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Abstract

Introduction: As of January 14, 2020, states have reported 2,668 cases of e-cigarette, or vaping,
product-use associated lung injury to the Centers for Disease Control and Prevention. Most cases
involved cannabinoids. This study identifies current risk factors for adult marijuana vaping by
analyzing 2017 and 2018 Behavioral Risk Factor Surveillance System data.

Methods: Data on 8,255 people who recently used marijuana were analyzed in September 2019.
Sample-weighted multivariate logistic regressions considered a binary indicator for vaping as the
primary method of marijuana use. Adjusting for demographic controls, regressions assessed the
association between marijuana vaping and marijuana use for medical purposes (versus non-
medical only), current conventional cigarette use, current nicotine e-cigarette use, and two mental
health variables. Demographic controls were binary indicators for female sex, Hispanic ethnicity,
race, and having completed =1 of college.

Results: Odds of marijuana vaping were higher among those who reported using for medical
purposes (AORage18-24years=3.8, 95% CI=1.91, 7.67; AORyge25-54years=1.8, 95% CI=1.02, 3.08;
AORyges5-64years=2-3, 95% C1=0.75, 7.07) and lower among people who smoked combustible
cigarettes (AORjage18-24years=0.2, 95% CI1=0.06, 0.65; AORager5 54years=0.2, 95% C1=0.10, 0.26;
AOR;ges5-64years=0.1, 95% C1=0.05, 0.34). Vaping nicotine e-cigarettes was associated with
greater odds of vaping marijuana for adults aged 25-54 years (AOR=4.6, 95% CI1=2.70, 7.78) but
not those aged 18-24 years (AOR=0.9, 95% CI=0.33, 2.26).
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Conclusions: Among people who use marijuana, adults reporting medical marijuana use were
more likely to vape as their primary mode of consumption, whereas conventional cigarette
smokers were less likely to do so. Use of nicotine e-cigarettes was associated with a greater
likelihood of vaping marijuana for adults aged 25-54 years.

INTRODUCTION

As of February 18, 2020, a total of 2,807 cases of e-cigarette, or vaping, product use-
associated lung injury (EVALI) were reported to the Centers for Disease Control and
Prevention by 50 states.1:2 The vast majority of these cases involved vaping
tetrahydrocannabinol, marijuana’s primary psychoactive component.> Marijuana use is legal
in 11 states and the District of Columbia for adults over aged older than 21 years, with
medical use legal in 33 states.

Addressing this outbreak requires an understanding of marijuana vaping patterns in the U.S.
In a nationally representative 2017 sample of U.S. adults, 14.6% reported past-year
marijuana use, with 12.9% smoking marijuana, 4.7% vaping, and 6.7% reporting multiple
modes of consumption.3 However, cannabis vaping may be more prevalent among those
using for medical (versus non-medical) purposes (p=0.09)* and among users of nicotine e-
cigarettes.®

This study’s purpose is to identify correlates of adult marijuana vaping by analyzing the
Centers for Disease Control and Prevention’s 2017 and 2018 Behavioral Risk Factor
Surveillance System (BRFSS) data. It is hypothesized that vaping as the primary mode of
marijuana consumption is more common among adults using marijuana for medical
purposes—who might avoid smoking for health reasons—and less common among
conventional cigarette smokers, who may be more comfortable with smoking as a means of
consumption.

METHODS

The BRFSS is an annual, cross-sectional telephone survey that is state- and nationally
representative for non-institutionalized U.S. adults. Questions focus on health conditions,
risk behaviors, and use of preventive services.®

Data on 8,255 people who recently used marijuana were analyzed in September 2019.
Analyses considered 2017 and 2018 BRFSS data for states fielding marijuana modules and
current e-cigarette use questions. These modules asked the number of days (in the past 30)
the respondent used marijuana or hashish, whether use was for medical or non-medical
purposes, and the primary mode of consumption. The analytic sample covered adults aged
18-64 years reporting past-month marijuana use in 15 states (N=8,255): Alaska, California,
Florida, Georgia, Idaho, Maryland, Minnesota, Montana, New Hampshire, North Dakota,
Ohio, Oklahoma, South Carolina, Tennessee, and Wyoming. Analyses followed BRFSS
guidance in using the probability weights indicated for each marijuana module.”

Summary statistics described demographic differences between people who used marijuana
(PWUM) in the past 30 days by primary mode of consumption, and the percentage who
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favored vaping marijuana by state. Sample-weighted multivariate logistic regressions
assessed the association between a binary indicator for vaping as the primary method of
marijuana use and indicators for reporting any marijuana use for medical purposes (versus
non-medical only), current conventional cigarette use, current nicotine e-cigarette use, and
two mental health variables—the percentage of the past 30 days they reported that their
mental health was not good, and a binary indicator for whether they were ever told they had
a depressive disorder. Demographic controls adjust for binary indicators for female sex,
Hispanic ethnicity, and having completed =1 year of college, plus a categorical race variable
with “white” as the reference group. To enhance generalizability, state and year fixed effects
absorbed time-invariant differences in states’ policy environments and common time trends,
respectively. As no analytic sample state implemented new recreational or medical
marijuana policies or changed the legality of smokable marijuana during the study period,
state fixed effects should absorb such policies’ impacts on marijuana vaping and
misreporting. Finally, missing observation indicators were included for all independent
variables. Stata, version 14.2 was used to conduct all analyses.

Table 1 presents summary statistics by respondents’ main mode of marijuana consumption.
Relative to those who primarily smoked marijuana (the largest subgroup), those who
primarily vaped marijuana were more likely to report medical use (71% for vapers vs 55%
for smokers; Wald test, p=0.001), less likely to smoke conventional cigarettes (13% vs 42%;
p<0.001), more likely to use e-cigarettes (23% vs 14%; £=0.052), and more likely to have
attended college (76% vs 54%; p<0.001).

Table 2 describes each state’s marijuana legalization policies alongside its prevalence of
marijuana vaping among PWUM. Marijuana vaping among PWUM was most common in
Florida (15%; one of two states in this sample prohibiting smokable marijuana preparations,
California (13%; where recreational use was legal), and Idaho (12%; where neither medical
nor recreational use was legal).

Multivariate logistic regressions identified correlates of reporting vaping as one’s primary
mode of marijuana use (Table 3). Respondents who used marijuana for medical purposes
were more likely to vape it as their primary mode of consumption, relative to those who did
not report medical use (AORjage18-24years=3-8, 95% CI1=1.91, 7.67; AORyge25 54years=1.8;
95% CI=1.02, 3.08; AORgages5_p4years=2-3, 95% CI1=0.75, 7.07). Mental health coefficients
tended to be statistically insignificant, though conventional cigarette smoking showed a
negative association with marijuana vaping (AOR;ge18-24years=0-2, 95% CI1=0.06, 0.65;
AORgge25 54years=0.2, 95% CI1=0.10, 0.26), AOR;ges5_p4years=0.1, 95% CI1=0.05, 0.34). Use
of nicotine e-cigarettes showed a significant and positive association with marijuana vaping
for prime-aged adults (AORage25 54years=4.6, 95% C1=2.70, 7.78) but not emerging adults
(AOR;ge18-24years=0.9, 95% C1=0.33, 2.26).
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DISCUSSION

Limitations

This research reports results from a cross-sectional analysis of marijuana vaping in a
representative sample of adults from 15 U.S. states. Consistent with prior research,
marijuana vaping was far less prevalent than marijuana smoking,3 with the former
comprising about one tenth of adult marijuana use in this sample. Among PWUM, those
who vaped marijuana were more likely to do so for medical purposes and less likely to
smoke combustible cigarettes. E-cigarette use was associated with a greater odds of
marijuana vaping for prime-aged adults (25-54 years) but not emerging adults (18-24
years).

These findings have significant implications. As EVALI cases have disproportionately
involved vaping cannabinoids, brief screenings for marijuana use and mode of consumption
in at-risk individuals might expedite diagnosis and treatment. Evidence that the relationship
between vaping nicotine and vaping marijuana differs by age group suggests such screenings
should not be predicated on nicotine vaping. Indeed, current evidence implicates vitamin E
acetate in the EVALI outbreak, an additive primarily found in tetrahydrocannabinol e-
liquids, not nicotine e-cigarettes.8°

Although cannabinoids have therapeutic potential,1 risks of use may vary by route of
administration.11-14 As those using marijuana for medical reasons appear more likely to
vape it, providers need evidence on the risks of different consumption modes in order to
identify the safest options, accounting for mode of consumption and potency. Specifically,
vaporized marijuana may deliver higher doses than smoked marijuana.1> High-potency oils
are commonly available for vaping but not smoking, potentially affecting toxicity risk.
Though marijuana smoking is toxic to the lung® and chronic use may yield a greater risk of
developing chronic bronchitis,13 current evidence does not support an independent effect on
emphysema or lung cancer development.1” Robust research is urgently needed to better
understand these issues.

This study has several limitations. First, self-reported data are subject to reporting bias,
particularly around illicit behaviors. Similarly, self-assessed medical versus non-medical
marijuana use is subjective and potentially impacted by social desirability bias.
Reassuringly, the multivariate regressions’ state fixed effects adjust for impacts of state
marijuana policies on marijuana use and misreporting. Next, as respondents could only
select one mode of marijuana use, this may not reflect their sole method of consumption.
Finally, with data on 15 states, results may not generalize nationwide.

CONCLUSIONS

Among PWUM, those who vaped marijuana were more likely to use it for medical purposes
and less likely to smoke combustible cigarettes. Vaping nicotine e-cigarettes was associated
with greater odds of vaping marijuana among prime-aged adults but not emerging adults.
Clinicians must account for these risk factors when caring for patients.
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Main mode of use

Smoke

Mean % (95% CI)

Eat or drink
Mean % (95% CI)

Vape
Mean % (95% CI)

Other
Mean % (95% CI)

Missing
Mean % (95% ClI)

Percent of people who
use marijuana

Medical marijuana use

Conventional cigarette
use

Nicotine e-cigarette use
Female

Age, years

Any college
Hispanic
Race
White
Black
Asian
Other
N

77.2

55.2 (0.516, 0.588)
415 (0.380, 0.451)

14.3 (0.119, 0.167)
38.0 (0.344, 0.417)

35.5 (34.589,
36.355)

53.7 (0.501, 0.573)
18.7 (0.154, 0.219)

64.9 (0.614, 0.684)

15.8 (0.134, 0.183)

5.6 (0.032, 0.080)

12.0 (0.097, 0.143)
6,598

8.1

60.3 (0.510, 0.696)
13.4 (0.086, 0.182)

10.9 (0.041, 0.177)
46.2 (0.366, 0.557)

37.0(34.789,
39.211)

72.7 (0.636, 0.817)
18.5 (0.107, 0.263)

66.2 (0.566, 0.757)

9.7 (0.055, 0.140)

9.8 (0.018, 0.178)

12.8 (0.062, 0.194)
676

10.5

71.5 (0.624, 0.806)
13.1 (0.051, 0.211)

23.3(0.147, 0.319)
45.3 (0.349, 0.557)

37.2 (34.995,
39.332)

76.4 (0.683, 0.845)
20.3 (0.110, 0.295)

70.4 (0.614, 0.793)

10.9 (0.042, 0.176)

4.4(0.009, 0.078)

10.6 (0.051, 0.162)
642

3.8

71.1 (0.596, 0.825)
25.4 (0.144, 0.364)

23.6 (0.128, 0.344)
31.0 (0.189, 0.430)

31.2 (28.792,
33.557)

58.3 (0.440, 0.727)
24.9 (0.128, 0.371)

65.8 (0.512, 0.804)
8.5 (0.027, 0.143)
3.7 (-0.017, 0.090)
20.6 (0.058, 0.353)
277

0.5

36.9 (0.171, 0.568)
44.6 (0.238, 0.654)

22.7 (0.070, 0.383)
24.3 (0.082, 0.404)

36.0 (32.228,
39.771)

46.4 (0.259, 0.669)
9.2 (-0.028, 0.212)

77.2 (0.632, 0.911)

9.5 (-0.006, 0.195)

4.2 (~0.010, 0.094)

5.8 (0.012, 0.104)
62

Notes. Data from the 2017—2018 BRFSS describe demographics of past-30-day marijuana users by their mode of consumption, for states that
fielded marijuana and current e-cigarette use modules. Statistics are sample-weighted and adjusted for survey design. Means code the following
missing values as 0: medical marijuana use (0.5%), sex (0.02%), Hispanic (0.6%), education (0.04%), race (1.9%), conventional cigarette use
(0.2%), and nicotine e-cigarette use (0.1%).

BRFSS, Behavioral Risk Factor Surveillance System.
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State Recreational Comprehensive Home Edibles Smokable Percent of PWUM who
marijuana legal medical marijuana cultivation legal? marijuana report vaping as
pre-2019? legalization legal? allowed under primary mode of
(effective date) MML consumption (95% CI)
pre-2019?

Alaska Yes 3/4/1999 Yes Yes Yes 3.4% (0.009, 0.059)
California Yes 11/6/1996 Yes Yes Yes 12.6% (0.091, 0.161)
Florida No 1/3/2017 No Yes No? 15.0% (0.102, 0.198)
Georgia No - = . - 5.7% (0.020, 0.094)
Idaho No - - - - 11.8% (0.051, 0.185)
Maryland No 10/1/2013 No No Yes 10.4% (0.071, 0.138)
Minnesota No 5/30/2014 No No No 7.8% (0.063, 0.092)
Montana No 11/2/2004 Yes Yes Yes 7.4% (0.045, 0.103)
New No 7/23/2013 No Yes Yes 6.7% (0.036, 0.097)
Hampshire

North Dakota No 3/1/2019b No No - 4.1% (0.001, 0.072)
Ohio No 1/16/2019b No Yes Yes 5.2% (0.027, 0.078)
Oklahoma No 8/25/2018°¢ Yes Yes Yes 0.8% (—0.008, 0.024)
South Carolina No - — - - 4.6% (0.013, 0.079)
Tennessee No — — - - 3.7% (0.015, 0.058)
Wyoming No - - - - 2.4% (0.007, 0.041)

Notes. Data from the 2017—2018 BRFSS on those states fielding both current marijuana and e-cigarette use questions describe the percent of
past-30-day marijuana users who report vaping as their primary mode of consumption, by state. Dates when medical marijuana legalization went

into effect and characteristics of these laws are also presented by state, 18-22

aFIorida’s law was amended to allow smokable preparations beginning 3/18/2019. All Florida residents in this study’s analytic sample were
interviewed before that date.

bThese states legalized marijuana from dispensaries but did not allow home growing. Thus, the effective date listed is the date that state’s first
medical marijuana dispensary opened (3/1/2019 for North Dakota, 1/16/2019 for Ohio).

cOkIahoma passed medical marijuana on 6/26/2018, but did not award its first licenses to patients until 8/25/2018. Thus, the latter date is given as
the law’s effective date. All Oklahoma residents in this study’s analytic sample were interviewed prior to that date.

BRFSS, Behavioral Risk Factor Surveillance System; MML, medical marijuana laws; PWUM, people who use marijuana.
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Multivariate Logistic Regressions: Marijuana Use
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Sample

Vaping is primary mode of marijuana use (n=642)

(1) Ages 18-24 OR (95% ClI)

(2) Ages 25-54 OR (95% ClI)

(3) Ages 55-64 OR (95% ClI)

Medical marijuana use

History of a depressive disorder

Poor mental health, % of past 30 days
Conventional cigarette use
Nicotine e-cigarette use

Demographic controls?
Fixed effects
N

3.8263 7 (1.910, 7.667)
1.9347 (0.669,5.598)
1.3656 (0.370, 5.040)

0.1930 **(0.058, 0.646)
0.8658 (0.332, 2.260)

Yes
State, Age, Year
1,279

1.77747 (1.025, 3.084)
0.9546 (0.512, 1.781)
0.5574 (0.238, 1.303)

0.1576 **(0.096, 0.259)

4.5849™%(2.702, 7.778)
Yes
State, Age, Year
4,935

2.3051 (0.751, 7.071)
1.1100 (0.405, 3.041)
0.2384(0.069, 0.823)

0.1339 **(0.053, 0.335)
1.9120 (0.483, 7.565)

Yes
State, Age, Year
1,731

Notes. Boldface indicates statistical significance

*
p<0.05;

Ak
p<0.01.

Sample-weighted multivariate logistic regressions use data from the 2017—2018 BRFSS to consider how marijuana use and marijuana vaping relate
to respondent demographics, mental health, and tobacco use, as well as use of marijuana for medical reasons. Demographic controls are binary
indicators for female sex, Hispanic ethnicity, race (black, Asian, Native Hawaiian/Pacific Islands, American Indian/Alaska Native, multiple race,
other race), and completed 1 or more years of college, as well as binary missing-observation indicators for each of those demographics. Additional
missing-observation indicators are included for all control variables listed in the table above. The reference group is non-Hispanic, white males

with no college education. SEs are clustered by the primary sampling unit.

BRFSS, Behavioral Risk Factor Surveillance System.

Am J Prev Med. Author manuscript; available in PMC 2021 September 01.



	Abstract
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Table 1.
	Table 2.
	Table 3.

