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Abstract

The e-cigarette or vaping product-use-associated lung injury outbreak in the United States has
raised concerns about the potential health effects of cannabis vaping, a method of cannabis use
that is becoming increasingly popular. We used 2017-2019 Behavioral Risk Factor Surveillance
System data to estimate yearly prevalence and trends of past-30-day cannabis use and vaping
among US adults. We used multivariable logistic regression to evaluate the associations of
cannabis vaping with high-risk behaviors, asthma, and other respiratory symptoms.

Our sample size was 160,209 (53,945-2017; 55,475-2018; and 50,789-2019). Past-30-day
cannabis use prevalence increased from 10.0% (95%Cl, 9.4%-10.7%) in 2017 to 13.4% (12.8%—
12.0%) in 2019. Similarly, past-30-day cannabis vaping prevalence increased from 1.0% (0.8%—
1.2%) to 2.0% (1.7%—2.2%) over the same period, with the greatest increase, 1.2% to 3.9%,
observed among young adults (18-24years). Individuals who vaped cannabis were more likely to
concurrently vape nicotine. Cannabis vaping was associated with increased odds of heavy alcohol
use (a0OR,1.95; 95%CI,1.45-2.63), binge drinking (aOR,2.82; 95%CIl,2.25-3.54), and other
high-risk behaviors (aOR,2.47; 95%CI,1.89-3.24). In analyses adjusting for sociodemographic
characteristics and body mass index, cannabis vaping was not associated with asthma (aOR,1.03;
95%CI1,0.64-1.64) or other respiratory symptoms (aOR,1.08; 95%CI,0.44-2.63). Adjusting for
nicotine vaping did not substantively alter these associations.

The prevalence of past-30-day cannabis vaping has increased, particularly among young adults,
and was associated with high-risk behaviors. Although there was no association between
cannabis vaping and asthma or other respiratory symptoms, the increasing trends of cannabis
vaping, particularly among young adults, raise concern and underscore the need for continued
surveillance.

Keywords
Cannabis; Trends; Vaping; Asthma; Respiratory Symptoms; High-risk Behaviors

1. Introduction:

E-cigarettes were originally designed to deliver nicotine, without combustion, to users with
the intent of limiting exposure to toxic by-products of tobacco combustion (Goniewicz et al.,
2014). Although nicotine remains the most commonly used substance in e-cigarette devices
(Chadi et al., 2020), an increasing number of individuals now use their e-cigarette devices
to vape other substances other than or in addition to nicotine, such as cannabis (Dai, 2020;
Kenne et al., 2017). With the increasing legalization across different states in the United
States (US), cannabis in various formulations, including those that can be vaporized, has
become readily accessible (National Conference of State Legislatures, 2020; Peace et al.,
2016). Additionally, the perception that vaping cannabis is associated with fewer health
effects than smoking may contribute to the increasing popularity of cannabis vaping among
cannabis users (Budney et al., 2015; Malouff et al., 2014).
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The e-cigarette or vaping product-use-associated lung injury (EVALI) epidemic, which

was reported in August 2019 by the Centers for Disease Control and Prevention (CDC),
involved cases of acute, sometimes fatal lung injury that was seen among otherwise healthy
individuals who reported e-cigarette use before the onset of symptoms (Centers for Disease
Control and Prevention, 2020). As of February 2020, a total of 2,807 EVALI cases and
deaths had been reported in all 50 states, the District of Columbia (DC), Puerto Rico, and the
US Virgin Islands (Centers for Disease Control and Prevention, 2020). The EVALI epidemic
has been strongly linked to the use of e-liquids containing tetrahydrocannabinol (THC)-the
principal psychoactive constituent of cannabis, and vitamin E-acetate, an additive commonly
used in THC-containing e-liquids (Blount et al., 2020). Therefore, the EVALI outbreak has
renewed concerns about the potential health implications of cannabis vaping, particularly
among young, healthy adults.

While the association between e-cigarette use, particularly nicotine vaping, with symptoms
of asthma and other respiratory conditions has been described, limited data exist on the
health effects of cannabis vaping (Bhatta and Glantz, 2020; Entwistle et al., 2020; Osei et
al., 2020, 2019; Xie et al., 2020). Emerging evidence from the few studies that examined

the impact of cannabis vaping on respiratory health suggests that cannabis vaping, though
regarded by many as safe, may significantly impact respiratory health (Boyd et al., 2021,
Braymiller et al., 2020). For example, a recent study found that among adolescents aged 12—
17 years, lifetime vaping of cannabis was associated with wheezing and dry cough (Boyd

et al., 2021). However, there is limited data on the potential association between cannabis
vaping and asthma.

Thus, given the increasing legalization of cannabis across different US states, the rising
popularity of cannabis vaping, and its potential health effects, updated data are needed

on cannabis vaping trends, the association of cannabis vaping with high-risk behaviors,

and the adverse respiratory effects associated with cannabis vaping. Therefore, using 2017—
2019 data from one of the most comprehensive and continuously conducted health surveys
among US adults - the Behavioral Risk Factor Surveillance System (BRFSS), we sought

to describe trends in past-30-day cannabis use and vaping and examine the association
between cannabis vaping and other high-risk behaviors, as well as the potential association
of cannabis vaping with asthma and other respiratory symptoms.

2. Methods:

The BRFSS is an annual nationally representative health-related telephone survey of
noninstitutionalized adults (=18 years) administered by the CDC in all 50 states, DC,

and participating territories. The sampling frame and weighting methodology used by the
BRFSS to ensure sample representativeness are described elsewhere (Centers for Disease
Control and Prevention, n.d.; lachan et al., 2016). The questionnaire module containing
questions on cannabis use in the BRFSS is optional, giving states the flexibility to include
this module in their state survey based on their priorities. Therefore, the number of states
providing data on cannabis use varied from year to year. We utilized 2017-2019 BRFSS
data from the nine (9) states and territories (California, Idaho, Minnesota, New Hampshire,
Oklahoma, South Carolina, Tennessee, Wyoming, and Guam) that consistently provided data
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on cannabis use for all three (3) years (Dataset. Centers for Disease Control and Prevention.,
2019, 2018, 2017). Our analytic sample sizes were 53,945 in 2017, 55,475 in 2018, and
50,789 in 2019. The median survey response rate for all states, DC, and participating
territories in 2017, 2018, and 2019 was 45.9%, 49.9%, and 49.4%, respectively (Centers

for Disease Control and Prevention (CDC), 2019, 2018, 2017). Our study was exempted
from an institutional review board review since it used de-identified publicly available
BRFSS data. We followed the Strengthening the Reporting of Observational Studies in
Epidemiology guidelines in reporting our findings (von Elm et al., 2008).

2.1. Cannabis Use and Cannabis Vaping

To assess past-30-day cannabis use, participants were asked, “During the past 30 days, on
how many aays did you use marijuana or cannabis?” Participants who reported use on at
least one day were considered to be using cannabis. Individuals who reported cannabis use
were further asked, “During the past 30 days, which one of the following ways did you use
cannabis the most often?” Those who chose the option “vaporize it”were considered to be
vaping cannabis. Individuals who vaped cannabis were subsequently categorized by their
frequency of cannabis use into two groups: less frequent (1-20 days in the past 30 days) and
more frequent use (21-30 days in the past 30 days) (Ramadan et al., 2020).

2.2. Combustible Cigarette and Nicotine E-cigarette Use

Participants who responded “yes”to “Have you smoked at least 100 cigarettes in your entire
life?”and subsequently responded, “every day” or “some days’to the question “Do you now
Smoke cigarettes every aday, some aays, or not at all?” were classified as current combustible
cigarette smokers. Those who responded “r1ot at all”were deemed former combustible
cigarette smokers. Participants who answered “no”to “Have you smoked at least 100
cilgarettes in your entire life?”were classified as never combustible cigarette smokers.
Similarly, the use of nicotine e-cigarettes was categorized as never, former, or current, based
on these two questions: “Have you ever used an e-cigarette or electronic vaping product even
Just one time in your entire lifetime?”and “Do you now use an e-cigarette or electronic
vaping product every day, some adays, or not at all?”

2.3. Other Covariate Assessment

Sex (male or female), age (18-20, 21-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54,
55-59, or =60 years), race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic,
or others), sexual orientation (heterosexual, lesbian/gay, bisexual, or other), marital status
(single, married, divorced/separated, or widowed), income, education (less than high school,
high school/some college, or college degree), and employment (employed, unemployed,
student, or retired) were self-reported. Annual family income was adjusted using federal
poverty guidelines and categorized as: below, within 100-200%, or above 200% of the
poverty line (US Department of Health and Human Services, n.d.). Body Mass Index
(BMI; kg/m?) was calculated based on the participant’s self-reported weight and height

and categorized as underweight, normal, overweight, or obese. History of depression was
assessed with the question, “Has a doctor, nurse, or other health professionals ever told you
that you have a depressive disorder, including depression, major depression, dysthymia, or
minor depression?”.

Prev Med. Author manuscript; available in PMC 2023 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boakye et al. Page 5

2.4. High-Risk Behaviors

Heavy alcohol use was defined as consuming >14 drinks per week for men or >7 drinks per
week for women, and binge drinking as consuming on a single occasion =5 drinks for men
or =4 drinks for women. “Other high-risk behaviors” was a composite of intravenous drug
use, treatment for sexually transmitted infections, or exchanging money/drugs for sex in the
past year and was assessed with a single question on whether survey participants have been
involved in any of these activities.

2.5. Asthma and Respiratory Symptoms

Participants who responded “yes”to the question “Has a doctor, nurse, or other health
professionals ever told you that you had asthma?” and subsequently responded “yes”to

the question “Do you still have asthma?” were classified as having asthma. Respiratory
symptoms, defined as answering “yes”to at least one of these 3 questions: “During the
past 3 months, did you have a cough on most days?”, “During the past 3 months, did you
cough up phlegm or mucus on most days?” or “Do you have shortness of breath either
when hurrying on level ground or when walking up a slight hill or stairs?”was a composite
outcome.

2.6. Statistical Analysis

We calculated the pooled and state-level prevalence estimates of past-30-day cannabis use
for each year. In addition, the proportion of individuals who used cannabis and vaporized it
as their primary method of use was also computed for each year. We then examined trends

in cannabis vaping first overall and then stratified by key participant characteristics. Changes
in prevalence were obtained using the /incom command and reported as absolute prevalence
differences with 95% confidence intervals (CI).

To assess the association of past-30-day cannabis vaping with high-risk behaviors, asthma,
and respiratory symptoms, we pooled BRFSS data from all 3 years. We used multivariable
logistic regression models to estimate adjusted odds ratios (aOR) for the association between
past-30-day cannabis vaping and high-risk behaviors, using individuals who did not use
cannabis in any form as reference. The models were adjusted for age, sex, race, marital
status, education, poverty level, depression, and combustible cigarette use.

To examine the association of past-30-day cannabis vaping with asthma and other
respiratory symptoms, we restricted our analyses to individuals who had never smoked
combustible cigarettes and used multivariable logistic regression models adjusted for age,
sex, race, education, income, BMI, and nicotine vaping. Individuals who did not use
cannabis in any form were used as the reference group. Interaction effects of sex, age,

and race were tested, and results were stratified if significant interaction was found.
Sensitivity analyses excluding persons with diagnosed respiratory conditions such as chronic
obstructive pulmonary disease (COPD) addressed potential reverse causality. Sensitivity
analyses additionally adjusting for nicotine vaping (data on nicotine vaping available in only
2017 and 2018) were also done. Complete case analyses were used in all logistic regression
models.

Prev Med. Author manuscript; available in PMC 2023 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boakye et al. Page 6
All analyses were conducted in 2020 using Stata version 16 (StataCorp, College Station,
TX). The svy command was used to account for the weighting methodology used by
the BRFSS, and a 2-sided alpha (a) level of <0.05 was used to determine the statistical
significance of the results.
3. Results:

3.1. Trends in Cannabis Use and Vaping

The prevalence of past-30-day cannabis use increased from 10.0% (95%Cl, 9.4%-10.7%)
in 2017 to 13.4% (95%Cl, 12.8%—12.0%) in 2019. Similarly, the prevalence of past-30-day
cannabis vaping increased from 1.0% (95%ClI, 0.8%-1.2%) to 2.0% (95%Cl, 1.7%-2.2%)
over the same period. Although there was a steep increase in the proportion of individuals
who used cannabis and vaporized it as their primary method of use from 9.9% (95%Cl,
7.9%-12.2%) in 2017 to 14.9% (95%Cl, 13.2%-16.8%) in 2019 (Figure 1), the proportion
of those who smoked it as their primary method of use decreased from 76.6% (95%Cl,
73.6% — 79.4%) to 66.3% (95%CIl, 63.9% — 68.7%) over the same period.

The increase in past-30-day cannabis vaping prevalence was observed across various
sociodemographic subgroups, with the largest increase observed among young adults (18-
24 years)-1.2% in 2017 to 3.9% in 2019 (2.7% absolute and 225% relative increase).
Additionally, in each of the years under consideration, males, sexual minority individuals,
single persons, students, individuals who previously smoked combustible cigarettes, and
those who concurrently vaped nicotine showed a higher prevalence of past-30-day cannabis
vaping than their respective comparison groups (Table 1).

In 2019, there were variations in the prevalence of past-30-day cannabis use by state,
ranging from 9.0% in Wyoming to 15.1% in California and New Hampshire. Similarly, the
prevalence of past-30-day cannabis vaping varied by state from 0.3% in Guam to 2.4% in
New Hampshire. (Supplementary figure).

3.2. Characteristics of Study Participants (Pooled 2017-2019 BRFSS)

In comparison with individuals who did not use cannabis, those who vaped cannabis were
more likely males (59.2% vs 47.1%), younger (age <35 years: 49.2% vs 25.8%), leshian/gay
(7.4% vs 1.5%), bisexual (4.6% vs 2.1%), single (47.9% vs 26.1%), student (8.3% vs 5.1%),
employed (71.0% vs 56.3%), had a college degree (35.1 vs 28.3), and had income above
200% of the poverty line (72.0% vs 64.4%). Additionally, individuals who vaped cannabis
were more likely to report depression (31.2% vs. 16.9%) and combustible cigarette use
(13.6% vs. 11.4%). They were also more likely to report current nicotine vaping (15.7% vs.
2.8%) than individuals who did not use cannabis (Table 2).

3.3. Association of Past-30-day Cannabis Vaping with High-risk Behaviors

After adjusting for sociodemographic status, depression, and combustible cigarette use,
individuals who vaped cannabis had higher odds of reporting heavy alcohol use (aOR, 1.95;
95% Cl, 1.45-2.63), binge drinking (aOR, 2.82; 95% ClI, 2.25-3.54), and other high-risk
behaviors (aOR, 2.47; 95% Cl, 1.89-3.24) than individuals who did not report cannabis

Prev Med. Author manuscript; available in PMC 2023 January 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Boakye et al.

Page 7

use (Table 3). These associations remain significant after additionally adjusting for nicotine
vaping (Supplementary Table 1).

3.4. Association of Past-30-day Cannabis Vaping with Asthma and Other Respiratory

Symptoms

There was no significant association between cannabis vaping and asthma among
individuals who had never smoked combustible cigarettes after accounting for
sociodemographic status and BMI (aOR, 1.03; 95%Cl, 0.64-1.64) irrespective of the
frequency of use. Similarly, there was no significant association between cannabis vaping
and respiratory symptoms (aOR, 1.08; 95%Cl, 0.44-2.63; Table 4). Further adjustment

for nicotine vaping did not change these results qualitatively (Supplementary Table 2). In
addition, excluding individuals with COPD diagnoses did not alter the inference of our
findings (Table 4). Also, there was no significant interaction of age, sex, and race with these
associations.

4. Discussion:

Using nationally representative state-based BRFSS data, we report that the prevalence

of past-30-day cannabis use and vaping increased significantly between 2017 and 2019,
with a more pronounced increase observed among young adults (18-24 years). We also
found that compared to individuals who did not use cannabis, those who vaped cannabis
were more likely to be younger, members of sexual minority groups, students, and to
report concurrent nicotine vaping. Cannabis vaping was also associated with heavy alcohol
use, binge drinking, and other high-risk behaviors. Cannabis vaping was, however, not
significantly associated with asthma or other respiratory symptoms.

In agreement with previous reports, we found an increase in the prevalence of cannabis

use among US adults (Bose et al., 2018; Uddin et al., 2020). This increase in use may be
due to the increasing legalization of cannabis across the US and the nationwide legalization
of hemp production through the 2018 Farm Bill, which allowed hemp (with <3% THC)
cultivation and sale and possession of hemp-derived products (Hall Render, 2019). The
rising prevalence may likely continue as more states legalize cannabis, which could
potentially be associated with decreased perception of risk and increased use, particularly
among adolescents and young adults (Bachman et al., 1998; Mashhoon et al., 2019). The
prevalence of cannabis use and vaping among US adults in 2019 was 13.4% and 2.0%,
respectively, with variations across states. For example, California, a state with recreational
and medical cannabis laws, had a 15.1% prevalence for cannabis use and 2.3% for cannabis
vaping. In contrast, Idaho, which has prohibitive cannabis laws, had a prevalence of 9.1%
and 0.9% for cannabis use and vaping, respectively. This may reflect the effect of state
cannabis laws, as medical and recreational cannabis laws could influence the probability and
frequency of cannabis use in a state (Cerdé et al., 2020; Hasin et al., 2017; Martins et al.,
2016; Mauro et al., 2019; Wen et al., 2015).

Even though smoking remains the predominant method of cannabis use, as shown in
this study and other reports (Schauer et al., 2020), the proportion of individuals who use
cannabis and vaporize it as their primary method of use has increased substantially. This
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increase may be due to the perception that vaping is associated with fewer health effects
(Malouff et al., 2014), preference for the discrete nature of vaporizing cannabis (Giroud et
al., 2015), and the availability of new devices that can be used to vaporize cannabis, such

as modifiable e-cigarettes. The increased use of vaping to deliver cannabis may also be

due to the higher blood THC concentrations achieved by vaping or the greater subjective
drug effects from vaping relative to smoking cannabis (Spindle et al., 2018). Although

in comparison with smoking, vaping might reduce the number of toxicants inhaled, the
health effects of chronic cannabis vaping remain unknown (Abrams et al., 2007). Moreover,
the perception that vaping is relatively safe may result in increased frequency of use and
decreased motivation to quit, leading to misuse and abuse liability (Budney et al., 2015).

Young adults under 35 years, an age group that accounted for 61% of reported EVALI cases,
constituted almost half of the individuals who vaped cannabis in our sample (Centers for
Disease Control and Prevention, 2020). This is consistent with previous studies showing
cannabis vaping to be highly prevalent among younger persons (Steigerwald et al., 2018;
Uddin et al., 2020). This is of particular concern because cannabis use in this population
could impair learning, produce dependence syndrome, and increase comorbid substance

use as well as suicidal ideation (Agrawal et al., 2017; Golub and Johnson, n.d.; Hall and
Degenhardt, 2009). In addition, cannabis use could facilitate the initiation of tobacco use
and nicotine dependence, a “reverse gateway effect” that could thwart decades-long progress
made in reducing nicotine use in youth and young adults (Patton et al., 2005). Equally
concerning is the high prevalence of cannabis vaping among individuals who formerly
smoked combustible cigarettes because cannabis use has been associated with a higher
relapse rate among former smokers or individuals trying to quit smoking (Weinberger et al.,
2018).

Nicotine vaping, particularly among the youth, is associated with high-risk behaviors such as
using other substances of abuse (Ghosh et al., 2019). Similar to what has been reported for
nicotine vaping, we observed cannabis vaping to be associated with heavy alcohol drinking,
binge drinking, and other high-risk behaviors. Although this association may not be causal,
it suggests that individuals who vape cannabis are more inclined towards a variety of other
high-risk behaviors, which may potentially increase their risk of adverse health outcomes.
Furthermore, because cannabis vaping appears to cluster with these high-risk behaviors,

it may serve as a proxy indicator for these behaviors. Therefore, it seems reasonable to
recommend that public health prevention efforts addressing cannabis vaping be targeted at
individuals with high-risk behaviors, and opportunities to address such behaviors should

be further explored. The association of combustible cigarette use and nicotine vaping

with asthma is well known (Coogan et al., 2015; Osei et al., 2019; Wills et al., 2019);
however, much less is known about the effects of cannabis vaping. Although the 2017
report by the National Academies of Sciences, Engineering, and Medicine report on the
health effects of cannabis did not find conclusive evidence to support a robust association
between cannabis smoking and asthma (National Academies of Sciences, 2017), there is
growing evidence that chronic cannabis smoking has damaging effects on the airways,
causing airway inflammation, which could lead to the development or exacerbation of
asthma (Aldington et al., 2007; Roth et al., 1998). Vaping relative to smoking cannabis is
associated with reduced exposure to the toxic components of combustible cannabis (Budney
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et al., 2015). This may account for the lack of an association between cannabis vaping and
asthma or other respiratory symptoms in our study. In contrast to this finding, two other
recent studies assessing cannabis vaping and respiratory symptoms among adolescents and
young adults showed cannabis vaping to be associated with bronchitis symptoms, wheezing,
and other respiratory symptoms (Boyd et al., 2021; Braymiller et al., 2020). Several other
studies also report that cannabis is associated with pulmonary toxicities (Abeles et al.,

2020; Adapa et al., 2020). Though not confirmed in our current study, such associations
suggest that even though cannabis vaping is perceived to be safer than cannabis smoking, the
likelihood remains that it has a significant impact on respiratory health.

Our findings have important policy implications. With the increasing use of cannabis and
cannabis vaping among young individuals, regulations concerning age restrictions on access
to cannabis might be warranted. Additionally, as cannabis becomes easily accessible due

to its legalization, timely research is needed to explore the health effects of cannabis,
particularly cannabis vaping, as many perceive this method of cannabis use to be safe.

4.1. Study Strength and Limitations

A notable strength of our study is the utilization of 3 years of BRFSS data, providing a
large sample size for assessing cannabis vaping and its association with high-risk behaviors,
asthma, and respiratory symptoms. Nonetheless, our study had some limitations. Data used
were self-reported and could have resulted in recall bias and misclassification. Additionally,
in assessing the method of cannabis use, study participants reported the method they
primarily used in the past month. This implies that individuals who chose other modes of
cannabis use could have also vaped cannabis. As a result, our assessment of cannabis vaping
prevalence may have underestimated the true prevalence of cannabis vaping among US
adults. Also, data from only 9 states were used in this study; therefore, the generalizability
of our results may be limited. However, these 9 states have very different cannabis
legalization policies (recreational, medical, or prohibitive) and therefore may encompass
the extent of cannabis use in other states with similar policies.

Again, the report of asthma was based on health professional diagnosis of asthma. Given
that most individuals who vape cannabis are young, and young adults are less likely to be
insured or seek healthcare services, asthma may be underdiagnosed in this population. In
addition, the study was observational by design; we, therefore, cannot exclude residual
confounding and cannot establish causal relations. Finally, due to the cross-sectional
nature of this study, we could not explore potential transitions from cannabis smoking to
cannabis vaping among study participants or assess the temporality and the direction of the
associations, limiting causal inferences.

5. Conclusions:

Cannabis vaping is becoming increasingly popular, particularly among young adults. In
addition, the robust association of cannabis vaping with other high-risk behaviors suggests
that the clustering of such behaviors may potentially increase the health risks associated
with cannabis vaping. These epidemiologic trends are concerning and warrant continued
surveillance.
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Highlights

Past-30-day cannabis use prevalence among US adults increased between
2017-2019

Cannabis vaping is becoming increasingly popular, particularly among young
adults

Individuals who vape cannabis are more likely be indulge in high-risk
behaviors

Cannabis vaping is not associated with self-reported asthma or respiratory
symptoms
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Figure 1:

Trends in Cannabis Use, Cannabis Vaping, and the Proportion of Cannabis Users who
Vaporize as Primary Method of Use Among US Adults (BRFSS 2017-2019)
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Table 1:
Trends in the Prevalence of Past-30-day Cannabis Vaping Stratified by Participant Characteristics (BRFSS
2017-2019)
Characteristic Weighted Prevalence, % (95% CI)
2017 2018 2019 2018 vs. 2017 2019 vs. 2018 2019 vs. 2017
Sex
Male 1.1(0.9-15) | 1.8(15-2.1) | 25(2.1-2.9) 0.7 (0.2-1.1) 0.7 (0.2-1.2) 1.4 (0.9-1.9)
Female 0.9(06-1.2) | 1.2(0.9-15) | 1.5(1.2-1.8) | 03(-0.1-0.8) | 0.3(-0.1-0.7) | 0.6 (0.2-1.1)
Age, years
18-24 12(0.7-2.0) | 2.2(15-3.2) | 3.9(3.1-4.9) 1.0 (-0.1-2.0) 1.7 (0.5-2.9) 2.7 (1.6-3.8)
[18-20] 1.1(04-25) | 25(15-4.1) | 31(21-45) | 15(-01-3.0) | 06(-1.1-2.3) | 2.0(05-35)
[21-24] 1.3(0.7-25) | 1.8(1.0-34) | 46(34-6.2) | 0.6(-0.9-2.0) 2.8 (1.0-4.6) 3.3 (1.7-5.0)
25-29 2.2(1.3-37) | 38(2.7-5.4) | 3.8(2.6-5.6) 1.6 (-0.2-34) | 0.0(-2.0-2.0) | 1.6(-0.3-3.5)
30-34 17(1.0-29) | 191327 | 27(1.9-39) | 02(-1.0-1.3) | 0.8(-04-2.0) | 0.9 (-0.4-2.3)
35-39 1.0 (05-2.0) | 1.3(08-2.0) | 3.2[2.2-45) | 0.3(-0.7-1.2) 1.9 (0.6-3.2) 2.2 (0.8-3.5)
40-44 16(0.7-36) | 1.7(1.1-25) | 2.4(1.6-36) | 0.1(-1.4-16) | 0.7(-05-1.9) | 0.8(-0.8-2.4)
45-49 12(05-3.0) | 1.4(07-27) | 1.7(1.0-2.7) | 01(-1.3-16) | 0.3(-0.9-15) | 0.4(-0.9-1.8)
50-54 0.9 (0.4-1.6) | 1.1(0.6-2.0) | 1.7 (1.0-2.8) 0.3 (-0.6-1.1) 0.6 (-0.5-1.7) | 0.8(-0.2-1.9)
55-59 0.7(0.2-2.2) | 1.0(05-1.8) | 1.0(0.6-1.7) | 03(-0.7-1.3) | 0.1(-0.7-0.9) | 0.3 (-0.6-1.3)
>=60 0.3(0.2-0.5) | 0.7(0.5-1.0) | 0.6 (0.5-0.9) 04(0.1-0.7) | -0.1(-0.4-0.3) | 0.3(0.1-0.6)
Race
NH White 1.0 (0.7-1.3) 15(1.2-1.8) | 2.1(1.9-2.5) 0.5(0.2-0.9) 0.7 (0.2-1.1) 1.2 (0.8-1.6)
NH Black 1.0(04-2.7) | 07(0.3-1.4) | 21(1.3-34) | -03(-1.4-0.8) | 1.4(03-26) | 1.1(-0.3-2.6)
Hispanic 1.0(0.6-1.6) | 1.6(1.2-2.3) | 1.9(1.3-2.6) | 07(-0.1-1.4) | 0.2(-06-1.1) | 0.9(0.1-1.7)
Other 1.0(05-1.9) | 1.5@1.0-2.2) | 15(1.0-23) | 05(-04-1.3) | 0.1(-0.8-1.0) | 0.5(-0.4-1.4)
Sexual Orientation
Heterosexual 1.0(0.8-1.3) | 05(0.4-0.6) | 1.4(1.2-1.7) | -0.5(-0.8—0.2) | 0.9 (0.6-1.2) 0.4 (0.0-0.8)
Lesbian/Gay 6.0 (29-12.1) | 1.2(0.3-4.9) | 4.6 (2.0-10.3) | -4.8(-9.5--0.1) | 3.4(-0.8-7.6) | -1.4(-7.2-4.4)
Bisexual 2.0(0.7-5.2) | 1.2(05-2.8) | 27(1.5-5.1) | -08(-29-1.4) | 1.5(-0.5-3.6) | 0.8(-1.8-3.4)
Body Mass Index (BMI, kg/m2)
<185 0.8 (0.2-4.6) | 33(14-7.4) | 3.0(15-62) | 24(-07-55) | -0.2(-3.7-3.2) | 2.2(-0.5-4.8)
18.5-<25.0 1.6 (1.1-2.2) 1.8(1.4-2.3) | 25(2.0-3.1) 0.2 (-0.4-0.9) 0.7 (0.0-1.4) 1.0 (0.2-1.7)
25.0-<30.0 0.9(0.6-1.3) | 1.4(1.1-1.8) | 2.0(1.6-2.5) 0.5 (0.0-1.0) 0.6 (0.0-1.2) 1.1(0.1-1.7)
>30.0 0.7(04-1.1) | 1.3(0.9-1.8) | 1.6(1.2-2.2) 0.6 (0.1-1.1) 0.3(-0.3-1.0) | 0.9(0.4-1.5)
Marital Status
Married 0.9(06-1.2) | 1.2(0.9-1.4) | 1.3(1.1-1.6) | 03(-0.1-0.7) | 0.2(-0.2-0.6) | 0.5(0.1-0.9)
Divorced 1.0(05-2.1) | 1.2(08-1.7) | 1.9(14-27) | 0.1(-0.7-1.0) 0.7 (0.0-1.5) | 0.9(-0.1-1.8)
Widowed 0.3(0.1-0.8) | 0.6 (0.2-1.9) | 0.3(0.1-0.7) | 0.4(-0.4-1.1) | -0.3(-1.1-0.4) | 0.1(-0.3-0.4)
Single 1.4 (1.0-1.9) | 2.4(1.9-3.0) | 3.6(3.0-4.2) 1.0 (0.3-1.7) 1.2 (0.4-2.1) 2.2 (1.4-3.0)
Education
<High school 0.2(0.1-0.7) | 0.3(0.1-0.8) | 0.8(0.5-1.4) | 0.1(-0.2-0.5) 0.5 (0.0-1.0) 0.7 (0.2-1.1)
High school/Some college 1.0(0.7-1.4) | 1.5(1.2-1.9) | 2.1(1.8-2.5) 0.5 (0.0-1.0) 0.6 (0.1-1.1) 1.1 (0.6-1.6)
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Characteristic

Weighted Prevalence, % (95% CI)

2017 2018 2019 2018 vs. 2017 2019 vs. 2018 2019 vs. 2017

College graduate 1.4(1.0-1.8) | 20(1.6-2.4) | 2.3(1.9-2.8) 0.6 (0.1-1.2) 0.3 (-0.3-0.9) 1.0 (0.4-1.5)
Employment

Employed 1.1(0.9-15) | 1.8(1.5-2.1) | 2.6 (2.2-3.0) 0.7 (0.2-1.1) 0.8 (0.3-1.3) 1.5 (1.0-2.0)

Unemployed 1.0 (0.6-1.8) | 1.0(0.6-1.5) | 1.4(0.9-2.0) 0.0 (-0.7-0.6) 0.4 (-0.3-1.0) | 0.3(-0.4-1.1)

Student 1.2(05-28) | 2.7(1.7-4.3) | 2.7(1.8-4.0) 1.5(-0.1-3.2) 0.0 (-1.7-1.6) 1.5(0.1-3.0)

Retired 0.5(0.2-1.1) | 0.6 (0.4-1.0) | 0.5(0.3-0.9) 0.1 (-0.4-0.6) -0.1(-0.5-0.3) 0.1 (-0.4-0.6)
Income, poverty line

Below 0.5(0.2-1.0) | 0.9 (0.6-1.6) 1.2(0.8-1.8) 0.5(-0.1-1.1) 0.3 (-0.5-0.9) 0.7 (0.1-1.3)

Within 100-200% 0.8(04-1.3) | 1.3(0.9-1.9) | 2.1(1.6-2.7) 0.6 (-0.1-1.2) 0.8 (0.0-1.5) 1.3 (0.6-2.0)

>200% 1.2(0.9-16) | 1.6(1.4-1.9) | 2.2 (1.9-2.5) 0.4 (0.0-0.8) 0.6 (0.1-1.0) 1.0 (0.5-1.4)
Combustible Cigarette Smoking

Never 0.8 (0.6-1.1) | 1.3(1.1-1.6) | 1.5(1.3-1.8) 0.5 (0.1-0.8) 0.2 (-0.2-0.6) 0.7 (0.3-1.0)

Former 15(1.0-2.2) | 21(17-27) | 2.9(2.3-3.6) 0.6 (-0.2-1.4) 0.8 (-0.1-1.6) 1.4 (0.5-2.3)

Current 08(0.3-1.9) | 1.2(0.8-1.7) | 2.6(2.0-34) | 04(-05-1.2) 15 (0.6-2.3) 1.8 (0.9-2.8)
Nicotine e-Cigarette Use

Never 0.6 (0.5-0.9) | 0.9 (0.8-1.2) - 0.3 (0.0-0.6) - -

Former 2.1(1.4-32) | 35(2.7-4.6) 1.4 (0.0-2.7)

Current 3.8(1.9-7.3) | 6.5(4.5-9.2) 2.7 (-0.7-6.1)
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Table 2:

Characteristics of Study Participants Stratified by Past-30-day Cannabis Use (BRFSS 2017-2019)

Participant Characteristics

% (95% Confidence Intervals)

Non-cannabis users (n=148,171)

Cannabis users

Vaporize (N=1,239) | Other methods of use” (n=10,682)

Sex
Male 47.1 (46.6-47.7) 59.2 (54.6-63.6) 61.2 (59.4-62.9)
Female 52.9 (52.3-53.4) 40.8 (36.4-45.4) 38.8 (37.1-40.6)

Age, years
18-20 5.0 (4.7-5.4) 8.6 (6.5-11.3) 9.8 (8.7-11.0)
21-24 5.3 (5.1-5.6) 10.7 (8.3-13.6) 13.1 (11.9-14.5)
25-29 6.7 (6.5-7.0) 16.8 (13.4-20.7) 13.2 (12.1-14.5)
30-34 8.8 (8.4-9.1) 13.1 (10.4-16.3) 12.5 (11.4-13.6)
35-39 8.0 (7.7-8.3) 9.8 (7.5-12.8) 9.2 (8.3-10.2)
40-44 8.2 (7.8-8.5) 10.4 (7.7-13.8) 7.8 (6.7-9.0)
45-49 7.7 (7.4-8.0) 7.2 (4.9-10.4) 5.8 (5.1-6.6)
50-54 9.2 (8.9-9.5) 7.2 (5.2-10.0) 6.4 (5.6-7.3)
55-59 8.8 (8.5-9.2) 5.1(3.3-7.7) 6.5 (5.9-7.3)
>=60 32.2(31.7-32.7) 11.2 (9.1-13.7) 15.7 (14.6-16.9)

Race
NH White 55.2 (54.6-55.8) 57.2 (52.5-61.8) 55.5 (53.7-57.3)
NH Black 7.6 (7.3-7.8) 6.7 (4.5-9.7) 10.3 (9.3-11.4)
Hispanic 23.8(23.3-24.3) 24.2 (20.0-28.8) 22.8 (21.3-24.5)
Other 13.5 (12.9-14.0) 12.0 (9.3-15.4) 11.4 (10.1-12.8)

Sexual Orientation

18.5-<25.0
25.0-<30.0
>30.0

31.7 (31.1-32.2)
36.2 (35.7-36.8)
30.4 (29.9-30.9)

41.1 (36.7-45.7)
32.7 (28.6-37.0)
23.4 (19.7-27.5)

Heterosexual 95.8 (95.5-96.0) 85.9 (80.2-90.2) 87.5 (85.6-89.2)
Leshian/Gay 1.5(1.3-1.6) 7.4 (4.2-12.7) 3.9(3.1-4.9)
Bisexual 2.1(1.9-2.3) 4.6 (2.8-7.6) 6.7 (5.6-7.9)
Others 0.7 (0.6-0.8) 2.0 (0.7-5.8) 2.0(1.1-3.6)
Body Mass Index (BMI, kg/m?)
<185 1.8 (1.6-2.0) 2.8 (1.7-4.7) 2.4 (2.0-3.0)

40.6 (38.9-42.4)
33.0 (31.4-34.7)
24.0 (22.5-25.5)

Marital Status
Married
Divorced
Widowed
Single

53.8 (53.2-54.3)
12.9 (12.5-13.2)
7.3 (7.0-7.6)
26.1 (25.6-26.6)

38.4 (34.1-42.9)
11.9 (9.3-15.1)
1.8 (0.9-3.6)
47.9 (43.4-52.5)

29.9 (28.4-31.5)
14.2 (13.2-15.2)
3.2(2.6-3.8)
52.7 (51.0-54.5)

Education

<High school
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Participant Characteristics

% (95% Confidence Intervals)

Non-cannabis users (n=148,171)

Cannabis users

Vaporize (=1,239) | Other methods of use” (n=10,682)

High school/Some college

College graduate

55.9 (55.3-56.4)
28.3 (27.9-28.8)

60.3 (56.0-64.4)
35.1 (31.3-39.2)

68.9 (67.4-70.5)
19.5 (18.4-20.7)

Employment
Employed 56.3 (55.8-56.9) 71.0 (66.6-74.9) 61.6 (59.9-63.3)
Unemployed 18.8 (18.3-19.2) 14.1 (11.1-17.8) 20.0 (18.7-21.4)
Student 5.1 (4.8-5.4) 8.3 (6.3-11.0) 9.3 (8.2-10.5)
Retired 19.8 (19.4-20.3) 6.6 (4.6-9.3) 9.1(8.3-10.1)
Income, the poverty line
Below 16.5 (16.1-17.0) 9.9 (7.4-13.0) 18.4 (17.1-19.8)
Within 100-200% 19.1 (18.7-19.6) 18.1 (15.0-21.8) 21.0 (19.7-22.4)
>200% 64.4 (63.8-64.9) 72.0 (67.8-75.9) 60.7 (58.9-62.3)

Combustible Cigarette Smoking
Never
Former

Current

64.9 (64.4-65.4)
23.7 (23.2-24.2)
11.4 (11.1-11.7)

51.2 (46.7-55.7)
35.2 (30.9-39.8)
13.6 (10.9-16.9)

42.4 (40.6-44.1)
26.8 (25.3-28.3)
30.9 (29.3-32.5)

Nicotine e-Cigarette Use

Never 84.4 (83.8-84.9) 48.7 (42.2-55.2) 44.3 (42.0-46.7)

Former 12.8 (12.3-13.3) 35.6 (29.4-42.2) 43.8 (41.4-46.1)

Current 2.8 (2.6-3.0) 15.7 (11.4-21.2) 11.9 (10.6-13.4)
Depression

No 83.1 (82.7-83.5) 68.8 (64.5-72.8) 69.5 (67.9-71.0)

Yes 16.9 (16.5-17.3) 31.2 (27.2-35.5) 30.5 (29.0-32.1)

All p-values from chi-squared statistic <0.0001

*
Other methods of use included smoking, eating, drinking, dabbing, and some other way.
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Table 3:

Association of Past-30-day Cannabis Vaping with High-Risk Behaviors among US Adults (BRFSS 2017-
2019)

Odds Ratio (95% Confidence Intervals)

Heavy Alcohol Use Binge Drinking *Other High-risk Behaviors
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
(N=146,827) (N=130,921) (N=147,013) (N=131,020) (N=148,246) (N=131,959)

Non-cannabis 1.00 1.00 1.00 1.00 1.00 1.00
users
(n=148,171)
Cannabis 2.55(1.95-3.34)  1.95(1.45-2.63)  4.18(3.45-5.05)  2.82(2.25-3.54)  4.45(3.49-5.68) 2.47 (1.89-3.24)
vapers
(n=1,239)

*
Composite of intravenous drug use, treatment for sexually transmitted diseases, or giving or receiving money/drugs for sex
Model 1: Unadjusted

Model 2: Age, sex, race, marital status, education, income, depression, and combustible cigarette use
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Table 4:

Page 21

Association of Past-30-day Cannabis Vaping with Asthma and Other Respiratory Symptoms Among Never
Combustible Cigarette Smokers (BRFSS 2017-2019)

Odds Ratio (95% Confidence Intervals)

vapers(n=589)

ASTHMA RESPIRATORY SYMPTOMS"
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Entire Sample (N=87,483) (N=86,326) (N=73,674) (N=19,345) (N=19,103) (N=12,945)
Non-cannabis users 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
(n=87,369)
Cannabis 0.91(0.58-1.42) 0.94 (0.60-1.47) 1.03(0.64-1.64) 0.88(0.38-2.01) 1.05 (0.46-2.40) 1.08 (0.44-2.63)

(n=84,219)

Less frequent 0.78(0.44-1.38)  0.81(0.46-1.43) 0.87(0.48-1.57) 0.95(0.34-2.65) 1.11(0.39-3.14) 1.00 (0.31-3.21)
(n=448)

More frequent 1.25(0.61-2.57) 1.31(0.64-2.70)  1.49(0.69-3.20)  0.73(0.23-2.34)  0.92(0.29-2.91) 1.25(0.42-3.73)
(n=141)
Excluding persons (N=84,409) (N=83,272) (N=71,016) (N=18,692) (N=18,456) (N=12,446)
with COPD
Non-cannabis users 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Cannabis vapers
(n=576)

Less frequent
(n=440)

More frequent

(n=136)

1.01 (0.63-1.61)

0.92 (0.51-1.63)

1.28 (0.58-2.81)

0.97 (0.61-1.55)

0.88 (0.50-1.57)

1.24 (0.56-2.75)

1.03 (0.63-1.67)

0.92 (0.51-1.67)

1.37 (0.60-3.13)

0.96 (0.42-2.19)

1.03 (0.37-2.90)

0.79 (0.25-2.56)

1.11 (0.48-2.52)

1.17 (0.41-3.31)

0.96 (0.30-3.07)

1.13 (0.46-2.73)

1.06 (0.33-3.38)

1.28 (0.42-3.84)

*Composite of cough, phlegm production, or shortness of breath
Model 1: Unadjusted

Model 2: Age-adjusted

Model 3: Model 2 + sex, race, education, income, body mass index

COPD: Chronic Obstructive Pulmonary Disease
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