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Abstract

Background: Data from controlled laboratory experiments in adults indicate that the subjective
effects of cannabis vary by administration method (e.g., combustible, vaporized). Whether the
subjective effects of cannabis experienced in the natural ecology and among adolescents differ by
cannabis administration method is unknown. In this observational study, adolescents’ retrospective
reports of subjective effects after combustible, edible, and vaporized cannabis use were examined.

Methods: Students from ten public schools in Los Angeles, CA, USA (M[SD] age = 16.1 [.43]
years) who reported past 6-month use of combustible, edible, or vaporized cannabis (V= 584)
were surveyed on subjective effects experienced after use (yes/no). They were provided with a 12
item self-report checklist of six positive (e.g., relaxed, energetic) and six negative (e.g., drowsy,
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lazy) subjective effects. For each method of administration, affirmative responses were summed in
positive (range: 0-6) and negative (range: 0-6) effect composite scores.

Results: Generalized estimating equations adjusted for demographics and recent cannabis use
revealed a graded pattern of differences in positive subjective effects across products, with highest
scores for combustible (M[SD] = 3.98[1.76]), followed by edible (MSD] = 3.58 [2.04]) and
vaporized (M[SD] = 3.11 [2.21]) cannabis (all pairwise cross-product contrasts p <.01). Mean
negative effect score was highest for edible (M[SD] = 2.27 [1.95]), followed by combustible
(MSD] = 1.94 [1.66]), and vaporized (M[SD] = 1.34 [1.73]) cannabis, respectively (all pairwise
contrasts p <.02).

Conclusion: Adolescents’ reports of subjective effects varied across cannabis administration
methods. Combustible cannabis’ more desirable subjective effects profile might be indicative of
higher abuse liability.
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Introduction

Cannabis use during adolescence is linked to harmful health consequences (Curran et al.,
2016; Rasic et al., 2013; Renard et al., 2014). With expanding legalization of medical

and recreational cannabis, there have been increases in the availability of alternative
(non-combusted) methods of cannabis administration, such as vaporized (i.e., inhalable
cannabis plant or oil aerosol emitted by an electronic heating device) and edible (i.e.,
cannabis-infused food or drinks) products (Borodovsky et al., 2016). Alternative cannabis
administration methods may appeal to adolescents because of their availability in youth-
friendly palatable preparations (e.g., cannabis-infused gummy bears and candy-flavored
vaporizer solutions that include cannabis extracts) (MacCoun and Mello, 2015). While
recent estimates suggest appreciable portions of youth use vaporized or edible cannabis
products (e.g.; nationally, past 30-day vaping of cannabis rose from 4.9% in 2017 to 7.5%
in 2018 among 12th grade students; survey data from California in 2017 indicates that more
than 80% of youth who used cannabis in the past 30 days used edibles) (Borodovsky et al.,
2017; Friese et al., 2017; Johnston et al., 2019; Morean et al., 2015; Peters et al., 2018)
little is known about whether different methods of administration of cannabis affect key
outcomes of relevance to basic addiction science and public health, such as differences in
abuse liability and dependence on cannabis.

Subjective responses to drugs are a key component in deciphering the likelihood of future
problematic use of psychoactive compounds (Carter and Griffiths, 2009). There are positive
(e.g., pleasant feelings) as well as negative effects (e.g., difficulty concentrating, anxiety),
and the quality and severity of effects may be critical for mediating risk of several adverse
health outcomes, including cannabis use disorder, impaired driving and psychiatric disorders
(de Wit and Phillips, 2012). Furthermore, subjective responses are indicators of the basic
psychopharmacological mechanisms underlying the biobehavioral effects of drugs of abuse
(Fischman and Foltin, 1991; Treloar Padovano and Miranda, 2018).
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While of importance to addiction science and prevention, evidence of subjective effects
across cannabis products are limited. Controlled laboratory experiments in adult cannabis
users show that acute positive subjective effects indicative of abuse potential as well

as negative effects that may deter future use (e.g., difficulty concentrating, anxiety)

can vary dependent on whether cannabis is delivered by combustible, vaporized, or
edible administration methods (Lee et al., 2016; Newmeyer et al., 2017; Spindle et al.,
2018). Differences in pharmacokinetics across methods of administration may alter the
corresponding subjective effects of different products (e.g., higher blood concentration

of THC resulting from vaporized versus combustible might make the former method
more reinforcing) (Spindle et al., 2018). Although possessing strong internal validity,
such experiments are limited in ecological validity due to being conducted in controlled
laboratory environments and with researcher-provided cannabis products that may not be
entirely representative of products available in the natural ecology (Steigerwald et al., 2018).

Surveys of retrospectively reported subjective effects experienced during drug use episodes
in the natural ecology have been used successfully and associated with relevant health
outcomes (e.g., cannabisuse disorder), yet have been circumscribed and includes only

adult established users (Fergusson et al., 2003; Lee et al., 2017, 2016; Zeiger et al.,

2010, 2012). For the purposes of estimating the abuse liability of cannabis products, it is
important to understand subjective effects early in the cannabis use uptake trajectory, which
typically occurs in adolescence—a period in which the developing brain may be particularly
vulnerable to the effects of cannabinoids (Volkow et al., 2014). Whether the subjective
effects of combustible, edible, and vaporized cannabis differ among adolescents is unknown.

This cross-sectional observational study compared the subjective effects of combustible,
edible, and vaporized cannabis based on adolescents’ retrospective reports of experiences
using each product. The primary aim was to examine broad dimensions of subjective effects
measured by composite indicators of positive (e.g., energetic, relaxed) and negative (e.g.,
drowsy, unable to concentrate) subjective effects.

2. Methods

2.1. Participants and procedure

Study data were drawn from the Health and Happiness Study, a survey of substance use

and mental health of students from 10 high schools in the Los Angeles metropolitan

area (described previously; (Leventhal et al., 2015). All 9t grade students enrolled in the
participating schools in 2013 were eligible (A= 4100), with a total of 3396 (82.8%) who
assented and provided parental consent to participate in the study. Students completed paper-
and-pencil surveys in their classrooms on site biennially. Those absent at data collections
completed shortened surveys by telephone, Internet, or mail. Questions on edible and
vaporized cannabis subjective effects were first included in Spring 2015 (10th grade), which
are the data used in this report; questions on combustible cannabis subjective effects were
included from the start. Of the 3177 students who completed the 10th grade survey, 584
(18.4%) had used at least one method of administration form of cannabis in the past 6
months and reported subjective effects over this time frame, constituting the analytic sample
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for this study. The study was approved by the University of Southern California Institutional
Review Board.

Measures

2.2.1. Sociodemographic characteristics—Participants self-reported their gender,
age, race/ethnicity (response options: White, Black, Hispanic, Asian, Multiethnic or
Multiracial, or other), highest education of either parent (some college or less vs. college
degree or higher), and eligibility for free/subsidized school lunch program (yes/no; yes
indicates family income < 185% of federal poverty limit). Education and income variables
were combined to create a socioeconomic status (SES) composite variable, for which high
SES was defined as youth who reported their parents attended college or higher education
level and being ineligible for free/subsidized school lunch program as reported in prior work
(Peters et al., 2018).

2.2.2. Cannabis use—Questions regarding cannabis use were developed from the
Youth Risk Behavior Surveillance Survey (Eaton et al., 2008) and the Monitoring the
Future Questionnaire (Johnston et al., 2018). Students were provided the instructional

stem question, “Have you ever used the following substances?,”followed by a list of
substances, including 3 separate items for combustible, edible, and vaporized cannabis,
assessed independently (response options: “no”; “yes, but not in the last 6 months”; or “yes,
in the last 6 months.”). There were also items assessing “/n the last 30 days, how many
total days have you used... ?” (response options: 0, 1-2, 3-5, 6-9, 10-19, 20-29, and 30
days) for each method of cannabis administration, which was used to generate a binary
past 30-day use indicator. Combustible cannabis use was phrased as “smoking marijuana.”
Edible cannabis use was listed as “marijuana or THC food or drinks. ”\aporized cannabis
use was worded as “electronic device to vape liguid THC or hash oil.”

2.2.3. Subijective effects—Questions regarding subjective effects of cannabis use were
derived from the Modified Lyons Battery for Subjective Effects (MLBSE) (Lyons et al.,
1997). The measure provides a checklist instructing participants to indicate whether use

of the respective cannabis product over the previous 6 months resulted in any of 6

positive (i.e., Pleasant/Happy, Relaxed, Energetic, Increased Sex Drive, Creative, Social)
and 6 negative (i.e., Drowsy, Unable to Concentrate, Dizzy, Out of Control, Lazy, Upset
Stomach) effects, each rated yes/no (e.g., “Vaping marijuana made me feel pleasant/happy”
[yes/noj). Composite scores were computed by summing the number of positive (range:
0-6) and negative (range: 0-6) effects, which were used as the primary outcomes for

the study, consistent with previous studies (Lyons et al., 1997; Zeiger et al., 2010).
Secondary outcomes included each of the 12 individual subjective effect items. The MLBSE
for combustible cannabis has demonstrated adequate psychometric properties in previous
adolescent and young adult samples (Haberstick et al., 2011).

2.3. Statistical analysis

Following descriptive results, the primary analysis used generalized estimating equation
(GEE) regression models (Zeger et al., 1988) to evaluate comparisons across the three
methods of administration (combustible vs. vaporized vs. edible) in subjective effect
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outcomes. With this approach, 1-3 outcome observations were available for each participant
depending on which of the 3 cannabis products they used, and within-student clustering of
the data was modeled in GEEs by an exchangeable correlation matrix. Linear regression
GEE models were used for the positive and negative composite score outcomes. Binary
logistic regression GEE models were used for the secondary analysis of individual subjective
effect items. All models included gender, race/ethnicity, SES, age at baseline, school,
number of days of cannabis use in past 30-day, and age of onset of cannabis use. Analyses
utilized all observations with available subjective effect outcome data. Missing covariate
data were managed with multiple imputation (Rubin, 2004). Adjusted B-weights (Bs) and
Odds Ratios (ORs) with 95% Confidence Intervals (Cls) are reported from the linear and
logistic regression models, respectively, indicative of estimates of differences in outcomes
for each pairwise comparison between the three methods of cannabis administration.
Analyses were conducted using SPSS version 23 (IBM SPSS Inc, Armonk, NY, USA).
Additional sensitivity analyses were conducted and are detailed below. Raw p-values from
two-tailed tests were considered statistically significant after correction for multiple testing
using the Benjamini-Hochberg procedure to maintain a study-wide false discovery rate of
0.05 (Benjamini and Hochberg, 1995).

3. Results

3.1. Participants

The analytic sample of 584 students reporting past 6-month use of at least one form of
cannabis (Mean age [SD] = 16.13[.43] years, 55% female, 65.7% low SES]) was racially/
ethnically diverse (Hispanic, 56.3%; White, 17.4%; Asian, 7.3%; Black, 5.4%; Multiethnic/
Multiracial 6.1%; Other, 7.5%). Demographics and past 30-day use of each respective
product are reported in Table 1 within the subsamples of users of each cannabis product
(combustible, N = 538; edible, N = 276; or vaporized, N = 144; groups are overlapping

due to presence of poly-product users of more than 1 product). Patterns of dual and
tri-product use in the sample are reported in Supplemental Fig. 1. To describe differences
between student users in the sample and the remainder the cohort, we conducted descriptive
comparisons which found that past 6-month cannabis users (vs. those excluded from sample)
had a higher proportion of past 30-days users of any form of cannabis, low-SES as well as
different distributions of race/ethnicity (see Supplemental Table 1).

3.2. Differences in Cannabis subjective effects, by method of administration

3.2.1. Positive effects—There was a graded pattern whereby the mean positive

effects composite scores significantly differed in each pairwise comparison across the

three administration methods (& < .01), with highest scores for combustible (M[SD] =
3.98[1.76]), followed by edible (MSD] = 3.58 [2.04]) and vaporized (M[SD] = 3.11 [2.21])
cannabis, respectively in covariate-adjusted linear regression models (see Fig. 1).

Regarding specific positive subjective effects, across products, ‘relaxed” and ‘pleasant/
happy’ were more commonly reported than ‘energetic’, ‘increased sex drive’, ‘creative’

and ‘social’. Secondary analyses of the prevalence of reporting each of the 6 different
positive effects, by administration method, and results of adjusted logistic regression models
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contrasting the odds of reporting each effect, are depicted in Fig. 2. With the exception of
positive subjective effect item ‘energized’, item-level analyses showed significantly or non-
significantly greater odds reporting each of the positive subjective effects for combustible
followed by edible, and then vaporized (see Table 2).

3.2.2. Negative effects—In adjusted linear regression models, mean negative effects
composite scores significantly differed in each pairwise comparison across the three
administration methods (5 <.02), with highest scores for edible (M[SD] = 2.27 [1.95]),
followed by combustible (M[SD] = 1.94 [1.66]), and vaporized (M[SD] = 1.34 [1.73])
cannabis, respectively (see Fig. 1). Regarding specific negative subjective effects, across
products, ‘unable to concentrate’ was more commonly reported than ‘drowsy’, ‘out of
control’, “lazy’, “‘upset stomach’ and ‘dizzy’. Analyses of each of the individual six negative
effects found results generally consistent with the overall negative effect composite (see
Table 2), with greater odds of experiencing a negative effect for edible, followed by
combustible, and then vaporized, respectively, although some of the item-level comparisons
were not statistically significant (see Fig. 2 and Table 2).

3.3. Sensitivity analysis

Use of the three products was unevenly distributed throughout the sample (e.g., 25%

of sample provided subjective effect data on vaporized cannabis, whereas 92% provided
combustible cannabis subject effect data). It is therefore possible that individual differences
in factors that contribute to cannabis use subjective effect expression (e.g., genetics,

other substance use, personality traits) and promote liability to use one cannabis product
versus another may confound differences in subjective effects by administration method
observed. Among tri-product users of cannabis by all three methods (N = 113),

however, confounding by inter-individual differences is constrained because participants
are equivalently represented across the three methods of administration and each participant
reflect their own ‘control’ akin to a cross-over design. We tested whether the results differed
between tri-product users (N = 113) and dual/single product users (N = 471) with formal
tri-product use status x administration method interactions. No significant interactions were
found for any pairwise contrasts, indicating no evidence that the pattern of differences in
subjective effects by cannabis administration differed between the tri-product user group for
whom confounding is constrained and the remainder of the sample.

4. Discussion

This survey of 584 adolescent cannabis product users provides new evidence that
adolescents’ report of their subjective responses to cannabis in the natural ecology varied
across combustible, edible, and vaporized administration methods. Study main findings are:
(1) Combustible cannabis generally resulted in a more desirable subjective effect profile,
producing the most positive effects and a moderate number of negative effects, on average;
(2) Edible cannabis produced more aversive subjective effects than the other two products in
this sample; and (3) Vaporized cannabis produced fewer effects (both positive and negative)
than the other two products.

Drug Alcohol Depend. Author manuscript; available in PMC 2023 August 08.
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Previous studies are restricted to laboratory cannabis administration experiments in adults
(Chait and Zacny, 1992; Newmeyer et al., 2017; Spindle et al., 2018), with unknown
generalizability to adolescent populations in the community. Studies addressing user-
reported cannabis experiences in the natural ecology typically ask poly-product users’
opinions of whether they prefer the high or taste of one product versus another (Etter,

2015; Lee et al., 2016; Malouff et al., 2014). To our knowledge, the present study is the first
to directly assess and characterize the subjective effects of alternative cannabis product use
in youth, providing data on the incidence of 12 different subjective effects for each of three
cannabis administration methods.

The vaporized cannabis findings reported here do not align with a previous laboratory

drug administration experiment in adults, which found that both positive and negative
subjective effects of vaporized cannabis were either greater than or equal to those from
combustible cannabis (Spindle et al., 2018), but are similar to results from an internet
survey of adults conducted in 2013-2014, which found that vaping cannabis produced fewer
positive effects than smoking cannabis (Etter, 2015). These findings may indicate differences
induced by observational vs. laboratory-based research. When studies are conducted in

the laboratory, participants are administered products with known cannabinoid composition
using standardized researcher-provided vaporizers. By contrast, cannabinoid-infused oils
and liquids, which are self-made or obtained illegally by youth, might have variable
cannabinoid composition. Further, vaporizers sold on the open market vary in terms of

the efficiency by which they aerosolize the product, which, in turn, can affect the rate

and level of absorption of psychoactive cannabinoids to the user (Lanz et al., 2016).
Combustion, which occurs at a much higher temperature than aerosolization, consistently
produces similar levels of bioavailable cannabinoids (Fabritius et al., 2013). It is possible
that youth in the current sample might have been experiencing attenuated effects due to less
efficient vaping devices available to them, especially in 2015 as compared to the advances in
vaporizer technology to the present day.

Our findings provide some of the first subjective effect data to align with and advance

other streams of evidence indicating greater risk of adverse response to cannabis edible
products. Following the legalization of recreational cannabis in Colorado in 2009, cannabis
intoxication-related visits to the emergency care nearly doubled (Kim and Monte, 2016),
which may reflect increased consumption of edible products. Common symptoms in
cannabis intoxication-involved emergency room visits include dizziness/vertigo, feeling

out of control and other dissociative experiences, and upset stomach/vomiting (Bui et al.,
2015; Cao et al., 2016). Secondary outcomes of specific subjective effect items revealed
edible products were more likely than combustible or vaporized products to produce many
of these symptoms, including feeling unable to concentrate, out of control, and upset
stomach. Overconsumption may be more common with edible cannabis than other cannabis
products; when ingesting cannabis edibles, it is difficult for the user to titrate the amount

of tetrahydrocannabinol (THC) being consumed because peak drug effect onset typically
occurs 1.5 to 3h after intake (Vandrey et al., 2017). Users sometimes consume additional
products shortly after experiencing modest effects from an initial dose of edible cannabis,
which later could result in more robust psychoactive effects when the peak drug effect arises
(Russell et al., 2018).
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The current study has some limitations. First, data available on the amounts or composition
(e.g., THC:CBD ratios, strain of cannabis, cannabis-tobacco mixes) of the cannabis
consumed by participants was not available. It is possible that different products may
covary with cannabinoid compositions or volume of use per episode, which may explain
(i.e., mediate) cross-product differences in the subjective effects in this study. Second,

even though the sample was socioeconomically and ethnically diverse, the convenience
sampling method from a single geographic region may limit the generalizability of results,
particularly as the types of cannabis products available may vary between locations where
cannabis is legal versus illegal. In Los Angeles, California, US in 2015 when this study was
conducted, medical (but not recreational) cannabis use was legal, and legal medical cannabis
dispensaries had been widespread across the city for many years at that point (Thomas and
Freisthler, 2016). Third, the current study utilized self-report measures for subjective effects
and cannabis consumption and relied on retrospective reports, which opens the possibility
that reporting errors and biases could influence the results. Because honesty of reporting is
a common concern with self-report methods, and in order to examine validity of participant
responses, the survey included a question about the use of a non-existent, fake drug named
“Derbisol”. For this wave of participants, the reported prevalence of “Derbisol” use over

the past 6 months was 0.5%, suggesting that dishonesty or reporting errors in the current
sample might not be of significant influence on the results. Another limitation to note is

that adolescents who use two to three products may not be able to accurately remember

or discern how their experiences might differ by product, especially if using different
products simultaneously. Finally, because some youth might use cannabis concurrently with
alcohol and tobacco products and students were not instructed to report on experiences
using the respective cannabis product in the absence of other substances, the extent to which
co-occurring use of cannabis and other substances may have influenced the subjective effect
results is unclear.

4.1. Conclusion

Adolescents’ report of their subjective responses to cannabis in the natural ecology varied
significantly across combustible, edible, and vaporized administration methods. Whether
these results align with differences in the probability of cannabis use disorder following
adolescent use of cannabis by combustible, edible, or vaporized methods remains to be

seen. Further research identifying the extent to which certain product constituents and use
patterns underlie cross-product differences in cannabis subjective effects may inform precise
regulatory policies and prevention strategies targeting the spectrum of cannabis products
used among youth in the current milieu.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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O Vaporized (n=144)
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Effects
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Fig. 1.

Mean Composite Positive and Negative Subjective Effects Scores of Cannabis in the Past 6

Months, By Method of Administration.
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Fig. 2.

Sugbjective Cannabis Effects in Past 6 Months, by Method of Cannabis Administration?.
Note. ®Percentages and standard errors of subjective effects by different methods of cannabis
administration. Differences across methods of cannabis administration were adjusted for
school effects, demographic characteristics of respondents (i.e., age, gender, race/ethnicity,
and SES), and past 30-day use of cannabis (yes or no). Notations above bars represent
pairwise contrast results, with > symbol indicating statistically significant difference

in subjective effect between methods of administration, and = symbol indicating non-
statistically significant difference in subjective effect between methods of administration.
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