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Abstract
Introduction: Co-use of tobacco and marijuana is common, and research suggests that marijuana use may be a barrier to smoking cessation.
Research to date has not evaluated how marijuana use affects e-cigarette switching behaviors and related outcomes in a harm reduction trial.

Aims and Methods: This secondary analysis includes African American (48%) and Latinx (52%) adult smokers randomized to the e-cigarette
group (N = 114) of a harm reduction clinical trial from 2018 to 2019. Participants were provided JUUL e-cigarettes and encouraged to make an
exclusive switch for 6 weeks. Our primary outcome was cigarettes smoked per week. Secondary health outcomes were e-cigarette substitution
(calculated by measuring e-cigarette pod use), expired carbon monoxide (CO), and respiratory symptoms. Marijuana products were recorded at
three timepoints and coded for combustion.

Results: Marijuana use during the study (n = 52, 46%) was not associated with week 6 cigarettes smoked or e-cigarette substitution, and com-
bustible marijuana use was not associated with week 6 respiratory symptoms (ps > .05). After controlling for cigarettes smoked at week 6,
combustible marijuana use was significantly associated with a 4.4 ppm increase in CO compared with no use of marijuana (p = .001).

Conclusions: Marijuana use was not a barrier to switching to e-cigarettes in this 6-week trial. Marijuana use contributed to elevated CO, re-
flecting greater exposure to toxic combustion products, beyond the effects of cigarette smoking. Marijuana co-use may increase risk of adverse
health outcomes and may be a confounding factor when using CO as an endpoint to bioverify exclusive e-cigarette use.

Implications: This is the first known study to examine the effects of marijuana use on smokers switching to e-cigarettes. Marijuana use was not
a barrier to cigarette reduction in a 6-week randomized clinical trial. Marijuana use uniquely contributed to higher carbon monoxide among cig-
arette smokers, indicating greater exposure to toxic combustion products, which could increase risk of adverse health outcomes. Furthermore,
combustible marijuana use may be a confounding factor when CO is used as an endpoint to bioverify exclusive e-cigarette use.

Introduction Marijuana may be used through multiple routes including in-
gestion or vaporization, but is typically smoked, and is marked
by the psychoactive properties of tetrahydrocannabinol.” Co-
use of combusted (ie, smoked) marijuana is frequent among
cigarette smokers and shares similar health concerns from
combustion such as exposure to CO, tar, and many harm-
ful compounds also found in tobacco smoke.'*'> Marijuana
use among smokers ranges from 18% to 40% 116 varying by
study, population, and survey questions used. Combustion of
plant-based material exposes marijuana and tobacco users
alike to CO, which impedes oxygen delivery in the body by
competing with oxygen for binding to hemoglobin.'” Smoking
blunts, containing both marijuana and tobacco, results in
higher CO than smoking marijuana in the form of joints,'®
while noncombustibles (ie, vaporization) do not increase
CO.” Smoking a joint increases blood carboxyhemoglobin
saturation four times that of a single filtered tobacco cigarette,

Electronic cigarettes (e-cigarettes) are an emerging harm re-
duction strategy, replacing smoking tobacco and the asso-
ciated deleterious health effects with the less harmful effects
of “vaping.”'=3 Cigarette smoking delivers nicotine through
inhaling the smoke from combusted tobacco, whereas vaping
delivers nicotine through inhaling an aerosol produced from
heating e-liquid. Given the lack of combustion, e-cigarette use
is associated with reduced carbon monoxide (CO),*¢ a marker
for gas-phase exposure to combustibles, and fewer self-reported
respiratory symptoms for exclusive users compared with dual
users.” For current smokers, use of e-cigarettes satisfies urges to
smoke* and withdrawal symptoms® while reducing harms as-
sociated with combustion. However, some smokers engage in
additional behaviors involving combustion that may diminish
the harm reduction potential of switching to e-cigarettes.
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indicative of greater CO exposure.?’ Furthermore, marijuana
use is associated with morning cough, sputum production,
and wheeze among cigarette smokers, even after adjusting
for current and cumulative (pack-years) tobacco smoking.?'
Given the effects of smoking marijuana, it is plausible that
marijuana use will diminish the expected reduction in CO and
improvement of respiratory symptoms that would occur when
switching from cigarettes to e-cigarettes.

Shared sensory and behavioral associations between mari-
juana and cigarette smoking raise the concern that marijuana
co-use may impede switching from combustible cigarettes to
e-cigarettes. Observational studies show marijuana use is as-
sociated with continued tobacco use,'*?* and marijuana use
has been a barrier to cigarette reduction in previous inter-
vention studies.?** Marijuana use was associated with re-
duced likelihood of smoking abstinence in a 12-week study
administering varenicline,?® in a 12-month study using online
support groups and counseling,”* and a 26-week study using
nicotine replacement therapy.?® In an intervention using nico-
tine replacement therapy plus behavioral support for 8 weeks,
smoking abstinence rates did not vary between marijuana and
nonmarijuana users.?® To date, no study has investigated how
marijuana use affects smokers switching to e-cigarettes and
related health effects in a clinical trial.

This study tests the contribution of marijuana use on cig-
arettes smoked per week at week 6, the primary outcome
point of a harm reduction trial, hypothesizing more cigarettes
smoked for marijuana users. Secondary aims test the contri-
bution of marijuana use on e-cigarette substitution, CO levels,
and respiratory symptoms at week 6. It was hypothesized that
marijuana use would contribute to lower e-cigarette substitu-
tion, higher CO levels, and increased respiratory symptoms.

Methods

This is a secondary analysis from the first reported random-
ized clinical trial of nicotine salt pod system e-cigarettes
testing effects on toxicant exposure among members of the
two largest racial/ethnic groups in the United States, African
American and Latinx smokers.?” The trial was registered with
ClinicalTrials.gov (Identifier: NCT03511001) and specific
inclusion/exclusion criteria are found in the main outcomes
paper.?” In brief, participants were 21 years or older, smoked
5 cigarettes per day for at least 6 months, had expired CO
greater than 5 parts per million (ppm) at baseline, and were
willing to switch from smoking cigarettes to e-cigarettes
for 6 weeks. This is a secondary analysis and was not pre-
registered and the results should be considered exploratory.
This multisite study was conducted from July 2018 to May
2019 and consisted of a baseline, week 2, and week 6 visit.
Participants (N = 187) were randomly assigned in a 2:1 ratio,
stratified by study site (African American in Kansas City,
Missouri and Latinx in San Diego, CA) to the “e-cigarette
group” or “smoking as usual” control group. Legality of mari-
juana use also differed by site, with medicinal-only use (ie, au-
thorized for those with a qualifying medical issue) in Missouri
and recreational use (ie, authorized for those age 21 years or
older) in California. Those randomized to e-cigarettes re-
ceived a JUUL e-cigarette and pods in a choice of Virginia to-
bacco, classic menthol, cool mint, or mango flavor pods (5%
nicotine) for 6 weeks. Participants were given brief education,
training, and action planning for making a complete switch to
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e-cigarettes. At week 6, those in the e-cigarette group demon-
strated significant reductions in cigarettes smoked, CO, and
respiratory symptoms compared with the “smoking as usual”
control group. The study was approved by the Institutional
Review Board at California State University San Marcos and
the University of Kansas School of Medicine and written con-
sent obtained for each participant.

Measures
Tobacco and Marijuana Use

Tobacco and marijuana product use were measured by a
7-day Timeline Followback (TLFB) method at baseline,
week 2, and week 6. TLFB is a reliable and valid source of
measuring cigarettes, e-cigarettes, and marijuana use.®?%%
TLFB has been verified with objective tobacco measures such
as interactive voice response, cigarette butt counts, and bio-
logical markers of cigarette use (ie, cotinine).’® Researchers
used a paper calendar to first write down participants’ sched-
ules and memorable events for the past 7 days. Using the
calendar to assist with recall, participants were asked about
tobacco and marijuana use on each day and quantities re-
corded. Quantities for the following marijuana products were
recorded: blunt (cigar or cigarillo with marijuana), joint (ma-
rijuana rolled in paper), spliff (marijuana and tobacco rolled
in paper), bowl (pipe/bong with marijuana), mole (pipe/bong
with marijuana and tobacco), hookah with marijuana and to-
bacco, dabs or vaporized marijuana, edible marijuana, other
form of marijuana only, and other form of tobacco with ma-
rijuana. Marijuana use was dichotomized into any marijuana
use or no marijuana use at baseline, week 2, or week 6, in
addition to any or no marijuana use during the 6-week study.
Combustible marijuana use was classified for use of blunt,
joint, spliff, bowl, pipe/bong with marijuana and tobacco, or
hookah with tobacco and marijuana.

Tobacco products were also measured by TLFB including
cigarettes, little cigars, cigarillos, hand-rolled cigarettes,
full-sized cigars, pipes, bidis, hookah/water pipes, and spit/
snuff/smokeless tobacco. An objective measure of e-cigarette
use was obtained by counting and weighing participants’ used
pods at week 6. Combustible tobacco product use was clas-
sified for use of little cigars, cigarillos, hand-rolled cigarettes,
full-sized cigars, pipes, bidis, or hookah/water pipes.

E-Cigarette Substitution

E-cigarette substitution was calculated using cigarettes smoked
and the number of pods returned at week 6. Cigarettes smoked
at week 6 were recorded as the number of cigarettes smoked in
the past 7 days using TLFB. As described elsewhere, e-cigarette
pods were counted and weighed at week 6 and converted
into cigarette equivalents (one pod contains 0.57 g e-liquid,
equivalent to about 20 cigarettes).3'3> E-cigarette substitution
was calculated as a percent by dividing the total amount of
e-cigarettes consumed per week by the sum of total cigarette
and e-cigarette consumption.

Carbon Monoxide

CO was measured in parts per million (ppm) from an exhaled
breath test using a coVita Smokerlyzer device. Expired CO
has a half-life of 2-6 hours and is only sensitive to recent
smoking.?* CO levels of 6 or more ppm were used as inclusion
criteria to enroll in the study and recorded at baseline, week
2, and week 6.
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Respiratory Symptoms

Respiratory symptoms were assessed using the American
Thoracic Society Questionnaire scale.’»* This 8-item, self-
report questionnaire measures respiratory symptom fre-
quency (eg, cough first thing in the morning, getting very tired
in a short time) with responses of 0 (never), 1 (less than once
per week), 2 (1-2 times per week), 3 (several times per week),
and 4 (every day). Scores were summed and range from 0 to
32, with higher scores indicating increased respiratory symp-
toms.?”* This scale displays psychometric validity in adoles-
cent smokers, with Cronbach’s o = 0.80 and o = 0.86 in a
matched pairs study.? Scales in the present study display good
internal consistency at baseline a = 0.86, week 2 a. = 0.83, and
week 6 o =0.86.

Statistical Analyses

Independent samples ¢ tests and chi-square tests were used to
compare baseline characteristics of those who reported mari-
juana use during the study period with those that did not re-
port marijuana use. Four separate multiple linear regressions
tested the effect of marijuana use on the following measures
at week 6: cigarettes smoked, e-cigarette substitution, CO,
and respiratory symptoms. Any marijuana use during the 6
weeks was used for analyses predicting cigarettes smoked
and e-cigarette substitution, whereas combustible marijuana
use was used for analyses predicting CO and respiratory
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symptoms. Due to the time sensitivity of CO, this analysis
used combustible marijuana at the week 6 timepoint.

Multiple linear regressions were conducted controlling for
gender, race/ethnicity or site, age, number of cigarettes smoked
at baseline, and use of other combustible tobacco products.
Baseline respiratory symptoms were added as a control for the
model predicting week 6 respiratory symptoms. Winsorization
was applied to outlying continuous variables in which z-scores
were less than -3.29 or greater than 3.29.3¢ This procedure was
applied to three TLFB cigarette values (two at baseline; one at
week 6) and four CO values (two at baseline; two at week 6).
Missing data were excluded using listwise deletion and all ana-
lyses were conducted using SPSS v24.0.

A post hoc power analysis with a sample size of N = 114
was conducted using G*Power.’” Without compromising
power below 0.80, an effect size of Cohen’s f* = 0.08 was
needed for one predictor using a multiple linear regression
with up to seven parameters and using a two-sided p value
of <.05.

Results

The present study focuses on the primary analytic sample of
the e-cigarette group who completed the final week 6 visit
(114/125 = 91.2%; 60 African American and 54 Latinx). The
sample was 58.8% male, 52.6 % African American and 47.4%
Latinx, and on average 44.6 years old (Table 1). Participants

Table 1. Baseline Characteristics of Analytic Sample, by Study Marijuana Use; M (SD) or N (%)

Variables at baseline All Marijuana use®* X2/t ph
N=114 - -
Nonmarijuana Marijuana
users (7 = 62) users (17 =52)
Demographics Site? 4.088 .043
San Diego, CA 54 (47.4) 24 (38.7) 30 (57.7)
Kansas City, MO 60 (52.6) 38 (61.3) 22 (42.3)
Gender® 2.094  .148
Male 67 (58.8) 33(53.2) 34 (65.4)
Female 46 (40.4) 29 (46.8) 17 (32.7)
Age, years 44.6 (12.9) 47.8 (12.1) 40.8 (12.8) 3.026  .003
Marriage status 3.209  .073
Never married 51 (44.7) 23 (37.1) 28 (53.8)
Other¢ 63 (55.3) 39 (62.9) 24 (46.2
Federal poverty level 0.118 .731
At or below 200% 83 (74.1) 46 (75.4) 37 (72.5)
Above 200% 29 (25.9) 15 (24.6) 14 (27.5)

Outcome variables Cigarettes per week smoked? 82.6 (44.7) 83.0 (42.5) 82.2 (47.5) 0.094 925
Other combustible tobacco products®s 25 (21.9) 9 (14.5) 16 (30.8) 4.364  .037
Carbon monoxide, ppm 17.7 (9.0) 16.8 (8.9) 18.8 (9.2) -1.177 242
Respiratory symptoms' 11.9 (8.4) 12.0 (8.4) 11.7 (8.5) 0.226  .821

Boldface indicates statistical significance (p < .035).

aSite and race/ethnicity are interchangeable such that those from San Diego were Latinx and those from Kansas City were African American.
"Due to small sample size, gender excluded one participant who identified as transgender/gender nonconforming and was not included in chi-square

analysis.
‘Married, divorced, separated, or widowed.
dPast 7-day Timeline Followback (TLFB).

‘Dichotomized into use of other combustible tobacco products or no use of other combustible tobacco products (besides cigarettes). Includes little cigars,
cigarillos, hand-rolled cigarettes, full-sized cigars, pipes, bidis, and hookah/water pipes.

‘Measured with the American Thoracic Society Questionnaire, range 0-32, with higher scores indicating increased respiratory symptoms.

sDichotomized into marijuana use reported at the baseline, week 2, or week 6 visit, or no marijuana use reported.

"Inferential testing for demographics based on marijuana use used ¢ tests and chi-square tests.
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smoked on average 83 cigarettes per week or a little over half
a pack per day. Nearly half of the sample (7 = 52, 46%) re-
ported marijuana use at least once during the study period
(baseline 7 = 46, 40.4%; week 2 n = 42, 38.2%; and week
6 1 =45,39.5%). Past week marijuana days (use of any ma-
rijuana on each of 7 days) among marijuana users reveal a
bimodal pattern of use. Approximately half (50%-53%) of
marijuana users used on 7 out of 7 past calendar days, while
another 29%-37% used on only 1 or 2 days in past 7 days
(Supplementary Figure 1). A minority of marijuana users re-
ported use on 4 or 5 days in the past 7 days.

Among those who used marijuana, the majority of ma-
rijuana use was combustible (1162/1411 products re-
ported = 82% combustible use instances at baseline,
858/1106 products reported = 78% combustible use in-
stances at week 2, and 1068/1400 products reported = 76 %
combustible use instances at week 6; Supplementary Figure
2). Most people who used marijuana used multiple forms,
and every person who used marijuana reported a type of
combustible marijuana, except for one person at week 6
who used noncombustible marijuana only. The four lead-
ing marijuana products reported were bowls (55% average
across baseline, week 2, and week 6), dabs or vaporized
marijuana (18% average), blunts (14% average), and joints
(7% average) (Supplementary Figure 2). Bowls in this con-
text refer to the amount of marijuana placed into the feature
of a pipe or bong that is subsequently smoked.

Bowls were reported more often and on more days than
any other product (Table 2). At baseline, those who used
bowls (n = 24) smoked approximately 5 bowls per day on
an average of 5 days per week. Those using dabs or vapor-
ized marijuana at baseline (# = 12) reported 4 sessions per
day on an average of 3 days per week. Blunt smokers at
baseline (7 = 24) smoked approximately 2 blunts per day
on an average of 3 days per week. Joint smokers at baseline
(n = 22) smoked approximately 2 joints per day on an aver-
age of 2 days per week. Data for other marijuana products
and other timepoints are reported in Table 2. Weekly con-
sumption levels of each marijuana product are provided in
Supplementary Table 1.

Smokers who reported marijuana use during the study
period were younger, had higher rates of other combustible
tobacco product use at baseline, and were over-represented
in San Diego, where recreational marijuana use is legal, com-
pared with those with no marijuana use (Table 1). Location
was interchangeable with race/ethnicity, meaning those who
reported marijuana use were over-represented among Latinx
versus African American participants. Smokers who reported
marijuana use during the study period did not vary in base-
line levels of cigarettes smoked, CO, or respiratory symptoms
from those with no marijuana use.

Impact of Marijuana Use on Cigarettes Smoked

Cigarettes smoked at baseline (B = 0.236, p = .001, 95%
confidence interval [CI] = 0.104, 0.369) and age (B = 0.652;
P =.030,95% CI =0.064, 1.239) predicted cigarettes smoked
at week 6, such that those who were older and smoking more
at baseline were smoking more at week 6 (Table 3). Adding
the predictor of marijuana use did not improve model fit:
AF(1, 107) = 0.061, p = .805, 95% CI = -10.628, 13.654,
AR? = 0.000. Gender, site, and other combustible tobacco
products were nonsignificant variables in the model (ps > .05).
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Impact of Marijuana Use on E-Cigarette
Substitution

Age predicted e-cigarette substitution at week 6, such that
those who were older had lower e-cigarette substitution at
week 6 (B = -0.007, p = .046, 95% CI = -0.013, 0.000;
Table 3). Adding the predictor of marijuana use did not improve
model fit: AF(1, 107) = 1.167, p = .282, 95% CI = -0.208,
0.061, AR? = 0.010. Gender, site, cigarettes smoked at baseline,
and other combustible tobacco products were nonsignificant
variables in the model (ps > .05). A chi-square test found ma-
rijuana use was not related to the dichotomized variable of no
smoking compared with any smoking/dual use (p = .135).

Impact of Combustible Marijuana Use on CO
Site (B = -3.862, p = .014, 95% CI = -6.935, -0.789) and
cigarettes smoked at week 6 (B = 0.132, p < .001, 95%
CI = 0.095, 0.170) predicted CO at week 6, such that those
from Kansas City/African Americans and those smoking more
cigarettes at week 6 had increased CO at week 6 (Table 3).
Adding the predictor of combustible marijuana use at week
6 improved model fit: AF(1, 107) = 11.969, p = .001, 95%
CI = 1.894, 6.979, AR? = 0.066. Combustible marijuana use
at week 6 was associated with a 4.4 ppm increase in week
6 CO compared with no use of marijuana, after controlling
for cigarettes smoked at week 6. Gender, age, and other com-
bustible tobacco products were nonsignificant variables in the
model (ps > .05).

The effect of combustible marijuana use on CO at week
6 can be observed when cigarette use is dichotomized into
none (0 cigarettes smoked) and any (one or more cigarettes
smoked). As shown in Figure 1, combustible marijuana users
have increased CO compared with nonmarijuana users for
those who continued to smoke cigarettes at week 6 (15.6
vs. 10.8 ppm) and those who had exclusively switched to
e-cigarettes (ie, non-cigarette smokers, 7.8 vs. 3.9 ppm). Mean
CO ppm was higher for combustible marijuana users than
nonusers for those reporting any cigarette use (4.8 ppm dif-
ference) and no cigarette use (3.9 ppm difference) at week 6,
indicating marijuana users have higher CO regardless of cig-
arette smoking status at week 6.

Impact of Marijuana Use on Respiratory Symptoms
Cigarettes smoked at baseline (B = -0.036, p = .011, 95%
CI = -0.063, -0.009) and respiratory symptoms at baseline
(B =0.519, p <.001, 95% CI = 0.373, 0.664) predicted re-
spiratory symptoms at week 6, such that those smoking fewer
cigarettes at baseline and those with increased baseline respira-
tory symptoms had increased respiratory symptoms at week 6
(Table 3). Adding the predictor of combustible marijuana use
did not improve model fit: AF(1, 104) = 1.214,p = .273,95%
CI = -1.062, 3.717, AR?* = 0.007. Gender, site, age, and other
combustible tobacco products were nonsignificant variables
in the model (ps > .05).

Discussion

In the first study to our knowledge examining the impact of
marijuana use on smokers switching to e-cigarettes, mari-
juana use was not a barrier to cigarette reduction in a 6-week
trial. Furthermore, there was no evidence that marijuana
use inhibited switching to e-cigarettes. The lack of associ-
ation between marijuana use and switching to e-cigarettes is


http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac008#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac008#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac008#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac008#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac008#supplementary-data

Rice et al.

'sfep / 1sed oy3 ur pasn sdep £q SuIpraIp pue aam oy3 Surmp pazrodar sytun [e303 9y3 Sunyes £q paje[nofed arom
Kep 1ad syonpoi ‘Jutodawn 2anoadsax ay1 105 “1onpoid 9a1d3dsar 9y Jo s1asN AJUO IPNJOUT SMOT BIB(] "Pariodal 1B S(JS PUEB SUBIJN "YOBqMO[[0,] duljowil], Aep-/ 1sed Suisn papiodal a1om sonpoid euenlireut ||y

euen(LIBW yirm 0508q03 JO WI0f Y10

L=u L=u c=u c=u
(=) oot (—)oo1 - - (85°0) L9°T (90°€) L9°€ A[uo euen(irew jo wioy YO
L=u L=u L=u L=u 9=1u 9=1u
(6977 €€7C (6£°0) €¥'1 (Ttsm 6Lt (¥7'7) 00T (trs)sLe (b€ €€C vuen(irew a[qIpy
=u =u yr=u yr=u r=u r=u
(LT¥) 9€'Y (§9°7) 0S¥ (z9°¢) 06°€ (#9770 6T°€ (sev)cry (177 €8°C (suorssas) euen(rewr paztiodea 10 sqe(y
SI[qUISNQUIOdUON]
— — — — — — 0008qO} puE BUBN(LIEW (IIM YEYOOL]
c=u c=u I=u L=u c=u c=u
(=) oot (00°0) 00°T (=) oot (=) oot (00'1) 00T (cze) ec'e  (aaded ut pajjos 0adeqo3 pue euen(irew) gids
w=u w=u Sp=u Sp=u = c=u
(69°0) S¥'1 (L0T) €LT (86'¢) 1€ (6L£'1)LTC (F¥'1)61°C (t07) 9¢°¢ (+oded ur pojjor euen(irew) urof
1c=u Tc=u c=u w=u yo=u yo=u
(68'1) €T ($9°7) 8¥°€ (sT1) T8t (e €Te (0T'1) €81 (05'7) 80°€ (euen(irew yara ofjrresid 10 1e81) Junjg
g=u g=u
- - - - (90'%) LT ¥ (#TT) 00T (029eqO1 pue euen(irew yim Fuogsedid) sjoly
0oc=u oc=u c=u w=u yo=u yo=u
(TS'¥) S1°9 (86'1) 09°S (89'%) 68°F (6T0 €TS (L1°S) 60°S (P TS (euenfurew gam Suoq/adid) [mog
so[quIsNquIo))
(as) w (as)w (as) w (as) w (as) w (as) w
Aep 1od syonpoig  skep £ ised ur pasn skeq  Aep 1od s1onpoig  sAep £ sed ur pasn skeq  Aep 1od sponporg  sAep £ 1sed ur pasn ske(q

9 M

TPM

uljaseq

998

89S 10npold euenliey jo Aduenbalq ‘g ajqer



999

Nicotine & Tobacco Research, 2022,Vol. 24, No. 7

"8L1000°0y
‘611000703

*(020eqO3 pue euEn(LIEW YIIM

Yooy pue ‘0doeqo3 pue euen(urew ym guoqyedid ‘spmoq ‘spipds ‘sjutol ‘syun|q) asn euen(LIBW S[qEISNUWIOd OU 10 JISIA 9 Y29M JO ‘7 Y2am ‘QUI[aseq dy3 I Pa3iodar asn euEN(LIBW S[qEISNGWOd 0IUT PIZIWOIOYII(,
swoldwids £101e11dsa1 pasearour SunedIpul $31008 19YSIY YIm ‘7e—() 8uel ‘Qrreuuonsand) £19150§ JIBIOY [, UBDLISWY dYI YIIM PIINSeIIA],

*(020eq0) puE BUEN[ITEW YIIM [BYOOT puE ‘020eq0l pue euen(irew yim Suoqsedid ‘spmoq ‘sppipds ‘siutof ‘syunjq) asn euen(irew 9[quSNQUWOd OU O “IISIA 9 Y29M 1B SN BUBN(IILW 9[qUISNGWOD 0IUT PIZIWOIOYII(T,
'sadid 1a3em/yesjooy pue ‘sipiq ‘sadid ‘s1eS1o pazis-ng ‘sa33aredIo pajjoi-puey ‘so[[rresio ‘s1edo a3 apn[oul s3onpoid 030eqo3 I[qUSNqUIOd 1BYIO,

*9sn BUBN(LIBW OU 10 IISIA 9 Y29M IO ‘7 Y2am ‘Quijaseq ay3 1 Paiiodar asn euen(LIBW 0IUT PaZIWOIOYdI(,

(QATL) YOPqMmO][O durPuIL] Kep-£ e,

"[BAI2IUT 90U2PYUOD = D) *(GQ" > ¢) 2duedYIUSIS [BINISIEIS SAIBIIPUI DBJP[Og

€65°0 €L0°0 6150 £99°0 ‘€L€°0 100> ¥L0°L »durseq e swoydwids £rojendsoy
L¥0°0~ 86¢°1 €870~ 686°1 ‘955" ¢~ 9L 096°0- »$300po1d 0238q03 A[qUSIqUIOd IYIO
60T°0~ ¥10°0 9€0°0— 600°0~ ‘€90°0~ 110 €09C~ WUI[ISE( JE PIYOWS $31IeT10)
¥S1°0 090°0 88070 90T°0 ‘0€0°0~ a4 8LV’ a3y
c50°0 (" 9L°0 9SL°€ ‘TETT S19° §0S°0 S
LL0°0~ S0T'1 L60°1— T6T'1 ‘68°€- £9¢” 0160~ 19pUdH
L0070 €LT ¥0T ‘T 141" 060°0 0Tl LTC°L LIL€T90'T~ €LT (V)" 5980 BUEN[IIRY
,swoldwids £101e11dsay
LTL0~ 86€°1L 08CC- 6470 TS0 S 901" 0€9°1- 5283901poxd 033803 AqUSNqUIOd YO
0§§°0 610°0 Lo 0L1°0 ‘S60°0 100> 1¥0°L 29 YoM Je payows sanaIesI)
1cro- 290°0 §L0°0— L¥0°0 ‘861°0~ LTT ILT 1= By
0= 0§¢°1 98¢ 68,0~ ‘S€6'9- 1410 L6v'C- RN
#8070~ Yol 9ILe 1= 0ST'T “C8L°¢~ €6T 8S0°1- 19pURH
990°0 100° LOT ‘T 696°11 0LT°0 (41" LEVY 6L6'9 ‘1681 100° 09%°¢ pe9 99M Je 98 euenlirey
wdd ‘oprxouowr uoqie))
600°0 9L0°0 £00°0 LST0 vy 170~ 676 680°0 #830npoId 0338q03 J[qUSNQUIOd YO
¥91°0— 100°0 10070~ 4000°0 ‘€000~ ¥80° YL 1- LAUT[ISE] 18 PINOWS SINIIETT)
Y0~ €00°0 L0070~ 5000°0 ‘€10°0- 90" 610°C a3y
0+0°0— €80°0 820°0— LET0 ‘€610~ LEL LEE0~ NS
1€0°0 890°0 700 SST°0 ‘TI1°0- 0sL 0T€0 19pURH
010°0 414 LOT T L9171 ¥01°0— 890°0 €L0°0— 190°0 ‘80770~ w7 080°1~ qwOS eUEN[ITRA
uonnIIsqns 91391e381-9
¥€0°0- 0€89 €LS7C 996°0T ‘€TT°9T~ L0L LLE0~ 5+83901poxd 033803 AqUSNqUI0d YIQ
91€0 £90°0 9€T°0 69€°0 ‘40170 100 1p$e wUI[ISEq JE PIYOWS $311a1eF10)
1ST0 967°0 59°0 6€TT 4900 0€0° 00T'C a8y
9L1°0 SIS°L YL 0+9'9C ‘SST°€- e €9¢°1 RN
w00~ €809 €9L7C~ 96T'6 T8 ¥~ 189 Sy 0- 19pURH
000°0 §08° LOT ‘T 190°0 €200 445 €Iel ¥S9°€L ‘8901~ §08° LYTO qOS0 BUEnIIR
PO 531191831
v d p v d dS pazipiepueisuny g pazipiepueisun) IO %S6 7

SBW02INQ 9 388N\ 10} S}Nsay sisAjeuy uoissalbey “g ajqeL



1000

Marijuana Use

NNo use
.Use

Mean Carbon Monoxide (PPM)

Smoked one or more

Smoked none

Cigarette Use
Error Bars: +/- 1 SE

Figure 1. Week 6 carbon monoxide (CO) by combustible marijuana use
and cigarettes smoked. Combustible marijuana use refers to one or more
combustible marijuana products used at the week 6 past 7-day Timeline
Followback. Cigarette use refers to one or more cigarettes reported at
the week 6 past 7-day Timeline Followback.

encouraging, but longer term follow-up may elucidate a dif-
ferent pattern of results over a greater time period. Studies
linking marijuana co-use to worse cigarette cessation out-
comes infer that marijuana use may need to be a concurrent
target of cigarette smoking cessation interventions,”>° and
results from the present e-cigarette switching study reveal ma-
rijuana users display differential health outcomes for some
markers (ie, CO).

Present findings for frequency of marijuana use as well as
method of use are comparable to US national studies. Past
7-day marijuana use data reveal two distinct patterns of users,
those who use marijuana once or twice a week and those who
use daily (50%—-53% of marijuana users). A survey sample
of lifetime marijuana users recruited from Twitter (mean age
43 vyears old) also found approximately half (46%) were
daily/near daily users of flower/herbal cannabis.’® Data on
marijuana product types reported are similar to a 2016-2017
survey sample reporting most common modes of cannabis
consumption being bowl (ie, pipe or bong), vaporizer, blunts,
and joints.*> Additionally, proportions of combustible mari-
juana use (82 % at baseline, 78 % at week 2, and 76 % at week
6) are comparable to an online sample finding the majority of
past-year marijuana users (1063/1270, 84%) reported mari-
juana smoking.’

Combustible marijuana was not associated with respiratory
symptoms at week 6 once cigarette smoking and other risk
factors were accounted for. Marijuana use did not compound
respiratory symptoms beyond the effect of cigarette smoking
and other risk factors over 6 weeks. However, it is possible
that an additive effect of respiratory symptoms would emerge
over a longer time or with more frequent users, as cannabis
dependency (measured by the DSM-III-R) has been associated
with some respiratory symptoms even after controlling for
tobacco use.*

Combustible marijuana use was uniquely associated with
elevated CO at week 6, beyond that explained by cigarette
smoking. Marijuana use was associated with approximately
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four ppm more CO exposure than nonmarijuana users, after
controlling for cigarette use. This was expected given that
combusted marijuana is associated with increased CO ex-
posure.” CO is a marker of exposure to combustion toxi-
cants, which have been associated with many diseases. CO
reduces oxygen delivery from blood and can be harmful to
people with preexisting cardiovascular disease or pulmon-
ary disease.*! Higher CO levels reflect greater smoke expos-
ure and suggest that smokers who use marijuana may be at
increased risk for adverse health effects.*? Some e-cigarette
switching studies include education about the benefit of re-
duced CO by switching from combustible to electronic cigar-
ettes.>?” Our study suggests that the magnitude of this benefit
will not be equal for those who smoke marijuana compared
with those who do not.

Almost half of our study sample reported at least one inci-
dent of marijuana use, corresponding with rates of marijuana
use among cigarette smokers ranging from 27% to 46 % in pre-
vious studies.!>!5#% Given that many smoking studies use CO
as an endpoint for bioverifying tobacco use status, researchers
will need to determine how to use this information. Many re-
searchers opt to make marijuana and other drug use exclusion
criteria.*>$48 It is unknown whether excluding marijuana
use was done to isolate cigarette smoking as a source of CO
for bioverifying smoking reduction, or whether this exclusion
was a strategy to exclude drug use. For example, dependence
on chemicals other than nicotine*** is common exclu-
sion criteria for e-cigarette switching studies. Interventionists
should be aware that excluding cigarette smokers who use
marijuana use will significantly decrease study generalizabil-
ity. Researchers who wish to include combustible marijuana
users in their study sample are advised to conduct a nuanced
measurement of product use and account for combustible ma-
rijuana use when bioverifying tobacco use status.*’

The study includes several important limitations. The study
was conducted in two geographical locations in the United
States and among two different racial/ethnic groups and find-
ings may not generalize to other populations. Additionally,
the product characteristics and frequency patterns of mari-
juana use came from a relatively small sample (7 = 52) that
may not generalize to other populations of marijuana users.
Findings must also be taken in light of a sample of smokers
willing to switch to e-cigarettes and provided e-cigarettes at
no cost for 6 weeks. Self-reported marijuana use was higher
at the San Diego site than the Kansas City site. Although par-
ticipants were told their responses were deidentified and con-
fidential, Kansas City participants could have felt pressure
to conceal marijuana use due to the state’s medicinal-only
status, compared with the San Diego site where recreational
marijuana use is legal. In addition to decreased comfort of
reporting due to associated legal risks, there are also practical
considerations that may contribute to less use such as acces-
sibility to purchasing and exposure to advertising. Prevalence
of marijuana use has been reported highest in states with legal
recreational use.’ To address reporting bias in a multisite set-
ting, measuring a biomarker of cannabis use is recommended.
It is also possible that the younger age of San Diego study
participants compared with Kansas City participants contrib-
uted to differential marijuana use, as age is associated with
marijuana use.'>'265° Finally, study outcomes were taken at
6-week postbaseline and the long-term impact of marijuana
use on cigarette reduction and related health effects is an im-
portant topic for future study. While this study captured a
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majority of combustible marijuana use, understanding if there
are reinforcing sensory components of vaping marijuana and
vaping nicotine e-liquid remains to be studied.

Conclusion

Marijuana use did not inhibit cigarette reduction or e-cigarette
substitution when smokers were provided a fourth-generation
nicotine salt pod system e-cigarette and encouraged to switch
for 6 weeks. Combustible marijuana use was linked to elevated
CO, reflecting exposure to smoke, and may create increased risk
for a variety of health issues.*> Furthermore, combustible ma-
rijuana use may be a confounding factor when CO is used as
an endpoint to bioverify exclusive e-cigarette use. This sample
of smokers was comprised of nearly half marijuana co-users.
A little over half of marijuana users were daily users and a large
majority of products reported were combustible. Tobacco inter-
ventionists should keep in mind the proportion of enrolled
smokers who could also be smoking marijuana and be aware that
combustion is a general mechanism affecting health outcomes.
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