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Abstract

Introduction: Nicotine, tobacco, and cannabis use continues to evolve in the U.S., with new
forms of use (e.g., oral nicotine, cannabis edibles) emerging and increasing. It is critical to
understand how these substances are being used and co-used. This study identified subgroups of
adolescents and younger adults aged 12—34 years on the basis of nicotine, tobacco, and cannabis
use using recent nationally representative data.

Methods: Cross-sectional data from the Population Assessment of Tobacco and Health Wave

7 (2022-2023) were used. Analyses focused on those aged 12—-34 years who reported any

past 30-day nicotine, tobacco, or cannabis use (/7=8,722). Latent class analysis was conducted
using 8 indicators: combustible tobacco use, nicotine vaping, oral nicotine product use, other
noncombustible tobacco use (e.g., snus/chew), blunt use, cannabis smoking, cannabis vaping, and
cannabis edibles. Differences were examined by sex, age, race, ethnicity, and region.

Results: On average, individuals reported use of approximately 2 products in the past 30 days
(mean=2.08). Six subgroups of nicotine, tobacco, and cannabis use were identified: combustible
tobacco (30.77%), multimodal cannabis (26.72%), vaping nicotine (18.37%), multimodal co-use
(13.87%), cannabis edibles (5.31%), and multimodal nicotine/tobacco (4.95%). Sociodemographic
characteristics were associated with class membership.

Conclusions: There is substantial heterogeneity in nicotine, tobacco, and cannabis use

among U.S. adolescents and younger adults. Of particular concern is that most of the sample
reported combustible use, including 3 subgroups that reported multiple modes of use. Continued
surveillance of nicotine, tobacco, and cannabis use is needed, particularly as the products and their
regulation continue to evolve.
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INTRODUCTION

Nicotine, tobacco, and cannabis is are highly prevalent among U.S. adolescents and younger
adults and is associated with many negative physical and mental health consequences.!:2
Although traditional cigarette smoking continues to decline in prevalence in the U.S.,3-6
the use of many other forms of nicotine and tobacco remains high, and the use of newly
emerging forms of nicotine and tobacco is increasing, particularly among younger age
groups.>8 Cannabis use is also prevalent, with one quarter (26%) of 12th graders and 50%
of adults aged 18-34 years reporting past-year use.” Furthermore, 18% of 12th graders

and 22% of adults aged 19-30 years report vaping cannabis, a doubling of the prevalence
reported in 2017.56 As the landscape of nicotine, tobacco, and cannabis use continues to
evolve, it is critical to understand how these substances are being used and co-used (i.e., use
of both in the past 30 days).

Prior literature demonstrates strong overlap of tobacco and nicotine use with cannabis use
in the U.S. For example, 50%-70% of adolescents and adults who use cannabis also report
tobacco or nicotine use.8-11 The co-use of cannabis with tobacco and nicotine products is
particularly prevalent among younger adults, with 42% of adults aged 18-25 years and 26%
of adults aged 26-34 years that use tobacco reporting cannabis co-use.1?

In addition, use of more than 1 nicotine or tobacco product is not uyncommon among

those who use tobacco and nicotine products, particularly in younger age groups.13-16 A
study on individuals aged 15-23 year in 2016 found that almost half of those who used
tobacco reported past 30-day use of more than 1 tobacco product.1” The few studies that
have examined use of different modes of cannabis show that many individuals use multiple
forms of cannabis.818:19 |n a convenience sample of U.S. adults, almost half of adults who
reported cannabis use reported using more than 1 form in the past year.18 In a sample of
university students who used cannabis, 88% reported using more than 1 form in the past
month.19

Few national studies have examined multiple modes of both tobacco and nicotine use and
cannabis use. In 1 study of adolescents from the 2017 International Tobacco Survey, the

use of multiple nicotine and tobacco products was associated with a greater likelihood of
co-use of nicotine, tobacco, and cannabis.8 This study also found that those who reported
nicotine vaping were more likely to also report cannabis vaping than cannabis smoking.8
The potential to use different substances with the same mode or even the same device

(i.e., vaping device) may facilitate co-use.20 Existing studies have used latent class analysis
(LCA) to identify heterogeneous patterns of use and the overlap of nicotine and tobacco with
cannabis use,2125 but they do not differentiate the mode of use.

Additional research is needed to examine multimodal (i.e., more than 1 mode of use)
patterns of use, accounting for less traditional and emerging forms of use, such as cannabis
vaping, cannabis edibles, and nicotine pouch use. Although some recent studies have
included edible cannabis826 and oral nicotine pouches alongside more traditional forms

of use,2729 this work tends to use convenience or geographically restricted samples. Until
recently, few nationally representative studies have assessed cannabis edibles or oral nicotine
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pouches separately from other modes of use. For instance, the Population Assessment of
Tobacco and Health (PATH) Study only began assessing these in the most recent survey
wave. Given the increasing availability of these modes,3%:31 it is important to examine how
they may or may not be used with other nicotine, tobacco, and cannabis products. A nuanced
examination of patterns and modes of nicotine, tobacco, and cannabis co-use, including less
traditional and emerging forms, using nationally representative data may shed light on recent
patterns of use and whether there is overlap in modes of administration from one substance
to the other.

In addition, identifying sociodemographic differences in patterns of use is important to
identify those who may benefit from intervention efforts. For instance, the prevalence of
co-use and the modes of administration of nicotine, tobacco, and cannabis may differ by age
group and may represent individuals at different stages of a substance use trajectory (e.g.,
initiation and experimentation versus sustained use). Understanding these differences can be
crucial to understanding related disparities and health risks and can help in developing age-
appropriate prevention strategies. Yet, most studies focus on either adolescents or younger
adults and cannot directly compare different developmental age groups. Although studies
have examined sociodemographic differences in product use and mode of use, including
differences by sex,32 race,33-36 ethnicity,33:34:36 income, 3336 and region,3” no studies have
examined sociodemographic differences in nicotine, tobacco, and cannabis patterns using
recent nationally representative data.

It is crucial to use the most recent data available to understand these substances patterns.
This study identifies heterogeneous patterns of nicotine, tobacco, and cannabis use among
U.S. individuals aged 12-34 years using PATH data from 2022 to 2023. Specifically, less
traditional forms of use, such as nontobacco oral nicotine products and cannabis edibles,
available in the most recent Wave 7 cohort, were included. Sociodemographic associations
with use patterns are also examined, including age group, sex, race, ethnicity, and region.

METHODS
Study Population

This study used restricted data from the PATH Study Wave 7 youth and adult cohort (2022-
2023). The PATH Study is an ongoing, nationally representative cohort study of U.S. civilian
noninstitutionalized youth (aged 12—17 years) and adults (aged >18 years). At Wave 7, a
new cohort was established that included individuals who entered the study in earlier waves
and a probability replenishment sample that was selected to participate beginning at Wave
7. Household screenings were conducted with computer-assisted personal interviewing, and
surveys were conducted using audio computer-assisted self-interviews, with the option of
being administered in Spanish or English. Individuals were given the option of providing
information over the telephone or in person. The weighted response rate ranged from
52.4% to 66.9%, varying by whether they were part of the continuing or replenishment
sample of youth and adults.38 The PATH Study was approved by the Westat IRB, and this
secondary data analysis study was determined exempt by the first author’s university IRB.
Additional details regarding interviewing procedures, sampling, and weighting are available
in the PATH Study User Guide.3 This study focused on PATH Wave 7 cohort youth and
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adults aged 12-34 years (N=27,770). Latent class models were restricted to the 31.4% of
individuals who reported any past 30-day nicotine, tobacco, or cannabis use (/7=8,722).

Measures

The following 8 dichotomous indicators of past 30-day use were included: combustible
tobacco use (i.e., cigarette, cigar/little cigar/cigarillo, pipe, or hookah), nicotine vaping, oral
nicotine product use (e.g., pouches, nonmedicinal gum), other noncombustible tobacco use
(i.e., smokeless tobacco, snus), blunt use, cannabis smoking, cannabis vaping, and cannabis
edibles. The following sociodemographic characteristics were included as covariates: self-
reported sex (male/female), age group (12-17, 18-20, 21-25, or 26-34 years), race (White,
Black, Asian, or American Indian or Alaska Native/Native Hawaiian or Pacific Islander/
multiracial [those identifying with more than 1 racial group]), Hispanic ethnicity (yes/no),
and region (Northeast, Midwest, South, or West).

Statistical Analysis

Weighted prevalence of each of the 8 tobacco and cannabis use indicators was estimated
among all individuals aged 12—-34 years and among those who reported any past 30-day
nicotine, tobacco, or cannabis use. The mean number of indicators of use for those
reporting any nicotine, tobacco, or cannabis use was also calculated. Then, LCA was

used to characterize individuals on the basis of 8 indicators of use. Models with 2—7
classes were estimated. Information criteria (i.e., Akaike Information Criterion, Bayesian
Information Criterion, and adjusted Bayesian Information Criterion) and empirical and
theoretical knowledge were used to select the final model.? Covariates were included in a
multinomial logistic regression model using the Bolck—-Croon-Hagenaars method?! to test
the associations between covariates and latent class membership. All models incorporated
Wave 7 youth and adult cohort weights3® to account for sample design and used listwise
deletion. Weighted descriptives incorporated balanced repeated replication weights with a
0.3 Fay adjustment, and LCA models employed a pseudomaximum-likelihood weighting
approach. PROC LCA macros#243 in SAS 9.4 were used for the analyses.

RESULTS

Weighted descriptive characteristics are provided in Table 1. Among those reporting any past
30-day tobacco, nicotine, or cannabis use, 73.15% reported use of any tobacco or nicotine,
61.66% reported use of any cannabis, and 34.79% co-used tobacco or nicotine and cannabis
in the past 30 days. Vaping nicotine was the most prevalent mode of use, which was reported
at 46.36%. Combustible tobacco use (44.75%) and cannabis smoking (40.52%) were less
prevalent. Cannabis edibles (21.71%) and cannabis vaping (24.18%) were less prevalent but
were reported by almost one quarter of those using any nicotine, tobacco, or cannabis. Oral
nicotine product use (4.45%) had the lowest past 30-day prevalence. On average, individuals
reported use of approximately 2 products in the past 30 days (mean=2.08, SE=0.02), and
almost three quarters (73.74%) reported use of at least 1 combustible product.

A 6-class model was selected as the optimal model on the basis of model fit, class structure,
and interpretation of classes. Although model fit indices continued to improve, as indicated
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by a lower value, in the 7-class model, the interpretation of the classes was less clear and did
not result in any additional meaningful classes (Appendix Table A, available online, provide
the details).

The prevalence of each class and probabilities of each indicator within a given class

are shown in Table 2 for the selected 6-class model. Three of the 6 subgroups were
characterized primarily by nicotine and tobacco use. The most common subgroup identified
was characterized by a high probability of combustible tobacco use as well as a moderate
probability of vaping nicotine (combustible tobacco; 30.77%). A second subgroup was
characterized by a high probability of vaping nicotine and very low probabilities of any other
use (vaping nicotine; 18.37%). A third distinct but less common class was characterized

by moderate-to-high probabilities of multiple types of nicotine and tobacco use, including
oral nicotine product use, and very low probabilities of cannabis use (multimodal nicotine/
tobacco; 4.95%). Two other subgroups were primarily characterized by cannabis use. The
most prevalent was a subgroup with a high probability of cannabis smoking; moderate
probabilities of other forms of cannabis use, including blunt use; and low probabilities of
nicotine and tobacco use (multimodal cannabis; 26.72%). A second, smaller subgroup was
characterized by a high probability of cannabis edibles use and low probabilities of any other
use (cannabis edibles; 5.31%). Finally, a subgroup characterized by high probabilities of

all types of cannabis use, blunt use, combustible tobacco, and nicotine vaping (multimodal
co-use; 13.87%) was identified.

Table 3 provides multivariable multinomial regression analysis results examining the
associations of sociodemographic covariates with latent class membership; the nicotine
vaping class was specified as the reference class. Females were less likely to be in the
multimodal nicotine/tobacco class (adjusted RRR [aRRR]=0.09, 95% CI=0.05, 0.17) and
combustible tobacco class (aRRR=0.71, 95% CI=0.58, 0.86) and more likely to be in

the Cannabis edibles class (aRRR=1.48, 95% CI=1.01, 2.17). Those aged 12-17 years
and those aged 18-20 years were less likely to be in all other classes than those aged
21-25 years (aRRR range=0.35-0.71). Those aged 26-34 years were more likely to be

in all other classes except the multimodal cannabis class than those aged 21-25 years
(aRRR range=1.36-2.51). Black/African American individuals were more likely to be in
the multimodal cannabis (aRRR=2.28, 95% CI=1.69, 3.07) and the combustible tobacco
(aRRR=3.36, 95% CI1=2.56, 4.41) classes than White individuals. Asian individuals were
less likely to be in the multimodal cannabis (aRRR=0.40, 95% C1=0.20, 0.81) and the
multimodal co-use (aRRR=0.43, 95% CI1=0.20, 0.94) classes. Black, Asian, and American
Indian or Alaska Native/Native Hawaiian or Pacific Islander/multirace individuals were
all less likely to be in the multimodal nicotine/tobacco class than White individuals
(aRRR range=0.13-0.46). Hispanic individuals were less likely to be in the multimodal
nicotine/tobacco (aRRR=0.26, 95% C1=0.11, 0.64) and multimodal co-use (aRRR=0.60,
95% CI1=0.44, 0.82) classes than non-Hispanic individuals. Those living in the Midwest
were less likely to be in the multimodal cannabis (aRRR=0.63, 95% CI=0.45, 0.88) and
the combustible tobacco (aRRR=0.68, 95% C1=0.50, 0.93) classes than those living in the
Northeast. Those living in the South were less likely to be in the multimodal cannabis,
cannabis edibles, combustible tobacco, and multimodal co-use classes (aRRR range=0.38-
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0.67). Those living in the West were less likely to be in the combustible tobacco class
(aRRR=0.59, 95% CI=0.42, 0.83).

DISCUSSION

This study demonstrated that use of nicotine, tobacco, and cannabis is heterogeneous among
those aged 12-34 years. Six distinct subgroups of use were identified that varied both by
modes of use and whether individuals engaged in co-use of more than 1 substance. Notably,
on average, respondents indicated more than 1 substance or mode of use in the past 30 days,
and a large majority used at least 1 combustible product. Furthermore, 3 of the 6 subgroups
identified, representing 45.5% of the sample, were characterized by high probabilities of
more than 1 mode or type of substance used.

Despite large reductions in the prevalence of cigarette smoking and other combustible
tobacco use in the past 2 decades, the subgroup with the highest estimated prevalence

was characterized primarily by combustible tobacco use. That this group remains a large
proportion of those using nicotine, tobacco, and cannabis suggests that tobacco cessation
resources and prevention should remain a top priority, given the well-known harms
associated with the use of combustible tobacco.! Those in the oldest age group were

most likely to be in this group. Whether this is driven by cohort or developmental age
differences was not able to be distinguished in this study. Regardless, these findings suggest
that interventions focused on combustible tobacco should be directed at those in their 20s
and 30s, and adolescent-focused interventions may have more benefit by focusing on other
tobacco- and cannabis-use prevention. The authors also found that Black/African American
individuals and males were more likely to be in the combustible tobacco subgroup,
highlighting the need for greater tobacco cessation services for these populations.

The multimodal nicotine/tobacco subgroup used various forms of nicotine and tobacco,
with the greatest probabilities of novel oral nicotine products, including nicotine pouches,
and other noncombustible tobacco products. This group was much smaller in size than

the combustible tobacco group but may reflect an emerging subgroup. Notably, the
sociodemographics of the multimodal nicotine/tobacco subgroup varied from those of the
combustible tobacco subgroup. That is, the multimodal nicotine/tobacco subgroup was
overwhelmingly male and predominantly White. This is in line with previous findings from
U.S. adults that found that individuals using nicotine pouches were more likely to be male
and non-Hispanic White and to have sociodemographic characteristics similar to those of
people using smokeless tobacco.444> However, that oral nicotine use seems to occur most
in a subgroup that reports multiple other forms of nicotine and tobacco does not seem to
support oral nicotine pouches being used as a tobacco cessation tool, at least for this younger
sample.

Another important and concerning subgroup that was identified, multimodal co-use,
comprised over 1 in 8 of those using nicotine, tobacco, or cannabis. This subgroup had high
probabilities of both combustible tobacco and combustible cannabis use, which is associated
with higher levels of carcinogenic toxicants than the use of either alone.#6-48 In addition, the
use of multiple modalities is associated with greater substance use disorder symptoms and
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fewer successful cessation attempts.*3-51 Those in the oldest age group were more likely to
be in this subgroup, further underscoring the need for targeted intervention strategies for this
age group.

This was the first PATH cohort that was able to separately assess cannabis edibles. The
finding that a small group used cannabis edibles exclusively suggests that this mode
deserves further attention and may be a subgroup that has been overlooked. Future research
is needed to determine whether individuals in this subgroup transition to other forms of
nicotine, tobacco, and cannabis use or continue to use edibles exclusively. In addition,
given the association between being female and membership in this class, a more in-depth
examination of sex differences in cannabis use modalities is warranted.

The cross-sectional data did not allow for distinguishing age and cohort effects. It is possible
that the findings that nicotine vaping is more prevalent for younger age groups and that
subgroups with multiple modes of tobacco and nicotine use are more prevalent for older

age groups may be due to some younger individuals not yet having the opportunity to
transition to multiple forms of use. This study also relied on self-report rather than biological
verification of use. Additional sociodemographic variability, such as whether age group
differences varied by sex and race, was not able to be examined owing to power limitations.
Finally, the PATH survey did not consistently assess past 30-day frequency of use across all
indicators, and thus, different levels of frequency of use were not differentiated. Similarly,
simultaneous use of multiple products could not be examined in this study. Future work
should examine differences in frequency and consider simultaneous use.

CONCLUSIONS

Future directions include examining other physical and mental health outcomes, including
respiratory and cardiovascular consequences and subsequent tobacco and cannabis use
disorders, among different subgroups. Future work should also make use of longitudinal
data to examine transitions between modalities of use and co-use. Study findings underscore
the need for research and prevention efforts to consider multiple types of use, including

less traditional forms of use. Additional research should examine the role of other factors
that may differ between subgroups and inform the development of prevention strategies,
such as mental health symptoms, access to cessation and other healthcare services, peer use,
alcohol and other substance use, and the tobacco and cannabis policy environment. Finally,
continued surveillance of nicotine, tobacco, and cannabis use is needed, particularly as the
products and regulatory environment related to these products continue to evolve.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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