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Abstract

Background.—Given changes in marijuana regulations, retail, and products and potential impact 

on marijuana use, we examined young adult perceptions of different modes of use, the proportion 

using via different modes (e.g., smoking, vaping, ingesting), and associations with use levels and 

stability of use over time.

Methods.—We analyzed baseline and one-year follow-up survey data (Fall 2018–2019) among 

3,006 young adults (ages 18–34) across 6 metropolitan areas (Atlanta, Boston, Minneapolis-St. 

Paul, Oklahoma City, San Diego, Seattle). Measures included marijuana use, use frequency, mode 

of use, sociodemographics, other substance use, and social influences.

Results.—Overall, perceptions were as follows: least harmful/addictive: topicals, oral pills; most 

socially acceptable: joint/bowl, edibles/beverages; most harmful/addictive and least acceptable: 

wrapped or vaped with tobacco. Baseline past-month marijuana use prevalence was 39.2% 

(n=1,178). Most frequent use mode was smoking (joints/bowls/cigar papers; 54.0%), vaping 

(21.8%), via pipe/bong (15.1%), and ingesting (9.1%). Multinomial logistic regression indicated 

that, versus smoking, using via other modes correlated with living in states with legalized 

marijuana retail, and using via pipe/bong correlated with more frequent use (ps<.001). At follow-

up, use mode most consistent was pipe/bong (53.3%), followed by smoking (49.3%), vaping 

(44.5%), and ingesting (32.9%). Past-month abstinence at follow-up was most common among 

those originally ingesting (34.3% abstinent), followed by smoking (23.6%), vaping (18.8%), and 

via pipe/bong (14.8%).

Conclusions.—Ongoing surveillance is needed to better understand marijuana use patterns over 

time across different segments of users (particularly by mode) and to inform interventions aimed 

at promoting abstinence and curbing chronic use in young adults.
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Introduction

The past decade has marked pivotal changes regarding marijuana, the most commonly 

used federally illegal drug in the US (Substance Abuse and Mental Health Services 

Administration, 2020). In 2019, past-month use prevalence was 11.5% in adults, a 66.7% 

increase since 2010 (Substance Abuse and Mental Health Services Administration, 2020). 

Young adults (ages 18–25) represent the age group with the highest use, with 23.0% 

reporting past-month use in 2019 – reflecting a 4.5% increase in prevalence since 2010 

(Substance Abuse and Mental Health Services Administration, 2020). In 2019, past-year use 

prevalence and initiation rates also increased since 2010 by 15.0% and 26.5%, respectively 

(Substance Abuse and Mental Health Services Administration, 2020). While marijuana may 

help with some medical conditions, such as chronic pain, nausea, Parkinson’s disease, and 

seizure disorders (Bridgeman & Abazia, 2017; Leafly, 2020), marijuana use is related to 

negative effects, including on mental or physical health, as well as cognitive, academic 

or occupational performance, particularly in youth and young adults (Cohen et al., 2019; 

National Academies of Sciences, 2017; Patte et al., 2017) and is implicated in e-cigarette/

vaping-associated lung injuries (EVALI) (Centers for Disease Control, 2019).

Marijuana can be used via multiple modes of administration: smoking or inhaling it in joints, 

bowls, pipes, waterpipes, and blunts; vaping it; consuming edible and drinkable products; 

and using topicals (e.g., ointments, lotions, lip balms), among others (Schauer et al., 2016). 

Different products, such as herbs, edibles, or oils may yield distinct “highs” depending on 

CBD and THC levels and strain (i.e., indica, sativa, hybrid; Loflin & Earleywine, 2014).

The current study draws from social cognitive theory (SCT; Bandura, 2004), which 

suggests that behavior, such as substance use, is determined by the interplay of one’s 

cognitions (including attitudes and beliefs), behaviors, and social environment. Among the 

key determinants of substance use are outcome expectancies, which include perceived risk 

– regarding both harm to health and addictiveness – as well as perceived social norms 

(Bandura, 2004). There has been limited research examining how different marijuana 

products and modes of use are perceived in relation to these critical factors. Regarding 

marijuana use more generally, young adults who are current marijuana users perceive 

greater peer acceptability of marijuana relative to nonusers (Koval et al., 2019). Some recent 

research indicates that young adults perceive edibles as less harmful than smoking marijuana 

(Reboussin et al., 2019), while other research indicates the opposite because of the potential 

for increased potency of edibles (Popova et al., 2017). Limited research has examined young 

adults’ perceptions of different modes of use across a range of dimensions, such as peer 

acceptability, harm, addictiveness, and likelihood of future use. However, research regarding 

the rapidly evolving tobacco market indicates that different tobacco products and inherent 

modes of use are associated with differing perceptions of harm, such that vaping nicotine 

or smoking tobacco via waterpipes/hookah is perceived as less harmful and addictive but 
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more socially acceptable (Berg et al., 2015). Thus, perceptions of these modes of marijuana 

use and others, including ingesting or using topicals, likely differ from one another and 

from smoking marijuana via joints or bowls. Moreover, marijuana and tobacco co-use – 

particularly via vaping, waterpipe, and blunts – is common (Schauer et al., 2015; Schauer et 

al., 2016; Schauer et al., 2020; Wu et al., 2016) and may also be perceived differently.

A socioecological perspective (McLeroy et al., 1988) provides a lens for contextualizing 

marijuana use with respect to marijuana-related policies and legalization. Regarding macro-

level factors, 2 main influences are marijuana policy context and – relatedly – the marijuana 

retail environment. Since 2012, 15 states and DC, including 4 states in 2020 alone, legalized 

marijuana for adults ≥21, and 36 states legalized medical marijuana (Berke & Gal, 2020). 

The existing literature indicates a mix of implications of both medical marijuana legislation 

(Carliner et al., 2017; Cerda et al., 2017; Hasin et al., 2015; Johnson et al., 2017; Sarvet 

et al., 2018; Schinke, Schwinn et al., 2017) and marijuana retail legalization, particularly 

for young adults (Cerda et al., 2017; Jones et al., 2018; Kerr et al., 2018; Parnes et al., 

2018; Rusby et al., 2018). For instance, whereas substantial research suggests that states 

with medical marijuana legalization have not seen an increase in marijuana use among 

adolescents or young adults (Johnson et al., 2017; Johnson et al., 2018; Sarvet et al., 2018; 

Schinke et al., 2017), other findings suggest that medical marijuana laws lead to increases in 

such use among adolescents and adults (Carliner et al., 2017; Cerdá et al., 2017). Moreover, 

there is some evidence that states with legalized marijuana retail (relative to other states) 

have greater marijuana use rates among young adults (Jones et al., 2018; Kerr et al., 2018; 

Parnes et al., 2018; Rusby et al., 2018).

As policies have changed, the marijuana retail environment has expanded alongside robust 

marketing efforts (Berg et al., 2017; Cannabis Business Plan, 2018; Hudock, 2019; 

Pollochia, 2018). Perhaps as a result, a growing percent of marijuana sales are from newer 

products, such as edibles or topicals (Comnes, 2016; Marijuana Business Daily, 2016). 

Moreover, the next decade is expected to mark expansion of medical and retail marijuana 

legalization (Berke & Gal, 2020; Daniller, 2019), product diversity, and marketing in the US 

(Cannabis Business Plan, 2018; Hudock, 2019; Pollochia, 2018).

Within this context, recent shifts provide a critical period for examining who initiates and 

continues their use, particularly among young adults (Borodovsky et al., 2016; Borodovsky 

et al., 2017). Examining modes of use and their relevance for predicting continued use 

versus abstinence is critical for understanding young adults at greatest risk for continuing 

use. Studies examining marijuana use from adolescence to young adulthood – and spanning 

young adulthood – have generally found evidence for individuals who mature out of use, 

begin using later, or use chronically over time (Brook et al., 2011; Caldeira et al., 2012; 

Epstein et al., 2015; Kelly & Vuolo, 2018). Notably, less use over time predicts better 

educational, career, and family transitions/outcomes (Kelly & Vuolo, 2018), and many of 

the risk factors for use, including being male, being sexual or racial/ethnic minority, greater 

depressive symptoms, and social influences are also correlates of continued marijuana use 

over time (Bears Augustyn et al., 2019; Chen & Jacobson, 2012; Derefinko et al., 2016; 

Epstein et al., 2015; Evans-Polce et al., 2015; Kelly & Vuolo, 2018; Nelson et al., 2015; 
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Tucker et al., 2019). However, no prior research has explicitly examined the role of modes of 

use in relation to use levels or continued use over time.

While the literature to date is rich, there is limited research regarding how different 

marijuana products are perceived or whether they may lead to more chronic use or addiction. 

Thus, this study examined: 1) perceptions of different modes of use of marijuana products; 

2) profiles of use with regard to most frequent mode of use; and 3) the extent to which 

most frequent mode of use a) remains stable and b) predicts abstinence over a one-year 

period among young adults. This study used data from a sample of young adults (ages 

18–34) drawn from 6 metropolitan statistical areas (MSAs: Atlanta, Boston, Minneapolis, 

Oklahoma City, San Diego, Seattle), 2 of which had legalized marijuana retail policies in 

place during baseline in 2018 (San Diego, Seattle) and one of which implemented such a 

policy between baseline and one-year follow-up (Boston; Berg et al., 2020).

Methods

Study Design

The current study is an analysis of survey data among 3,006 young adults (aged 18–34) 

participating in a 2-year, 5-wave longitudinal cohort study, the Vape shop Advertising, 

Place characteristics and Effects Surveillance (VAPES) study. VAPES examines the vape 

retail environment and its impact on substance use, drawing participants from the 6 

aforementioned MSAs, selected for their variation in state tobacco control and marijuana 

retail legislation. This study, detailed elsewhere (Berg et al., 2020), involved survey data 

collection launched in Fall 2018 with assessments every 6 months for 2 years during Fall 

and Spring. This study was approved by the Emory University Institutional Review Board.

Participants & Recruitment

Potential participants were recruited via social media. Eligibility criteria were: 1) 18–34 

years old; 2) living in one of the 6 MSAs; and 3) English speaking. Purposive sampling was 

used to ensure sufficient proportions of the sample represented past-month e-cigarette and 

cigarette users (roughly 1/3 each), both sexes, and racial/ethnic minorities.

Advertisements posted on Facebook and Reddit targeted individuals: 1) using keywords 

reflecting those within the eligible age range and MSAs (e.g., young adult, city name); 2) by 

identifying work groups or activities of interest that appeal to young adults (e.g., followers 

or group members of pages related to sports/athletics, entertainment, or tobacco-related 

interests); and 3) by including images of diverse young adults in various settings. Individuals 

who clicked on ads were directed to a webpage with a study description and consent form, 

screened for eligibility, and then administered the baseline survey. Subgroup enrollment was 

capped by MSA. Participants received an email 7 days after completing the baseline survey 

asking them to confirm their participation by clicking a “confirm” button included in an 

email. After confirming, participants were enrolled and emailed their first incentive ($10 

e-gift card).

The duration of recruitment ranged from 87 to 104 days across MSAs. Overall, 65,843 

Facebook/Reddit users viewed study ads, 10,433 clicked on ads, 9,847 consented, and 7,096 
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were eligible. Additionally, 2,751 were not allowed to advance to the baseline survey, 

with 1,427 ineligible and 1,279 not enrolled in order to reach recruitment targets of other 

demographics (Figure 1). The baseline survey was completed by 3,460 (48.8%; 51.2% 

partial completes, n=3,636); 3,006 (87%) confirmed participation. Those who did not fully 

complete the baseline survey differed from those who did complete the survey in that they 

were younger and more likely male, Black or other race, and past-month e-cigarette and 

cigarette users; those who did not (vs. did) confirm participation were more likely Black or 

other race and past-month e-cigarette and cigarette users (Berg et al., 2020).

The current analyses focused on baseline survey data (n=3,006) and one-year follow-up 

survey data (79.0% response rate, n=2,375). Participants received a $20 e-gift card following 

the completion of the follow-up survey. Attrition analyses indicated that participants who 

completed the follow-up survey were more likely female, a current student, older, were 

more likely to have at least a bachelor’s degree, were more likely to reside in Atlanta and 

Boston, were less likely to reside in Oklahoma City and Seattle, were less likely to live in 

a state with legalized marijuana retail policies during baseline, and reported lower levels of 

past-month cigarette, e-cigarette, and marijuana use at baseline relative to individuals who 

did not complete the follow-up survey.

Measures

Outcomes: Perceptions & Likelihood of Future Use—In Fall 2019, one-year 

follow-up from baseline, we asked all participants, including marijuana users and non-users, 

to evaluate different modes of marijuana use (i.e., topical creams, ointments or balms; oral 

pills; bud in a joint or bowl; edibles or beverages; vaped e-liquids; vaped with tobacco/

nicotine; in a waterpipe or bong; in a waterpipe or bong with tobacco; rolled in cigar 

papers without tobacco; rolled in cigar papers with tobacco) by asking them to rate on a 

7-point scale (1=not at all to 7=extremely): 1) “How harmful to your health do you think 

the use of these marijuana products are?” 2) “How addictive do you think these marijuana 

products are?” 3) “How socially acceptable among your peers do you think the use of each 

of these marijuana products are?” and 4) “How likely are you to try or continue to use these 

marijuana products in the next year?” (Berg et al., 2015).

Outcomes: Marijuana Use & Modes of Use—At baseline and follow-up, participants 

were asked to report the number of days used in the past 30 days and number of times used 

per day with the option to refuse to answer (Substance Abuse and Mental Health Services 

Administration, 2018). Lifetime use was also assessed at baseline. Lifetime and past-month 

use were operationalized as dichotomous variables (yes/no). We also asked participants how 

they have ever used marijuana at baseline and how they use marijuana most of the time 

at baseline and follow-up, with response options of: smoked in a joint; smoked in a bowl; 

ingested with or without food (for example, edibles); drank it; vaped it with a vaporizer; 

vaped with tobacco mixed with it; smoked in a waterpipe or bong; smoked in a waterpipe 

with tobacco; rolled in cigar papers without tobacco; rolled in cigar papers with tobacco; or 

other (please specify; Fong et al., 2006). Participants were allowed to select only one mode 

that they used most frequently. Responses to these questions were recategorized as: smoked 

(including “smoked in a joint”, “smoked in a bowl”, “rolled in cigar papers with tobacco”, 
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and “rolled in cigar papers without tobacco”); pipe/bong (including “smoked in a waterpipe 

or bong” and “smoked in a waterpipe with tobacco”); ingested (including “ingested with or 

without food” and “drank it”); vaped (including “vaped with a vaporizer” and “vaped with 

tobacco mixed with it”); and other (including tinctures, dabs, etc.). We account for tobacco 

use behaviors (see below) in our models to account for modes that included tobacco.

Correlates—Sociodemographics assessed included MSA of residence and whether it was 

in a state with or without legalized marijuana retail, age, sex, sexual orientation, race, 

ethnicity, highest level of educational attainment, and employment status.

Tobacco use was assessed by asking participants to report number of days in the past 

30 days they used: cigarettes, e-cigarettes, little cigars/cigarillos, large cigars, hookah/

waterpipe, and smokeless tobacco (National Institutes of Health, 2020). Regarding social 

influences, participants were asked if a parental figure uses/used marijuana (yes/no) and 

any tobacco product (yes/no; Berg et al., 2015). Participants were also asked how many 

of their 5 closest friends use marijuana and the respective tobacco products (1–5; Berg 

et al., 2015). Friends’ tobacco use was operationalized as an index score (i.e., average 

number using each tobacco product). Depressive symptoms were assessed using the Patient 

Health Questionnaire – 2 item (PHQ-2; Kroenke et al., 2003), which assesses feeling down/

depressed and little interest in doing things in the past 2 weeks (0=not at all to 3=nearly 

every day; summed scores of 0–6; Cronbach’s alpha=.87).

Data Analysis

Participant characteristics, perceptions of modes of use, and marijuana use characteristics 

were summarized using descriptive statistics. Chi-square and one-way ANOVA tests were 

used to explore differences in participant characteristics across MSAs in relation to 

perceptions of modes of use and to most frequent mode of marijuana use (i.e., smoked, pipe/

bong, ingested, vaped) at baseline. Next, we conducted a multinomial logistic regression to 

examine potential correlates (i.e., marijuana retail legalization, sociodemographics, tobacco 

use, social influences, depressive symptoms) of most frequent mode of use (referent: 

smoked) at baseline. In addition, chi-square tests were conducted to examine associations 

between most frequent mode of marijuana use at baseline and one-year follow-up, including 

past-month abstinence at follow-up. Binary logistic regression was conducted to examine 

baseline mode of use and the aforementioned potential correlates in relation to past-month 

marijuana abstinence at one-year follow-up. Regression analyses were also conducted using 

multilevel modeling to account hierarchical structure of the data (i.e., young adults at the 

individual level nested in MSA; Aveyard et al., 2004; Aveyard et al., 2004; Bovaird & Shaw, 

2012). However, all intra-class correlations were approximately .01, and findings were not 

significantly different. Analyses were conducted using SPSS v26.0 and alpha set at .05.

Results

Participant Characteristics

Supplementary Table 1 provides characteristics of the sample of 3,006 characterized across 

the MSAs (average age of 24.56, SD=4.72; 42.3% male; 31.6% sexual minority; 71.6% 
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White; 11.4% Hispanic). At baseline, 71.6% (n=2151) reported lifetime marijuana use, and 

39.2% (n=1178) reported past-month use. Bivariate analyses indicated that past-month users 

(vs. non-users) were more likely to live in states with legalized marijuana retail and to live in 

Seattle but not Atlanta; they were also younger, more likely to be sexual minorities, White, 

with less than a bachelor’s degree, employed part-time and not students, tobacco users, and 

children of users of tobacco but not marijuana, and reported more friends who use marijuana 

and tobacco and more depressive symptoms (ps<.001; not shown in tables).

Likelihood of Future Use and Perceptions at Follow-up

Mean scores indicated that on average, topicals were perceived as the least harmful and 

least addictive, with oral pills being second and joint/bowl being third for both measures 

(Figure 2). Participants perceived smoking marijuana in cigar papers with tobacco as the 

most harmful and addictive, with the other 2 forms reflecting co-use with tobacco (i.e., 

vaped, pipe/bong) also perceived as among the most harmful and addictive. Assessments 

of perceived harm and addiction of these 3 forms without tobacco were parallel with cigar 

papers perceived as most harmful, followed by vaping then pipe/bong.

With regard to peer acceptability and likelihood of use in the next year, the highest rated was 

joint/bowl, followed by edibles/beverages. Also highly rated for both peer acceptability and 

likelihood of future use were vaped or pipe/bong without tobacco. The modes rated lowest 

for both peer acceptability and likelihood of future use were vaped with tobacco, followed 

by pipe/bong with tobacco, and cigar papers with tobacco.

As anticipated, past-month users at follow-up when this assessment was conducted, 

reported less perceived harm and addictiveness, more perceived peer acceptability, and 

greater likelihood of future use across all modes (ps<.001; not shown in tables/figures). 

Also as expected, ratings of perceived harm and addictiveness were positively correlated 

with one another, ratings of perceived peer acceptability and likelihood of future use 

were positively correlated with one another, and perceived harm/addictiveness and peer 

acceptability/likelihood of use were negatively associated (ps<.001).

Separating users and nonusers, few differences across MSAs were identified. However, 

several significant findings (ps<.01) were noted among marijuana users and nonusers across 

retail legalization context. Among marijuana users, those in legalized versus not legalized 

retail states reported: 1) no differences in harm or addictiveness across modes; 2) greater 

peer acceptability across all modes; and 3) greater likelihood of future use of topicals, but 

no other differences. Among nonusers, those in legalized (vs. non-legalized) states reported: 

1) greater harm of bud in a joint/bowl, bud in pipe/bong, oral pills, vaped with tobacco, 

and rolled with cigar papers with or without tobacco; 2) no differences in addictiveness; 

3) greater peer acceptability of use via pipe/bong and topicals; and 4) greater likelihood of 

future use via topicals and oral pills, but no other differences.

Mode of Use at Baseline

Table 1 shows the descriptive and bivariate results of the 1,149 participants who reported 

past-month marijuana use via smoking in joints/bowls/cigar papers (n=621, 54.0%), using 
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pipe/bong (n=173, 15.1%), ingesting it (n=105, 9.1%), or vaping it (n=250, 21.8%), 

excluding those who used marijuana most frequently via other modes (e.g., dabs, n=19).

Bivariate analyses indicated that differences in frequent modes of use at baseline existed 

across MSAs, with smoked being disproportionately represented in Minneapolis, vaping in 

San Diego, and pipe/bong in Seattle (p<.001); smoking was more frequent in the MSAs 

without legalized marijuana retail, whereas the other forms were more frequent in the 

MSAs in states with legalized marijuana retail (p<.001). Bivariate analyses also indicated 

differences in most frequent mode of use in relation to age, sex, sexual minority status, race, 

education level, and employment status (ps<.05; see Table 1 for specifics).

Regarding marijuana use characteristics, most frequent mode of use at baseline was 

associated with past-month marijuana use and use per day (ps<.001), with those using 

pipe/bong reporting the greatest number of days used and times used per day and those 

ingesting reporting the least. Most frequent mode of marijuana use was also associated with 

using any tobacco product (p<.001), with tobacco users being disproportionately represented 

among those most frequently using marijuana joints/bowls or pipes/bongs. Differences were 

also found for different tobacco products used, specifically for cigarettes, e-cigarettes, and 

little cigars/cigarillos (ps<.05). Most frequent mode of use was also associated with parental 

and friend tobacco product use (p<.001), but not parental or friend marijuana use. Mode 

of marijuana use was also associated with depressive symptoms (p=.012), with those using 

pipe/bong having the highest and those ingesting having the lowest.

Table 2 shows correlates of different modes of use at baseline per multinomial logistic 

regression. Living in states with legalized marijuana retail (p=.001), being younger (p=.001), 

being female (p=.049), and more frequent marijuana use (p<.001) increased odds of using 

marijuana via a pipe/bong relative to smoking. Living in states with legalized marijuana 

retail (p<.001), using less frequently (p<.001), being a tobacco nonuser (p=.001), and having 

fewer tobacco-using friends (p=.031) increased odds of ingesting versus smoking marijuana. 

Additionally, living in states with legalized marijuana retail (p<.001) and being female 

(p=.004) and White (vs. Black, p=.011) increased odds of vaping versus smoking marijuana.

Mode of Use & Abstinence at Follow-up

Table 3 shows the relationship between most frequent mode of use at baseline and at follow-

up, including if participants reported no current use at follow-up. Among the 823 past-month 

marijuana users who completed the one-year follow-up survey, the mode of use that was 

most consistent was pipe/bong (53.3% consistently reported same mode), followed by 

smoking (49.3%), vaped (44.5%), and ingested (32.9%). Past-month abstinence at follow-up 

was most frequently reported among those originally reporting that they ingested marijuana 

(34.3% were abstinent), followed by those who smoked (23.6%), vaped (18.8%), and used 

pipe/bong (14.8%). Among those who most frequently used via pipe/bong, ingested, and 

vaped but switched, the greatest proportion switched to smoking.

Controlling for other correlates (e.g., sociodemographics, MSA, legalized versus not), most 

frequently using marijuana via ingesting relative to via pipe/bong at baseline increased odds 

of abstinence at follow-up (aOR=2.50, CI: 1.19–5.25, p=.015; Nagelkerke R-square=.068). 
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When including number of days used at baseline, this association was no longer significant, 

but rather, fewer number of days of use at baseline increased odds of abstinence at follow-up 

(aOR=0.91, CI: 0.89–0.93, p<.001, Nagelkerke R-square=.201).

Discussion

This study was among the first to examine perceptions of different modes of marijuana 

use – and product types – with regard to perceived health risk, addictiveness, and peer 

acceptability and the extent to which use across these modes is stable and/or predicts 

abstinence at one-year follow-up. Noteworthy is that the mode of use reported as most likely 

in the future in this sample is via joint/bowl followed by edibles/beverages, likely due to 

the broad availability of bud relative to more novel products across the MSAs. Moreover, 

various modes of use, particularly topicals and oral pills, were perceived to have little health 

risks or risks for addiction, and the vast majority of modes are perceived to have little health 

risks and risks of addictiveness. One study from 2016 to 2018 indicated that the proportion 

of people perceiving smoking marijuana to bear risk increased over time; however, the 

proportion perceiving novel products, specifically edibles, to bear risk reduced over time 

(Reboussin et al., 2019). Data for this study are from Fall 2018 and Fall 2019, with data 

regarding perceptions being from 2019, as the EVALI epidemic was first emerging (Navon 

et al., 2019). Subsequently, sales of edibles increased in at least 4 states (Jackson, 2019), 

which may reflect increased risk perceptions. Thus, ongoing research is warranted regarding 

perceived risks of different marijuana products and modes of use over time.

In addition, modes of use perceived to have higher risk involved co-use with tobacco, which 

reflects other literature indicating that marijuana in general is perceived to be less harmful 

and addictive than tobacco, as well as more socially acceptable (Berg et al., 2015). While 

anti-tobacco campaigns have a long-standing history at the national, state, and local levels 

and have been embedded into the lives of young people (Centers for Disease Control and 

Prevention, 2012), there has been limited public health efforts to recognize the risks involved 

with marijuana use, which may contribute to young adults’ beliefs that marijuana use bears 

little risk (Payne et al., 2018).

We also found differences in perceptions of modes of use and most frequently used modes 

across marijuana retail legalization context. Among marijuana users, while no differences 

in harm or addictiveness across modes were found across legalization context, those in 

legalized (vs. not legalized) marijuana retail states indicated greater peer acceptability across 

all modes and greater likelihood of future use of topicals. Moreover, compared to smoking 

via joint/bowl, other modes of use, including via pipe/bong, ingested, and vaped, were more 

frequent in states with legalized marijuana retail. Among nonusers, while no differences 

in terms of perceived addictiveness were found across legalization contexts, those in states 

with legalized marijuana retail reported greater perceived harm of various modes, including 

via joint/bowl, pipe/bong, oral pills, vaped, and rolled with cigar papers, but greater peer 

acceptability of use via pipe/bong and topicals and greater likelihood of future use via 

topicals and oral pills. Collectively, these findings indicate that particular novel marijuana 

products and modes of use may be perceived as more socially normative and appealing 

among those in states with legalized marijuana retail, coinciding with existing literature 
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(Pacula & Smart, 2017). These findings are likely due to exposure to such products and their 

marketing where they are commercially available.

Among past-month marijuana users, over half (54%) reported most frequently using via 

joint/bowl, with fewer reporting using via vaping (21.8%), pipe/bong (15.1%), or ingesting 

(9.1%). Across a one-year period, those using via pipe/bong were most consistent in their 

mode of use and in using marijuana in general (i.e., not reporting abstinence at one-year 

follow-up), likely also related to their greater levels of use. Those most frequently ingesting 

marijuana were the least consistent in their mode of use and were the most likely to report 

abstinence at one-year follow-up, which similarly may likely be related to their lower levels 

of use. Also notable, among those who switched their most frequent mode of use over time, 

the mode adopted was most likely via joint/bowl. In sum, while smoking via joint/bowl was 

most frequent, data suggest that use via pipe/bong is a particular indicator of ongoing use.

Regarding other sociodemographics, findings indicated that, compared to most frequently 

using via joint/bowl, being younger correlated with most frequently using via pipe/bong, 

which is concerning as this mode of use represents the highest risk subgroup in terms 

of use levels and future use. However, being older – as well as not using tobacco – was 

associated with most frequently ingesting marijuana, which represents a relatively low-risk 

subgroup in terms of level of use and future use. These findings may reflect the fact that 

people do naturally mature out of substance use behaviors (Brook et al., 2011; Caldeira et 

al., 2012; Epstein et al., 2015; Kelly & Vuolo, 2018); however, these findings also likely 

reflect that this young subgroup of marijuana users warrant particular intervention to reduce 

use and prevent/treat addiction. In addition, being White correlated with most frequently 

vaping marijuana versus smoking via joint/bowl, and being female was associated with most 

frequently using marijuana via pipe/bong and ingesting it. These findings are difficult to 

interpret but warrant future research.

These results have implications for research and practice. In research, ongoing surveillance 

is needed to document perceptions of marijuana products, modes of use, and their 

implications for chronic use, addiction, and mental and physical health in order to inform 

policy and intervention efforts. For example, current findings suggest that those who mainly 

ingest marijuana versus those who smoke it are likely to show different, less adverse 

outcomes over time. However, newer products are more available and only more recently 

used in some contexts, particularly states with legalized marijuana retail, so this hypothesis 

is premature and warrants ongoing research to inform policy that may dictate limits on 

dosages of retail marijuana or to inform public health campaigns that specify particular 

risks for using marijuana across different products/modes, as was relevant as EVALI 

cases emerged. Moreover, clinicians working with young people must assess marijuana 

use in order to address this increasing public health problem, and asking about modes 

of use of marijuana may provide insights into frequency of use and likelihood of future 

use, particularly in cases where individuals are likely to underreport their use levels and 

symptoms of addiction.
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Limitations

This study is limited in generalizability to other young adults in the included MSAs 

or across the US. Rates of tobacco and marijuana use should not be interpreted as use 

prevalence rates, nor should other participant characteristics, given the purposive sampling 

design used in this study. For example, 23.0% of US young adults reported past-month 

marijuana use in 2019 (NIDA, 2020), a lower proportion than in this sample (39.2%). In 

addition, self-reported data has the potential for bias especially when participants may feel 

inclined to answer in a way they find socially acceptable (e.g., underreporting marijuana 

use), as well as recall bias. Finally, whereas the current study assessed frequency of 

marijuana use and continuation of use over time as indicators of high-risk marijuana use, our 

measures did not account for the problems associated with marijuana use or potentially 

hazardous use. Future research should examine modes of use in relation to problems 

associated with marijuana use and potentially hazardous use to provide additional insight 

into which modes of use represent highest risk.

Conclusion

Current findings indicate that most frequent mode of marijuana use is an indicator of 

overall level of risk – with those using marijuana via pipe/bong reporting the highest 

levels of use and greatest odds of continued use. Moreover, many novel marijuana products 

were perceived as bearing low health risks and risks for addiction. Finally, modes of use 

involving tobacco co-use were perceived as higher risk, suggesting the success of anti-

tobacco campaigns in increasing perceived risks of tobacco use. However, the limited efforts 

to educate young people regarding marijuana use and its potential risks (e.g., addiction) 

represent a major concern, particularly as social norms related to marijuana use continue to 

evolve.
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Figure 1. 
Participant recruitment flowchart
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Figure 2. 
Perceived harm to health, addictiveness, and peer acceptability of different modes of use and 

self-reported likelihood of use at follow-up
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Table 3.

Crosstabs of baseline most frequent mode of use at baseline and most frequent mode of use at one-year 

follow-up, N=823

Total N=823
Follow-up

Smoke Pipe/bong Ingest Vape No use

Baseline Follow-up N=292 (35.5%) N=130 (15.8%) N=66 (8.0%) N=153 (18.6%) N=182 (22.1%)

Baseline

Smoke 440 (53.5%)* 217 (49.3%) 46 (10.5%) 24 (5.5%) 49 (11.1%) 104 (23.6%)

Pipe/bong 122 (14.8%)* 22 (18.0%) 65 (53.3%) 3 (2.5%) 14 (11.5%) 18 (14.8%)

Ingest 70 (8.5%)* 17 (24.3%) 1 (1.4%) 23 (32.9%) 5 (7.1%) 24 (34.3%)

Vape 191 (23.2%)* 36 (18.8%) 18 (9.4%) 16 (8.4%) 85 (44.5%) 36 (18.8%)

Chi-squared = 343.739, p < .001.

*
Column %; otherwise, % indicates row %.
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