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Abstract

Aims Progressive legalization of medical and recreational cannabis markets at the state-level has led to rapid growth
of medical and recreational cannabis markets and to product diversification with emerging products having high
concentrations of delta-9-tetrahydrocannabinol. Research on these products is still limited and the evidence available
for policy formulation is diminished by methodological limitations.

Methods As a step towards addressing these limitations, the Colorado School of Public Health convened a multidis-
ciplinary workshop that addressed four areas of cannabis research: epidemiological, clinical, surveillance, and policy.
Workshop participants provided recommendations in each area to advance research on cannabis to make it more
informative for decision-making on key policy topics. Emphasis was placed on assessment of use of cannabis prod-
ucts by study participants.

Results Recommendations for research methods and their implementation were made in the four areas. Those

for epidemiology include using a core set of exposure assessment measures across three domains; developing this
core set through a national and/or international scientific consensus process; ensuring the core set of measures are
validated and readily available; and updating the core set periodically to account for ongoing changes in the cannabis
landscape. Recommendations in the clinical research area include standard dosing and dosing terminology; stand-
ardized data collection instruments; identifying biomarkers for detecting cannabis exposure; and biological matrices.
Policy research recommendations were offered for state regulators, evaluators/researchers, and policy makers. Surveil-
lance recommendations include developing and implementing a novel and nimble surveillance system to monitor
use of high-concentration forms of cannabis; adding questions to existing surveillance systems with the objective

of monitoring high-concentration cannabis and adverse outcomes; and elevating the coordination, synthesis, and dis-
semination of findings in existing data sources that could signal adverse outcomes from high-concentration cannabis.

Conclusions Given the changing marketplace, it is urgent to improve the informativeness of cannabis research
through enhanced research methods.
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Introduction

The progressive legalization of medical and recreational
cannabis has shaped the cannabis marketplace, bringing
increasing concentrations of delta-9-tetrahydrocannbi-
nol (THC) in cannabis products. A scoping review car-
ried out by the Colorado School of Public Health found
insufficient literature relevant to these contemporary
products. (Bero et al. 2023) Additionally, the available
evidence was limited by pervasive methodological prob-
lems, particularly obtaining a comprehensive and accu-
rate assessment of products used. (Li et al. 2024) Rising
use of hemp-derived psychotropic cannabis products,
particularly hemp-dervived tetrahydrocannabinol com-
pounds further complicates research on THC and health.
(Harlow et al. 2022).

As a step towards addressing these problems, the Colo-
rado School of Public Health convened a multidiscipli-
nary workshop that addressed four areas of cannabis data
gathering and research and evaluation: epidemiological,
clinical, policy, and surveillance (See Supplemental Mate-
rial for background). An overarching goal was to develop
recommendations that would advance research on can-
nabis to guide decision-making on key issues, such as a
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regulatory limit on THC concentration. The participants
(Supplemental Table 1) were charged with developing
recommendations for characterizing use of cannabis
products that would lead to more standardized assess-
ments and that would support harmonization of findings
across studies and coalescing evidence from surveillance
systems and research.

To illustrate the interlocking of these four areas, work-
shop participants adapted a general framework (Fig. 1)
depicting the centrality of public health data and how the
“real world” provides the questions that drive research.
Policy occupies the outer ring in a loop that relates to
research and surveillance and that is dynamic, changing
with findings of research, signals from surveillance, and
policy evaluation. Recommendations in the four areas are
accompanied by a rationale and comments concerning
implementation.

We note that the workshop was held in June 2024 in
advance of the release of the National Academies report,
“Public Health Consequences of Changes in the Cannabis
Policy Landscape” (2024) That report offered an agenda
for research on cannabis policy and called for research
on the health effects of emerging cannabis products,
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Fig. 1 The evidence-based policy cycle to improve cannabis policy for communities
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stressing the need to address “emerging synthetic and
semisynthetic cannabinoids and high-concentration
products” (2024) The National Academies report did not
address research methodology, the focus of the June 2024
workshop convened by the Colorado School of Public
Health. (2024).

Epidemiological Research

Improving Exposure Assessment for Observational Studies
Epidemiological studies and public health surveillance
provide data on use of cannabis products in “real world
contexts” Epidemiology addresses questions about deter-
minants, consequences, and natural history of use while
surveillance characterizes who is using cannabis prod-
ucts and how they are being used. Cannabis use is com-
plex, with dimensions including amount, form, mode of
administration, frequency, and duration (Fig. 2), leading
to challenges in understanding the products that people
are using, how they are using these products, and the sit-
uations and the factors that contribute to use.

Due to resource and practical limitations, as well as
the emphasis on measuring real-world use, many obser-
vational studies solicit self-reports of cannabis products
used. (Li et al. 2024) Exposure assessment strategies in
observational studies assume that people can accurately
remember and report their use behaviors over specified
periods of time. Such information is the basis for infer-
ring THC exposure. Determining levels of ‘exposure’ to
cannabis use is particularly challenging given the chang-
ing cannabis landscape and evolution of the cannabis
products available in the market, inaccurate labeling of
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the amount of THC contained in them (2023), and how
they are used. There have been efforts to develop stand-
ardized measures to facilitate work done internationally.
For example, Lorenzetti and colleagues (Lorenzetti et al.
2022a) offer consensus recommendations on a minimum
set of indicators to measure cannabis use, but these have
not been widely adopted and are not specific for high
concentration products. The recommendations were
focused on assessing behaviors associated with the num-
ber of times a product was used and the weight of canna-
bis used, not the amount of THC.

One major methodological problem noted in the scop-
ing review of high-concentration cannabis products
(2023; 2024) was highly variable exposure assessment
methods such that data from multiple studies could not
be combined in any useful way. To address this problem,
we propose a comprehensive list of constructs to be eval-
uated in epidemiologic studies—including a standardized
core set of items—that can be used to characterize expo-
sure to THC (Table 1).

Development of Core Exposure Assessment Items

To assure widespread acceptance of a standardized
approach to exposure assessment, a consensus process
should engage key professional organizations, funders,
and members of the research community. In advance,
a systematic review of exposure survey questions is
needed to identify and group exposure assessment meas-
ures relevant to product characteristics, behavioral pat-
terns of use, and contextual factors. In addition, the
creation of a database that lists questions used in major
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Table 1 List of Potential Exposure Assessment [tems
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Product Characteristics (regulatable, potentially)

Type of product(s) used (primary: flower, concentrate, edible)

Intended route(s) of administration (inhaled, ingested, dermal, etc.)
Concentration of cannabinoids

Ratio of CBD to THC

Active ingredients (THC, CBD, hemp-derived psychoactive, etc.)
Terpenes/secondary ingredients

Serving size and doses/package

Packaging (labeling, health claims, warnings, etc.)

Testing for trace contaminants, mold and other potentially unhealthy contents

Use Behaviors

Frequency of use of specific products (number of days per month, sessions per day,

puffs per session)

Duration (how long have they been using regularly)

Duration (how many minutes/hours is a typical use session)?

Actual route of administration

Age of initiation

Polysubstance use—both poly-cannabis use and use of cannabis + nicotine use
(Self-titration to desired effect)

Intoxication level

Tolerance/escalation of use

Unintentional use (e.g., ingestion by babies)

Contextual Factors Setting

User group

Reason for use

Desired effects of use

Access to/availability of product (source)
State/jurisdictional factors Sociocultural Marketing

published cannabis studies would be a useful resource
for the consensus committee. For example, questions
from established surveys at international, national and
state levels could be compiled (Table 2). Workshop par-
ticipants developed a preliminary list of measures to be
included under each construct (Table 1). Table 3 shows
example questions that fall under the category of canna-
bis use.

If the recommended consensus process is pursued,
those engaged should establish a priori criteria for inclu-
sion of clearly defined items at the start of the consensus
process. Emphasis should be placed on core questions
requisite for all health outcomes, acknowledging that
more focused questions are needed for particular out-
comes. For example, research directed at respiratory vs.
mental health outcomes or chronic vs. acute outcomes
may require differing and specific measures to be added
in the core set in order to link exposure to outcome.
Measures should be developed for all types of research
and for surveillance.

To establish priorities, key barriers to using core sets of
measures need to be identified and addressed. One bar-
rier is the increasing complexity of products in the mar-
ketplace, making a complete assessment of all products
used time-consuming, and possibly soon out-of-date.
Additionally, assessment of dual use with nicotine-deliv-
ering products may be relevant for some groups, e.g.,
adolescents. (MacCallum et al. 2024) Participants gave
priority to items with established validity and reliability,

as well as items validated with biomarkers. One indica-
tion for giving priority is relevance to decision-making
by policymakers, e.g., patterns of use of vape pens. For
example, product characteristics such as THC concen-
tration are more amenable to regulation than use charac-
teristics. Lastly, “not recreating the wheel” should guide
the selection of measures (and their specific wording) to
avoid replicating items that are already used.

Also, use of a core outcome set, i.e., a standardized
assessment, facilitates comparisons of results across
studies and their combination for evidence synthesis.
For example, the Core Outcome Measures in Effective-
ness Trials (COMET) Initiative brings together people
interested in the development and application of agreed
standardized sets of outcomes. (2024).

Recommendations for Epidemiological Research

1. Use a core set of exposure assessment measures for
all epidemiological and surveillance studies. Ration-
ale: Non-comparable approaches limit interpretation
of the literature and of evidence synthesis and inte-
gration.

Measures should address product characteristics,
behavioral patterns of use (including co-use with
alcohol, nicotine, and other drugs, age of initial prod-
uct use, chronicity of exposure, amount of product
used, frequency of product use), and socio-contex-
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Table 3 Example questions regarding cannabis use
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Questions

Answer Options

Ever used cannabis?

Past year use

Past month use (30 days)

Age at first use
On a typical day when you use:

Which of the following types of products have you used (check all that apply)

Yes
No

No

Once or twice

Monthly

Weekly or more frequently

a.Yes
b.No

Provide age at first use

How many sessions/day? (Alt. times used

per day)

How much use/session? (Alt. amount used
per time of use)

Smoke: Number of Puffs

Vape: Number of Puffs

Concentrate/Dab: Number of Hits/Inhalations
Edible: Amount of THC in Milligrams

Tincture: Number of Drops

Do you use to a desired effect?

Flower

Do you know THC% of the flower you use?
Do you choose flower based on THC%?
Indica/sativa/hybrid

Pre-roll

Smoke/dry vape

Water pipe

Carts

Do you know THC% of the carts you use?
Do you choose carts based on THC%?
Indica/sativa/hybrid

Disposable/refillable

Edibles

Do you know mg THC in the edibles you use?
Do you choose edibles based on mg THC
Average milligram session of edibles
Gummy/chocolate/beverage
Indica/sativa/hybrid

THC/CBD ratios

tual factors pertaining to use. A core set of measures
should be used and reported consistently across all
studies and supplemented with additional items for
individual studies as needed.

2. A team of experts should develop this core set

through a national and/or international scientific
consensus process. Rationale: A transparent and
stakeholder engaged process will facilitate accept-
ance.
A national and/or international group of cannabis
researchers with broad expertise, funders, and indi-
viduals from affected groups (e.g., youth who use
cannabis and individuals employed in the cannabis
industry) should be convened to develop the core
measures. Criteria for identifying items include their
methodological rigor and utility for evaluating can-
nabis use in the population context.

3. The core set of measures should be validated and

freely available. Rationale: Validity should be estab-
lished before use to assure data quality. Accessibility
will promote wide adoption of core measures.
Validation studies should be conducted to assess reli-
ability and internal and external validity across dif-
ferent populations (with intentional focus on minor-
itized populations). Developed measures should be
available online to download in text, REDCap, and
Qualtrics formats for facile implementation in stud-
ies.

. The core set should be updated periodically to

account for ongoing changes in the cannabis land-
scape. Rationale: To remain current with the rapidly
advancing marketplace, changes in products and
context will require periodic updating.

The core set of measures should be reassessed on a
regular basis to ensure that new products (or charac-
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teristics of products), behavioral patterns of use, and
contextual factors surrounding use are incorporated.
The need for such updates should be based on find-
ings of surveillance of cannabis products and their
use.

Implementation of Recommendations for Epidemiological

Research

Research funders and researchers should take responsi-
bility for diffusion and systematic use of the core expo-
sure assessment measures. Since research depends on
funding, funders could support development of the
measures by supporting consensus meetings and vali-
dation studies. The funders could request that cannabis
researchers use these measures in research. There would
be beneficial harmonization if a common core set of
measures were implemented in epidemiological studies,
surveillance surveys, and prospectively planned research
syntheses. Journal editors could implement reporting
standards to foster adoption of core exposure assessment
measures.

Clinical Research

Clinical research on cannabis includes studies evaluating
the safety and therapeutic effectiveness of cannabis and
its components (cannabinoids) on human health, such
as clinical trials on outcomes considered beneficial, e.g.,
moderating the side effects of chemotherapy, pharma-
cokinetic and dynamic studies, and observational studies
in clinical populations. (Ward et al. 2021; Huestis 2007;
Solmi et al. 2023; Bialas et al. 2022) Cannabis research
should follow established guidelines, such as the Consoli-
dated Standards of Reporting Trials (CONSORT) (2024)
statement for clinical trials, and basic research princi-
ples. (Kandi and Vadakedath 2023) In addition to these
standards, we propose additional recommendations to
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improve the rigor and accuracy of findings specific to
cannabis use.

Recommendations for Clinical Research

1. Dosing and dosing terminology should be standard-
ized. Rationale: Incomplete product descriptions and
varied terminology complicate interpretation of the
clinical research literature. Without standard termi-
nology, cannabinoid dose cannot be accurately meas-
ured.

The current marketplace has diverse products
(Table 4). THC amount varies in these products, with
flower ranging between 10 to 30%, and concentrate
products between 50-90%. (2020) Without standards
for reporting dose, it is difficult to determine or esti-
mate an individual’s actual intake of cannabis (Fig. 2).
The workshop participants propose to use the term
“available dose” as the amount of the cannabinoid of
interest within a product, recognizing that intoxicat-
ing THC can be derived from hemp-products and
thus should be considered part of the standards for
describing THC content more generally. This quan-
tity should reflect the current cannabis marketplace
standards for THC content, which include amount
(mg) and percentage by weight of total THC cannabi-
noids (delta-9 tetrahydrocannabinol + tetrahydro-
cannabinolic acid) in inhalational products and mil-
ligrams (mg) of cannabinoid (serving size and total
in an item or package) for ingested products. (Cash
et al. 2020; MacCallum et al. 2023) To the extent pos-
sible, clinical trials should standardize dosing of THC
and cannabinoids, including the cannabis product
used. Additionally, there should be standards and
permission for cannabis product testing for cannabi-
noid content in order to ensure accuracy of available

Table 4 Cannabis products available on the marketplace and typical THC amounts by product as summarized by workshop

participants

Type of Product How Consumed Amount (THC) in the Products
Plant Flower Product Type: Flower Typical Range: 10—25% THC
Mode: Joint, bowl, bong, pipe, bong 1 gm Joint=100—250 mg THC
Onset: Within minutes
Duration: Lasts about 1—3 h
Concentrates  Hash, budder, wax, sugar, shatter, resin, oil, Product Type: Concentrates Typical Range: 50—95% THC
and 500 mg cartridges for example Mode: Vape pen and dab rig Vape 1 mL Cartridge=500—1000 mg THC
Onset: Within minutes 1 Puff=3—5 mg of Oil or Concentrate
Duration: Lasts about 1—3 h 500 mg Cartridge = 130—140 Puffs
Edibles Baked goods, candies, powders, and beverages Product Type: Edibles & Drinks Typical Range per Serving Size: 5—10

for example

Mode: Ingestion

mg THC

Onset: Within 30 min—2 h
Duration: Lasts about 1—8 h
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dose. Current federal restrictions make handling and
testing products difficult for researchers. Details on
use characteristics should be standardized. Products
sold to the public should be available for research.

The “absorbed dose” is the amount of cannabinoid
that is absorbed and distributed into the systemic
circulation. This is an estimated parameter that may
vary with route of use, partly due to bioavailabil-
ity. Pharmacokinetic studies show that gravimetric
assessments of THC available dose, such as estimat-
ing the mass of THC in a cannabis product that is
combusted or volatilized, may be an imprecise meas-
ure of absorbed dose due to variable inter-subject
smoking topography, and differences in efficiency
of drug extraction associated with cannabis use his-
tory. (Henthorn et al. 2024) There is considerable
inter-subject variability in pharmacokinetics of THC
and other cannabinoids. (Lile et al. 2013; Newmeyer
et al. 2016; Vandrey et al. 2017; Rozanc et al. 2024;
Berl et al. 2022) Pharmacogenomics also play a role
in cannabinoid pharmacokinetics and pharmacody-
namics. (Hryhorowicz et al. 2018) We note that some
evidence indicates that the THC:CBD ratio also
affects THC bioavailability and occurrence of psy-
chological effects. (Freeman et al. 2019).

Finally, the label “high-concentration” should be
restricted to products with higher THC amounts
than found naturally in plants. These products are
created by extracting THC from the plant using vari-
ous techniques and solvents and concentrating it. The
term “high-potency” should not be used to describe a
high-concentration THC product, as pharmacologic
potency of THC is not dependent on concentration.

. Data collection instruments used in clinical research
studies should be standardized. Rationale: To facili-
tate comparisons across studies, standardized char-
acterizations of research participants, their cannabis
use patterns, and key outcomes should be imple-
mented. Lack of standardized data collection instru-
ments limits comparisons among studies and the
generalizability of findings.

Instruments for data collection should be standard-
ized and validated, if possible, for describing patterns
and characteristics of cannabis use. Variables to be
standardized include route, frequency, chronicity,
and type of product. Information gathered on fre-
quency of use can be standardized using proposed
inventory measures such as the International Can-
nabis Toolkit (iCannToolkit) or Daily Sessions, Fre-
quency, Age of Onset, and Quantity of Cannabis Use
Inventory (DFAQ-CU). (Lorenzetti et al. 2022a; Lor-
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enzetti et al. 2022b; Cuttler and Spradlin 2017; Gette
et al. 2023) Detailed data are collected using 30-day
timeline follow-back surveys.

. Biomarker development is needed for detecting

cannabis exposure and characterizing absorbed
dose. Rationale: Availability of and consistency in
using accurate biomarkers would facilitate research
and surveillance. The use of validated biomarkers
will give insights into the accuracy of questionnaire
assessments of use of cannabis products.

Biomarkers used to detect and quantify absorbed
dose need to reflect the complexities of cannabinoid
pharmacokinetics. THC is metabolized in the Liver
to the active metabolite 11-OH-THC and further
to an inactive metabolite 11-nor-9-carboxy-THC
(THC-COOH). Glucuronidation of all three ana-
lytes is extensive. (Huestis 2007; Lucas et al. 2018)
After inhalational use, THC quickly (within seconds)
appears in the bloodstream and partitions into the
brain. (Huestis 2007; Lucas et al. 2018) After inges-
tion, THC peaks at a lower blood concentration
than with inhalation and reaches a peak within sev-
eral hours. (Huestis 2007; Lucas et al. 2018) 11-OH-
THC/THC ratios are higher after oral ingestion.
THC-COOH peaks later and has a slower decline.
(Vandrey et al. 2017; Nadulski et al. 2005) Addition-
ally, THC-COOH can accumulate in the blood with
chronic cannabis use (Kosnett et al. 2023; Karschner
et al. 2009), and the concentration of THC-COOH
in blood reflects cumulative THC exposure over the
past several weeks to months. (Fabritius et al. 2014)
The carboxy metabolite is the primary form of THC
excreted in urine. Most THC and other cannabi-
noids are excreted in the feces. (Huestis 2007; Lucas
et al. 2018) Thus, timing for measurements of THC
and metabolites in the bloodstream is dependent on
route of exposure and what outcome measurements
are evaluated. Another consideration is whether
THC and metabolites are measured in whole blood
or plasma. Whole blood concentrations of THC and
metabolites are approximately half plasma concentra-
tions due to high plasma protein binding and limited
distribution into erythrocytes. (Schwilke et al. 2009).

The biological matrix selected for analysis is also
key. (Hubbard et al. 2021) THC and metabolites are
present in multiple biological matrices: blood, urine,
oral fluid, feces, hair, sweat, and breath. Determining
which matrix to use depends on the outcome meas-
ures of interest and feasibility considerations, such
as timing of last use in relation to sample collection.
Route of consumption and frequency of use influence
the optimal time for measuring the amount of THC
absorbed. Blood concentrations of cannabinoids are
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essential for pharmacokinetic and pharmacodynamic
studies and may offer information on the extent and
temporal pattern of cannabis use. Measurements in
oral secretions are increasingly used in clinical stud-
ies for detecting recent cannabis use, and meth-
ods for breath cannabinoid measurement are being
developed. (Vandrey et al. 2017; Lee and Huestis
2014; Robertson et al. 2022; DeGregorio et al. 2021).
If validated, they could be used for screening in the
workplace and for assessing cannabis use and driv-
ing impairment. THC-COOH in urine reflects prior
cannabis use and may not identify the presence of
acute pharmacodynamic effects due to the prolonged
elimination of THC metabolites in naive and chronic
users. (Connors et al. 2020) Oral fluid, hair, and
urine (normalized to creatinine) levels can be help-
ful for monitoring abstinence and longer-term use.
The perinatal population is unique with matrices for
both maternal and fetal exposure. For fetal exposure,
measurement in meconium can detect maternal use
in the last trimester and in the umbilical cord for the
last few weeks of pregnancy. (ElSohly and Feng 1998;
Pandya et al. 2023; Jensen et al. 2019; Kim et al. 2018;
Metz et al. 2022).

Implementation of Recommendations for Clinical Research
We recommend the standardization of several elements
for clinical studies on cannabis: terminology, data col-
lection, and biomarkers. Such standardization should
be encouraged by funding agencies at multiple levels
including state funding mechanisms that might support
surveillance or research, the private sector, and national
research funders, particularly the National Institutes of
Health (NIH). Standardizing clinical studies on cannabis
will assist in collaborative efforts between research con-
sortiums and organizations, allowing for the synthesis
of data and improving our understanding of the health
impacts of cannabis.

Policy Research

United States (US) cannabis policy is shaped by decisions
made at national, state, county, city, and even neighbor-
hood levels (with zoning decisions, for example). (2024)
Interactions across levels are also relevant, particularly
with the current situation of national prohibition and
legalization by some states. Discussion in the workshop
focused on state-level policy for two reasons: (Bero
et al. 2023) in the US, the states are the primary venue
for policy activities, including cannabis legalization; and
(Li et al. 2024) measurement of the degree to which local
policies reinforce or conflict with a given state policy can
be captured through careful policy and legal research.
The key actors involved in state policy include: 1) State
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regulators with a critical role in both development as well
as implementation and enforcement of cannabis policies.
Regulators are also key players in data access, data col-
lection, and surveillance, all components of the policy
cycle. 2) Policy Makers with a critical role in develop-
ing new policies and engagement with other key players
in the policy cycle in using findings from research and
evaluation. 3) Evaluators and researchers whose role in
the policy cycle is to engage in policy evaluation, surveil-
lance, and research that feeds back to state regulators and
policymakers. The recommendations below are directed
towards these groups.

Recommendations for Policy Research

1. For State Regulators — Develop and implement
methods for assessing the effectiveness of imple-
mentation and enforcement of existing cannabis
rules and regulations, including civil penalties and
reporting. Rationale: At present, methods for such
assessments are ad hoc and do not provide optimum
information for decision-making.

Effective implementation and enforcement of exist-
ing cannabis policies will ensure that state cannabis
marketplaces are, in fact, governed by the rules and
regulations in state legislative and administrative law.
Variations in state-to-state cannabis policies pro-
vide a natural experiment for researchers to learn
about effectiveness. The findings of policy evaluation
research are needed to understand what policies at
the state-level are effective at achieving their objec-
tives and mitigating harms from cannabis use.

2. For State Regulators — Make existing data regard-
ing the cannabis market and population level health
outcomes available for research and analysis, feed-
ing results back to policy makers.Rationale: For pol-
icy formulation and evaluation, the full range of data
on cannabis sales, products, quality, and utilization is
needed without restriction.

Effective surveillance is critical to understanding
what impact policies are having on the cannabis mar-
ketplace and how that is available in the marketplace
is impacting public health. The data needed include
elements of the cannabis market, such as numbers
detailing seed to sale quantities (by product unit),
and testing data on products sold. Effective surveil-
lance also requires health related data to monitor the
population-level health impact. Examples of needed
market and health data include:

Behavioral Health Surveys. National health surveys,
such as the Behavioral Risk Factor Surveillance Sys-
tem (BRFSS)(2022) and the Youth Risk Behavior
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Surveillance System (YRBSS)(2021), as well as state-
specific surveys such as the Healthy Kids Colorado
Survey (HKCS)(2024), play a critical role in moni-
toring trends in youth cannabis use, products con-
sumed, and exposure to marketing (Table 2). These
data need to be paired with valid exposure data to
more clearly identify the health implications from
cannabis use.

Health System Data. Health systems data include
electronic medical records, claims, and prescriptions.
These data sources are critical for monitoring and
measuring more detailed healthcare utilization and
health outcomes associated with cannabis products
available in the marketplace. These data need to be
paired with valid exposure data to more clearly iden-
tify the health implications of cannabis.

Market Data Linked to Census Tract, Neighbor-
hoods, and Schools. Market data in the form of sales
by product are critical to understanding how much
and what types of cannabis products a given neigh-
borhood or population is exposed to. Having these
data as granular as possible would provide valuable
population-level exposure data to bridge current gaps
regarding self-reported use and health outcomes.
Patient and Consumer Purchase Panel Data. Specific
purchase data from patients or consumers, would
provide further detail on cannabis use patterns. The
pairing of detailed biomarker and outcomes data
with patient and consumer purchase data would
support analyses addressing the health implications
for specific product use patterns. For example, the
availability of such data would facilitate research
regarding the extent to which consumption of high-
concentration cannabis products may be associated
with extensive, chronic cannabis use and exposure to
high-concentration THC doses.

. For State Regulators — Initiate the collection of new
data needed for effective surveillance of state-level
cannabis markets and health outcomes. Rationale:
Existing data systems should be complemented by
tracking products closely and identifying sentinel
events.

Here, we propose collection of data not currently
available on a routine basis. Examples include the fol-
lowing:

A Product Registry System. Implement a comprehen-
sive product registry system with information such
as the name/location of the farm, harvest date, pes-
ticides used, additives used, testing results, product
concentration, and processing methods. This type of
product registry, which exists in Massachusetts, can
more specifically link health outcomes to detailed
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product characteristics not captured in current mar-
ket data.(2024)

Adverse Events Tracking System. Improving the cur-
rent formal reporting process of adverse events to
capture greater detail on negative health effects of
specific cannabis products used, accompanied with
a product registry could effectively identify nega-
tive health impacts associated with specific cannabis
products. Formalized reporting of cannabis related
events from hospital emergency department records,
postmortem exams, citations for driving under the
influence (DUI), and suicides could be included and
further aid in the identification of negative health
effects from specific product characteristics. Medical
toxicology data such as that compiled in the ToxIC
Core Registry of the American College of Medical
Toxicology ((American 2024)) and the National Poi-
son Data System of America’s Poisons Centers (2024)
may offer detailed information on the association of
specific cannabis products with acute adverse health
events in adults and children.

. For Policy Makers - Communicate needs to research-

ers and academics and create the structures to
facilitate access to the data and research needed
to inform effective policy development and Evalu-
ators/Researchers — Engage in “directed” research
at the request of policy makers and state regulators.
What do policy makers need and want? Rationale:
Researchers and policy makers should be connected
and communicate so that critical evidence gaps can
be filled on an as-needed basis.

This recommendation is focused on creating inter-
faces between researchers and policy makers to
ensure that (1) researchers are conducting policy-
relevant research and evaluation; and (2) policy
makers are making the data needed for surveillance
and research available. This recommendation is also
focused on facilitating effective communication
among the key actors in the policy cycle to more
effectively surveil, identify specific public health con-
cerns, and develop and implement policies to address
those public health concerns.

Evaluators and researchers should partner with pol-
icy makers to provide evidence that aligns with the
policy needs of states. In addition, researchers should
adhere to the state-of-practice in translating evidence
to policy makers and to make the policy implications
of their results explicit and clear as possible.

. For Policy Makers — Develop new and innovative

policies to address harms of cannabis use based on
the best available evidence. Rationale: In the pol-
icy cycle framework, the elaboration of evidence-
informed policy is the objective.
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The growth and development of cannabis market-
places have moved more quickly than the scientific
research needed to understand the public health
implications of those marketplaces and products.
Policy development and experimentation based on
the best available evidence is appropriate, especially
when paired with rigorous evaluation to assess the
impact of new policies. Policy areas that show prom-
ise to combat the harms from cannabis use include
implementing (Bero et al. 2023) taxes on products,
(Li et al. 2024) age restrictions, and (Harlow et al.
2022) product registration and/or restrictions. (2022;
2020).

Implementation of Recommendations for Policy Research
Implementation of these recommendations requires
coordination and collaboration among the key actors in
the policy cycle (Fig. 1). We organized and presented our
specific recommendations by the key actors we see as
having the most direct control over the implementation
of the recommendation. However, each recommenda-
tion feeds into the broader policy cycle and only through
coordination and collaboration between all the key
actors, can the policy cycle respond rationally and more
effectively to address the public health impact of canna-
bis legalization and state marketplaces.

Public Health Surveillance

Public health surveillance activities include monitoring
trends over time to help identify emerging issues and
shifts in behaviors, identifying populations or communi-
ties that are particularly vulnerable, enabling more tar-
geted interventions and resource allocation, and tracking
the impact of policy measures. Surveillance data can help
allocate resources more effectively to ensure that areas
with greatest need receive appropriate support and fund-
ing, and to inform future directions for research and pre-
vention programming.

Population-based surveys are critical to surveillance.
For adults, the BRFSS (2022) and the National Survey
on Drug Use and Health (NSDUH)(Substance 2024) are
most relevant. For adolescents these include the NSDUH,
Monitoring the Future, and the YRBSS (2021). The BRFSS
and YRBSS have variations in state implementations. The
International Cannabis Policy Study (ICPS) (Hammond
2024) is emerging as a cross-national resource. The Preg-
nancy Risk Assessment Monitoring System (PRAMS)
covers the prenatal period (2024) (Table 2). In addition
to these national or nationally coordinated systems, there
may be state-specific surveys, which have greater flexibil-
ity and responsiveness to track the use as the marketplace
changes.
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Population-based surveys are not the only source of
public health surveillance data. Other potentially use-
ful data, some collected for administrative purposes that
could be more fully leveraged for public health surveil-
lance, include:

+ Motor vehicle related data, including crash data,
injury and fatality data (2024), forensic testing results,
court records for charges, arrests and convictions.

+ Market data, such as dispensary licensing, sales and
tax data, and product testing results.

+ School and educational system data, such as absen-
teeism and discipline related to drugs, and surveys
of schools on policy and prevention programming
e.g., School Health Profiles. (Fadus, et al., 2021) To be
most informative, such data should include necessary
demographic data to allow analysis by age, race, eth-
nicity, and other important subgroups. (CDC 2022)
When available, such information will also enhance
the utility of data related to adults.

+ Hospitalization and emergency room visits related to
cannabis use.

+ Poison Center (2024) and ToxIC Core Registry of
the American College of Medical Toxicology (2024)
reports related to cannabis use.

+ Vital records data.

+ Adverse event reporting data provided to the Food
and Drug Administration (FDA) (2023).

The emerging issue of high-concentration cannabis use
should be given priority in surveillance systems. High-
concentration products are nearly synonymous with
extracts or manufactured products, and in this way are a
particular concern for a growing number of states with
legal use by adults or medical use programs. (2024) The
recommendations address gaps in existing surveillance
and better leverage ongoing efforts.

Recommendations for Surveillance

1. Develop and implement a novel and nimble
surveillance system to monitor use of high-con-
centration forms of cannabis. Rationale: Present sur-
veillance systems are not sufficiently dynamic to track the
marketplace.

With a focus on states with regulated cannabis mar-
kets, create a new surveillance system of cannabis
consumers with the objective of monitoring high-
concentration forms of cannabis. The population at
greatest risk of harms associated with cannabis use
comprises individuals who use it heavily, regularly, and
for the longest duration. Although these individuals are
represented in population-based surveys, such as the
NSDUH and BRESS, those surveillance systems lack
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needed depth about the patterns of use and their conse-
quences (Table 2). Additionally, these ongoing surveys
cannot quickly and flexibly respond to new products in
the marketplace and how they influence use patterns.

There are examples of similar opportunistic surveil-
lance systems that use purposeful sampling, rather than
representative sampling, to identify the population
of interest. For example, the NIH (2024) and National
Institute on Drug Abuse (NIDA) (2024) funded the
implementation of the National Drug Early Warn-
ing System (NDEWS) (2024), which included 16 areas
around the US. One primary goal was to track and
identify emerging drugs and drug use patterns. The
NDEWS conducted intercept surveys, recruiting peo-
ple in public settings to complete a brief survey about
illicit drug use.

Building on this model, workshop participants pro-
posed leveraging dispensaries and the point-of-sale
to recruit customers to participate in a surveillance
approach that would rapidly generate data on customers
and dispensaries. This strategy deploys rapid and nimble
research methods that can respond to emerging issues
as products in the marketplace change and questions
are raised concerning risks. Specifically, this could be an
opportunity to recruit individuals into qualitative, mixed
methods, and/or longitudinal cohort studies to answer
critical questions about high-concentration cannabis
use. Recruiting from a setting where nearly everyone is a
member of the population of interest augments the effi-
ciency of surveillance.

2. Add questions to existing surveillance systems
with the objective of monitoring high-concentration
cannabis and adverse outcomes. Rationale: Enriching
current surveillance systems with additional questions
would provide needed information on use of high con-
centration products.

The added questions should have a specific focus on
high-concentration cannabis products and adverse out-
comes most relevant for the population. As noted in the
Epidemiological Research section, these items should be
developed in concert with the development of the core
exposure and outcome measure sets.

Attendees at the workshop discussed evidence for
adverse effects from high-concentration products and
how the risk of each outcome varies based on the popu-
lation in question. For example, cannabis hyperemesis
can occur with heavy frequent use, and therefore is most
likely to be an adverse effect to individuals who use it reg-
ularly, but not recent or sporadic users. In the pregnant
and breastfeeding population, the risk of harm of greatest
concern is to the baby, such as reduction of birth weight.
Thus, additions or changes to each surveillance system
should carefully consider the population reached by that
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system and tailor questions to the most common patterns
of use and likely negative outcomes.

There are a core set of domains that should be included
in each population-based survey or other surveillance
system (Supplemental Table 2). Tracking systems should
be assessed for how well these domains are covered, and
additional items should be added to ensure the items on
cannabis address use of high-concentration cannabis.

3. Elevate the coordination, synthesis, and dissemi-
nation of findings in existing data sources that could
signal adverse outcomes from high-concentration can-
nabis Rationale: Given the evolution of the marketplace,
there is urgency in identifying and communicating any
adverse effects of high-concentration products.

There are numerous sources of surveillance and admin-
istrative data that could be leveraged to monitor public
health effects of cannabis use (e.g., emergency depart-
ment data, poison control, fatalities, motor vehicle, and
population-surveys). However, there are barriers and
data silos that limit access to and the informativeness of
these potentially useful data resources, including con-
siderable variability across states in these data systems.
States could more consistently compile relevant data to
triangulate the consequences of cannabis use, particu-
larly the emerging concern of high-concentration canna-
bis use.

Implementation of Recommendations for Surveillance
Implementation of these recommendations requires col-
laboration amongst the various entities and funding for
the proposed advancements. The proposed new surveil-
lance system (Recommendation 1) would come with the
costs of developing and testing the proposed approach.
Once developed, there would be costs for implement-
ing and maintaining this novel system. Considering the
necessity of having a timelier and more detailed grasp
on use of cannabis products, costs for such a system
are justified. State regulators should be able to facilitate
cooperation from dispensaries to permit participant
recruitment on the premise of monitoring public health
issues. Adding questions to existing surveys (Recommen-
dation 2) may come with minimal costs. The proposed
questions need to be vetted through review processes,
which are typically ongoing given the continued need
for quality improvement. The costs are typically oppor-
tunity-costs of questions that may be removed to make
space for these additions. Considering Recommendation
3, there is already ongoing administrative and surveil-
lance data collected in states with regulated markets that
can be further leveraged to monitor trends in cannabis
use and harms. Triangulating multiple sources of surveil-
lance data can provide a more complete picture of out-
comes associated with high-concentration cannabis use.
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Conclusion

There are significant gaps in research on cannabis, par-
ticularly on the high-concentration THC products in
the current marketplace. The limited evidence available
varies significantly in methods and outcome measure-
ments, making interpretation difficult and limiting gen-
eralizability. Assuming the marketplace continues to
evolve, Fig. 1 shows how surveillance and standardizing
research will support policy development, implementa-
tion, and evaluation. To implement these recommenda-
tions, multi-sectoral collaboration and coordination are
needed and investment is needed for enhanced surveil-
lance, research, and policy development. The frame-
work (Fig. 1) shows how broadly based research meshes
with policy development, implementation, and evalu-
ation, and highlights the necessity of funding research
for public health protection. The workshop did not
address details of funding, including what entities
should be responsible, although the states could assume
leadership to support research. Academia will carry out
the needed research if funding is available. Typically,
academic researchers will collaborate and coordinate
research activities and are likely to embrace the pro-
posal for improved methods.

Abbreviation
THC Delta-9-tetrahydrocannbinol

COMET Core Outcome Measures in Effectiveness Trials

CONSORT Consolidated Standards of Reporting Trials

iCannToolkit  International Cannabis Toolkit

DFAQ-CU Daily Sessions, Frequency, Age of Onset, and Quantity of Can-
nabis Use Inventory

NIH National Institutes of Health

us United States

BRFSS Behavioral Risk Factor Surveillance System

HKCS Healthy Kids Colorado Survey

YRBSS Youth Risk Behavior Surveillance System

DUI Driving Under the Influence

NSDUH National Survey on Drug Use and Health

ICPS International Cannabis Policy Study

PRAMS Pregnancy Risk Assessment Monitoring System

FDA Food and Drug Administration

NIDA National Institute on Drug Abuse

MTF Monitoring the Future

NPDS National Poison Data System

WYAHS Washington Young Adult Health Survey
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