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Abstract

Background: Smoking cannabis may potentially increase exposure to numerous toxic chemicals
that are commonly associated with tobacco use. There is a paucity of data related to toxicant ex-
posures among concurrent users of tobacco and cannabis (co-users).

Methods: Data are from the Population Assessment of Tobacco and Health Study Wave 1 Biomarker
Restricted-Use Files. Analyses focused on adults who provided urine samples (N = 5859). Urine
samples were analyzed for biomarkers of exposure to nicotine, tobacco-specific nitrosamines,
polycyclic aromatic hydrocarbons, and volatile organic compounds. Using weighted linear re-
gression, we compared adjusted geometric mean concentrations of 15 biomarkers between user
groups of various tobacco product types according to their self-reported past 30-day cannabis use.
Results: Past 30-day cannabis use was similar across various types of tobacco product use sub-
groups (range: 13%-23%) and significantly more common compared to non-tobacco users (1.0%;
p < .001). Across all groups of tobacco users, those who co-used cannabis exhibited significantly
higher concentrations of the biomarker of exposure to acrylonitrile (CYMA) compared to non-
cannabis users (by 39%-464%). Tobacco-cannabis co-users also showed significantly elevated
levels of the biomarker of exposure to acrylamide (AAMA) compared to exclusive tobacco users,
and significantly higher exposure to many polycyclic aromatic hydrocarbons (including fluorene
and pyrene).

Conclusions: Co-users exhibited higher concentrations for biomarkers of exposure to many com-
bustion byproducts, compared to exclusive tobacco users. More robust measurements of can-
nabis use can address potential confounding in assessments of exposures to tobacco-related
constituents, and potential health effects resulting from co-use.

Implications: With disproportionately greater rates of cannabis use occurring among tobacco
users, it is critical to consider how concurrent cannabis use may influence health-related outcomes
among smokers. Our findings suggest potential additive toxicant exposures among co-users of
tobacco and cannabis. Lack of consideration and measurement of cannabis use in assessing
tobacco-related exposures may confound estimates thought to be attributable to tobacco, par-
ticularly for non-specific biomarkers. Assessing tobacco and cannabis use in tandem will allow
for more precise measurement of outcomes related to one or both substances, and can provide
additional information on potential health effects related to co-use.

© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com.
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Introduction

In the United States, concurrent use of tobacco and cannabis (co-use)
is more common than cannabis use alone, with 5.2% of US adults
reporting past month co-use, compared to 2.3% who reported
exclusive use of cannabis.! Mechanisms of co-use are related to
shared genetic and environmental influences and are thought to be
reinforced by a shared route of administration (inhalation).? This
includes smoking, which remains the predominant mode of de-
livery for tobacco and cannabis, respectively.’* Co-users constitute
a unique subset of the tobacco user population at risk for important
health issues, including heavier frequency and quantity of cannabis
and tobacco use, greater dependence on cannabis and tobacco, po-
tentially increased negative respiratory symptoms, and diminished
likelihood of cannabis cessation.>’

To date, the literature on co-use largely focuses on descriptive epi-
demiologic studies that characterize these users,"*~ aspects of co-use
related to tobacco and/or cannabis treatment and cessation,*!° and
the study of these issues as they relate to cigarette use and cigar
use.">!! Few studies have leveraged available data to describe co-use
in the context of a diverse array of tobacco products,®'>!3 ranging
from higher risk combustible products (including cigarettes, cigars,
and hookah), to presumably lower risk non-combustible tobacco
products (most notably, electronic cigarettes [e-cigarettes]).'* Each of
these tobacco products exhibits differences in user demography and
associated patterns of use, lending to differential nicotine and toxi-
cant exposure profiles that can provide clues into potential health
harms and thus, potential exposure reduction strategies.'>-!%

Considerably less attention has been given to toxicant expos-
ures among co-users. A recent review on this topic found that most
studies in this area focused on measures related to exhaled carbon
monoxide, with no available data to describe exposure to other
smoke constituents in co-users.'”” The importance of this concept is
suggested via laboratory data showing that tobacco and cannabis
smoke contain many of the same toxic constituents.?’ Although to-
bacco produces higher yields of many toxicants (including tobacco-
specific nitrosamines and several carbonyl compounds), cannabis
smoke can produce yields of other toxicants at levels equivalent
to, or even higher than, those found in tobacco smoke. These in-
clude many aromatic amines, volatile organic compounds (VOCs),
and equivalent levels of many polycyclic aromatic hydrocarbons
(PAHs).2° Many of these toxicants are linked to illnesses such as car-
diovascular and respiratory diseases, and cancer.?!

Several human exposure studies have been performed to under-
stand exposures unique to exclusive users of each substance (to-
bacco and cannabis, respectively).'17?22* As combustion remains
predominant in the delivery of both drugs,>**° and the inhalation of
combustion byproducts is a key contributor to the development of
tobacco-related diseases,?® there is a need to discern whether use of
both substances is linked to elevated toxicant exposures relative to
those who are only using one substance. This is not only important
from the perspective of an individual’s health risks, but also provides
key insights into whether residual sources of exposure from using
smoked forms of one drug may confound estimates of exposure that
are intended to describe potential risks associated with use of either
drug alone.

Using data from the Population Assessment of Tobacco and
Health (PATH) Study, we examined levels of exposure biomarkers
in a sample of US adult users of various types of tobacco products
and non-tobacco users to address the following: (1) Describe con-
centrations for biomarkers of exposure among co-users of tobacco

and cannabis across a broad spectrum of tobacco products, and (2)
Compare differences in biomarker concentrations between exclusive
tobacco product users and tobacco—cannabis co-users of the same
tobacco product.

Methods

Data Source

Data for this analysis used the merged PATH Study Wave 1 Adult
Questionnaire Restricted-Use Files, and Biomarker Restricted-Use
Files, collected from 2013 to 2014.?” The Biomarker Restricted-Use
File is a stratified probability sample of the larger PATH adult co-
hort, consisting of 11 522 adults that provided urine samples that
were selected for laboratory analysis and inclusion in this subsample.
Details on methods for the PATH Study, including design, sampling,
interviewing procedures, sample weighting, and biospecimen sub-
sample details have been outlined elsewhere.?® The weighted re-
sponse rate for screened households at Wave 1 was 54.0%. Among
screened households, the weighted Wave 1 adult interview response
rate for those who provided a urine sample was 63.6%. Approval for
the study was granted by the Institutional Review Board at Westat.

Analytic Sample

Among the PATH biospecimen subsample, a sample of 5859 adults
aged 18 or older were selected for study inclusion and stratified into
six groups. For comparison purposes, we defined a group of (1)
“non-tobacco users” (N = 1736) who included those who reported
never using any tobacco product, or those who reported use of cig-
arettes more than 6 months prior to their interview, and reported no
other current tobacco product use. Non-tobacco users included those
who reported past 30-day cannabis use and those who did not re-
port cannabis use. For users of a single tobacco product, four groups
were defined, including: (2) “e-cigarette-only users” (n = 181), de-
fined as those who reported current everyday or some days use of
e-cigarettes and reported no other current tobacco product use; (3)
“cigarette-only users” (7 = 2412), defined as those reported smoking
at least 100 cigarettes in their lifetime and reported current everyday
or some days use of tobacco cigarettes and reported no other to-
bacco product use; (4) “cigar-only users” (n = 336), defined as re-
ported current use of traditional cigars, cigarillos, and/or filtered
cigars everyday or some days, and reported no other current tobacco
product use; and (5) “hookah-only users” (1 = 402), defined as those
who reported current everyday or some days use of hookah, and no
other current tobacco product use. Single product use groups were
selected due to documented associations with concurrent cannabis
use (cigarettes) and parallel modes of delivery relevant to both to-
bacco and cannabis (e-cigarettes, cigars, hookah).¢!! Given that 331
poly-tobacco use combinations occur among US adults,® we add-
itionally selected the most prevalent poly-tobacco use group as the
final analytic group: (6) “dual cigarette + e-cigarette users” (“dual
users”, 7 = 792): defined as those who smoked 100 cigarettes in their
lifetime, reported current everyday or some days use of both tobacco
cigarettes and e-cigarettes, and reported no other current tobacco
product use. Other poly-tobacco combinations (7 = 330) were not
explicitly assessed, potential differences can be viewed elsewhere.”’
Smokeless users were excluded due to the small number of cannabis
users within this group.” We did not exclude all non-tobacco users
with detectable levels of total nicotine equivalents-2 (TNE-2) and
urinary 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) due
to the presence of these constituents in secondhand smoke (SHS)
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and in cigars (used for the administration of blunts.).'”'%3* However,
among those reporting no combusted tobacco use (ie, non-tobacco
users and e-cigarette-only users) we excluded individuals with
urinary NNAL levels (tobacco-specific biomarker) exceeding 14.5
pg/mg creatinine to rule out potential misreporting, estimates that
may result from excessive SHS exposure, or excessive blunt use.*®
In addition, all users had to report no past 3-day use of nicotine
replacement therapy to rule out ancillary exposure to nicotine from
non-tobacco sources.

Biospecimen Collection, Storage, Processing, and
Analysis

Participants who consented to provide a urine biospecimen
self-collected full-void spot urine samples in 500 mL polypropylene
containers provided by interviewers. Urine samples were immedi-
ately placed in a Crédo Cube shipper, designed to transport sam-
ples at temperatures maintained between 2°C and 8°C. Samples
were shipped overnight to the study biorepository for processing,
and biomarkers were subsequently measured using highly selective
mass spectrometric methods carried out by the CDC Division of

Laboratory Sciences.?!=*

Biomarkers of Exposure

We focused on 15 biomarkers of exposure to harmful and poten-
tially harmful chemicals with documented associations with to-
bacco and/or cannabis use.?” These biomarkers come from two
main chemical classes that are not specific to use of either sub-
stance, including PAHs and VOCs. To assist in disentangling ef-
fects attributable to tobacco-related exposures (including tobacco
use, secondhand tobacco smoke exposure, and tobacco—cannabis
coadministration practices such as blunt and spliff use), we exam-
ined biomarker data for tobacco-specific exposures, including nico-
tine and tobacco-specific nitrosamines in all user groups. The full
set of results can be found in Supplementary Table 1. For simpli-
city, the article will focuses on results for six biomarkers selected
for their empirical association with tobacco and/or cannabis, and
their documented associations with health harms across organ sys-
tems and incident illness.?**'2¢35 These include two biomarkers
of exposure to PAHs: 2-hydroxyfluorene (parent compound:
fluorene), and 1-hydroxypyrene (parent compound: pyrene), and
two biomarkers of exposure to VOCs CYMA (parent compound:
acrylonitrile), and AAMA (parent compound: acrylamide). We
also compared concentrations of two tobacco-specific biomarkers:
TNE-2 (parent compound: nicotine) and NNAL (parent compound:
tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone [NNK]). TNE-2 reflects the molar sum of cotinine and
trans-3’hydroxycotinine in urine. The clinical significance of these
parent compounds includes addiction (nicotine), effects on neuro-
logical development (nicotine), respiratory irritation (fluorene), car-
diovascular toxicity (pyrene), and known or suspected carcinogen
status (NNK, acrylonitrile, acrylamide), among others.?! References
to analytical limits of detection (LOD) for biomarkers in the PATH
urine data panel have been published elsewhere.!”

Cannabis Use

Cannabis use was assessed by asking participants the following
question among those reporting ever use of “marijuana”: “How
long has it been since you last used marijuana, hash, THC, grass,
pot, or weed?” (response options: within the past 30 days, more
than 30 days ago but within the past year, more than a year ago).

A binary variable was created, with those reporting use within the
past 30 days categorized as “past 30-day cannabis users,” whereas
those reporting cannabis use more than 30 days ago or never use
of cannabis were classified as “No cannabis use within the past
30 days.” The past 30-day timeframe was chosen over longer spans
of time due to the short half-life of the biomarkers examined during
this study.***” The PATH Study does not provide biochemical meas-
urements reflective of cannabis use (ie, delta-9 tetrahydrocannabinol
[THC], cannabidiol [CBD], and cannabinol [CBN]).

Statistical Analysis
Descriptive statistics (Pearson %2 for categorical variables, one-way
analysis of variance for continuous variables) were used to com-
pare characteristics across the entire sample, and within tobacco
use groups according to self-reported past 30-day cannabis use.
Owing to the log-normal distribution of biomarker data, natural log
transformations were applied to minimize the effects of skewness.
Biomarker values below the LOD were imputed using a standard
formula (LOD/Y2). Adjusted geometric mean values (adjusted GMs)
were calculated for each biomarker using multivariable linear regres-
sion models. Post-estimation procedures were run to obtain adjusted
marginal mean values of the natural log of the biomarkers and their
95% confidence intervals (Cls) according to past 30-day cannabis
use, and were subsequently exponentiated to produce the estimate.
All analyses controlled for urinary creatinine, age, gender, race/eth-
nicity, and education level. To adjust for additional sources of smoke
exposure, all analyses also controlled for self-reported exposure to
SHS within the past 7 days. Among those using any tobacco product,
additional adjustment variables were included for frequency of
product use and time since last use of their tobacco product. In add-
ition, analyses of toxicant levels adjusted for urinary TNE-2 (trans-
formed using the natural log), which was selected as a proxy control
variable for intensity of product use due to its ubiquitous existence
across a diverse spectrum of tobacco products, and its association
with nicotine intake and smoking topography.’*-#! Covariates were
evaluated for potential multicollinearity and all were found to have
variance inflation factors within acceptable limits.

Analyses were completed using the svy commands in Stata
v. 15.0. Balanced repeated replication with Fay’s adjustment set to
0.3 was used for variance estimation. All analyses are weighted, and
p values <.05 were considered statistically significant.

Results

Demographics and Cannabis Co-Use Prevalence

Table 1 outlines sample demographic characteristics. Among the
sample, estimated prevalence of past 30-day cannabis use was 6.5%
(95% CI = 5.7% to 7.4%). Past 30-day cannabis use was lowest
among non-tobacco users (1%, 95% CI = 0.6% to 1.6%), fol-
lowed by dual users of tobacco cigarettes and e-cigarettes (13.2%,
95% CI = 10.9% to 15.9%), e-cigarette-only users (15.3%, 95%
CI=9.9% t0 22.9%), cigarette-only users (16.2%,95% CI = 13.8%
to 18.7%), cigar-only users (18.0%, 95% CI = 13.7% to 23.1%),
and hookah users (23.1%, 95% CI = 18.2% to 28.7%). In general,
past 30-day cannabis users tended to be younger in age and male
compared to non-cannabis users. Cigarette-only users and cigar-only
users who reported past 30-day use of cannabis had significantly
higher exposure to SHS than non-cannabis users of the same product;
otherwise SHS exposure was statistically similar between groups.
Daily or some days use of tobacco generally did not significantly
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differ according self-reported past 30-day use of cannabis. The ex-
ception to this was among cigar-only users, of which a significantly
greater proportion of past 30-day cannabis users reported daily use
of cigars relative to cigar-only users that did not report past 30-day
use of cannabis (everyday use: 18% for past 30-day cannabis users,
6% for non-cannabis users, uncorrected y* = 313.28, design-based
F(1,99) = 8.47, p = .0045.) Likewise, the time since last use of to-
bacco was not statistically different between past 30-day cannabis
users and non-users within a given group (all ps > .05). The nicotine
metabolite ratio (a proxy for the rate of nicotine metabolism using
the ratio of 3-hydroxycotinine to cotinine) was examined for po-
tential differences in the rate of nicotine metabolism between past
30-day cannabis users and non-users, no statistically significant dif-
ferences were detected.

Toxicant Exposure Among Non-Tobacco Users Who
Use Cannabis

Figure 1 shows adjusted GMs representing exposure to nicotine,
tobacco-specific nitrosamine NNK, fluorene, pyrene, acrylonitrile,
and acrylamide among non-tobacco users. Largely, no statistically
significant differences in adjusted GMs were detected according to
past 30-day cannabis use or non-use. As the sole exception, adjusted
GMs of acrylonitrile were statistically different, with concentrations
approximately 235% higher among non-tobacco users who reported
past 30-day use of cannabis relative to non-tobacco users who did
not report cannabis use (¢ = 3.20, p = .002). Tobacco-specific bio-
markers, including TNE-2 and NNAL, were statistically similar be-
tween non-users who reported past 30-day use of cannabis versus
non-tobacco users who did not report cannabis use.

Toxicant Exposure Among Co-Users of a Single Type
of Tobacco Product and Cannabis

Differences in adjusted GMs between past 30-day cannabis users
and non-cannabis users were evident when examining single tobacco
product users. (Figure 2) PAH exposure was significantly higher
among e-cigarette-only users, cigarette-only users, (fluorene and
pyrene) and hookah-only users (pyrene only) reporting past 30-day
cannabis use compared to non-cannabis users. Adjusted GMs were
approximately 101% (fluorene) and 79% (pyrene) greater among
e-cigarette-only users who reported past 30-day cannabis use com-
pared to non-cannabis users, whereas cigarette-only users reporting
past 30-day cannabis use had 14% greater levels of the biomarker
for fluorene, and 18% greater levels of the biomarker for pyrene than
cigarette-only users who did not use cannabis. Hookah-only users
who reported past 30-day cannabis use had levels for the biomarker
of fluorene that were 32% higher than hookah-only users who did
not report past 30-day cannabis use. For VOCs, all single tobacco
product users that reported past 30-day cannabis use exhibited sig-
nificantly higher levels of biomarkers of exposure to acrylonitrile
and acrylamide than users who did not report past 30-day cannabis
use. Differences were starkest among e-cigarette users; those who
reported past 30-day cannabis use exhibited a 464 % increase in con-
centrations for the biomarker for acrylonitrile, and 87% increase in
biomarker concentrations for acrylamide compared to those who did
not report cannabis use. Differences in adjusted GMs for VOCs were
less stark. Past 30-day cannabis users had increased adjusted GMs
for the biomarker for acrylonitrile ranging from 39% (cigarette-only
users) to 291% (hookah-only users). Increases in levels of acryl-
amide ranged from 39% (cigarette-only users) to 52% (cigar-only
users) among past 30-day cannabis users compared to tobacco users

who had not used cannabis in the past 30 days. Tobacco-specific
biomarkers of exposure (TNE-2 and NNAL) were generally equiva-
lent between past 30-day cannabis users and non-users, with the ex-
ception of significantly higher levels of TNE-2 found in past 30-day
cigar-only cannabis users relative to non-users (¢ = 2.43, p = .017).

Toxicant Exposure Among Dual Users of Tobacco
Cigarettes and e-Cigarettes Who Co-Use Cannabis

Differences in adjusted GMs for biomarkers among dual users
of tobacco cigarettes and e-cigarettes mirror those observed for
users of a single tobacco product, and can be viewed in Figure 3.
Levels of exposure to tobacco-specific biomarkers were not signifi-
cantly different between dual users who reported past 30-day can-
nabis use versus those who did not. Exposure to PAHs increased by
approximately 34% for fluorene, and 43% for pyrene among past
30-day cannabis users relative to non-cannabis users. In terms of
VOC exposure, levels of acrylonitrile increased by 40%, and levels
of acrylamide increased by 58% among past 30-day cannabis users
compared to non-cannabis users.

Discussion

To the best of our knowledge, this is the first study to examine
cross-sectional differences in biomarker concentrations among to-
bacco product users that do and do not use cannabis using a na-
tionally representative design covering a wide variety of tobacco
products. Findings suggest that tobacco users who use cannabis
are exposed to significantly higher levels of many combustion
byproducts, while generally showing no differences in tobacco-
specific biomarkers. Differences in biomarker concentrations be-
tween past 30-day cannabis users and non-cannabis users were most
evident among e-cigarette-only users. These findings suggest that,
when controlling for numerous variables related to tobacco use, to-
bacco—cannabis co-users have significantly greater exposure to many
combustion byproducts, which is likely being driven by smoked can-
nabis use. Further, our findings suggest that past 30-day cannabis
use can introduce confounding into studies aiming to assess tobacco-
attributable exposures. These findings carry important implications
related to assessing potential health effects related to co-use, as well
as the need for considering cannabis use in tobacco biomonitoring
studies in an era of emerging cannabis liberalization.

Studies show that co-users of tobacco and cannabis exhibit in-
creased risks for many health-related concerns.®!'"** Our findings
demonstrate that use of cannabis in addition to tobacco could also
yield additive levels of exposure to several harmful combustion
byproducts linked to illnesses above and beyond levels found in those
who only use tobacco. This was particularly evident among users of
e-cigarettes, a group which frequently reports reduction of health
harms as a reason for their e-cigarette use.*” Long-term exposure
to the compounds measured in this study have linkages to health
harms.*-* Most cannabis is smoked,*** which offers a direct
means of exposure, and tobacco is often consumed over sustained
periods due to the addictive nature of nicotine.*” The dose of smoked
cannabis has been shown to elevate levels of several of the same bio-
markers measured in our study. For instance, among exclusive can-
nabis users, smoking two or more joints per day is associated with
significantly higher levels of PAHs relative to non-cannabis users,
and exclusive cannabis users have significantly greater concentra-
tions of several urinary VOC metabolites (including biomarkers for
acrylonitrile and acrylamide, as measured in this study).?* Although
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Figure 1. Adjusted geometric mean concentrations representing exposure to (A) fluorene, (B) pyrene, (C) acrylonitrile, (D) acrylamide, (E) nicotine, and (F)
tobacco-specific nitrosamine NNK among non-users of tobacco, stratified by self-reported past 30-day use of cannabis (n = 1736). All estimates are weighted
and adjusted for urinary creatinine, age, sex, race, education, secondhand smoke exposure, and cannabis use. Toxicant biomarker analyses adjusted for logged
nicotine intake (TNE-2). Bold and starred values indicate statistically significant differences between non-cannabis users and past 30-day cannabis users (p <.05).

we were unable to control for frequency and mode of cannabis use in
this study, our data indicate that the potential for additive exposure
among co-users warrants further investigation using designs that
can apply robust measures for both tobacco and cannabis, including
those related to patterns of product use, time since last product use,
and modes of drug delivery.

These findings stress the importance of considering the high
rates of cannabis use that occur among tobacco users when

planning and executing biomonitoring studies for one or both
substances. Our simple stratification on self-reported past 30-day
cannabis use displayed significant differences in biomarker con-
centrations among tobacco users as a function of cannabis use.
Potential misclassification of tobacco-related exposures associ-
ated with neglecting the inclusion of cannabis-related variables
may not be differential in all cases, and as such, may not result
in harmful impacts on analyses, because associated error may be
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Figure 2. Adjusted geometric mean concentrations representing exposure to (A) fluorene, (B) pyrene, (C) acrylonitrile, (D) acrylamide, (E) nicotine, and (F)
tobacco-specific nitrosamine NNK among single tobacco product users, stratified by self-reported past 30-day use of cannabis (n = 3331). All estimates are
weighted and adjusted for urinary creatinine, age, sex, race, education, secondhand smoke exposure, cannabis use, frequency and recency of product use.
Toxicant biomarker analyses adjusted for logged nicotine intake (TNE-2). Bold and starred values indicate statistically significant differences between non-

cannabis users and past 30-day cannabis users (p < .05).

relatively evenly distributed throughout the sample. However, our
data suggest that this may be more concerning when considering
certain biomarkers where large differences have been observed, or
for obtaining estimates for certain classes of tobacco products. For
example, in our study, we found that urinary CYMA levels were
significantly higher across all groups of co-users, with percentage
differences in biomarker concentrations ranging from 39% higher
(cigarettes) to 464% higher (e-cigarettes) in co-users relative to
exclusive tobacco users. This difference may have less of an in-
fluential impact in assessing an absolute estimate of exposure at-
tributable to combusted products. But in the case of e-cigarettes,

which do not involve a combustion process, neglecting to consider
differences in exposures attributable to other smoked products
may yield inflated estimates of exposure, which in turn could yield
biased interpretation of findings. As many of the biomarkers exam-
ined here have a relatively short elimination half-life, the detected
elevated levels indicate that many tobacco users had used cannabis
shortly before their urine samples were collected. This suggests the
need to consider fairly regular or heavy use of cannabis among to-
bacco users. Further measurement improvements in biomonitoring
studies to avoid misleading estimates may involve documenting
more detailed information about use of tobacco and cannabis.
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Figure 3. Adjusted geometric mean concentrations representing exposure to (A) fluorene, (B) pyrene, (C) acrylonitrile, (D) acrylamide, (E) nicotine, and (F)
tobacco-specific nitrosamine NNK among dual users of tobacco cigarettes and e-cigarettes, stratified by self-reported past 30-day use of cannabis (n = 792).
All estimates are weighted and adjusted for urinary creatinine, age, sex, race, education, secondhand smoke exposure, cannabis use, frequency and recency
of product use. Toxicant biomarker analyses adjusted for logged nicotine intake (TNE-2). Bold and starred values indicate statistically significant differences

between non-cannabis users and past 30-day cannabis users (p < .05).

Although a cross-sectional assessment of biomarkers can only
serve as an interim assessment of internal exposure, the elevated
levels consistently observed for several biomarkers across a var-
iety of tobacco user groups warrants further study on linkages
to potential direct health effects using longitudinal and other de-
signs. Our study also uses data from a large, nationally representa-
tive sample of never, former, and current tobacco users within the

non-institutionalized US adult population to generate these esti-
mates. This is further strengthened by the ability isolate focus to
users of single tobacco products due to the precise and numerous
measures for tobacco use used in the PATH Study. Along these lines,
our analyses using this data source allowed our team the ability
to control for several important confounding factors, including
SHS, urinary TNE-2, frequency of product use, and time since last
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product use. Further, the statistical equivalence of tobacco-specific
biomarkers across groups and published empirical associations of
our biomarker findings with other studies examining cannabis use
lend credibility to our findings.

Limitations of our research are primarily related to imprecise
measures of cannabis use, including the absence of biochemical
verification. Non-concordance of self-reported illicit substance
use and biochemical verification is common, with one study
documenting false negative rates (ie, reporting no use, but testing
positive for use) from 4%-57% for cannabis.*® This suggests our
findings are likely subject to underreporting of cannabis use, and
so our estimates related to cannabis use are likely to be conser-
vative. Past 30-day use of cannabis was not specific to any mode
of cannabis delivery and was not assessed in the context of cur-
rent or usual frequency and quantity of cannabis use. However,
a past 30-day window exemplifies a standard for current use in
many national surveillance studies, and despite the limitations
of this measure, is likely capturing those who use cannabis with
some regularity. Past year blunt use is measured as part of the
PATH Study and was examined in preliminary analyses, but pro-
duced inconsistent findings. This could be due to this variable
introducing smaller cell sizes into the analysis, along with the
short half-lives (days, weeks) for the biomarkers assessed in this
study. Therefore, a past year metric is likely too broad of a time
window to obtain reasonable assessments of exposure attribut-
able to blunt use. We cannot rule out that some of our findings
may be attributable to recent blunt use, especially considering that
several of the markers associated with co-use are also highly cor-
related with cigar use.'"®* However, blunt use is a specific form of
tobacco—cannabis coadministration,!" which reinforces the need
to capture cannabis use information in detail in assessments of
tobacco exposures. Finally, we assumed exposure contributions
from non-tobacco and/or cannabis occurred at comparable levels
across studied categories, and we cannot rule out potential con-
founding from other sources of exposure for PAHs and VOCs,
such as those coming from the surrounding environment or from
dietary sources.

Conclusion

Co-users of tobacco and cannabis exhibited higher concentrations
for biomarkers of exposure to many combustion byproducts, despite
having generally equivalent levels of tobacco-specific biomarkers
compared to exclusive tobacco users.
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Supplementary data are available at Nicotine and Tobacco Research online.
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