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What substances are adolescents vaping?
Estimating nicotine-specific and marijuana-
specific vaping from US national youth surveys

Arielle Selya!, Sooyong Kim?, Saul Shiffman’, Joe G. Gitchell, Floe Foxon!

1. Pinney Associates, Pittsburgh, United States

Background: The prevalence of electronic cigarette (“e-cigarettes”) use among youth has raised alarm over recent years.
Vaping is usually assumed to be of nicotine, but uncertainties in survey definitions may also include non-nicotine substances
which can impose different risks (particularly marijuana). The current study quantifies the proportions of nicotine-specific and
marijuana-specific vaping among adolescents.

Methods: Data from the Monitoring the Future (MTF) 2020 survey and National Youth Tobacco Survey (NYTS) 2021 were
analyzed with respect to the substance vaped: nicotine, marijuana, or (in MTF) flavoring only. Past-30-day nicotine-specific
vaping (exclusively, or also having vaped other substances) and marijuana-specific vaping were calculated. Results were also
broken down by grade level, by cigarette smoking history (current, former, or never), and among frequent e-cigarette users (on
20+ days out of the past 30 days).

Results: Among past-30-day e-cigarette users, 14.6% (MTF) and 18.8% (NYTS) reported not vaping any nicotine in the past 30
days. Marijuana use was reported by 45.7% (MTF) and 42.5% (NYTS) of past-30-day vapers. Both nicotine vaping and
marijuana vaping in the past 30 days were more common in current and former smokers than in never-smokers, and in
frequent vapers (of any substance). Conversely, never-smokers were more commonly exclusively vaping marijuana compared to
current and former smokers.

Conclusions: A notable proportion of self-reported past-30-day e-cigarette users reported not vaping nicotine, and nearly half
of self-reported past-30-day e-cigarette users vaped marijuana. Inclusion of more detailed data capturing the variety of
substances used in vaping devices is imperative for accurate public health surveillance of both nicotine and marijuana vaping

among US adolescents, considering their different respective harms and regulatory mechanisms.

Introduction

Adolescent e-cigarette use is a public health concern in the United States. E-cigarette use is tracked by national surveillance
surveys in the US, most notably the National Youth Tobacco Survey (NYTS), the Monitoring the Future (MTF) Survey, and the
Youth Risk Behavior Surveillance (YRBS) Survey. Vaping prevalence increased through 2019, with up to 35.0% of adolescents
having ever used an e-cigarette, and 20.0% of middle and high school students combined reporting past 30-day use.[2 Although
adolescent e-cigarette had declined to 9.4% of middle and high school students combined in 2022,[21 it continues to be a concern.
Although “e-cigarette use” or “vaping” is typically interpreted as nicotine vaping, and is counted as part of overall “tobacco use”
figures in NYTS and secondary reports, 31415l the NYTS and YRBS definitions of e-cigarette use introduce uncertainty about the

substance being vaped. NYTS 2021 provides the following instructions at the beginning of the section on e-cigarette use: “The

next several questions are about electronic cigarettes or e-cigarettes, such as JUUL, SMOK, Suorin, Vuse, blu, Puff Bar, or STIG.
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You also may know them as vapes, mods, e-cigs, e-hookahs, or vape-pens. For the rest of this survey, these products and devices
will be called e-cigarettes. E-cigarettes are battery powered devices that usually contain a nicotine-based liquid that is vaporized
and inhaled.” The description “usually contain a nicotine-based liquid” is notable, as this explicitly allows the inclusion of non-
nicotine substances in an affirmative response. Additionally, “vape pen” often refers to marijuana or THC vaping,fﬁlL7JI§1 and e-
hookah often refers to flavored, non-nicotine vapes 2 Thus, adolescents who vape marijuana or flavoring, but not nicotine, may
endorse e-cigarette use. However, positive answers to this question are typically assumed to be nicotine vaping in publications of

survey results [3ll41(51010] thyg simultaneously overestimating nicotine vaping and underestimating marijuana vaping.

While the potential harms of nicotine vaping are extensively discussed in publications and reports on youth tobacco surveys,[31[41
(5] underestimating marijuana vaping overlooks marijuana-specific risks. Adolescents who use marijuana are more likely to have

impaired cognition 1l and a higher likelihood of psychiatric morbidities. 121131

Thus, accurate and separate tracking of nicotine and marijuana vaping is essential for effective public health monitoring and
response, which must be particular to the substance. The 2019 outbreak of e-cigarette or vaping associated lung injury (EVALI) is
illustrative in this respect, as the crude aggregation of all vaping behaviors confounded a critical public health issue.[24] EVALI
was first believed to be caused by nicotine vaping, but was later traced to a cutting agent in marijuana vapes. There is continued
conflation of the risks of contaminated marijuana vaping products with nicotine vaping, which obscures the actual risk behaviors
that individuals should avoid, while misattributing risk to nicotine vaping.l—li1 Additionally, an effective response would
necessarily need to target illicit marijuana products; yet the conflation of nicotine with marijuana vaping led to nicotine-specific
policies (e.g. local bans on nicotine e-cigarettes) that did not address the actual cause of EVALI. The regulations that resulted
from this misperception of the causes failed to give specific guidance to those actually at risk (i.e. users of illicit marijuana
products), while likely having harmful consequences such as worsened risk perceptions about nicotine e-cigarettes L} among
those not at risk (i.e. users of branded nicotine e-cigarettes).

Previous publications on MTF data that have examined the substances being vaped found that the majority of adolescents who
vape, report vaping flavoring only (~65% in 2015 071 and 66% in 2017 18]y with nicotine being the second most prevalent
substance vaped (13-20% in 2015 [17] and 61% in 2017 I&1) followed by marijuana (5-10% in 2015 [171 3nq 30% in 2017[&1). Given
that substance use and vaping trends have changed over the past few years, the question of which substances youth are vaping
warrants a re-examination using the most recent available data. Recent data show that 40% of current youth and young adult e-
cigarette users 19 have vaped marijuana. However, little is known about exclusive nicotine and non-nicotine vaping, i.e. how
many self-reported e-cigarette users report exclusively report vaping substances other than nicotine.

This paper presents analyses of 2020 MTF and 2021 NYTS data with respect to what proportion of reported vaping is nicotine-
specific (vs. exclusively non-nicotine substances such as marijuana and flavoring) and marijuana-specific (vs. exclusively non-
marijuana substances such as nicotine and flavoring). We report the nicotine-specific and marijuana-specific vaping proportions

identified in MTF 2020 and NYTS 2021, both overall and by tobacco use history and frequency of vaping.

Methods

Sample

The most recent available data from MTF and NYTS were used in this study (2020, and 2021, respectively). MTF is an annual study

on drug use that includes nationally representative samples of Sth, 10th, and 12th grade students from 112 public and private
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schools in the 48 contiguous US states. MTF is an annual survey on tobacco use and tobacco-related indicators collected from a
nationally representative survey of middle and high school students (grades 6-12) in all 50 US states. NYTS is an annual survey on

youth tobacco use conducted by the Centers for Disease Control and Prevention (CDC).

For estimating nicotine-specific and marijuana-specific vaping, data were primarily drawn from the MTF survey, the only such
survey to assess substances vaped every year since 2017, using raw data from 2020 [20] Wwith the COVID-19 pandemic in 2020 and
related school closures, the data collection procedure was prematurely halted, resulting in a smaller sample size (approximately
25% of the regular cycles). However, sensitivity analyses conducted by the MTF study team demonstrated the 2020 data, despite

the interruption, remain representative of the target population [20]

A total of 2,506 students (8" grade: 383; 10t grade: 1,124; 12" grade: 1,001) reported vaping one or more substances and provided
valid responses on past-month vaping of nicotine, marijuana, and/or flavoring only. Response rates were 88%, 89%, and 79% for

each grade, respectively.

Additional data were drawn from NYTS 2021, as it was the first NYTS to assess past-30-day marijuana vaping. Analyses were

restricted to the N=1436 adolescents (age 9-19+) who reported current (past-30-day) e-cigarette use.

Measures

MTF 2020

Separate questions assessed vaping frequency for each substance (nicotine, marijuana, and “just flavoring”). Participants were
asked, “On how many days (if any) have you vaped [substance] during the last 30 days?” Past-month vaping was defined as ‘1 or

more days’ vs. ‘0 days’ in the past 30 days.

Based on these questions, participants’ past-month vaping behaviors were classified into any nicotine-specific vaping in the past
30 days (with or without also vaping marijuana and/or flavoring in the past 30 days) and any marijuana-specific vaping (with or
without also vaping nicotine and/or flavoring in the past 30 days). Follow-up analyses examined additional categories for
nicotine only, both nicotine and marijuana, nicotine without marijuana, marijuana without nicotine, and neither nicotine nor
marijuana (i.e., flavor only). These proportions of substances vaped were examined by smoking status. Participants were
classified into never smokers, former smokers (i.e., have smoked in their lifetime but not in the past 30 days), or current smokers

(i.e., have smoked in the past 30 days).

NYTS 2021

Participants were asked questions about vaping nicotine and marijuana. Among those reporting past-30-day vaping, nicotine
vaping was assessed with the question “Did any of the e-cigarettes that you used in the past 30 days contain nicotine?”
(yes/no/don’t know). Marijuana use was asked for four different product categories, including “marijuana [EN1] [AS2] (also
called pot, weed, or cannabis), including THC, THC concentrates, hash oil, or waxes,” “CBD or CBD oils,” “Synthetic marijuana or
cannabinoids, such as K2 or Spice.” Participants who reported “Yes” or “Don’t know” to the ever-use of such products were
further inquired of their past-30-day use, with the question “Have you vaped any of the following substances during the past 30
days?” (for four product categories described above). A combined variable for any type of marijuana vaping was defined as yes (to

any), no (to all), or don’t know (to all), in order to capture the widest variety of substances vaped.
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Analyses

MTF 2020

The proportions of participants reporting vaping each substance (nicotine, marijuana, and/or flavoring) were calculated. This was
primarily examined as binary contrasts for nicotine-specific (alone, or also vaping other substances in the past 30 days) and
marijuana-specific vaping (alone, or also vaping nicotine and/or flavoring in the past 30 days), but was also examined using
finer-grained categories (nicotine without marijuana, both nicotine and marijuana, marijuana without nicotine; and neither
nicotine nor marijuana). Survey-weighted prevalence of each vaping pattern was calculated in overall MTF participants, by grade
levels, by smoking status, and by frequent vaping (on 20+ days out of the past 30 days). Weighted chi-square tests were used to

compare substance-specific vaping prevalence across groups.

Since nicotine and marijuana can each be consumed via delivery methods other than vaping, it is informative to contextualize
vaping prevalence of each substance as a proportion of all ways of using that substance. Thus, overall prevalence of any past-30-
day nicotine product use and any past-30-day marijuana use was calculated. Additionally, nicotine vaping prevalence was also
calculated as a proportion of all past-30-day nicotine use (i.e., nicotine e-cigarettes, cigarettes, large cigars, flavored little
cigars/cigarillos, regular little cigars/cigarillos, hookah, smokeless tobacco); and marijuana vaping prevalence was calculated as a

proportion of all past-30-day marijuana use (i.e., using “marijuana (weed, pot) or hashish (hash, hash oil)”).

NYTS 2021

The proportion of participants reporting past-month nicotine-specific vaping and past-month marijuana-specific vaping was
calculated, along with exclusive nicotine vaping, exclusive marijuana vaping, and neither. “Don’t know” responses were also
calculated for each substance. Survey-weighted prevalence of vaping patterns were calculated among those reporting past 30-day

e-cigarette use.

All analyses incorporated complex survey design of each respective survey. Prevalence estimates are weighted and sample size is

unweighted. This analysis was not pre-registered and the results should be considered exploratory.

Results

MTF 2020

Table 1 shows the vaping patterns reported by the 21.2% of MTF participants who vaped any substance in the past 30 days.
Participants who vaped nicotine in the past 30 days (with or without also having vaped marijuana and/or flavoring in the past 30

days) comprise 85.4% of all those who vaped in the past month, with little variation across grade.

Past-30-day vapers had different patterns of nicotine and/or marijuana vaping according to their smoking status (overall chi-
square p<.001). Specifically, current and former smokers were more likely to report that (at least some of) their vaping products
contained nicotine (96.2% and 87.1% of past 30-day vapers, respectively) than never-smoking past-30-day vapers (81.8%).
However, exclusive nicotine vaping was higher among former or never-smokers than among current smokers (49.0% and 52.8%
Vs. 45.7%, respectively). Directly examining “don’t know” responses was not possible in MTF, as this was not reported per

substance.

With respect to marijuana vaping (alone or also vaping nicotine and/or flavoring only), 45.7% of past 30-day vapers reported that

(some of) their vaping products contained marijuana. Past-30-day vapers in 10t and 12" grade were more likely to report an
g y g y y
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vaping marijuana than those in gth grade (47.9% and 46.6% vs. 36.7%, respectively, p<.001). Any marijuana vaping was more
common among current and former cigarette smokers than never-smokers, (53.1% and 48.5% Vs. 42.2%, respectively, p<.001), as
was vaping both marijuana and nicotine in the past 30 days (50.3% and 38.1% vs. 29.0%, respectively; overall chi-square p<.001).
However, exclusive marijuana vaping followed the opposite pattern (never-smokers: 13.0%; former smokers: 10.4%; current

smokers: 2.8%, though this last estimate may be imprecise due to low numbers).

Frequent vapers were more likely to report any nicotine vaping (i.e. with or without having also vaped other substances) than
infrequent vapers (95.6% vs. 80.8%, respectively, p<.001), as well as any marijuana vaping (57.2% Vvs. 40.7%, respectively,
p<.001). Additionally, frequent vapers different from infrequent vapers in terms of the patterns of nicotine and/or marijuana
vaping (overall p<.001). Specifically, frequent users were approximately twice as likely than infrequent vapers to have vaped both
nicotine and marijuana in the past 30 days (53.5% vs. 26.6%, respectively), and were correspondingly less likely to have

exclusively vaped either nicotine (42.1% vs. 54.3%, respectively) or marijuana (3.4% vs. 14.1%, respectively).

To contextualize the above vaping percentages in terms of the overall use of each respective substance (including all available
delivery methods), 19.9% of youth reported using any nicotine product in the past 30 days. Of these, 82.1% reported vaping as a
delivery method (alone or with other products). Slightly fewer youth reported any marijuana use in the past 30 days (15.3%), and

of these, 56.5% reported vaping as a delivery method.
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Nicotine vaping | Marijuana vaping
Mutually exclusive categories of substances vaped in the past month
subtotal® subtotal®
Nicotine,no | Bothnicotine | Marijuana, no | Neither nicotine | p- p- p-
% %
marijuana! | and marijuana? | nicotine3 nor marijuana# | value value value
50.6% 10.8% 85.4% 45.7%
Overall 34.8% (N=861) 3.8% (N=94) - -
(N=1240) (N=302) (N=2108) (N=1166)
57.3% 85.4% 36.7%
gth 28.1% (N=98) | 8.1% (N=26) | 6.5% (N=26)
(N=230) (N=329) (N=125)
47.9% 84.2% £47.9%
By grade 10th 36.3% (N=409) | 11.5% (N=159) |  4.3% (N=44) <.001 2096 <.001
(N=507) (N=919) (N=570)
51.3% 87.0% £46.6%
12th 35.5% (N=354) | 11.1% (N=117) 2.1% (N=24)
(N=503) (N=860) (N=471)
52.8% 13.0% 81.8% 42.2%
Never 29.0% (N=398) 5.2% (N=69)
(N=720) (N=203) (N=1121) (N=603)
By
49.0% 87.1% 48.5%
smoking Former 38.1% (N=319) | 10.4% (N=86) 2.5% (N=22) <.001 <.001 <.001
(N=372) (N=692) (N=405)
status
45.7% 96.2% 53.1%
Current 50.3% (N=142) | 2.8% (N=11) 1.2% (N=3)
(N=146) (N=291) (N=153)
80.8%
54.3% 14.1% _ £40.7%
Infrequent 26.6% (N=478) 5.1% (N=89) (N=1398)
By vaping (N=920) (N=264) (N=742)
<.001 <.001 <.001
frequecy 7
95.6% 57.2%
Frequent | 42.1% (N=318) | 53.5% (N=383) | 3.4% (N=37) 1.0% (N=5)
(N=705) (N=422)

Table 1. Proportion of past 30-day vapers who report that their vaping products contained any nicotine and/or any marijuana,

Monitoring the Future 2020

! Nicotine only, nicotine+flavoring

2 Nicotine+marijuana, all three substances (nicotine+marijuana+flavoring)

3 Marijuana only, marijuana+flavoring

4 Flavoring only

5 Subtotal of (nicotine, no marijuana) + (both nicotine and marijuana), Ns may show small discrepancies due to missing data.

6 Subtotal of (marijuana, no nicotine) + (both nicotine and marijuana), Ns may show small discrepancies due to missing data.

7 Frequent vaping: vaping (of any substance) on 20+ out of the past 30 days

Gray cells: N<50; may be unreliable.
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NYTS 2021

Table 2 shows the vaping patterns among NYTS participants who reported past-30-day e-cigarette use. Overall, 81.2% reported
that (at least some of) their e-cigarettes contained nicotine, with higher rates among high school than middle school students
(84.6% vs. 62.7%, p<.001), and among current and former smokers than never-smokers (90.1% and 91.3% vs. 72.6%,
respectively, p<.001). Overall, however, 11.0% of youth did not know whether their e-cigarettes contained nicotine; this was

especially high in middle school students (23.2%).

With respect to marijuana vaping, 42.5% of youth overall reported vaping any marijuana in the past 30 days, and this was non-
significantly higher among high school students than middle school students (43.9% vs. 35.1%, p=.180). Any marijuana vaping
was more common among current and former smokers compared to never-smokers (62.9% and 47.6% Vs. 34.1%, respectively,
p<.001), as was vaping both marijuana and nicotine (58.7% and 45.2% vs. 26.8%, respectively, overall p<.001). Conversely,
exclusively vaping marijuana and vaping neither nicotine nor marijuana were more common among never-smokers than current

or former smokers (overall p<.001); however, frequencies were low and these results may be unreliable.

Frequent vapers were more likely than infrequent vapers to report any nicotine vaping (94.5% vs. 72.6%, respectively, p<.001)
and any marijuana vaping (51.7% vs 36.8%, respectively, p<.001) in the past 30 days. Frequent vapers also had different patterns
of nicotine and/or marijuana vaping than infrequent vapers (overall p<.001), with frequent vapers more often reporting having
vaped both substances in the past 30 days (50.6% vs. 28.9%, respectively), and though estimates may be imprecise,
correspondingly less often reporting exclusive marijuana vaping (3.3% vs. 0.2%) and something other than nicotine or marijuana
(7.4% vs. 2.7%). Unlike MTF, rates of exclusive nicotine vaping were similar for frequent and infrequent vapers; however, frequent

vapers were also more likely to respond “don’t know” regarding past-30-day nicotine vaping.
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Both Neither “Don’t | “Don’t
Nicotine, Nicotine Marijuana!
nicotine |Marijuana’,| nicotine p- p- p- | know” know”
no vaping vaping
and no nicotine nor value value value | nicotine | marijuana’
marijuana® subtotal® subtotal3
marijuana’ marijuana’ vaping | vaping
42.2% 37.2% 2.1% 5.6% 81.2% 42.5% 11.0% 2.2%
Overall _ _ _
(N=486) (N=419) (N=24) (N=60) (N=1121) (N=484) (N=165) | (N=31)
29.9% 27.7% 2.9% 12.1% 62.7% 35.1% 23.2% 3.7%
Middle
(N=84) (N=66) (N=5) (N=24) (N=199) (N=81) (N=64) | (N=10)
By grade <.001 <.001 180
44..3% 39.0% 2.0% 4.4% 84.6% 43.9% 8.7% 2.0%
High
(N=399) | (N=350) (N=19) (N=36) (N=914) (N=399) (N=99) | (N=21)
43.9% 26.8% 2.7% 7.9% 72.6% 34.1% 16.7% 3.1%
Never
(N=270) (N=169) (N=16) (N=48) (N=525) (N=213) (N=120) | (N=23)
By 45.2% £45.2% 1.4% 2.1% 91.3% 47.6% 5.3% 1.0%
smoking | Former <.001 <.001 <.001
(N=156) (N=144) (N=3) (N=9) (N=359) (N=152) (N=20) (N=3)
status
30.1% 58.7% 1.2% 2.8% 90.1% 62.9% 5.9% 1.6%
Current
(N=57) (N=103) (N=5) (N=2) (N=192) (N=116) (N=21) (N=5)
42.0% 28.9% 3.3% 7.4% 72.6% 36.8% 16.1% 2.6%
Infrequent
. (N=305) (N=204) (N=22) (N=50) (N=620) (N=260) (N=145) | (N=24)
By vaping
<.001 <.001 .001
frequency* 42.5% 50.6% 0.2% 2.7% 94.5% 51.7% 3.1% 1.6%
Frequent
(N=181) (N=215) (N=2) (N=10) (N=493) (N=224) (N=20) (N=7)

Table 2. Proportion of past 30-day vapers who report that their vaping products contained any nicotine and/or any marijuana, National

Youth Tobacco Survey 2021

! Marijuana use is derived from 3 NYTS questions, and coded as “yes” (to any question), “no” (to all 3 questions), and “don’t know” (to all

3 questions).

2 Subtotal of (nicotine, no marijuana) + (both nicotine and marijuana)
3 Subtotal of (marijuana, no nicotine) + (both nicotine and marijuana)
4 Frequent vaping: vaping on 20+ out of the past 30 days

Gray cells: N<50; may be unreliable.
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Discussion

These analyses show that a non-negligible proportion of adolescents reporting vaping in the past 30 days (approximately 15-19%
across surveys) indicate that their vaping products exclusively contain substances other than nicotine. Across the national
surveys examined here, 2.1%-10.8% reported vaping marijuana (but not nicotine), and 3.8%—5.6% reported vaping neither
substance. Additionally, there was a large degree of overlap between marijuana and nicotine vaping: approximately 35% of vapers
reported vaping both nicotine and marijuana in the past 30 days. A notable proportion number of youth were uncertain about
which substance(s) they vaped, according to NYTS. Thus, there is ambiguity in national youth surveys regarding which specific

substances youth are vaping.

The imprecision in measuring substance-specific vaping leads to four major problems. First, it leads to incorrect prevalence
estimates, especially considering that official reports of these national surveys often assume or present all vaping as being of
nicotine BI4I5] MTF and NYTS, despite some differences in marijuana vaping prevalence that are likely due to survey differences
in assessment, both show that 14.6%—18.8% of all e-cigarette use is reported to be of a substance other than nicotine. As a result,
national survey estimates of nicotine vaping are likely lower than reported. For example, MTF 2020 reports an overall past-30-
day prevalence of 21.9% of any vaping, but only 18.7% for nicotine vaping. CDC reports of NYTS 2021 report a 7.6% prevalence rate
of past-30-day e-cigarette use (presenting it as nicotine use) [101(21] " fowever, taking into account data on the specific
substances vaped, these NYTS data suggest a nicotine vaping rate of 6.2% to 7.0% (conservatively counting “don’t know”
responses as nicotine vaping) — an estimated 379,000 fewer past-30-day youth nicotine vapers. Similarly, the most recent YRBSS
in 2019 estimates past-30-day vaping among high school students at 32.7%, but assuming a proportion of nicotine vaping in the
range of NYTS and MTF would put this estimate closer to around 27%. As a result, these survey estimates likely overestimate
nicotine vaping and underestimate marijuana vaping. A second problem of not precisely accessing substance-specific vaping is the
failure to detect risky patterns of use, including risks specific to marijuana use. While marijuana use prevalence across all
methods of delivery has remained stable since 2010, at about 15.3% in the past 30 days,fﬁ1 vaping is an increasingly common
method of delivery,[221(23] rising from 24.8% of adolescent marijuana users in 2017 to 56.5% in 2020; it is not clear whether
potential under-detection of marijuana vaping impacts these trends. Adolescents who heavily use marijuana reportedly
experience deficits in attention, learning, and processing speed, as well as sleep impairments and minor abnormalities in brain
structure.l] These symptoms often resolve with abstinence. Marijuana use is also associated with psychiatric risks of depression
and psychotic disorderst2! as well as suicide ideation and attempts.[l”-1 With respect to physical health risks, adolescents who
vape marijuana have significantly higher rates of respiratory symptoms indicative of lung injury than do adolescents who vape
nicotine or smoke cigarettes,24] though the causality is unclear. Although the EVALI outbreak has subsided after identifying the
cause (vitamin E acetate in illicit marijuana vapes), marijuana vaping remains unregulatedm-l, in contrast to nicotine e-
cigarettes. There is also recent evidence of racial-ethnic disparities in marijuana vaping[26l that can inform public health

prevention efforts.

Additionally, there may be unique risks associated with co-use of marijuana and nicotine. 27, Consistent with previous research
that risky behaviors are correlated with each other [28112911301 yaping both nicotine and marijuana may be a risky pattern of

vaping, as the current findings show this to be more common among current and former cigarette smokers, as well as among
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frequent vapers. Thus, these upward trends in adolescent marijuana vaping along with its potential risks (alone and in co-use

with nicotine) underscore the need for accurate surveillance of marijuana vaping.

A third problem with imprecise definitions of vaping is introducing complications in current understanding of youth nicotine use
patterns. In particular, (nicotine) e-cigarettes have been postulated to be a “gateway” to nicotine use among youth to
combustible cigarette smoking.BllBl1 Though studies supporting the “gateway” hypothesis have been criticized for inadequate
adjustment for confounding [281133] 3nq inconsistency with larger-than-expected declines in smoking prevalence after e-
cigarettes became popular,[341(35] accuracy in measuring nicotine use is another likely limitation of “gateway” studies. For
example, the PATH study, on which several longitudinal analyses are based, contains similar uncertainty in the provided
definition of “electronic nicotine product” which allows for vaping of substances other than nicotine. Central to the “gateway”
hypothesis is that nicotine exposure is often cited as a mechanism for later initiating cigarette smoking, but including non-
nicotine vaping in the “exposure” introduces confusion into the analysis that biases the results in an unknown way. For example,
reported “gateway” effects could include upward biases (if marijuana vapers are more likely to also smoke cigarettes due to

common liability)[ﬁ1 as well as downward biases (as non-nicotine vaping dilutes the effect, all else being equal).

Finally, the distinction between marijuana vaping and nicotine vaping also has direct relevance to policy. Nicotine and marijuana
are regulated independently of each other in the US. Recent US legislation increased the age of e-cigarette to 21 (T21), and
individual states and localities have passed additional restrictions on flavors [371[38139] or even banned the sale of e-cigarettes
altogether.Ll*Q] Policies targeting flavored nicotine e-cigarettes were motivated based on the national survey results reported
here, which are interpreted as nicotine vaping [41] As restrictions on nicotine tighten, marijuana restrictions are loosening, with
recreational marijuana now being legal for adult consumption in 18 states and District of Columbia, which could increase
availability for youth 1421 The EVALI outbreak demonstrates the mismatch between the public health response (cautioning against
nicotine e-cigarettes) and the underlying cause (additive to illicit marijuana vape liquid). Thus, even a stringent and maximally
effective policy targeting nicotine vaping could not have prevented or reduced EVALI cases. It is essential to accurately understand

the nature and scope of vaping behavior in order to design effective policies for reducing youth use.

Limitations

MTF and NYTS data are limited by self-report and by questionnaire design. Self-reported vaping may be underreported,
particularly for illicit behaviors (e.g. marijuana, and underage nicotine use). Adolescents may also not know what substances they
are vaping,[43] as implied by the substantial percentage of youth in NYTS 2021 who did not know whether their vapes contained
nicotine. Moreover, the MTF questionnaire design did not allow evaluation of “don’t know” responses; based on NYTS, the “don’t
know” responses could be approximately as common as reports of non-nicotine vaping. This uncertainty may further limit the
accuracy of self-report. Moreover, previous research reported that 40% of youth who report no use of nicotine products, have
cotinine above the threshold indicating nicotine use [44), Additionally, other vaping substances such as alcohol ‘[-4-51, MDMA,
cocaine, mephedrone 48, or essential oils [47], etc. are not assessed in these surveys, but may be occurring in youth. Finally,
youth vaping trends continue to change over time — especially during the COVID-19 pandemic which impacted both MTF 2020

and NYTS 2021 methodology and may have impacted substance use trends; thus this topic warrants ongoing monitoring.
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Conclusion

Youth vaping as assessed in several national US surveys is often reported as if it is exclusively nicotine vaping; however, vaping of
other substances is common among adolescent past-month vapers. Marijuana vaping in particular is reported by up to 45% of
past-month vapers, and 14.6%—18.8% of past-month vapers are not vaping nicotine at all. As vaping behaviors diversify, survey
questionnaires should add or keep detailed questions on the substances being vaped.L‘&1 Nicotine vaping and marijuana vaping
convey different sets of risks and are governed by different regulatory frameworks, and as such should be separately and carefully
assessed to avoid confusion in measurement. Accurate surveillance of these separate behaviors is necessary in order to develop

effective prevention efforts.

Disclosures

Through PinneyAssociates, Inc., all authors provide consulting services on tobacco harm reduction on an exclusive basis to JUUL

Labs, Inc (JLI). JLI had no involvement in this study, nor in the decision to publish.

Funding

There was no specific funding for this study. Authors’ effort were supported by PinneyAssociates, Inc.

Acknowledgements

The authors would like to thank Drs. Jennifer Pearson and Andrea Villanti for feedback on an initial draft of this manuscript.

References

1.AT. W. Wang, A. S. Gentzke, M. R. Creamer, K. A. Cullen, E. Holder-Hayes et al. (2019). Tobacco Product Use and Associated Factors A
mong Middle and High School Students - United States, 2019. MMWR Surveill Summ. 68(12):1-22. doi:10.15585/mmwr.ss6812a1. Pu
bMed PMID: 31805035; PubMed Central PMCID: PMCPMC6903396 Journal Editors form for disclosure of potential conflicts of interes
t. No potential conflicts of interest were disclosed.

2.2M. Cooper, E. Park-Lee, C. Ren, M. Cornelius, A. Jamal et al. (2022). Notes from the Field: E-cigarette Use Among Middle and High S
chool Students - United States, 2022. MMWR Morb Mortal Wkly Rep. 71(40):1283-1285. doi:10.15585/mmwr.mm?7140a3. PubMed P
MID: 36201370; PubMed Central PMCID: PMCPMC9541029 Journal Editors form for disclosure of potential conflicts of interest. No po
tential conflicts of interest were disclosed.

3.3bgods g Gentzke, M. Creamer, K. A. Cullen, B. K. Ambrose, G. Willis et al. (2019). Vital Signs: Tobacco Product Use Among Middle a
nd High School Students - United States, 2011-2018. MMWR Morb Mortal Wkly Rep. 68(6):157-164. doi:10.15585/mmwr.mmé68o06e1.
PubMed PMID: 30763302; PubMed Central PMCID: PMCPMC6375658 potential conflicts of interest. No potential conflicts of interest
were disclosed.

4.3294dK A cullen, A. S. Gentzke, M. D. Sawdey, J. T. Chang, G. M. Anic et al. (2019). e-Cigarette Use Among Youth in the United State
s, 2019. JAMA. doi:10.1001/jama.2019.18387. PubMed PMID: 31688912; PubMed Central PMCID: PMCPMC6865299.

5.3body R Creamer, S. Everett Jones, A. S. Gentzke, A. Jamal, B. A. King. (2020). Tobacco Product Use Among High School Students -

Youth Risk Behavior Survey, United States, 2019. MMWR Suppl. 69(1):56-63. doi:10.15585/mmwr.su69o1a7. PubMed PMID: 3281760

geios.com doi.org/10.32388/98QBMM

11


https://www.qeios.com/
https://doi.org/10.32388/98QBMM

o

=

e

10.

1

=

12.

13.

14.

15.

16.

17.

18.

19.

7; PubMed Central PMCID: PMCPMC7440197 Journal Editors form for disclosure of potential conflicts of interest. No potential conflict
s of interest were disclosed.

Ac. Giroud, M. de Cesare, A. Berthet, V. Varlet, N. Concha-Lozano et al. (2015). E-Cigarettes: A Review of New Trends in Cannabis Us
e. Int ] Environ Res Public Health. 12(8):9988-10008. doi:10.3390/ijerph120809988. PubMed PMID: 26308021; PubMed Central PMC
ID: PMCPMC4555324.

LAimee 0'Driscoll. 2020. Anatomy of a vape pen. Leafly. Available from: https://www.leafly.com/news/cannabis-101/vape-pen-ana

tomy.

.AC. A Struble, J. D. Ellis, L. H. Lundahl. (2019). Beyond the Bud: Emerging Methods of Cannabis Consumption for Youth. Pediatr Clin

North Am. 66(6):1087-1097. doi:10.1016/j.pcl.2019.08.012. PubMed PMID: 31679599.

. AL. Johnson. The difference between hookah and vaping: Black Note Inc.; 2016 [Available from: https://www.blacknote.com/differenc

e-hookah-vaping/.

aba s Gentzke, T. W. Wang, M. Cornelius, E. Park-Lee, C. Ren et al. (2022). Tobacco Product Use and Associated Factors Among Mid
dle and High School Students - National Youth Tobacco Survey, United States, 2021. MMWR Surveill Summ. 71(5):1-29. doi:10.15585/
mmwr.ss7105a1. PubMed PMID: 35271557; PubMed Central PMCID: PMCPMC8923300 Journal Editors form for disclosure of potential

conflicts of interest. No potential conflicts of interest were disclosed.

.aby Jacobus, S. Bava, M. Cohen-Zion, 0. Mahmood, S. F. Tapert. (2009). Functional consequences of marijuana use in adolescents. P

harmacol Biochem Behav. 92(4):559-565. d0i:10.1016/j.pbb.2009.04.001. PubMed PMID: 19348837; PubMed Central PMCID: PMCP
MC2697065.

a,by, M. Scheier, K. W. Griffin. (2020). Youth marijuana use: a review of causes and consequences. Curr Opin Psychol. 38:11-18. doi:10.
1016/j.copsyc.2020.06.007. PubMed PMID: 32653770.

abe M. Sellers, A. Diaz-Valdes Iriarte, A. Wyman Battalen, K. H. M. O'Brien. (2019). Alcohol and marijuana use as daily predictors of
suicide ideation and attempts among adolescents prior to psychiatric hospitalization. Psychiatry Res. 273:672-677. doi:10.1016/].psyc
hres.2019.02.006. PubMed PMID: 31207851.

AW. Hall, C. Gartner, B. Bonevski. (2021). Lessons from the public health responses to the US outbreak of vaping-related lung injury. A
ddiction. 116(5):985-993. doi:10.1111/add.15108. PubMed PMID: 32364274.

2A. F. Moustafa, D. Rodriguez, A. Mazur, J. Audrain-McGovern. (2021). Adolescent perceptions of E-cigarette use and vaping behavio
r before and after the EVALI outbreak. Prev Med. 145:106419. doi:10.1016/j.ypmed.2021.106419. PubMed PMID: 33422576.

20. A. Wackowski, S. K. Gratale, M. Jeong, C. D. Delnevo, M. B. Steinberg et al. (2022). Over 1 year later: smokers' EVALI awareness, kn
owledge and perceived impact on e-cigarette interest. Tob Control. doi:10.1136/tobaccocontrol-2021-057190. PubMed PMID: 352283
18; PubMed Central PMCID: PMCPMC9/420160.

abeg Miech, M. E. Patrick, P. M. 0'Malley, L. D. Johnston. (2017). What are kids vaping? Results from a national survey of US adolesc
ents. Tob Control. 26(4):386-391. doi:10.1136/tobaccocontrol-2016-053014. PubMed PMID: 27562412; PubMed Central PMCID: PMC
PMC5326604.

ab.ey pai, M. Siahpush. (2020). Use of E-Cigarettes for Nicotine, Marijuana, and Just Flavoring Among U.S. Youth. Am ] Prev Med. 5
8(2):244-249. doi:10.1016/j.amepre.2019.09.006. PubMed PMID: 31859171.

AR. Sun, D. Mendez, K. E. Warner. (2022). Evaluation of Self-reported Cannabis Vaping Among US Youth and Young Adults Who Use e
-Cigarettes. JAMA Pediatr. 176(4):417-419. doi:10.1001/jamapediatrics.2021.6102. PubMed PMID: 35129610; PubMed Central PMCI

D: PMCPMC8822439.

geios.com doi.org/10.32388/98QBMM 12


https://www.qeios.com/
https://doi.org/10.32388/98QBMM

20.2 bR Miech, A. Leventhal, L. Johnston, P. M. 0'Malley, M. E. Patrick et al. (2021). Trends in Use and Perceptions of Nicotine Vaping A
mong US Youth From 2017 to 2020. JAMA Pediatr. 175(2):185-190. doi:10.1001/jamapediatrics.2020.5667. PubMed PMID: 33320241;
PubMed Central PMCID: PMCPMC7739194.

21. 2E. Park-Lee, C. Ren, M. D. Sawdey, A. S. Gentzke, M. Cornelius et al. (2021). Notes from the Field: E-Cigarette Use Among Middle an
d High School Students - National Youth Tobacco Survey, United States, 2021. MMWR Morb Mortal Wkly Rep. 70(39):1387-1389. doi:
10.15585/mmwr.mm7039a4. PubMed PMID: 34591834; PubMed Central PMCID: PMCPMC8486384 Journal Editors form for disclosur
e of potential conflicts of interest. No potential conflicts of interest were disclosed.

22.% hLloyd]ohnston, Richard Miech, Patrick O'Malley, Jerald Bachman, John Schulenberg et al. (2020). Monitoring the Future national
survey results on drug use, 1975-2019: Overview, key findings on adolescent drug use.

23.2R. A. Miech, M. E. Patrick, P. M. 0'Malley, L. D. Johnston, J. G. Bachman. (2020). Trends in Reported Marijuana Vaping Among US Ad
olescents, 2017-2019. JAMA. 323(5):475-476. doi:10.1001/jama.2019.20185. PubMed PMID: 31848566; PubMed Central PMCID: PMC
PMC6990699.

24.2C.]. Boyd, S. E. McCabe, R. J. Evans-Polce, P. T. Veliz. (2021). Cannabis, Vaping, and Respiratory Symptoms in a Probability Sample o
fU.S. Youth. ] Adolesc Health. doi:10.1016/j.jadohealth.2021.01.019. PubMed PMID: 33676824.

25.2D. Singh, S. Lippmann. (2018). Vaping medical marijuana. Postgrad Med. 130(2):183-185. d0i:10.1080/00325481.2018.1413281. Pub
Med PMID: 29202631.

26.2C. V. Watson, S. Puvanesarajah, K. F. Trivers. (2021). Racial and Ethnic Differences in Marijuana Use in e-Cigarettes Among US Yout
h in 2017, 2018, and 2020. JAMA Pediatr. doi:10.1001/jamapediatrics.2021.0305. PubMed PMID: 33900395; PubMed Central PMCID:
PMCPMC8077037.

27.2C. Hindocha, E. A. McClure. (2020). Unknown population-level harms of cannabis and tobacco co-use: if you don't measure it, you c
an't manage it. Addiction. doi:10.1111/add.15290. PubMed PMID: 33047862; PubMed Central PMCID: PMCPMC8041912.

28.2.B5 Kim, A. S. Selya. (2020). The Relationship Between Electronic Cigarette Use and Conventional Cigarette Smoking Is Largely Attri
butable to Shared Risk Factors. Nicotine Tob Res. 22(7):1123-1130. doi:10.1093/ntr/ntz157. PubMed PMID: 31680169; PubMed Central
PMCID: PMCPMC7291806.

29.2R. Sun, D. Mendez, K. E. Warner. (2022). Is Adolescent E-Cigarette Use Associated With Subsequent Smoking? A New Look. Nicotine
Tob Res. 24(5):710-718. doi:10.1093/ntr/ntab243. PubMed PMID: 34897507; PubMed Central PMCID: PMCPMC8962683.

30.2E. Beard, J. Brown, L. Shahab. (2022). Association of quarterly prevalence of e-cigarette use with ever reqular smoking among youn
g adults in England: a time-series analysis between 2007 and 2018. Addiction. doi:10.1111/add.15838. PubMed PMID: 35263816.

31. XNational Academies of Sciences Engineering and Medicine. (2018). Public health consequences of e-cigarettes: National Academies
Press. ISBN 0309468345.

32. 45, Soneji, J. L. Barrington-Trimis, T. A. Wills, A. M. Leventhal, J. B. Unger et al. (2017). Association Between Initial Use of e-Cigarette
s and Subsequent Cigarette Smoking Among Adolescents and Young Adults: A Systematic Review and Meta-analysis. JAMA Pediatr. 1
71(8):788-797. doi:10.1001/jamapediatrics.2017.1488. PubMed PMID: 28654986; PubMed Central PMCID: PMCPMC5656237.

33.2H. G. Cheng, E. G. Largo, M. Gogova. (2019). E-cigarette use and onset of first cigarette smoking among adolescents: An empirical te
st of the 'common liability' theory. F1000Res. 8:2099. doi:10.12688/fi000research.21377.3. PubMed PMID: 32724557; PubMed Centra
1 PMCID: PMCPMC7366034.

34.2F. Foxon, A. S. Selya. (2020). Electronic cigarettes, nicotine use trends and use initiation ages among US adolescents from 1999 to 20

18. Addiction. 115(12):2369-2378. doi:10.1111/add.15099. PubMed PMID: 32335976; PubMed Central PMCID: PMCPMC7606254.

geios.com doi.org/10.32388/98QBMM 13


https://www.qeios.com/
https://doi.org/10.32388/98QBMM

35.2D. T. Lewy, K. E. Warner, K. M. Cummings, D. Hammond, C. Kuo et al. (2019). Examining the relationship of vaping to smoking initia
tion among US youth and young adults: a reality check. Tob Control. 28(6):629-635. doi:10.1136/tobaccocontrol-2018-054446. Pub
Med PMID: 30459182; PubMed Central PMCID: PMCPMC6860409.

36.2Y. M. Terry-McElrath, P. M. 0'Malley, L. D. Johnston. (2020). Changes in the Order of Cigarette and Marijuana Initiation and Associ
ations with Cigarette Use, Nicotine Vaping, and Marijuana Use: U.S. 12th Grade Students, 2000-2019. Prev Sci. 21(7):960-971. doi:10.
1007/511121-020-01150-2. PubMed PMID: 32737650; PubMed Central PMCID: PMCPMC7734875.

37. XSenate Bill No. 793, Hill. Flavored tobacco products. https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmlI?bill_id=201920200
SB793, (2020).

38. XChicago City Council. City council passes ordinance banning the sale of flavored vaping products as the city takes another important
step to protect the health of young people. https://www.chicago.gov/city/en/depts/cdph/provdrs/healthy_living/news/2020/septemb
er/city-council-passes-ordinance-banning-the-sale-of-flavored-vapin.html202o0. Available from: https://www.chicago.gov/city/
en/depts/cdph/provdrs/healthy_living/news/2020/september/city-council-passes-ordinance-banning-the-sale-of-flavored-vapi
n.html

39. ASection 1399-MM-1. Sale of flavored products prohibited. https://www.nysenate.gov/legislation/laws/PBH/1399-MM-1, (2020).

£,0. 2Health code restricting the sale, manufacture, and distribution of tobacco products, including electronic cigarettes. https://sfgov.legi
star.com/View.ashx?M=F&ID=7513894&GUID=8217F3A5-6B89-4Bg1-AEA1-02050399CoFE, (2019).

£41.2M. Zeller. (2020). Youth E-Cigarette Use and the Food and Drug Administration's Multifaceted Approach. Am J Public Health. 110
(6):772-773. doi:10.2105/AJPH.2020.305680. PubMed PMID: 32374705; PubMed Central PMCID: PMCPMC7204445.

42. “National Conference of State Legislatures. State Medical Cannabis Laws 2022 [Available from: https://www.ncsl.org/research/healt
h/state-medical-marijuana-laws.aspx.

£43.%. G. Willett, M. Bennett, E. C. Hair, H. Xiao, M. S. Greenberg et al. (2019). Recognition, use and perceptions of JUUL among youth and
young adults. Tob Control. 28(1):115-116. doi:10.1136/tobaccocontrol-2018-054273. PubMed PMID: 29669749.

44.2R. Boykan, C. R. Messina, G. Chateau, A. Eliscu, J. Tolentino et al. (2019). Self-Reported Use of Tobacco, E-cigarettes, and Marijuana
Versus Urinary Biomarkers. Pediatrics. 143(5). doi:10.1542/peds.2018-3531. PubMed PMID: 31010908.

£45.2A. R. Winstock, C. J. Winstock, E. L. Davies. (2020). Inhaling alcohol vapour or mist: An international study of use, effects and harms.
Int ] Drug Policy. 85:102920. doi:10.1016/j.drugpo.2020.102920. PubMed PMID: 32911322.

£46.2M. Blundell, P. Dargan, D. Wood. (2018). A cloud on the horizon-a survey into the use of electronic vaping devices for recreational dr
ug and new psychoactive substance (NPS) administration. QJM. 111(1):9-14. doi:10.1093/qjmed/hcx178. PubMed PMID: 29025078.

£47.2US Food and Drug Administration. Beware of Vaping Products with Unproven Health Claims 2021 [updated December 7. Available fr
om: https://www.fda.gov/consumers/consumer-updates/beware-vaping-products-unproven-health-claims.

48. A}. L. Pearson, A. C. Villanti. (2020). It Is Past Time to Consider Cannabis in Vaping Research. Nicotine Tob Res. 22(5):597-598. doi:10.

1093/ntr/ntaao12. PubMed PMID: 31956918; PubMed Central PMCID: PMCPMC7171266.

Declarations

Funding: No specific funding was received for this work.

Potential competing interests: Through PinneyAssociates, Inc., AS, SK, SS, JG, and FF provide consulting services on tobacco
harm reduction to JUUL Labs, Inc. JUUL Labs, Inc. had no role in the conceptualization, design, data analysis, interpretation, or

decision to publish for this study.

geios.com doi.org/10.32388/98QBMM 14


https://www.qeios.com/
https://doi.org/10.32388/98QBMM

