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Background. The concentration of pharmacologically active tetrahydrocannabinol (THC) in cannabis
products has been increasing over the past decade. Concerns about potential harmful health effects of
using these increasingly higher-concentration products have led some states to consider regulation of
cannabis product THC concentration. We conducted a scoping review of health effects of high-
concentration cannabis products to inform policy on whether the THC concentrations of cannabis
product should be regulated or limited.

Objectives.We conducted a scoping review to (1) identify and describe human studies that explore the
relationship of high-concentration cannabis products with any health outcomes in the literature and (2)
create an interactive evidence map of the included studies to facilitate further analyses.

SearchMethods. An experienced medical information specialist designed a comprehensive search
strategy of 7 electronic databases.

Selection Criteria.We included human studies of any epidemiological design with no restrictions by
age, sex, health status, country, or outcome measured that reported THC concentration or included a
known high-concentration cannabis product.

Data Collection and Analysis.We imported search results into Distiller SR, and trained coders
conducted artificial intelligence–assisted screening. We developed, piloted, and revised data abstraction
forms. One person performed data abstraction, and a senior reviewer verified a subset. We provide a
tabular description of study characteristics, including exposures and outcomes measured, for each
included study. We interrogated the evidence map published in Tableau to answer specific questions
and provide the results as text and visual displays.

Main Results.We included 452 studies in the scoping review and evidence map. There was incomplete
reporting of exposure characteristics including THC concentration, duration and frequency of use, and
products used. The evidence map shows considerable heterogeneity among studies in exposures,
outcomes, and populations studied. A limited number of reports provided data that would facilitate
further quantitative synthesis of the results across studies.

Conclusions. This scoping review and evidence map support strong conclusions concerning the utility of
the literature for characterizing risks and benefits of the current cannabis marketplace and the research
approaches followed in the studies identified. Relevance of the studies to today’s products is limited.

Public Health Implications. High-quality evidence to address the policy question of whether the THC
concentration of cannabis products should be regulated is scarce. The publicly available interactive
evidence map is a timely resource for other entities concerned with burgeoning access to high-
concentration cannabis. (Am J Public Health. 2023;113(12):1332–1342. https://doi.org/10.2105/
AJPH.2023.307414)
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PLAIN-LANGUAGE SUMMARY

The potency or tetrahydrocannabinol

(THC) concentration in cannabis pro-

ducts has been increasing over the

past decade. Policymakers have

become interested in whether THC

concentration should be regulated.

To inform these discussions, we con-

ducted a scoping review and created

an evidence map of human studies

that explore the relationship of high-

concentration cannabis products with

any health outcomes. The evidence

map including 452 studies shows

considerable variability in exposures,

outcomes, and populations studied.

A limited number of reports provided

data that would facilitate synthesis of

the results across studies. High-quality

evidence to address the policy ques-

tion of whether the THC concen-

tration of cannabis products should

be regulated is scarce. The publicly

available interactive evidence map is a

timely resource for policymakers and

researchers concerned about the in-

creasing access to high-concentration

cannabis.

The concentration of pharmacologi-

cally active tetrahydrocannabinol

(THC) in cannabis products has been

increasing over the past decade. While

smoking of cannabis products has

been declining, routes of administra-

tion that use higher-concentration THC

products, such as vaping and dabbing,

have been increasing.1,2 Concerns

about potential harmful health effects

of using these high-concentration pro-

ducts and these routes of administra-

tion have also been on the rise.3–6

As of February 2023, 37 states

allowed medical cannabis, and 19 states

had legalized recreational cannabis,

providing access to high-concentration

products.7,8 Because of growing use of

high-concentration products and relat-

ed health concerns, several states in-

cluding Connecticut, Illinois, New York,

and Washington, have begun to

regulate cannabis product “potency,”

defined as THC concentration. The

rationale for such regulation is that

high-concentration cannabis products

may pose a greater risk of harmful

health effects than lower-concentration

products. Colorado House Bill 21-1317

(HB 1317; Concerning the Regulation of

Marijuana for Safe Consumption, and,

in Connection Therewith, Making an

Appropriation) required the Colorado

School of Public Health to “do a

systematic review of the scientific

research related to the physical and

mental health effects of high-potency

THC marijuana and concentrates.”9 The

review has high public health relevancy

because the Colorado state legislature

commissioned it to inform policy on

whether the THC concentration of can-

nabis product should be regulated or

limited. The review team was tasked to

cover both harmful and beneficial

health outcomes, but the completed

review is not focused on clinical uses

of cannabis.

The broad question posed by the

Colorado state legislature was ideally

suited to a scoping review approach.

A scoping review is performed to map

key concepts, types of evidence, and

gaps in research related to a defined

area or field.10 Given the heterogeneity

in how concentration of cannabis is

defined, the broad range of outcomes

of interest, and the variety of study

designs used to study the health effects

of high-concentration cannabis pro-

ducts, the scoping review aimed to clar-

ify the key concepts related to how high

concentration is defined, examine how

research on harms and benefits of can-

nabis is conducted, describe the key

characteristics associated with these

studies, and identify gaps in the evi-

dence.11 Because scoping reviews use

systematic review methods, we also

aimed to identify subsets of homoge-

neous studies potentially eligible for

future synthesis.

Evidence maps refer to a wide range

of practices that visually display evi-

dence synthesis products. Evidence

maps are increasingly used, particularly

in environmental health, to display the

results of scoping reviews of animal

and human evidence.12,13 The aim of

an evidence map is to catalog and de-

scribe evidence rather than to synthe-

size findings. An evidence map provides

an interactive, user-friendly searchable

database or visual display of systemati-

cally identified literature on a given top-

ic.14,15 By giving a picture of the scope

of evidence available, it is a public

health good for a broad range of users.

An evidence map can be used to identi-

fy studies with certain common charac-

teristics, such as outcomes and ex-

posures studied. Users can also

interrogate the map to identify studies

that can answer a particular policy

question and possibly conduct a full

systematic review and meta-analysis.12

We describe the scoping review on

high-concentration cannabis with the

dual goals of documenting the utility of

this approach to evidence identification

and introducing the evidence map

to the public health community.
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The objectives of the scoping review

were to (1) identify and describe human

studies that explore the relationship of

high-concentration cannabis products

with any health outcomes and (2)

create an interactive evidence map of

included studies to facilitate further

analysis.

METHODS

Details on the methods can be found in

the published protocol for this scoping

review.16 R. L., J.-P. O., and T.W. K. were

added as authors because of their con-

tributions following publication of the

protocol. We used Joanna Briggs Insti-

tute17 and Cochrane18 methodologies

for conducting scoping reviews.

Study Selection Criteria

We included research conducted in any

country on recreational (nonprescription)

cannabis use, medicinal cannabis use, or

both. We included studies conducted

in humans of any age and excluded

animal studies, as well as laboratory or

simulation-based mechanistic studies.

We included studies of any epidemiolo-

gical design.

THC concentration of products. We in-

cluded studies that reported THC con-

centration for a cannabis product taken

by any route or that reported a product

description (e.g., “high-potency con-

centrate,” “dab,” and other names for

concentrates) from which a high con-

centration could be inferred.

THC concentration is not the same as

dose or level of exposure. Dose refers

to the potential amount of THC avail-

able to the consumer of the product.

The physiologic effect or health out-

come experienced is influenced by THC

concentration, the specific type of

cannabis product, route of administra-

tion, duration of use, frequency of use,

experience or tolerance of the user and

their ability to self-titrate. Therefore, we

included studies that assessed a dose–

response relationship or supported

reaching a conclusion about dose.

We included reports that measured

THC concentration in different ways

(e.g., percentage THC, mg THC).

Some analyses of cannabis health

effects use a THC:cannabidiol (CBD)

ratio for medicinal use. Products with

a high THC:CBD ratio may have a rela-

tively low concentration of THC. Thus,

we excluded studies that reported a

THC:CBD ratio only and no THC

concentration.

Types of products. We included expo-

sures to the following types of cannabis

products: plant (dried or undried),

edibles, oral capsule or pill preparation,

concentrated extract, oils, tinctures,

marijuana e-cigarettes, and other or

unknown preparations. We excluded

CBD or cannabinol-only products and

studies of dronabinol, nabilone, and

other orally administered medicinal

synthetic cannabinoid products.

Health outcomes.We included any

health outcomes studied regardless of

whether classified as beneficial or ad-

verse. We extracted the verbatim text

for each outcome and categorized

each according to previous authorita-

tive reports on cannabis.3–5 Categories

were mental health, neurologic, pain,

cardiometabolic, gastrointestinal, psy-

chosocial, sleep, substance use or de-

pendence, respiratory, cancer, ocular,

injury and death, immunity, sexual and

reproductive health, pregnancy-related

outcomes (mother), and pre-, peri-, and

neonatal outcomes.

Data Sources and Searches

A medical information specialist (C. P.)

designed and conducted a comprehen-

sive search for the concepts of marijua-

na or THC. Relevant publications were

identified by searching 7 databases with

a combination of controlled vocabulary

and keywords. We limited the searches

to English language and human studies.

We excluded comments, editorials, inter-

views, news articles, and letters as publi-

cation types. We did not apply any date

limitation. The search strategy was peer-

reviewed by another medical informa-

tion specialist before execution using the

PRESS checklist10 (see “Search Strategy

and Number of Records Identified” in

the Appendix, available as a supplement

to the online version of this article at

https://ajph.org). We conducted the ini-

tial search in October 2021 and updated

it in July 2022. We exported all results to

DistillerSR19 where duplicates were iden-

tified and removed automatically.

Study Selection

Title and abstract screening. We used

the artificial intelligence (AI) text-mining

features available in DistillerSR to assist

in screening.19 We trained the AI screen-

ing prioritization algorithm using 1000

randomly selected records. These re-

cords were screened and labeled by

2 senior screeners (L. L., T. R.) coding in-

dependently, with discrepancies decid-

ed by discussion (T. L., L. B., L. L., T. R.).

We used the “trained” DistillerSR’s AI

algorithm to rank the remaining unre-

viewed titles and abstracts. This set of

references used continuous AI prioritiza-

tion; with every 200 records screened,

the AI algorithm ranks and reorders

records so those scored highly for inclu-

sion are screened sooner.
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Full-text screening. We retrieved full-

text reports of potentially relevant cita-

tions. Two screeners (combinations of

L. L., J.-P.O., T. R., T.W. Y., and trained

graduate students) reviewed the full

text against the eligibility criteria inde-

pendently with disagreements decided

by a senior review team member (L. B.

or T. L.). Reasons for excluding full-text

reports were recorded.

Quality control and quality assurance.

Two reviewers (L. L. and T. R.) checked

2% of all screening decisions at both

titles and abstracts and full text screen-

ing stages, discussed problems at rou-

tine group meetings, and retrained

screeners as needed. We also ran the

DistillerSRs “Check for Screening Errors”

tool to check the human screening

decisions against the AI rankings.19 A

senior reviewer (L. L. or T. R.) reevalu-

ated flagged references for inclusion.

We report the search and selection

according to the Preferred Reporting

Items for Systematic Reviews and Meta-

analyses extension for scoping reviews

(PRISMA-ScR).20 No reviewers involved

in screening have published research

on cannabis that could be eligible for

inclusion and, therefore, they did not

have an a priori basis to introduce bias

in the selection of studies.

Data Collection

We developed and pilot tested a data

extraction form in DistillerSR to manu-

ally extract study details from full-text

reports. One reviewer extracted data

into the data extraction form, which

was checked by senior reviewers

(L. L., J.-P.O., T. R., T.W. Y.). We extracted

data on the following:

� publication information, including

authors, type of report, journal,

year, type of publication, funding

source, country;

� study topic and objectives;

� study design, including location, set-

ting, and inclusion and exclusion

criteria;

� characteristics of population, in-

cluding age, developmental stage,

sex, race/ethnicity, indicators of

health equity, pregnancy status,

and comorbidities;

� details of exposure, including type

of cannabis product, route of ad-

ministration, duration, frequency

of intake, experience or tolerance

of user, self-titration, and con-

centration;

� details of comparison exposure, if

applicable; and

� outcomes, including outcome do-

main, outcome descriptor, mea-

surement method, metric, method

of aggregation, and time point.

The complete list of data extraction

items can be found at our Open Sci-

ence Framework Project page: https://

osf.io/9kndw/?view_only=b6f472d680a

f41bc84e8a6aa337fd04b.

As per scoping review methods, we

did not assess risk of bias for primary

studies because of heterogeneity of

study designs included.21

Presentation and Analysis
of Included Studies

To facilitate exploration of the extracted

information from the scoping review

and to provide a resource to other

researchers and the public, we created

a publicly available evidence map. All

extracted data were exported from Dis-

tillerSR to R Studio and reformatted into

multiple data sets for the evidence map

in Tableau. We used study ID to link all

evidence map components, enabling

cross-filtering. The evidence map is pub-

lished to the University of Colorado

public Tableau server:

https://viz-public.cu.edu/#/site/

Anschutz/views/EvidenceMap/Home?:

iid=1.

We provide a tabular description of

study characteristics, including expo-

sures and outcomes measured, for

each included study.

We interrogated the evidence map to

address the following questions, rele-

vant to current policy discussions, and

provide the results as text and visual

displays:

� Of the different types of cannabis

products studied, how many have

reported THC concentration, fre-

quency, or duration?

� What THC concentrations have

been reported in the literature?

� What types of outcomes have been

examined for studies that reported

THC concentration?

� What types of outcomes have been

studied for the different types of

cannabis products?

� What THC concentrations have

been studied by outcome?

RESULTS

Database searches identified 49 729

unique titles and abstracts for screen-

ing, resulting in 5828 full text reports.

We included 452 studies in the scop-

ing review (367 observational studies

or randomized trials and 85 case

reports or case series) and evidence

map (Figure 1). The earliest publica-

tion date of an included study was

1971, and 60% (n5269) of the stud-

ies were published between 2017

and 2022.
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Evidence Map

The interactive evidence map is avail-

able at https://viz-public.cu.edu/#/site/

Anschutz/views/EvidenceMap/Home?:

iid=1.

Bibliographic details for the 452 in-

cluded studies are provided in the evi-

dence map. The dashboard is organized

so that studies can be sorted by study

characteristics, population investigated,

exposures to cannabis products, and

health outcomes. The dashboard links

to bibliographic information and the

abstracts for all studies identified.

Characteristics of Included
Studies

The characteristics of included studies

are summarized in Appendix Table A.

The 452 studies had variable objectives:

harm of a product (n5349; 77%) and

efficacy for a therapeutic indication

(n5233; 52%). Cannabis products

addressed in the studies were used for

several reasons including medicinal

use (n5177; 39%), recreational use

(n568; 15%), and unintentional use

(n520; 4%). One hundred fifty-six

studies reported some other purpose

of cannabis use (35%), and 87 studies

did not report the purpose of cannabis

use (19%).

The studies were classified by study

design: observational studies (n5225;

50%), randomized control trials

(n5142; 31%), case reports (n551;

11%), and case series (n534; 8%).

The studies were conducted across

multiple countries, primarily in the

United States (n5220; 49%), the

United Kingdom (n546; 10%), and

Canada (n545; 10%). There was at

least 1 study from 27 other countries.

Within the United States, studies were

16 505 duplicate records

removed 

Identification of Studies via Databases 

Id
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ti
fic
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n

43 901 titles/abstracts excluded

5 199 studies excluded:
3774 no THC potency

 provided (or named

 concentrate)

540 ineligible study design

336 no human health

 effects

167 no full-text

182 ineligible cannabis

 product

30 non-English report

170 other

Sc
re

en
in

g
In

cl
ud

ed

562 studies included in review
452 studies included in the

evidence map
367 observational

studies/randomized

controlled trial

85 case reports/case

series

5 828 full-text reports from

5 761 studies retrieved and

assessed for eligibility

49 729 titles/abstracts screened

66 234 records identified from:

 Ovid MEDLINE (n = 36 896)

 EMBASE (n = 9 204)

 AMED (n = 320)

 Cochrane Library (n = 2 523)

 CINAHL (n = 15 967)

 ToxLINE PubMed (n = 1 246)

 DARE (n = 78)

110 systematic review excluded

from evidence map

FIGURE 1— PRISMA Diagram for Study Identification for Health Effects of High-Concentration Cannabis Products:
Scoping Review and Evidence Map

Note. PRISMA5Preferred Reporting Items for Systematic Reviews and Meta-analyses; THC5 tetrahydrocannabinol.
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done primarily in California (n547;

10%), Colorado (n527; 6%), and New

York (n518; 4%), but participants from

all states other than Alabama, Dela-

ware, and West Virginia were involved

in at least 1 study.

Disclosures of study funding source,

author affiliations, and conflicts of inter-

est were often lacking: 24% (n5109) of

studies did not report funding source,

and 32% (n5143) of studies did not re-

port if authors had conflicts of interest.

A small proportion of studies (n525;

6%) were funded by the cannabis

industry; 13% (n558) had at least 1

author who disclosed a financial tie

with the industry.

Only 11% (n548) of studies included

any analysis on a health equity mea-

sure. Less than one tenth of studies

(n541; 9%) included analysis or stratifi-

cation by health equity subgroups, 1%

(n56) of studies focused exclusively on

historically excluded populations, and

no studies included specific analyses

of structural racism or inequalities.

The study populations were variable,

including ages from newborn to adults

aged older than 65 years, with a range

of racial and ethnic groups. Some stud-

ies also had restrictions on eligibility

requirements, such as a preexisting

disease or condition.

Exposures

The most common cannabis products

studies were of generic cannabis types

(n5284; 63%). Products that are typi-

cally high concentration, such as oils,

concentrates, hash, extracts, skunk,

and resins, were examined in approxi-

mately 2% to 10% of all studies. Overall,

384 studies (85%) reported the fre-

quency of intake, with the most com-

mon being daily (n5177; 39%), and

371 (82%) reported the duration of

intake. The route of administration was

reported in 393 studies (87%) including

inhalation (n5279; 62%), ingestion

(n5174; 38%), sublingual (n539; 9%),

and topical (n531; 7%).

Studies did not consistently provide

complete information on exposure

characteristics such as THC concentra-

tion and frequency and duration of

exposure. Figure 2 addresses the ques-

tion, “Of the different types of cannabis

products studied, how many have

reported THC concentration, frequen-

cy, or duration?” Details of cannabis

exposure were reported most often in

studies that included generic cannabis

(Figure 2).

There was substantial variability in

reporting of THC concentration, includ-

ing the units and indices used (e.g.,

range, threshold, exact values, mean).

When THC concentration was reported,

it was most commonly as percentage of

THC (n5172; 38%) or milligrams of

THC (n5113; 25%). We interrogated

the evidence map to address the ques-

tion, “What THC concentrations have

been reported in the literature?” There

were 172 studies that reported THC

concentration with percentage of THC

corresponding to 349 different expo-

sures. For these studies, the median

concentration was 12% (mean517.4%;

range50%–100%; Q153.6%;

Q3524%). Of 113 studies with 143

exposures reporting concentration

in milligrams of THC, the median

concentration was 15 milligrams

(mean537.4mg; range50.3–500mg;

Q157. 5mg; Q3526mg).

Outcomes

The most common outcome domain

for the 452 included studies was

mental health (n5180; 40%), followed

by neurologic (n5 134; 30%), pain

(n5133; 29%), cardiometabolic

(n5110; 24%), gastrointestinal

(n5101; 22%), psychosocial (n598;

22%), and sleep (n594; 21%). Out-

come domains are broad. For example,

the mental health outcome domain in-

cluded depression, psychosis, memory,

and cognition. Even a single outcome

(such as depression) was measured in

different ways in different studies

241 29 36 6217 4011 30 9 2 8 3

246 28 35 5917 4512 27 8 2 9 3

202 17 33 5617 533 6 4 0 2 0
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FIGURE 2— Number of Studies With Reported THC Concentration,
Frequency, or Duration of Cannabis Use by Cannabis Product Type in
Health Effects of High-Concentration Cannabis Products: Scoping Review
and EvidenceMap

Note. THC5 tetrahydrocannabinol. Counts indicate the number of studies with an included cannabis
product type and cannabis exposure characteristic. Studies may include multiple product types and
exposures. Color saturation indicates the number of studies with a reported product or exposure in
relation to other product or exposures. Total n5446 because 6 studies reported that they tested a
high-concentration product but did not report numeric THC concentration, frequency, or duration.
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(such as depression scales, clinical

chart review, or self-report).

We interrogated the evidence map to

address the question, “What types of

outcomes have been studied for the

different types of cannabis products?”

We found that the outcome domains

studied by product type showed a simi-

lar distribution to outcomes studied

overall as shown in Appendix Table A.

Studies across all outcome domains

reported numeric THC concentrations.

Figure 3 addresses the question “What

THC concentrations have been studied

for the different outcome domains?”

Median THC concentrations reported

were less than 50 milligrams or 25%

THC for all outcome domains studied.

Potential for Evidence
Synthesis

Few studies provided data that would

facilitate further quantitative synthesis

of the results across studies. Fifty-four

studies (12%) examined a direct associ-

ation between cannabis concentrates

and a health outcome, whereas 189

(42%) examined a direct association be-

tween THC concentration and a health

outcome. One hundred fourteen stud-

ies (25%) examined an indirect associa-

tion between THC concentration and

health outcomes. Sixty-two studies

(14%) examined an indirect association

between concentrates and health

outcomes. Two hundred twelve stud-

ies (47%) included a control group.

Outcomes were reported with effect

estimates (n5184; 41%), measures of

precision (n5274; 61%), significance

tests (n5335; 74%), sample size

(n5 349; 77%), correlation coefficients

(n5 71; 16%), raw data (n5 232; 51%),

and parameter estimates (n591; 20%).

DISCUSSION

This scoping review and the related

evidence map provide the most com-

prehensive look at the literature on

high-concentration cannabis and

health to date, to our knowledge. We

developed this review at a time when

the majority of states made cannabis

available for medical purposes, and an

increasing number were legalizing can-

nabis for recreational use. The frequen-

cy of use is increasing, raising critical

questions for public health about risks

associated with ready access, particu-

larly to higher-concentration products.

These questions were recognized by

the Colorado General Assembly in its

request to the Colorado School of Pub-

lic Health. The scoping review depicts a

heterogenous evidence base with

important gaps regarding the health

effects of high-concentration cannabis.

Concentrations Studied

There is a mismatch between the THC

concentrations and types of cannabis

products that are used now, and the

types of cannabis products and con-

centrations studied in the literature

identified. A 2018 survey of THC con-

centration in cannabis products sold in

7 states that allowed cannabis found

that most products in all states con-

tained between 15% and 30% THC.22

From more than 70% of products sam-

pled in Maine to more than 91% of pro-

ducts sampled in Colorado contained

greater than 15% THC. THC concentra-

tions have also increased over time. For

example, the concentration of THC in

cannabis flowers assayed in Colorado

has increased from an average of 14%

to 19% from 2014 through 2020.23

Cannabis concentrate products have

increased in strength from an average

of 46% THC in 2014 to 68% THC in

2020.23 The range of products con-

tinues to expand, including not only

flowers but also edible products and a

variety of concentrate products.24

Our review documents a wide range

of concentrations in cannabis products

that have been studied, with a median

of 12% THC concentration, well below

what is currently available on the

market. Sixty percent of the included

studies were published in the past

6 years, from 2017 to 2022. The low

concentrations of THC studied likely

reflect the restriction of cannabis for

research purposes in the United States

to that available through the National

Institute for Drug Abuse (NIDA) Drug

Supply Program.25 The varieties of can-

nabis available to investigators through

NIDA are limited in scope and lower in

concentration than what people can

obtain from their local dispensaries or

the illegal market, and cannabis con-

centrates are not available to research-

ers.26 Epidemiological studies can

address the products in use, but, inevi-

tably, their findings will lag behind what

is happening in today’s dynamic

marketplace.

Exposure Assessment

The THC exposure dose, or amount of

THC entering the body, depends not

only on concentration in the product

but also on route of administration, fre-

quency of use, and characteristics of

the individual using the product. We

found a wide range of approaches to

assessing exposure to cannabis pro-

ducts; most studies failed to capture all

of the elements of cannabis use history

needed to estimate exposure dose.

Incomplete reporting of exposure
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FIGURE 3— THC Concentration Reported as Percentage of THC andMilligrams of THC by Outcome Domain in Health
Effects of High-Concentration Cannabis Products: Scoping Review and Evidence Map

Note. IQR5 interquartile range; THC5 tetrahydrocannabinol. Boxplot of highest reported THC concentration for concentrations reported in % THC
(n5172) or mg THC (n5113) by outcome domain. We report data on THC concentration reported as an exact concentration (e.g., 10% THC), a range (e.g.,
1–10mg THC), a threshold (e.g., < 5% THC), or some other method of aggregation (e.g., mean % THC). THC concentration values were not standardized. The
midline of the box is the median THC concentration, the top and bottom of the box are first and third quartile (Q1 and Q3), whiskers represent the
Q1–1.5(IQR) and Q311.5(IQR), and points beyond the whiskers are outliers beyond this range.
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characteristics makes it difficult to as-

sess the association between exposure

and likelihood of an adverse (or benefi-

cial) health outcome.

The evidence map documents the

broad scope of the exposure assess-

ment problem, showing that THC con-

centration, route of administration, and

frequency of use are not consistently

reported, particularly in observational

studies. The heterogeneity in how THC

exposure was reported and measured,

and in the units used also complicates

evidence synthesis. The evidence map

highlights a problem that needs to be

addressed with urgency: attention

should be given to developing systemat-

ic and standardized approaches for

assessing use of cannabis products. At a

minimum, studies should report expo-

sure as THC concentration, product

used, frequency of use, and route of ad-

ministration, and use THC units that can

be standardized. There have been signifi-

cant steps in this direction, including the

development of consensus standards for

cannabis measurement and THC units,

but these must take high-concentration

exposures into account.27,28

Outcomes Studied

The evidence map shows that a wide

array of health outcome domains, both

harmful and beneficial, have been stud-

ied, as found in other recent reports.25

For some outcomes, such as depres-

sion and anxiety, standardized instru-

ments are available, but they are used

variably. Large heterogeneity in specific

outcomes studied and how they were

measured hinders the possibility of

conducting quantitative evidence syn-

thesis. Bringing some homogeneity to

this aspect of research on cannabis

may not be feasible, given the wide

range of outcomes. Within the cannabis

research community, perhaps agree-

ment could be reached on standardiz-

ing approaches to some of the most

critical outcomes, using methods simi-

lar to those used to develop core

outcomes sets for clinical trials.29,30

Despite the heterogeneity of the out-

come measures, the evidence map can

be used to identify clusters of studies

within outcomes domains that can be

summarized by using narrative or visual

methods.31

Populations Studied

Another key issue identified by our re-

view is the range of populations studied

and how well the characteristics of the

study populations align with the charac-

teristics of people who use cannabis

products. Generalizability of findings is

critical, but it cannot be readily gauged

because we lack sufficiently specific in-

formation on the demographic charac-

teristics of those who use different

cannabis products. In addition, key

populations may not be included

among those studied, particularly racial

and ethnic minority groups. The scop-

ing review also revealed a major gap in

use of health equity indicators. Most

studies did not include any measures

of income, education, poverty, employ-

ment, disability, structural racism, racial

inequalities, or other indicators that

would allow prespecified subgroup

analysis of those who might experience

high rates of adverse effects.

Limitations

To be comprehensive, our searches

were designed to be sensitive rather

than specific. Because of the broad

search terms used, a large number of

studies needed to be screened for the

inclusion criteria for the scoping review.

Although we used AI-assisted screening

and trained graduate students to

screen identified records, it is possible

that relevant studies were not included.

Some limitations are inherent to the

nature of scoping reviews. Heterogene-

ity in the designs of the included

studies did not allow for risk-of-bias

assessment of individual studies. Such

assessment could be conducted in the

future if the identified studies are con-

sidered sufficient for a full systematic

review. Lastly, incompleteness and

inconsistencies in how studies were

reported resulted in variability and

gaps in data extracted.

Conclusions

This scoping review supports strong

conclusions concerning the utility of

the literature for characterizing risks

and benefits of the current cannabis

marketplace and the research

approaches followed in the studies

identified. The review suggests that

major improvements are needed in

how studies measure and report expo-

sures and outcomes to facilitate future

evidence synthesis. There is heteroge-

neity in approaches taken for describ-

ing products and for characterizing

their use. We found serious limitations

in generalizability of the studies to the

current marketplace or user base.

Our scoping review and evidence

map assessed all available evidence

addressing the timely policy question of

whether THC concentration of cannabis

products should be regulated. Our re-

view shows that high-quality evidence

to address this question is scarce. How-

ever, the publicly available interactive

evidence map enables researchers and

other interested individuals to identify

specific studies or groups of studies

that address a particular question.
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As the evidence base expands and

improves, updating of the evidence

map will provide ready access to

relevant studies.

With funding from the State of Colo-

rado, we have developed a resource

that we are using to address issues

raised by the Colorado General Assem-

bly as it seeks to protect public health

in the state. The evidence map is a

timely resource for other entities con-

cerned with burgeoning access to

cannabis. Ideally, it will be maintained

as an “evergreen” resource, tracking

the expanding literature.
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