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Heterogeneities in Administration Methods among Cannabis 
Users by Use Purpose and State Legalization Status: Findings 
from a Nationally Representative Survey in the US, 2020

Yuyan Shi, PhD*

Herbert Wertheim School of Public Health and Human Longevity Science, University of California 
San Diego, La Jolla, CA, USA

Abstract

Background and Aims.—Different cannabis administration methods have differential impacts 

on health. This study aimed to describe administration methods among cannabis users in the US 

categorized by 1) use purpose and 2) state legalization status.

Design.—Cross-sectional, probability-based online survey in 2020.

Setting.—All 50 states and Washington DC in the US.

Participants.—A total of 21,903 adults (18+) were recruited from a probability-based online 

panel to provide nationally representative estimates.

Methods.—Eleven administration methods were grouped into combustion, vaporization, 

ingestion, and topicals. Weighted prevalence was reported among 1) medical-only, recreational-

only, and dual-purpose users based on self-reported purposes and 2) users in states that legalized 

both recreational and medical cannabis (RCL states), legalized medical cannabis only, and did not 

legalize cannabis.

Descriptive Findings.—Among past-year users, the proportions of medical-only, recreational-

only, and dual-purpose users were 25.55%, 43.81%, and 30.64%, respectively. The most common 

primary methods were combustion (42.08%) and topicals (28.65%) for medical purposes and 

combustion (72.07%) and ingestion (15.05%) for recreational purposes. Dual-purpose users were 

more likely to report combustion and vaporization but less likely to report ingestion and topicals as 

primary methods for medical use than medical-only users (Ps<.001) and more likely to report 

combustion and topicals but less likely to report ingestion as primary methods for recreational use 

than recreational-only users (Ps<.041). A higher proportion of dual-purpose users (82.82%) used 

more than one method than medical-only (40.52%) and recreational-only users (63.91%) 

(Ps<.001). For both medical and recreational purposes, RCL states had the lowest rate of 
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combustion and the highest rates of ingestion and topicals reported as primary methods (Ps<.033). 

The rate of using more than one administration method did not differ across states (Ps>.05).

Conclusion.—Cannabis users whose purposes are medical, recreational or both tend to differ in 

their selected administration methods.
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Cannabis legalization; medical cannabis; recreational cannabis; administration method; use pattern

Introduction

Cannabis use can have both detrimental and beneficial health effects. Primarily relying upon 

evidence on combustion, systematic reviews suggested that recreational use is associated 

with impaired cognitive and brain development, addiction and psychosis disorders, 

respiratory and cardiovascular diseases, and increased risks of motor vehicle accidents. (1–3) 

On the other hand, medical use may have therapeutic effects on certain conditions such as 

chronic pain, multiple sclerosis, and chemotherapy-induced nausea and vomiting. (4) As 

non-combustion methods are gaining popularity, (5–8) research on related health effects is 

emerging. (9) Non-combustion methods may reduce harms from toxic smoke and 

secondhand exposure, (10, 11) but may also have unique public health concerns. The risks of 

overdose and dependence are higher for vaporization because of the extremely high potency 

and more efficient and intense effects (10) and are higher for ingestion that often has 

unknown potency and delayed and variable effects. (12) Vaporization can be also associated 

with acute risks such as injuries and excessive risks of psychosis and impaired driving. (7, 

11) Vaporization and ingestion can contain unique features that are appealing to nonusers 

and youth, such as greater discretion, better tastes, larger variety, and fancy devices, hence 

increasing the risks of accidental consumption, early initiation, overdose, and problem use. 

(10–13) Methods using CBD-only products have little psychoactive harms but are not risk 

free. (14) Despite the public health implications associated with these different 

administration methods, we have a remarkably limited understanding of the heterogeneities 

in these methods among cannabis users.

Cannabis users with different purposes may have differential patterns of administration 

methods. Very few studies have compared medical and recreational users and their non-

representative samples had limited generalizability. (15) More importantly, little attention 

has been given to the overlaps between medical and recreational users, i.e., users with both 

medical and recreational purposes. Two US national studies estimated that dual-purpose 

users comprised approximately a third of the cannabis user population in 2010s. (16, 17) 

They had unique characteristics distinguishable from sole-purpose users. (18–20) Recent 

behavioral economics experiments also suggested that dual-purpose users may have distinct 

preferences for cannabis products. (18)

To date, only one study collected data on representative samples and assessed the 

heterogeneities in administration methods by cannabis use purpose. Pacula et al. (21) 

recruited 2,009 adults from a probability-based online panel in 2013 in two US states that 

just legalized recreational cannabis but had not started retail sales (Colorado and 
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Washington) and two US states that legalized medical cannabis only (Oregon and New 

Mexico). Among approximately 175 past-month users, 25% reported medical purposes only, 

50% reported recreational purposes only, and 25% reported dual purposes. Vaporization and 

edibles were more likely to be used for medical purposes than for recreational purposes. 

Differences in administration methods between dual-purpose and sole-purpose users were 

not detected possibly due to small sample size in each group (~50). Large sample size is 

warranted to power the detection of heterogeneities. Particularly, nationally representative 

samples recruited after the wide adoption of recreational cannabis commercialization are 

needed to provide nationwide generalizable findings in the most current legal contexts.

Administration methods may also differ in jurisdictions with and without cannabis 

legalization. Following the worldwide momentum of medical cannabis legalization in the 

past two decades, Uruguay, Canada, and 11 states and Washington DC in the US further 

legalized recreational cannabis and started to supply diverse products in retail markets. 

Although dry flowers that were traditionally combusted still predominated legal sales, the 

consumption of alternative forms has rapidly escalated. For instance, concentrates that are 

typically used for vaporization increased from less than one billion sales to over six billions 

during 2014–2020 in the US. (22) Two recent studies found that adult users in jurisdictions 

with cannabis legalization were more likely to use non-flower forms of cannabis. (9, 23) 

However, states with recreational and medical cannabis legalization were not differentiated. 

The non-probability-based convenience sampling also made these findings less 

generalizable.

To address the limitations in previous research, we conducted a large nationally 

representative survey with comprehensive questions on cannabis use among a probability-

based sample of 21,903 adults in the US in 2020. It provided timely data on all 50 states and 

Washington DC, distinguished dual-purpose users from sole-purpose users, and separated 

states with recreational cannabis legalization from states with medical cannabis legalization 

only. Specifically, we aimed to describe administration methods among cannabis users 

categorized by 1) use purpose and 2) state legalization status. The estimates have potential to 

inform policies that aim to target specific user groups in the US as well as other countries 

implementing or considering cannabis legalization.

Methods

The Marijuana Use and Environment Survey (MUES) 2020

Funded by the US National Institute on Drug Abuse, we conducted the Marijuana Use and 

Environment Survey (MUES) between December 2019 and February 2020 to collect 

detailed data on cannabis-related outcomes and environments. Respondents were recruited 

from a national online panel maintained by the market research company Ipsos Public 

Affairs (formerly Gfk Group), the same panel used in Pacula et al. (21) This so-called 

KnowledgePanel® is the largest probability-based online panel in the US that represents 

97% of the adult population. It uses published address-based and probability-based sampling 

approach to recruit adults in households, including those having cell phones only and no 

phones. Households lacking access to internet are provided with free internet services and/or 

devices to enable their participation. Currently KnowledgePanel® consists of approximately 
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55,000 panelists, the demographics of whom are weighted to the US census. 

KnowledgePanel® has been widely used to provide nationally representative statistics on 

drug use. (17, 24–30)

A total of 21,903 adults aged 18 years or older were recruited from KnowledgePanel® with 

a survey completion rate of approximately 60%. The sample covered all 50 states and 

Washington DC in the US. The survey was administered in both English and Spanish and 

completed in 17 minutes on average. The survey was approved by the Human Research 

Protections Program at the University of California San Diego.

Measures

At the beginning of MUES 2020, we explained that “marijuana”1 encompasses a variety of 

cannabis forms and listed slang terms to avoid confusion. We provided picture illustrations 

and text explanations on 11 administration methods. Except for other unspecified methods, 

these methods were grouped into four broad categories: 1) combustion, including joints, 

blunts, and pipes/bowls/bongs, 2) vaporization, including vaping2 and dabbing, 3) ingestion, 

including edibles, drinks, tinctures, and pills/capsules, and 4) topicals (Table S1). For each 

method, respondents were asked if they ever used it in lifetime, the past 12 months, and the 

past 30 days. Lifetime users, past-year users, and past-month users were identified if an 

affirmative answer was given to any of the 11 methods in the associated reference period. 

Among lifetime users we asked the age of initiating cannabis use and among past-year users 

we asked if they tried to stop using cannabis in the past 12 months.

Following previous research, (16) we defined two use purposes: 1) medical purposes, “to 

treat or decrease symptoms of a health condition”, and 2) recreational purposes, “to get 

pleasure or satisfaction”. Among past-year users, we asked for which purposes they used 

cannabis in the past 12 months. Those who reported medical purposes only were categorized 

as medical-only users, those who reported recreational purposes only were categorized as 

recreational-only users, and those who reported both medical and recreational purposes were 

categorized as dual-purpose users. Recommendation from a doctor was not used to identify 

purposes, as over 50% self-identified medical users treat themselves without a 

recommendation. (21)

Among medical-only and dual-purpose users, we asked the primary method they used 

cannabis for medical purposes out of the 11 methods. Among recreational-only and dual-

purpose users, we asked the same questions for recreational purposes. Because users may 

use multiple methods, we also counted the number of administration methods based on past-

year use of each method. We inquired whether a doctor’s recommendation was obtained 

among medical-only and dual-purpose users. We collected information on the primary 

source and all sources from which past-year users obtained cannabis. (21)

Respondents’ demographics included gender, age, race/ethnicity, educational attainment, 

household income, marital status, employment status, and residence in metropolitan area. 

1Marijuana” instead of “cannabis” was used in the survey title and questionnaire to reflect its common use in the US.
2Vaping flowers and vaping concentrates were both considered “vaping” and not differentiated.
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Respondents in 50 states and Washington DC were grouped into three categories based on 

state cannabis legalization status at the time of interview: 1) 11 states and Washington DC 

with both recreational and medical cannabis legalization (RCL states),3 2) 22 states with 

medical cannabis legalization only (MCL states),4 and 3) 17 states without cannabis 

legalization (non-legalizing states).5

Statistical Analysis

We computed cannabis use prevalence in general population. Among past-year users, we 

described demographic characteristics, administration methods, and use patterns by cannabis 

use purpose as well as state legalization status. In the main analysis, bivariate logistic 

regressions (for binary outcomes) and bivariate linear regressions (for continuous outcomes) 

were used to determine the strength of evidence on differences between any two subgroups. 

Demographics were not adjusted in the main analysis because we aimed to apply prevalence 

estimates and inform policies in specific user subgroups with demographics factored in. In 

the secondary analysis, we report multivariate regression results with demographics 

adjusted. Post-stratification weights were applied to all the statistics to account for non-

response, oversampling, and any known deviation from probability sampling during sample 

recruitment. For all the measures in the associated analytical samples, the rates of missing 

values ranged between 0% and 3%, with the vast majority below 1% (Table S2). Stata 

Version 16 was used for statistical analyses. The analysis was not pre-registered and the 

results should be considered exploratory.

Descriptive Results

Cannabis Use Prevalence among General Population

Figure 1 reports cannabis use prevalence by state legalization status. The prevalence of 

lifetime use, past-year use, and past-month use was 56.30%, 25.66%, and 16.89%, 

respectively. These estimates fell in the range of estimates from other probability-based 

national surveys in the US. The prevalence was much higher in RCL states than MCL states 

and non-legalizing states (Ps<.001).

Characteristics of Past-year Users

Figure 2 reports prevalence of cannabis use with different purposes. Among past-year users, 

25.55%, 43.81%, and 30.64% users used for medical-only, recreational-only, and dual 

purposes, respectively. The rate of recreational-only use was higher than other purposes 

across the US (Ps<.001). RCL states had the highest rate of medical-only use (28.45%) 

(Ps<.004) and MCL states had the highest rate of recreational-only use (48.26%) (Ps<.043).

3RCL states included Alaska, California, Colorado, Illinois, Massachusetts, Maine, Michigan, Nevada, Oregon, Vermont, Washington, 
and Washington DC.
4MCL states included Arizona, Arkansas, Connecticut, Delaware, Florida, Hawaii, Louisiana, Maryland, Minnesota, Missouri, 
Montana, New Hampshire, New Jersey, New Mexico, New York, North Dakota, Ohio, Oklahoma, Pennsylvania, Rhode Island, Utah, 
and West Virginia.
5Non-legalizing states included Alabama, Georgia, Idaho, Indiana, Iowa, Kansas, Kentucky, Mississippi, Nebraska, North Carolina, 
South Carolina, South Dakota, Tennessee, Texas, Virginia, Wisconsin, and Wyoming.
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Table S3 summarizes demographic characteristics of past-year users by use purpose and 

state legalization status.

Cannabis Administration Methods among Past-year Users

Primary Administration Method—Main analysis results: unadjusted descriptive 

statistics of primary administration method are illustrated by use purpose in Figure 3a 

(detailed statistics in Table S4a) and by state legalization status in Figure 3b (detailed 

statistics in Table S4b).

Regarding broad categories, when medical-only and dual-purpose users reported for medical 

purposes, combustion methods were the most commonly used primary methods (42.08%), 

followed by topicals (28.65%), ingestion (19.66%), and vaporization (8.95%). When 

recreational-only and dual-purpose users reported for recreational purposes, combustion 

methods were also the most commonly used primary methods (72.07%), followed by 

ingestion (15.05%), vaporization (11.57%), and topicals (1.24%). Additional heterogeneities 

were detected if we separated dual-purpose users from sole-purpose users. For medical 

purposes, a higher proportion of dual-purpose users reported combustion (61.03% vs. 

19.23%) and vaporization (11.37% vs. 6.03%) whereas a lower proportion of dual-purpose 

users reported ingestion (15.39% vs. 24.81%) and topicals (12.19% vs. 48.49%) as primary 

methods than medical-only users (Ps<.001). For recreational purposes, a higher proportion 

of dual-purpose users reported combustion (76.40% vs. 68.92%) and topicals (1.68% vs. 

0.92%) whereas a lower proportion of dual-purpose users reported ingestion (11.15% vs. 

17.88%) as primary methods than recreational-only users (Ps<.041). For both medical and 

recreational purposes, RCL states had the lowest rate of combustion (Ps<.001) yet the 

highest rates of ingestion and topicals (Ps<.033) being reported as primary methods. The 

rate of vaporization was lowest in non-legalizing states (Ps<.034).

Regarding 11 detailed methods, topicals (28.65%), pipes/bowls/bongs (23.44%), joints 

(12.31%), and edibles (10.17%) were commonly reported for medical purposes and pipes/

bowls/bongs (36.34%), joints (21.88%), blunts (13.85%), and edibles (13.73%) were 

commonly reported for recreational purposes. Rates of nine methods differed between 

medical-only and dual-purpose users for medical purposes (Ps<.027), and rates of seven 

methods differed between recreational-only and dual-purpose users for recreational purposes 

(Ps<.049). By state legalization status, differences across states were observed in seven 

methods for medical purposes (Ps<.038) and five methods for recreational purposes 

(Ps<.033).

Secondary analysis results: adjusted differences in primary administration method are 

reported by use purpose in Table S5a and by state legalization status in Table S5b. The levels 

of p-values and odds ratios in adjusted results were overall comparable to those in 

unadjusted results with very few exceptions.

All Administration Methods—Main analysis results: unadjusted descriptive statistics of 

all the administration methods used in the past 12 months are illustrated by use purpose in 

Figure 4a (detailed statistics in Table S6a) and by state legalization status in Figure 4b 

(detailed statistics in Table S6b).
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Regarding broad categories, combustion still predominated all the categories (63.86%). 

Ingestion was also very common (54.59%), followed by vaporization (36.12%) and topicals 

(30.07%). Dual-purpose users had the highest rates of combustion (82.87%), vaporization 

(50.68%), and ingestion (63.62%) (Ps<.001). Topicals were most frequently mentioned by 

medical-only users (61.67%) (Ps<.001). RCL states had the highest rates of ingestion 

(59.59%) and topicals (39.73%) (Ps<.001) yet the lowest rate of combustion (59.74%) 

(Ps<.0013). MCL states and non-legalizing states did not differ in combustion, ingestion, or 

topicals (Ps>.05). The rate of vaporization was the lowest in non-legalizing states (30.31%) 

(Ps<.001).

Regarding 11 detailed methods, all of them differed by use purpose (Ps<.022). All of them 

also differed by state legalization status (Ps<.041) except for other unspecified methods.

Figure 5 shows the total count of administration methods by use purpose and state 

legalization status. A considerably greater proportion of dual-purpose users (82.82%) used 

more than one method than medical-only (40.52%) and recreational-only users (63.91%) 

(Ps<.001). The average number of methods used by medical-only, recreational-only, and 

dual-purpose users was 1.90, 2.49, and 3.68, respectively. The proportion of users using 

more than one method did not differ across states (62.23–64.49%, Ps>.05). The average 

number of methods in RCL, MCL, and non-legalizing states was 2.85, 2.69, and 2.54, 

respectively.

Secondary analysis results: adjusted differences in all the administration methods are 

reported by use purpose in Table S7a and by state legalization status in Table S7b. The levels 

of p-values and odds ratios in adjusted results were overall comparable to those in 

unadjusted results with very few exceptions.

Cannabis Use Patterns among Past-year Users

Cannabis use patterns and sources of cannabis are presented in Table 1. The average 

initiation age was 30.63, 18.31, and 17.34 among medical-only, recreational-only, and dual-

purpose users, respectively. Over half dual-purpose users used combustion methods nearly 

every day and over 20% medical-only and dual-purpose users used vaporization nearly every 

day. Over 80% dual-purpose users but less than two thirds of medical-only and recreational-

only users reported past-month use. About 20–25% users tried to stop use. The rate of 

obtaining a doctor’s recommendation was 37.61% among medical-only users and 28.01% 

among dual-purpose users. Most of these measures were comparable across states by 

legalization status.

Among medical-only users, the most frequently mentioned primary source was a retail outlet 

(41.93%). In contrast, recreational-only users most frequently got cannabis free from a 

friend or family member (48.13%). Dual-purpose users almost equally frequently mentioned 

a friend/family for free (27.20%) and a retail outlet (27.87%). When users reported all 

sources, the top three sources across all user groups were getting it free from a friend or 

family member, paying a friend or family member, and buying from a retail outlet.
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In RCL states, 41.98% users reported a retail outlet as the primary source. The most 

frequently mentioned primary source in MCL states and non-legalizing states was getting it 

free from a friend or family member (37.90% and 35.82% respectively). In terms of all 

sources, the top three sources across all states were getting it free from a friend or family 

member, paying a friend or family member, and buying from a retail outlet.

Discussion

This study provided the most current description of cannabis administration methods in a 

large nationally representative adult sample in the US. Instead of considering cannabis users 

as a homogeneous group in most previous research, (5–8, 16, 31, 32) we identified the 

heterogeneities by use purpose and state legalization status.

Some of our results by use purpose were consistent with previous smaller-scale studies in 

selected US jurisdictions. (15, 21) We also found that combustion methods were more 

commonly used for recreational purposes whereas ingestion methods were more commonly 

used for medical purposes. In contrast with previous studies, however, we estimated a 

greater rate of using vaporization for recreational purposes than for medical purposes. This 

is probably because previous studies relied upon data in 2013–2014 when only medical 

users had access to concentrates and devices for vaporization in legal markets. As sales of 

concentrates and devices increased exponentially after recreational cannabis 

commercialization, (22) more recreational users may have selected vaporization methods.

Our study for the first time provided estimates on the use of topicals by use purpose. 

Approximately half medical-only users and over 10% dual-purpose users reported topicals 

as the primary method for medical purposes. In RCL states, topicals for medical use were 

almost as common as combustion. The research on topicals is unfortunately almost 

nonexistent. Limited emerging evidence suggested that topicals might have efficacy on 

treatment of localized symptoms such as arthritis and dermatological conditions. (33) They 

are also commonly perceived to be safer because users can choose from a large variety of 

CBD-only and CBD-dominant products. Even if topicals contain THC, the psychoactive 

effects are considered minimal when THC is applied to skin. Meanwhile, topicals could 

increase the risks of accidental consumption by children. (34) Future research is urgently 

needed to fill the knowledge void regarding use patterns and health consequences of this 

special form of cannabis.

Overall, we considered the heterogeneities in administration methods by use purpose 

reasonable. Recreational users may be more likely to seek intense and immediate effects for 

pleasure, which can be achieved by combustion and vaporization with high potency and 

immediate delivery. In contrast, ingestion and topicals have mild, delayed, and prolonged 

effects that are more suitable for treating chronic symptoms. (9) Health professionals can use 

these findings to prevent and treat health consequences associated with commonly used 

methods among a specific group. The findings may also inform policies designed to target 

users with specific purposes. For instance, a policy increasing tax rates on dry flowers6 may 

be more likely to discourage use among recreational users whereas a policy reducing tax 

rates on topicals may be more likely to encourage use among medical users.
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Dual-purpose uses may represent a distinct group as evidenced by their unique 

characteristics in this study. Particularly, they had higher rates of using combustion as 

primary methods than sole-purpose users and hence may bear excessive risks of related 

harms. Also, a higher proportion of them used multiple methods than sole-purpose users. 

Cannabis and tobacco research suggested that using multiple methods to consume the same 

substance may be associated with additive harms, increased exposure to THC/nicotine, 

greater risks of dependence, and fewer quit attempts. (35–38) Future research is warranted to 

further explore the characteristics, behaviors, and risk profiles of dual-purpose users.

The selection of administration methods were at least partially restricted by the availability 

and accessibility of products in legal and illegal markets. About 42% users in RCL states 

obtained cannabis primarily from a retail outlet, whereas nearly 70% users in non-legalizing 

states obtained cannabis primarily from personal network or street dealers. Products for 

some administration methods, such as concentrates and devices for vaporization, require 

more sophisticated techniques to produce. They can be more cost-efficiently offered through 

mass production in legal markets. They are also more likely to be promoted by manufactures 

to pursue greater profits and meet consumer demand. It is not surprising that vaporization 

was more commonly used in RCL states and combustion was more commonly used in non-

legalizing states.

This study has limitations. First, the analysis was cross-sectional and descriptive. The 

differences across states with different legalization status should not be interpreted as causal 

relationships because they may be preexisting. Second, survey responses may be subject to 

recall bias. Third, sampling weights for the overall sample may not successfully correct 

specific sampling bias in the cannabis user subgroup. Fourth, there is no consensus in 

literature regarding how use purposes should be defined (39) and current definitions may not 

clearly differentiate medical use from recreational use for all respondents. Fifth, vaping dry 

flowers was not differentiated from vaping concentrates. Sixth, the potency information on 

THC and CBD was not available for all the products consumed by cannabis users. As a 

result, we were not able to make distinctions between administration methods using THC-

dominant, CBD-dominant, and CBD-only products. Seventh, we were not able to provide 

causal mechanisms to explain the observed discrepancies. Further, this study provided a 

snapshot in the current legal contexts. Cannabis users may select different methods if policy 

changes make products for some methods more available and accessible over time. Lastly, 

the findings may not generalize to minors or population out of the US setting.

Notwithstanding the limitations, this study provided the most recent nationally 

representative description of cannabis administration methods with particularly good 

representations in male, older, and minority respondents, who were often underrepresented 

in previous studies using online panels. (18, 21, 40) To date, MUES 2020 is the largest 

national survey with more detailed and comprehensive cannabis use measures than other 

probability-based national surveys, providing valuable opportunities for in-depth 

6In the US, dry flowers are typically combusted. In MUES 2020, among users reporting vaping in the past 12 months, 85% vaped 
concentrates and only 15% vaped dry flowers in the last time they vaped.
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explorations. This study highlighted the unique patterns among dual-purpose users who 

were often mixed with sole-purpose users in previous research with inadequate attention.

Conclusion

This study revealed considerable heterogeneities in cannabis administration methods among 

medical-only, recreational-only, and dual-purpose users. These heterogeneities should be 

taken into consideration in future epidemiological and policy research as well as prevention, 

treatment, and policy design.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Grant Support

This research was supported by grant R01DA042290 (PI: Shi) from the US National Institute on Drug Abuse. This 
article is the sole responsibility of the author and does not reflect the views of the National Institute on Drug Abuse.

References

1. Hall W, Degenhardt L Adverse health effects of non-medical cannabis use, Lancet 2009: 374: 1383–
1391. [PubMed: 19837255] 

2. Volkow ND, Baler RD, Compton WM, Weiss SRB Adverse health effects of marijuana use, New 
Engl J Med 2014: 370: 2219–2227. [PubMed: 24897085] 

3. Hall W What has research over the past two decades revealed about the adverse health effects of 
recreational cannabis use?, Addiction 2015: 110: 19–35.

4. NationalAcademies. The health effects of cannabis and cannabinoids: The current state of evidence 
and recommendations for research: US National Academies of Sciences, Engineering, Medicine; 
2017.

5. Patrick ME, Miech RA, Kloska DD, Wagner AC, Johnston LD Trends in marijuana vaping and 
edible consumption from 2015 to 2018 among adolescents in the US, JAMA Pediatr 2020.

6. Reboussin BA, Wagoner KG, Sutfin EL, Suerken C, Ross JC, Egan KL et al. Trends in marijuana 
edible consumption and perceptions of harm in a cohort of young adults, Drug Alcohol Depend 
2019: 205: 107660. [PubMed: 31704375] 

7. Schauer GL, Njai R, Grant-Lenzy AM Modes of marijuana use - smoking, vaping, eating, and 
dabbing: Results from the 2016 BRFSS in 12 States, Drug Alcohol Depend 2020: 209: 107900. 
[PubMed: 32061947] 

8. Tormohlen KN, Schneider KE, Johnson RM, Ma M, Levinson AH, Brooks-Russell A Changes in 
prevalence of marijuana consumption modes among Colorado high school students from 2015 to 
2017, JAMA Pediatr 2019.

9. Borodovsky JT, Crosier BS, Lee DC, Sargent JD, Budney AJ Smoking, vaping, eating: Is 
legalization impacting the way people use cannabis?, Int J Drug Policy 2016: 36: 141–147. 
[PubMed: 26992484] 

10. Budney AJ, Sargent JD, Lee DC Vaping cannabis (marijuana): parallel concerns to e-cigs?, 
Addiction 2015: 110: 1699–1704. [PubMed: 26264448] 

11. Russell C, Rueda S, Room R, Tyndall M, Fisher B Routes of administration for cannabis use - 
basic prevalence and related health outcomes: A scoping review and synthesis, Int J Drug Policy 
2018: 52: 87–96. [PubMed: 29277082] 

12. MacCoun RJ, Mello MM Half-baked--the retail promotion of marijuana edibles, N Engl J Med 
2015: 372: 989–991. [PubMed: 25760351] 

Shi Page 10

Addiction. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Aston ER, Farris SG, Metrik J, Rosen RK Vaporization of marijuana among recreational users: A 
qualitative study, J Stud Alcohol Drugs 2019: 80: 56–62. [PubMed: 30807275] 

14. Huestis MA, Solimini R, Pichini S, Pacifici R, Carlier J, Busardo FP Cannabidiol adverse effects 
and toxicity, Curr Neuropharmacol 2019: 17: 974–989. [PubMed: 31161980] 

15. Lankenau SE, Fedorova EV, Reed M, Schrager SM, Iverson E, Wong CF Marijuana practices and 
patterns of use among young adult medical marijuana patients and non-patient marijuana users, 
Drug Alcohol Depend 2017: 170: 181–188. [PubMed: 27987475] 

16. Schauer GL, King BA, Bunnell RE, Promoff G, McAfee TA Toking, vaping, and eating for health 
or fun: Marijuana use patterns in adults, U.S., 2014, Am J Prev Med 2016: 50: 1–8. [PubMed: 
26277652] 

17. Azcarate PM, Zhang AJ, Keyhani S, Steigerwald S, Ishida JH, Cohen BE Medical reasons for 
marijuana use, forms of use, and patient perception of physician attitudes among the US 
population, J Gen Intern Med 2020.

18. Shi Y, Cao Y, Shang C, Pacula RL The impacts of potency, warning messages, and price on 
preferences for Cannabis flower products, Int J Drug Policy 2019: 74: 1–10. [PubMed: 31382201] 

19. Compton WM, Han B, Hughes A, Jones CM, Blanco C Use of marijuana for medical purposes 
among adults in the United States, JAMA 2017: 317: 209–211. [PubMed: 27992636] 

20. Wall MM, Liu J, Hasin DS, Blanco C, Olfson M Use of marijuana exclusively for medical 
purposes, Drug Alcohol Depend 2019: 195: 13–15. [PubMed: 30557813] 

21. Pacula RL, Jacobson M, Maksabedian EJ In the weeds: a baseline view of cannabis use among 
legalizing states and their neighbours, Addiction 2016: 111: 973–980. [PubMed: 26687431] 

22. Allway R Alternative consumption methods that are reshaping the cannabis industry. Available at 
https://www.cannabisfn.com/alternative-consumption-methods-that-are-reshaping-the-cannabis-
industry/. Accessed on June 1st, 2020. CFN: CFN Media Group; 2019.

23. Goodman S, Wadsworth E, Leos-Toro C, Hammond D, International Cannabis Policy Study t. 
Prevalence and forms of cannabis use in legal vs. illegal recreational cannabis markets, Int J Drug 
Policy 2020: 76: 102658. [PubMed: 31927413] 

24. Cohn A, Villanti A, Richardson A, Rath JM, Williams V, Stanton C et al. The association between 
alcohol, marijuana use, and new and emerging tobacco products in a young adult population, 
Addict Behav 2015: 48: 79–88. [PubMed: 26042613] 

25. Emery SL, Vera L, Huang J, Szczypka G Wanna know about vaping? Patterns of message 
exposure, seeking and sharing information about e-cigarettes across media platforms, Tob Control 
2014: 23 Suppl 3: iii17–25. [PubMed: 24935893] 

26. Kennedy-Hendricks A, Gielen A, McDonald E, McGinty EE, Shields W, Barry CL Medication 
sharing, storage, and disposal practices for opioid medications among US adults, JAMA Intern 
Med 2016: 176: 1027–1029. [PubMed: 27295629] 

27. Patel D, Davis KC, Cox S, Bradfield B, King BA, Shafer P et al. Reasons for current E-cigarette 
use among US adults, Prev Med 2016: 93: 14–20. [PubMed: 27612572] 

28. Pepper JK, Emery SL, Ribisl KM, Brewer NT How U.S. adults find out about electronic cigarettes: 
Implications for public health messages, Nicotine Tob Res 2014: 16: 1140–1144. [PubMed: 
24755397] 

29. Shi Y, Cummins SE, Zhu SH Use of electronic cigarettes in smoke-free environments, Tob Control 
2017: 26: E19–E22. [PubMed: 27609779] 

30. Zhuang YL, Cummins SE, Sun JY, Zhu SH Long-term e-cigarette use and smoking cessation: a 
longitudinal study with US population, Tob Control 2016: 25: i90–i95. [PubMed: 27697953] 

31. Johnson RM, Brooks-Russell A, Ma M, Fairman BJ, Tolliver RL, Levinson AH Usual modes of 
marijuana consumption among high school students in Colorado, J Stud Alcohol Drugs 2016: 77: 
580–588. [PubMed: 27340962] 

32. Tormohlen KN, Brooks-Russell A, Ma M, Schneider KE, Levinson AH, Johnson RM Modes of 
marijuana consumption among Colorado high school students before and after the initiation of 
retail marijuana sales for adults, J Stud Alcohol Drugs 2019: 80: 46–55. [PubMed: 30807274] 

33. MacCallum CA, Russo EB Practical considerations in medical cannabis administration and dosing, 
Eur J Intern Med 2018: 49: 12–19. [PubMed: 29307505] 

Shi Page 11

Addiction. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cannabisfn.com/alternative-consumption-methods-that-are-reshaping-the-cannabis-industry/
https://www.cannabisfn.com/alternative-consumption-methods-that-are-reshaping-the-cannabis-industry/


34. Orenstein DG, Glantz SA Regulating cannabis manufacturing: Applying public health best 
practices from tobacco control, J Psychoactive Drugs 2018: 50: 19–32. [PubMed: 29438634] 

35. Ali M, Gray TR, Martinez DJ, Curry LE, Horn KA Risk profiles of youth single, dual, and poly 
tobacco users, Nicotine Tob Res 2016: 18: 1614–1621. [PubMed: 26896162] 

36. Lee YO, Hebert CJ, Nonnemaker JM, Kim AE Youth tobacco product use in the United States, 
Pediatrics 2015: 135: 409–415.

37. Baggio S, Deline S, Studer J, Mohler-Kuo M, Daeppen JB, Gmel G Routes of administration of 
cannabis used for nonmedical purposes and associations with patterns of drug use, J Adolescent 
Health 2014: 54: 235–240.

38. Chabrol H, Roura C, Armitage J Bongs, a method of using cannabis linked to dependence, Can J 
Psychiat 2003: 48: 709–709.

39. Benschop A, Liebregts N, van der Pol P, Schaap R, Buisman R, van Laar M et al. Reliability and 
validity of the Marijuana Motives Measure among young adult frequent cannabis users and 
associations with cannabis dependence, Addict Behav 2015: 40: 91–95. [PubMed: 25240105] 

40. Zhu B, Guo H, Cao Y, An R, Shi Y Perceived importance of factors in cannabis purchase 
decisions: A best-worst scaling experiment, Int J Drug Policy 2020: doi.10.1016/
j.drugpo.2020.102793.

Shi Page 12

Addiction. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



What This Research Adds

Different cannabis administration methods have differential impacts on health. Data from 

a large nationally representative adult survey in the US suggested that cannabis users with 

different purposes had considerable differences in administration methods. These 

heterogeneities should be considered in prevention, treatment, and policy design.
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Figure 1. 
Cannabis Use Prevalence among General Population, by State Legalization Status

Notes. RCL states: states legalizing both recreational and medical cannabis; MCL states: 

states legalizing medical cannabis only; non-legalizing states: states not legalizing cannabis.

Shi Page 14

Addiction. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Use Purpose among Past-year Users, by State Legalization Status

Notes. RCL states: states legalizing both recreational and medical cannabis; MCL states: 

states legalizing medical cannabis only; non-legalizing states: states not legalizing cannabis.
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Figure 3. 
Primary Administration Method of Cannabis Use among Past-year Users, by Use Purpose 

and State Legalization Status

Notes. RCL states: states legalizing both recreational and medical cannabis; MCL states: 

states legalizing medical cannabis only; non-legalizing states: states not legalizing cannabis. 

Detailed statistics are reported in Table S4.
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Figure 4. 
All Administration Methods of Cannabis Use among Past-year Users, by Use Purpose and 

State Legalization Status

Notes. RCL states: states legalizing both recreational and medical cannabis; MCL states: 

states legalizing medical cannabis only; non-legalizing states: states not legalizing cannabis. 

Detailed statistics are reported in Table S6.
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Figure 5. 
Number of Administration Methods Used by Past-year Users, by Use Purpose and State 

Legalization Status

Notes. RCL states: states legalizing both recreational and medical cannabis; MCL states: 

states legalizing medical cannabis only; non-legalizing states: states not legalizing cannabis.
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