7, 80.0, 0-90 38.6 (25.9) 35.0, 50.0, 0-100

mg (n=312) 717 (122.3) 25.0, 100.0, 0-800 50.1 (156.0) 10.0, 1.0, 0-1000 60.8 (95.7) 10.0, 10.0, 0-500
Concentrates

% (n=134) 57.0 (27.6) 54.2, 90.0, 5-100 46.1 (31.2) 36.0, 50.0, 1-100 64.8 (28.7) 72.7,95.0, 5-100

mg (74) 10.0 (20.2) 3.0, 3.0, 2-150 17.8 (24.2) 10.0, 10.0, 1-100 38.9 (49.0) 154, 10.0, 1-144
Hash/kief

% (n=90) 32.7 (24.6) 25.0, 25.0, 1-100 54.6 (28.3) 614, 80.0, 10-90 54.9 (29.3) 50.0, 50.0, 2-100

mg (n=72) 70.8 (184.3) 6.0, 2.0, 2-750 15.1 (24.5) 6.1,5.0, 1-100 24.8 (34.3) 10.0, 10.0, 0-200
Drinks

% (56) 38.7 (33.7) 37.2, 56.0, 1-100 36.7 (30.2) 30.9, 50.0, 0-90 38.8 (30.0) 30.0, 10.0, 1-100

mg (n=89) 28.2 (43.5) 10.0, 10.0, 2-220 20.2 (28.0) 10.0, 20.0, 1-100 435 (52.9) 15.0, 10.0, 0-180
Tinctures

% (n=68) 28.0 (34.2) 10.0. 75.0, 0-100 26.2 (21.0) 34.0, 50.0, 0-56 18.1 (21.4) 104, 0.0, 0-70

mg (n=71) 297.9 (3834) 100.2, 900, 0-900 81.0 (256.6) 5.2, 4.0, 0-1000 32.2 (44.3) 10.0, 0.0, 0-175
Topicals

% (n=93) 13.0 (26.7) 5.0, 0.0, 0-100 19.5 (19.6) 10.0, 50.0, 0-50 22.7 (27.6) 10.0, 0.0, 0-90

mg (n=77) 79.3 (120.5) 10.0, 10.0, 0-400 16.1 (18.2) 10.0, 10.0, 0-74 24.1 (57.5) 5.0, 10.0, 0-530

*THC and CBD levels of orally administered cannabis oil are typically labelled in mg/mL; however, the survey permitted respondents to report in %

or mg.

were each reported by at least a third of consumers; this
diversity reflects the range of labeling units used for
some products, such as oils, as well as a lack of famil-
iarity with these numbers.

In the current study, there was no way to objectively
verify the accuracy of the self-reported THC and CBD lev-
els provided by consumers. However, even among con-
sumers who reported knowing THC and CBD levels,
many reported implausible values. Indeed, among dried
herb consumers who reported THC levels using a percent-
age, about 30% reported a value higher than 30% THC, a
level that (to our knowledge) is not commonly available.”
A recent scan conducted by our group found that <1%
of dried herb products on the legal and illegal markets in
Canada exceeded 30% (unpublished data). Similar pro-
portions reported implausible data for CBD levels in
dried herb: a 2018 scan of the Canadian market found
that dried herb contained an average of 2% CBD,’
whereas respondents in the current study reported a
mean of at least 20% CBD in all three jurisdictions.

This poor awareness of cannabinoid levels is consis-
tent with a previous study in which the majority of re-
spondents believed that low- and high-THC strains of
cannabis contained >20% and >40% THC—concen-
trations reflective of high-THC strains and exceeding
those in existing strains, respectively. Likewise, average
concentrations provided for low- and high-CBD
strains were >30% and >40% CBD, respectively.”*
Low levels of consumer knowledge are also reflected
in the units selected by consumers when reporting
THC levels. Approximately one quarter of dried herb
consumers reported THC levels in mg, while one
third of edible consumers reported THC levels in per-
centages—units that are rarely used for these product
types in labeling or anecdotally.

These findings are broadly consistent with other studies
that objectively tested THC levels in cannabis products
and observed only modest correlations with self-reported
THC levels using ordinal potency scales.*’ In addition,
the current study found that consumers who use cannabis
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Table 5. Usual Cannabidiol Levels (mg or %) Reported by Past 12-Month Users of Each Product Type, by Jurisdiction

Canada

US illegal states US legal states

Product and unit Median, mode,

Median, mode, Median, mode,

(% or mg) Mean (SD) and range Mean (SD) and range Mean (SD) and range
Dried herb

% (n=395) 23.6 (22.5) 18.0, 1.0, 0-100 34.9 (30.3) 27.3, 50.0, 0-100 19.6 (25.4) 7.0, 0.0, 0-96

mg (n=122) 27.0 (119.2) 4.0, 2.0, 0-750 54.7 (166.0) 7.0, 1.0, 1-1000 38.8 (66.5) 15.0, 2, 0-250
Oil - oral*

% (n=189) 34.0 (33.1) 21.4,10.0, 0-100 56.9 (32.9) 50.0, 100.0, 0-100 47.7 (38.5) 4.6, 100, 0-100

mg (n=142) 63.7 (197.4) 20.0, 20.0, 0-1200 144.6 (313.5) 5.0, 5.0, 0-1250 203.0 (375.1) 25.0, 1000, 0-1000
Oil - vaped

% (n=191) 28.8 (22.9) 25.0, 25.0, 0-100 30.9 (30.1) 19.0, 7.0, 0-100 27.8 (32.6) 15.0, 1.0, 0-100

mg (n=79) 39.7 (75.2) 5.0, 5.0, 0-250 49.3 (180.9) 3.0, 3.0, 1-1000 24.2 (81.3) 10.0, 15.0, 0-1000
Edibles/foods

% (n=153) 37.2 (24.8) 40.0, 40.0, 0-100 31.8 (29.2) 4.8, 80.0, 0-90 26.9 (23.6) 25.0, 50.0, 0-100

mg (n=189) 25.0 (48.6) 4.0, 0.0, 0-250 17.3 (25.8) 10.0, 10.0, 0-100 36.0 (91.3) 10.0, 10.0, 0-500
Concentrates

% (n=105) 30.3 (23.8) 30.0, 10.0, 0-80 42.7 (34.6) 45.0, 50.0, 2-100 18.2 (19.8) 12.1, 0.0, 0-80

mg (n=78) 43 (2.7) 3.0, 3.0, 2-10 68.7 (223.1) 5.0, 10.0, 1-1000 32.2 (43.8) 15.0, 15.0, 0-124
Hash/kief

% (n=285) 18.9 (15.2) 3.1, 25.0, 0-60 45.6 (30.2) 45.0, 80.0, 4-90 21.9 (19.5) 14.2, 50.0, 0-67

mg (n=67) 34.8 (79.5) 10.0, 1.0**, 1-250 10.1 (14.8) 5.0, 5.0, 1-97 15.1 (20.6) 10.0, 25.0, 1-100
Drinks

% (n=55) 28.8 (24.3) 214, 55.0, 0-80 459 (32.3) 40.5, 50.0, 5-100 25.7 (22.7) 15.0, 10.0, 0-99

mg (n=68) 6.6 (14.3) 2.0, 2.0, 0-100 123 (22.8) 4.8,4.0, 1-150 15.0 (19.2) 15.0, 15.0, 0-100
Tinctures

% (n=69) 48.0 (29.5) 40.0, 25.0, 0-100 53.7 (31.0) 47.6, 45.0, 2-99 47.2 (35.2) 45.0, 100.0, 3-100

mg (n=67) 41.1 (42.7) 27.9, 100.0, 0-150 34.5 (111.6) 4.6, 3.0, 1-750 169.1 (261.5) 60.0, 5.0, 0-1000
Topicals

% (n=92) 53.0 (40.7) 40.0, 100.0, 0-100 45.5 (34.0) 34.3, 30.0, 1-100 40.2 (36.8) 25.0, 1.0, 1-100

mg (n=72) 45.7 (80.1) 5.0, 5.0, 2-300 38.2 (142.6) 10.0, 10.0, 2-1000 93.3 (164.1) 10.0, 2.0, 1-500

*THC and CBD levels of orally administered cannabis oil are typically labeled in mg/mL; however, the survey permitted respondents to report

in % or mg.
**Multiple modes exist; the smallest value is shown.

products more frequently were more likely to report
THC:CBD ratios and to report THC levels within a
valid range, similar to previous studies.”

Several differences in self-reported THC and CBD lev-
els were observed across product categories. Consumers
were more likely to report knowing THC:CBD ratios
for oils and tinctures, which are more often used for
medical purposes and therefore may be more likely to
be packaged and labeled. In terms of numeric values,
consumers reported lower THC percentages for dried
herb compared with vape oil or solid concentrates,
which would be expected; however, not to the same mag-
nitude as suggested by sales data from legal jurisdictions."

Self-reported THC and CBD levels also differed to
some extent between jurisdictions that had and had
not legalized nonmedical cannabis. Compared with con-
sumers in Canada (before federal legalization in October
2018) and US illegal states, consumers in US legal states
were more likely to report knowing THC and CBD num-
bers and to report numbers within plausible ranges.

Greater knowledge in legal jurisdictions was restricted
to products such as dried herb and hash/kief, which
are less likely to be sold in packages displaying THC
and CBD numbers on the illicit market.

Despite some evidence of greater knowledge in legal ju-
risdictions, knowledge was still low in states with legal can-
nabis markets: for example, less than 20% of dried herb
consumers in legal states were able to report usual THC
levels and only two-thirds were able to report THC:CBD
ratios. In addition, few differences were observed between
legal and illegal jurisdictions for products that are almost
always sold in manufactured packaging and may be
more likely to be used by medical users (e.g., orally
ingested oils, topicals, and tinctures). Overall, the findings
suggest that labeling practices in US states that have legal-
ized nonmedical cannabis may have a modest, but limited,
impact on consumer knowledge of THC and CBD levels.
These findings are similar to experimental studies that
demonstrate low levels of comprehension for THC num-
bers and serving sizes of cannabis edibles.'>'"'>*>
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Future research should examine the efficacy of alterna-
tive labeling practices for communicating THC and CBD
levels. For example, shortly after the current study was
conducted, Canada implemented labeling regulations
that require concentrations of dried herb to be labeled
using two different numbers for THC, which correspond
to the percentage of THC (quantity of active cannabinoids
present before combustion, that is, before decarboxyl-
ation) and total THC (quantity of active cannabinoids
after combustion, including THC and tetrahydrocannabi-
nolic acid [THCA]). The extent to which these labeling
practices enhance or reduce consumer understanding of
THC and CBD levels should be examined. The results
also suggest that efforts should be undertaken to educate
consumers, such as concise guidelines to help contextual-
ize potency levels at the point of purchase at legal physical
and online retailers.

Study limitations
This study is subject to limitations common to sur-
vey research. Respondents were recruited using
nonprobability-based sampling; therefore, the findings
do not provide nationally representative estimates. The
data were weighted by age group, sex, and region in
both countries and region-by-race in the US. However,
the study sample was somewhat more highly educated
than the national population in the US. In both coun-
tries, the ICPS sample had poorer self-reported general
health compared with the national population, which is
a feature of many nonprobability samples,”® and may
be partly due to the use of web surveys, which provide
greater anonymity than in-person or telephone-
assisted interviews often used in national surveys.?’
The rates of cannabis use were also somewhat higher
than national samples; however, this is likely due to the
fact that the ICPS sampled individuals aged 16-65
years, whereas the national surveys included older adults
who may have lower rates of cannabis use. The ICPS is
also conducted online, whereas most national surveys
are conducted in person. Compared with interviewer-
assisted survey modes, self-administered surveys can re-
duce social desirability bias by providing greater ano-
nymity for sensitive topics, including substance use.***’
Analyses compared Canada and US states with and
without legal nonmedical cannabis laws. Future research
should examine whether differences in THC knowledge
exist between states with legal nonmedical versus medical
cannabis laws. In addition, the survey measures asked
consumers to report the ratios and levels of THC and
CBD for the products of each category they usually

use; it is possible that some respondents selected
“Don’t know” because they use a wide range of products
with varying cannabinoid levels equally, rather than be-
cause of a lack of knowledge. Finally, self-reported
THC and CBD levels could not be verified.

Conclusions
The findings indicate low consumer knowledge of the
primary cannabinoids in cannabis products, including
THC, the primary impairment-inducing psychoactive
constituent. There is a need for greater consumer edu-
cation regarding cannabinoid levels, particularly given
the increasing diversity of cannabis products and con-
sumer difficulties in effectively titrating the THC dos-
age.'""? Although there is some indication of more
accurate reporting of THC and CBD levels among con-
sumers residing in jurisdictions that have legalized
nonmedical cannabis and mandated THC labeling on
cannabis products, the findings also highlight the
need for enhanced labeling in legal jurisdictions.
Finally, despite the potential utility of collected self-
reported data on THC and CBD levels in population-
based surveys, the accuracy of these data is dubious
and should be interpreted with considerable caution.
Given the questionable validity of the THC and CBD
values provided by consumers herein, the authors
urge readers to focus on the broader pattern of find-
ings, including greater knowledge of THC-to-CBD ra-
tios among specific product types (e.g., orally ingested
oils and tinctures) and consumer groups (e.g., more
frequent and/or educated consumers). Future research
should evaluate novel labeling practices that may im-
prove consumer knowledge of THC, including the Ca-
nadian regulation that edibles can contain a maximum
of 10 mg of THC per package.*
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