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A B S T R A C T

Background: Cigarette smoking is disproportionately high among adults with two or more psychiatric disorders
(psychiatric comorbidities), yet research on non-cigarette tobacco use among this population is scant.
Additionally, most studies on tobacco use this among this population rely on psychiatric diagnoses rather than
individual symptoms, potentially excluding individuals with symptom-specific issues that increase their risk for
tobacco use but do not meet the criteria for diagnosis. The objectives of this study were to identify unique classes
of individuals based on symptoms of psychiatric disorders and to assess differences in demographic character-
istics and tobacco use behaviors between classes.
Methods: This study used data from Wave 2 of the Population Assessment of Tobacco and Health Study adult
dataset. Latent class analysis was used to classify individuals based on internalizing, externalizing and substance
use problems. Bivariate and multivariable models examined the association between latent class membership
and current use of cigarettes, cigar products, electronic nicotine delivery systems, pipe, hookah and smokeless
tobacco products. Poly tobacco use was also examined.
Results: Three latent classes were identified. The “normative” class reported low prevalence of all symptoms, the
“severe internalizing and non-violent externalizing” class reported severe internalizing problems and non-violent
externalizing problems and the “severe” class reported high prevalence of all symptoms. Tobacco use was
highest for the “severe” class and lowest for the “normative” class across products.
Conclusions: Individuals in the “severe” class may be at elevated risk of tobacco-related morbidity and mortality
and would likely benefit from targeted tobacco control interventions.

1. Introduction

The prevalence of tobacco use among adults with psychiatric dis-
orders is disproportionately high (Conway et al., 2017; Fu et al., 2014;
Hagman et al., 2008; Hefner et al., 2019; Spears et al., 2019; Wang
et al., 2018). A study using data from the Population Assessment of
Tobacco and Health (PATH) Study (2013–2014) found that current
tobacco use was associated with high internalizing, externalizing and

substance use problems for all tobacco products examined (Conway
et al., 2017). For example, 20.1% of adults with severe internalizing
problems reported any current tobacco use, compared to 9.2% of those
with moderate or low internalizing problems. Internalizing problems
refer to distress that is targeted inwards and include symptoms of
psychiatric disorders such as anxiety and depression (Cosgrove et al.,
2011); externalizing problems refer to distress that is targeted outwards
and include symptoms of disorders such as conduct disorder and
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attention-deficit/hyperactivity disorder (ADHD) (Cosgrove et al.,
2011).

Those with two or more psychiatric disorders (also known as having
psychiatric comorbidities) are at an even greater risk for cigarette
smoking compared to adults with one psychiatric disorder. Adults with
psychiatric comorbidities smoke cigarettes at higher rates (Jané-Llopis
et al., 2006; Lasser et al., 2000; Lawrence et al., 2009; McClave et al.,
2010; Mykletun et al., 2008), are more nicotine dependent (Breslau
et al., 2004; John et al., 2004; Magidson et al., 2012), are more likely to
smoke daily (Breslau et al., 2004) and smoke more heavily (Lasser
et al., 2000; McClave et al., 2010; Smith et al., 2014) compared to those
with only one psychiatric disorder. While research on individuals with
psychiatric comorbidities has been cigarette-centric, emerging research
suggests that use of non-cigarette tobacco products may be higher
among this population (King et al., 2018; Schauer et al., 2015). There is
no research to date on the prevalence of poly tobacco use among in-
dividuals with psychiatric comorbidities, a behavior that is associated
with nicotine dependence (Sung et al., 2018), poorer cessation out-
comes (Hamari et al., 2013; Kasza et al., 2014; Tomar et al., 2010;
Wetter et al., 2002) and may expose users to greater tobacco-related
harms (Choi et al., 2017; Goniewicz et al., 2018), depending on the
combination of products used, as well as the frequency and intensity of
use. However, the increasing availability of different tobacco products
(Pacek et al., 2019) and greater nicotine dependence among individuals
with psychiatric comorbidities (Breslau et al., 2004; John et al., 2004;
Magidson et al., 2012) suggests that this population may be susceptible
to the concurrent use of two or more tobacco products.

Most studies on cigarette smoking among those with psychiatric
comorbidities have looked at the association between number of psy-
chiatric disorders and cigarette smoking (Lasser et al., 2000; Lawrence
et al., 2009; McClave et al., 2010). These studies are valuable in that
they demonstrate that psychiatric disorders cluster together to influ-
ence smoking behavior. They are limited, however, in that they do not
provide insight into how psychiatric disorders cluster together. This is
critical, since studies that have examined psychiatric comorbidities
using advanced statistical techniques, such as finite mixture modeling,
have found that psychiatric comorbidities manifest themselves in un-
ique patterns among individuals (El-Gabalawy et al., 2013;
Vaidyanathan et al., 2011; Vaughn et al., 2011; Weich et al., 2011). For
example, one study identified five latent classes with unique groupings
of psychiatric disorders, such as a class made up of adults with phobia
diagnoses, panic disorder and depression (Vaidyanathan et al., 2011).
These findings suggest that individuals with psychiatric comorbidities
do not just differ on number or severity of psychiatric disorders; rather,
psychiatric disorders cluster together to form distinct groups of people,
with their own unique risk profiles (Vaidyanathan et al., 2011).

Another limitation of the current research on cigarette smoking
among those with psychiatric comorbidities is that these studies only
look at psychiatric diagnoses, such as presence of an anxiety disorder,
as supposed to the individual symptoms that make up these disorders.
There are limitations to diagnostic categorizations of psychiatric dis-
orders (Brown and Barlow, 2009), which assume that psychiatric dis-
orders exist at a particular cut point and don’t take into account
symptom-specific issues that may negatively impact individuals, even if
they do not meet the criteria for diagnosis (Ameringer and Leventhal,
2013; Gintner, 2014; Kollins et al., 2005; Rojewski et al., 2016). One
study of youth found that ADHD symptoms, even below the threshold
required for clinical diagnosis, were significantly associated with
smoking (Kollins et al., 2005). More research is needed to understand
how symptoms of psychiatric disorders interact with each other to in-
fluence tobacco use behavior (Rojewski et al., 2016).

Using a large, nationally representative sample of US adults, the
objectives of this study were to 1) use latent class analysis (LCA) to
identify unique classes of individuals based on symptoms of psychiatric
disorders, including internalizing, externalizing and substance use dis-
orders, 2) assess differences in demographic characteristics between

classes and 3) examine differences in tobacco use behavior between
latent classes. By identifying subgroups of individuals based on the
intersection of symptoms of psychiatric disorders, these findings may
provide evidence for how tobacco control interventions can target the
most high-risk individuals to achieve the best health outcomes (Lanza
and Rhoades, 2013).

2. Methods

2.1. Data source and sample size

The PATH Study is a nationally representative, longitudinal cohort
study designed to assess tobacco-related risk factors and behaviors
among non-institutionalized individuals in the United States (U.S.) who
are ages 12 and over (Hyland et al., 2016). Data from Wave 2 of the
adult public use files (PUF) were utilized for this study, which includes
adults ages 18 and over (n=28,362) (Hyland et al., 2016; Inter-uni-
versity Consortium for Political and Social Research and Westat, 2018).
A total of 17 respondents had missing data for all LCA indicators and
were dropped from the analytic sample, resulting in a final sample size
of 28,345 respondents.

2.2. Sampling frame and data collection

For Wave 1, PATH used a four-stage stratified area probability
sample design, with a two-phase design for the adult cohort toward the
end of data collection (Hyland et al., 2016). The study oversampled for
young adults (aged 18–24), African Americans and tobacco users
(Hyland et al., 2016; Inter-university Consortium for Political and
Social Research and Westat, 2018). There was no additional sampling
done for Wave 2. All Wave 1 respondents were eligible for Wave 2 as
long as they continued to live in the U.S. and weren’t incarcerated
(Inter-university Consortium for Political and Social Research and
Westat, 2018). More details on the PATH study design can be found
elsewhere (Hyland et al., 2016; Inter-university Consortium for Political
and Social Research and Westat, 2018). Wave 2 data collection oc-
curred from 2014 to 2015 (Inter-university Consortium for Political and
Social Research and Westat, 2018).

2.3. Measures

2.3.1. Internalizing, externalizing and substance use problems
A modified version of the Global Appraisal of Individual Needs–

Short Screener (GAIN-SS) was used to measure internalizing
(Internalizing Disorder Screener (IDScr)), externalizing (Externalizing
Disorder Screener (EDScr)) and substance use problems (Substance
Disorder Screener (SDScr)). For each screener, participants reported the
number of symptoms they had experienced in the past year. Answer
choices for all scales included “past month,” “2-12 months ago,” “over a
year ago” and “never.” All GAIN-SS items were dichotomized, such that
those who answered “past month” or “2-12 months ago” for a given
item were categorized as having a given symptom in the past year. See
Table 2 for specific items included in the PATH Study from the GAIN-
SS. Only respondents who reported ever using alcohol or ever using
drugs were asked the SDScr questions. Those who did not report ever
using alcohol or drugs were coded as “never” for all SDScr items
(n= 2,268). The GAIN-SS does not provide a clinical diagnosis of a
psychiatric disorder.

2.3.2. Tobacco use
Respondents were asked about use of cigarettes, traditional cigars,

cigarillos, filtered cigars, electronic nicotine delivery systems (ENDS),
hookah, pipe, smokeless tobacco (e.g. loose snus, moist snuff, dip, spit,
or chewing tobacco), snus and dissolvable tobacco. Use of traditional
cigars, cigarillos and filtered cigars were combined into an “any cigar
use” variable and smokeless tobacco, snus and dissolvable tobacco were
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combined into an “any smokeless tobacco use” variable due to sample
size limitations. Cigarette users were defined as individuals who
smoked at least 100 cigarettes in their lifetime and currently smoked
“some days” or “every day” (Kasza et al., 2017). Users of all other to-
bacco products were defined as individuals who had ever used the
product “fairly regularly” and currently used that product “some days”
or “every day” (Kasza et al., 2017).

Based on these definitions of product use, three poly tobacco use
variables were created. Any poly tobacco use was defined as use of at
least two of the following products: cigarettes, ENDS, traditional cigars,
cigarillos, filtered cigars, pipe, hookah, smokeless tobacco snus and
dissolvable tobacco. Any combustible poly tobacco use was defined as
use of at least two of the following products: cigarettes, traditional ci-
gars, cigarillos, filtered cigars, pipe and hookah. Combustible and
noncombustible poly tobacco use was defined as use of at least one of
combustible product (cigarettes, traditional cigars, cigarillos, filtered
cigars, pipe or hookah) AND at least one noncombustible product (END,
smokeless tobacco snus and dissolvable tobacco).

2.3.3. Demographic characteristics
Demographic characteristics included age, gender, race/ethnicity,

highest level of education completed, household annual income and
sexual orientation.

2.4. Data analysis

LCA is a statistical analysis technique in which distinct subgroups of
individuals are identified based on an underlying, latent construct
(Collins and Lanza, 2010; Methodology Center, Penn State College of
Health and Human Development, 2018), which is defined based on the
complex interrelationship between multiple risk factors. The 18 GAIN-
SS items were included as indicators for the LCA. A series of iterative
models with an increasing number of classes was estimated, ranging
from one to six classes. The correct model was selected based on model
fit indices, odds of correct classification (OCC) and interpretability. The
following model fit criteria were used in this study: the log likelihood
(LL), the Akaike information criterion (AIC), the Bayesian information
criterion (BIC), the sample size adjusted BIC, entropy, the Lo-Mendell-
Rubin (LMR) test, Vuong-Lo-Mendell-Rubin adjusted likelihood ratio
test (VLMR-LRT) and the bootstrap likelihood ratio test (BLRT) (Collins

and Lanza, 2010; Nylund-Gibson and Choi, 2018; Nylund et al., 2007).
Lower LL, AIC, BIC and sample size adjusted BIC indicate better model
fit (Nylund-Gibson and Choi, 2018). Entropy values range from 0 to 1,
with higher values indicating greater latent class separation
(Asparouhov and Muthén, 2018) (a value of> .80 is considered ac-
ceptable (Nylund-Gibson and Choi, 2018; Smack et al., 2017)). LMR,
VLMR-LRT and BLRT tests all provide p-values that allow for a com-
parison of model fit between a model with k classes compared to k-1
classes (i.e. comparison of 4- and 3-class models) (Nylund-Gibson and
Choi, 2018; Nylund et al., 2007). An OCC of 5 or greater suggests
sufficient latent class separation (Nagin, 2005). Missing data were ad-
dressed using full-information maximum likelihood (FIML) (Collins and
Lanza, 2010). The LCA was conducted using Mplus Version 8.1 (Muthen
and Muthen, 2018).

After the best fitting model was selected, class membership data
were exported from Mplus and merged with the Wave 2 adult PATH
dataset in Stata/SE 15.1 (StataCorp LP, 2017). Data in Stata were
weighted to be nationally representative and to adjust for non-response
and over sampling. Variance estimation procedures were used to ac-
count for stratification and clustering utilized in sampling. Replicate
weights that were calculated using Fay’s variant of balanced repeated
replication (BRR) were used to calculate standard errors (Hyland et al.,
2016; Inter-university Consortium for Political and Social Research and
Westat, 2018).

Weighted chi-square tests were used to estimate the proportion of
respondents in each latent class and in the overall sample who reported
past-year symptoms of internalizing, externalizing and substance use
problems. Weighted chi-square tests were also used to examine demo-
graphic characteristics and tobacco-use behavior in each latent class
and in the overall sample.

Separate multivariable logistic regression models were used to ex-
amine the association between latent class membership and current use
of cigarettes, any cigar product, ENDS, pipe, hookah, any smokeless
tobacco product and each type of poly tobacco use, controlling for so-
ciodemographic characteristics. The multivariable model for hookah
use was restricted to young adults (ages 18–34), since almost all current
hookah users were in this age group (92.48%).

Table 1
Model Fit Indices and Odds of Correct Classification for 2–6 Solutions of Internalizing, Externalizing and Substance Use Problems (n=28,345).
Data source: Adult Population Assessment of Tobacco and Health Public Use File, Wave 2.

Model fit

Classes Number of free parameters LL AIC BIC Sample size adjusted BIC VLMR LRT LMR BLRT Entropy

1 18 −221565.10 443166.23 443314.77 443257.56 n/a n/a n/a n/a
2 37 −186479.80 373033.62 373338.95 373221.37 −221565.11 69812.21 −221565.11*** 0.869
3 56 −178799.66 357711.32 358173.44 357995.48 −186479.81*** 15281.85*** −186479.81*** 0.877
4 75 −175674.20 351498.34 352117.26 351878.91 −178799.66*** 6219.05*** −178799.66*** 0.834
5 94 −173258.50 346705.09 347480.80 347182.07 −175674.17*** 4806.57*** −175674.17*** 0.838
6 113 −171041.20 342308.46 343240.96 342881.85 −173258.55*** 4411.99*** −173258.55*** 0.834

Odds of Correct Classificationa

Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
1 ∞
2 19.83 30.25
3 31.26 12.16 7.77
4 6.75 22.81 8.61 6.19
5 3.67 4.75 9.31 32.33 8.90
6 26.03 3.63 4.81 4.18 9.00 9.42

*p < .05; **p < .01; ***p < .001.
LL= log likelihood; AIC=Akaike information criterion; BIC=Bayesian information criterion; VLMR=Vuong-Lo-Mendell-Rubin; LRT= likelihood ratio test;
LMR=Lo-Mendell-Rubin; BLRT=bootstrap likelihood ratio test.
Note: The best fit solution is indicated in bold.
∞ = perfect classification.

a Odds of correct classification of 5 or greater suggests sufficient latent class separation (Collins and Lanza, 2010).
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3. Results

Table 1 presents the fit statistics for the latent class models. The
three-class solution was chosen as the best model. The three- through
six-class models all had statistically significant VLMR LRT and Lo-
Mendell-Rubin Adjusted LRT test statistics, as well as entropy values
greater than .80. However, the five- and six-class models both had poor
latent class separation and were therefore not considered for the final
model (OCC < 5). AIC, BIC and sample size-adjusted BIC supported
the four-class model. However, after inspection of interpretability,
there was conceptual overlap among the four-classes and therefore the
three-class model was selected. Chi-square tests for missing completely
at random (MCAR) were all not statistically significant (p > .05),
meaning that the probability of a respondent having missing data was
not related to any variables in the study (Collins and Lanza, 2010).

Weighted responses to internalizing, externalizing and substance
use measures by latent class and prevalence of each class in the sample
can be found in Table 2. The three latent classes are described as
“normative” (Class 1; 56.57%), “high internalizing and non-violent
externalizing” (Class 2; 34.84%) and “severe” (Class 3; 8.59%). Class
names were informed by a study by Vaughn et al (Vaughn et al., 2011)
(note that these classifications are based on symptoms of psychiatric
disorders and do not necessarily mean that individuals met criteria for
diagnosis of a disorder).

The “normative” class was characterized by low prevalence of
symptoms. Endorsement of externalizing problems (range of
0.31%–29.42%) and internalizing problems (range of 3.94%–19.19%)
was low for the “normative” class. A total of 28.37% and 6.49% of the
“normative” class reported having “used alcohol or other drugs weekly
or more often” in the past year and reported having “spent a lot of time
getting alcohol or drugs,” respectively. The remainder of the substance
use statements, which suggest more severe substance use problems,
were endorsed by almost no one in the “normative” class (< 1%).

Over half of the “high internalizing and non-violent externalizing”
class endorsed “hard time paying attention” (65.50%), “hard time lis-
tening” (51.36%) and “gave answers before question was finished”
(68.98%) among the externalizing items. However, fewer individuals in
this class reported that they had “lied/conned to get something”
(30.29%), “bullied/threatened people” (6.17%) or “started a physical
fight” (2.56%). A large proportion of respondents in this class reported
internalizing symptoms (range of 58.31%–78.80%). A total of 38.64%
of the “high internalizing and non-violent externalizing” class reported
having “used alcohol or other drugs weekly or more often” in the past
year. Only 9.95% of this class reported having “spent a lot of time
getting alcohol or drugs” in the past year and endorsement of the re-
maining substance use items was low (< 3%).

The “severe” class was characterized by high prevalence of all
symptoms. Similar to the “high internalizing and non-violent ex-
ternalizing class,” a large proportion of the “severe” classes endorsed
“hard time paying attention” (68.87%), “hard time listening” (59.06%)
and “gave answers before question was finished” (74.57%). Compared
to the “high internalizing and non-violent externalizing” class, how-
ever, a greater proportion of the “severe” class endorsed “lied/conned
to get something,” (30.29% vs. 54.32%) “bullied/threatened people”
(6.17% vs. 21.59%) and “started a physical fight” (2.56% vs. 15.80%).
Internalizing symptoms were highly prevalent in the “severe” classes
(range of 71.58%–81.42%). Nearly everyone in the “severe” class re-
ported having “used alcohol or other drugs weekly or more often” in the
past year (94.52%). Over half of respondents indicated having “spent a
lot of time using or recovering,” “alcohol or drugs causing social pro-
blems, fights, or trouble with others” and “reduced involvement with
activities at work, school, home or social events” in the past year.
Nearly half reported “withdrawal problems” in the past year (47.24%)
and 38.30% reported “use of alcohol or other drugs to stop being sick or
avoid withdrawal problems.”

Table 3 presents the weighted, bivariate demographic and tobacco-

related correlates of latent class membership. There were differences by
latent class for all variables examined (p < .001). The “normative”
class was older compared to the “severe” class, for which half of re-
spondents were under the age of 35 (24.07% were ages 18–24 and
26.27% were ages 25–34). The “high internalizing and non-violent
externalizing” class was approximately evenly distributed across age
groups. Compared to the other two classes, a greater proportion of
members of the “severe” class were male (59.53%), non-Hispanic, Black
(13.05%), Hispanic (19.50%), had lower levels of education (approxi-
mately 43% with a high school degree or less), lower levels of income
(about 60% with annual household income of less than $50,000) and
identify as lesbian, gay, bisexual or something else (10.59%). The dis-
tribution of race/ethnicity, educational attainment, household annual
income and sexual orientation was similar for the “normative” and
“high internalizing and non-violent externalizing” classes. Cigarette and
ENDS use were highest for those in the “severe” class (45.62% and
10.20%), followed by the “high internalizing and non-violent ex-
ternalizing” class (20.71% and 4.52%) and then the “normative” class
(15.39% and 2.45%). Use of cigars, pipe, hookah and smokeless to-
bacco was highest among the “severe” class compared to the other two
classes, for whom use of these products was similar. The “severe” class
reported higher prevalence of any poly tobacco use (17.77%), com-
bustible poly tobacco (9.49%) and combustible and noncombustible
poly tobacco use (11.35%) compared to the other two classes.

Table 4 reports findings from the multivariable models looking at
single tobacco product use. Odds of current product use were sig-
nificantly higher for the “high internalizing and non-violent ex-
ternalizing” and “severe” classes compared to the “normative” class for
cigarettes, ENDS, cigars, pipe and hookah. For smokeless tobacco, the
“high internalizing and non-violent externalizing” class reported lower
odds of current, established use (odds ratio (OR): 0.74, 95% confidence
interval (CI): 0.62, 0.88) and the “severe” class reported higher odds of
current, established use (OR: 1.79, 95% CI: 1.46, 2.21) compared to the
“normative” class.

Table 5 reports findings from the multivariable models looking at
poly tobacco product use. Odds of use were significantly higher for the
“high internalizing and non-violent externalizing” and “severe” classes
compared to the “normative” class for all three types of poly tobacco
use.

4. Discussion

Using a large, nationally representative sample, this study identified
three latent classes of adults based on symptoms of internalizing, ex-
ternalizing and substance use problems, which differed in terms of to-
bacco use behavior. The “severe” class had a high prevalence of
symptoms of internalizing, externalizing and substance use problems
and had the highest prevalence of tobacco use across all products. The
“high internalizing and non-violent externalizing” class was char-
acterized by high prevalence of symptoms of internalizing problems
and non-violent externalizing problems and reported lower prevalence
of tobacco use compared to the “severe” class. Although about half of
this class reported using alcohol or drugs weekly, prevalence of pro-
blematic drug and alcohol use behavior was low. Lastly, the “norma-
tive” class reported low symptoms of all three disorders. The “norma-
tive” class reported lower prevalence of tobacco use compared to the
“severe” group for all products and similar or lower prevalence of to-
bacco use compared to the “high internalizing and non-violent ex-
ternalizing” class. The characteristics of the three latent classes in this
paper align with other studies that have examined the interplay of
psychiatric disorders. These studies all identified one group with low
prevalence of any psychiatric disorder and at least two other groups
characterized by psychiatric comorbidities (Lawrence et al., 2009;
Vaidyanathan et al., 2011; Vaughn et al., 2011; Weich et al., 2011).

Examination of tobacco use behavior indicates that the “severe”
class is the highest risk group and that the “normative” class is the
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lowest risk group. Specifically, for cigarettes, cigars, ENDS, pipe and
hookah, prevalence of use was lowest for the “normative” class and
highest for the “severe” class. Findings from the multivariable models
were similar, showing that for all products (except smokeless tobacco),
odds of use were greater for those in the “high internalizing and non-
violent externalizing” and “severe” classes compared to the “norma-
tive” class. Other studies have also found that cigarette use is most
prevalent among individuals with psychiatric comorbidities (Jané-
Llopis et al., 2006; Lasser et al., 2000; Lawrence et al., 2009; McClave
et al., 2010; Mykletun et al., 2008). However, this is one of the first
studies to identify high prevalence of non-cigarette tobacco product use
and poly tobacco use among this population. Combustible tobacco
products (e.g. cigars, hookah and pipe) are the most harmful tobacco
products (U.S. Department of Health and Human Services, 2014) and

therefore disproportionate use of these products singularly or together
(poly tobacco use) raise concern that those with psychiatric co-
morbidities, in particular those in the “severe” class, are at an elevated
risk for tobacco-related morbidity and mortality, even compared to
those with a single psychiatric disorder, who already suffer greatly from
tobacco-related disease (Callaghan et al., 2014; Campion et al., 2008;
Schroeder and Morris, 2010; Tam et al., 2016).

Disproportionate ENDS use and combustible and noncombustible
poly tobacco use among the “severe” class, followed by the “high in-
ternalizing and non-violent externalizing” class, suggests that ENDS
products may be appealing to individuals with psychiatric comorbid-
ities. Although this is the first study to report on ENDS use among adults
with psychiatric comorbidities, research shows that serious psycholo-
gical distress is associated with e-cigarette1 use (Bianco, 2018; Park

Table 3
Weighted Latent Class Demographic and Tobacco Use Characteristics.
Data source: Adult Population Assessment of Tobacco and Health Public Use File, Wave 2.

Total (n=28,345) Class 1 Normative
(n=16,036)

Class 2 High internalizing and non-violent
externalizing (n= 9,874)

Class 3 Severe
(n= 2,435)

P-valuea

Age < .001
18-24 12.69% 9.79% 16.75% 24.07%
25-34 17.48% 15.75% 19.57% 26.27%
35-44 16.46% 16.36% 16.38% 18.09%
45-54 17.23% 16.56% 18.60% 17.53%
55-64 17.01% 18.40% 15.38% 9.60%
65+ 19.13% 23.14% 13.32% 4.45%
Gender < .001
Male 47.96% 50.12% 41.49% 59.53%
Female 52.04% 49.88% 58.51% 40.47%
Race/ethnicity < .001
Non-Hispanic, White 65.76% 64.43% 69.32% 61.06%
Non-Hispanic, Black 11.22% 11.68% 9.96% 13.05%
Non-Hispanic, Other 7.66% 8.21% 6.72% 6.39%
Hispanic 15.36% 15.68% 14.00% 19.50%
Education < .001
Less than high school 11.30% 11.64% 10.10% 14.17%
GED 5.21% 4.88% 5.44% 7.93%
High school graduate 22.97% 23.90% 21.30% 21.40%
Some college or Associates degree 32.04% 29.85% 35.78% 36.61%
Bachelor's degree 18.06% 18.39% 17.88% 15.15%
Advanced degree 10.42% 11.34% 9.49% 4.74%
Household Income < .001
Less than $10,000 12.58% 11.31% 13.41% 22.35%
$10,000 to $24,999 19.84% 18.54% 21.55% 24.88%
$25,000 to $49,999 22.81% 23.07% 22.62% 21.01%
$50,000 to $99,999 26.08% 27.15% 25.30% 18.35%
$100,000 or more 18.68% 19.92% 17.12% 13.41%
Sexual Orientation < .001
Lesbian, gay, bisexual, something else 4.84% 3.22% 7.18% 10.59%
Straight 95.16% 96.78% 92.82% 89.41%
Tobacco Use
Current cigarette use 18.62% 15.39% 20.71% 45.62% < .001
Current ENDS use 3.50% 2.45% 4.52% 10.20% < .001
Current cigar use (any type)b 2.79% 2.20% 2.83% 9.99% < .001
Current pipe use 0.44% 0.33% 0.52% 1.32% < .001
Current hookah use 1.10% 0.69% 1.36% 4.54% < .001
Current smokeless tobacco use (any type)c 2.72% 2.74% 2.03% 6.54% < .001
Any poly tobacco used 4.98% 3.55% 5.76% 17.77% < .001
Combustible poly tobacco usee 2.31% 1.58% 2.58% 9.49% < .001
Combustible and noncombustible poly

tobacco usef
3.16% 2.21% 3.72% 11.35% < .001

GED=General Education Development; ENDS= electronic nicotine delivery systems.
Note: Frequencies are unweighted.

a P-values obtained from chi-square tests.
b Includes traditional cigars, cigarillos and filtered cigars.
c Includes smokeless tobacco, snus and dissolvable tobacco.
d Defined as current use of at least two of the following products: cigarettes, ENDS, traditional cigars, cigarillos, filtered cigars, pipe, hookah, smokeless tobacco

snus and dissolvable tobacco.
e Defined as current use of at least two of the following products: cigarettes, traditional cigars, cigarillos, filtered cigars, pipe and hookah.
f Defined as current use of at least one of the following products: cigarettes, traditional cigars, cigarillos, filtered cigars, pipe and hookah AND at least one of the

following: ENDS, smokeless tobacco snus and dissolvable tobacco.
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et al., 2017). ENDS may be appealing to adults with psychiatric co-
morbidities for several reasons; they may be using these products as a
potential harm reduction tool or smoking cessation device (Pacek et al.,
2019), as a means of social connectedness to other ENDS users or as a
means of obtaining nicotine more discreetly, as more places are re-
stricting cigarette smoking (Debell et al., 2014; Park et al., 2017).
However, these questions are not addressed in this study and more
research is needed to understand reasons for ENDS use among those
with psychiatric comorbidities.

Although the “high internalizing and non-violent externalizing” and
“severe” classes in this study were both characterized by psychiatric
comorbidities, the high proportion of violent behavior and substance
use problems in the “severe” class distinguishes the two classes from
one another. High substance use problems may be a driving factor in
higher tobacco use among this class, as other studies have found sub-
stance use to be more strongly associated with tobacco use compared to
other psychiatric disorders (Lawrence et al., 2009; Smith et al., 2014;
Talati et al., 2016). These groups also differed in terms of demographic
characteristics. For example, individuals in the “high internalizing and

non-violent externalizing” class were more likely to be older, female
and non-Hispanic, White compared to the “severe” class. These differ-
ences demonstrate that individuals with psychiatric comorbidities vary
depending on the specific combination of psychiatric disorders that
they have. A study by McLean et al. found that women with an anxiety
disorder were more likely to be diagnosed with major depressive dis-
order and bulimia nervosa, while men with an anxiety disorder were
more likely to be diagnosed with a SUD, ADHD and intermittent ex-
plosive disorder (McLean et al., 2011). Other studies have also identi-
fied demographic correlates of psychiatric comorbidities, which are
distinct based on the disorders assessed (Jané-Llopis et al., 2006;
Magidson et al., 2012; Mykletun et al., 2008; Smith et al., 2014;
Substance Abuse and Mental Health Services Administration, 2018;
Williams and Ziedonis, 2004). Taken together with our study findings,
these studies demonstrate that individuals with psychiatric comorbid-
ities are a heterogeneous group (Vaidyanathan et al., 2011).

The “severe” class, characterized by symptoms of internalizing,
externalizing and substance use disorders, demonstrated the highest
risk for tobacco use across all products, as well as poly tobacco use and
therefore, may have the greatest need for tobacco interventions. This
class was disproportionately made up of young, non-Hispanic, Black,
Hispanic, lower income, less educated and sexual minority adults,

Table 5
Weighted multivariable logistic regression models of poly tobacco use by latent class (n= 28,345).
Data source: Adult Population Assessment of Tobacco and Health Public Use File, Wave 2.

Any poly tobacco usea Combustible poly tobacco useb Combustible and noncombustible poly tobacco usec

Latent class AOR (95% CI) AOR (95% CI) AOR (95% CI)
Class 1 Reference Reference Reference
Class 2 1.42 (1.26, 1.57)*** 1.41 (1.21, 1.64)*** 1.39 (1.22, 1.59)***
Class 3 3.51 (3.03, 4.08)*** 3.67 (2.98, 4.50)*** 3.27 (2.78, 3.86)***
Age
18-24 Reference Reference Reference
25-34 1.04 (0.91, 1.20) 0.88 (0.72, 1.07) 1.08 (0.93, 1.26)
35-44 0.85 (0.73, 0.98)* 0.58 (0.46, 0.74)*** 0.96 (0.80, 1.15)
45-54 0.56 (0.48, 0.65)*** 0.57 (0.46, 0.71)*** 0.50 (0.40, 0.62)***
55-64 0.42 (0.35, 0.50)*** 0.52 (0.41, 0.66)*** 0.29 (0.23, 0.38)***
65+ 0.16 (0.12, 0.20)*** 0.19 (0.13, 0.27)***
Gender
Male Reference Reference Reference
Female 0.39 (0.35, 0.43)*** 0.29 (0.25, 0.35)*** 0.50 (0.43, 0.57)***
Race/ethnicity
Non-Hispanic, White Reference Reference Reference
Non-Hispanic, Black 0.53 (0.45, 0.62)*** 1.00 (0.83, 1.20) 0.29 (0.23, 0.36)***
Non-Hispanic, Other 0.69 (0.57, 0.85)*** 0.84 (0.63, 1.11) 0.67 (0.53, 0.85)**
Hispanic 0.30 (0.25, 0.35)*** 0.47 (0.38, 0.57)*** 0.24 (0.19, 0.30)***
Education
Less than high school Reference Reference Reference
GED 1.32 (1.03, 1.68)* 1.16 (0.83, 1.63) 1.48 (1.09, 2.00)*
High school graduate 0.87 (0.73, 1.04) 0.78 (0.61, 1.00) 0.93 (0.75, 1.15)
Some college or Associates degree 0.89 (0.76, 1.06) 0.86 (0.70, 1.07) 0.95 (0.78, 1.16)
Bachelor's degree 0.40 (0.31, 0.50)*** 0.51 (0.37, 0.69)*** 0.37 (0.27, 0.49)***
Advanced degree 0.33 (0.24, 0.46)*** 0.42 (0.26, 0.68)** 0.30 (0.21, 0.43)***
Household Income
Less than $10,000 Reference Reference Reference
$10,000 to $24,999 0.70 (0.60, 0.83)*** 066 (0.53, 0.80)*** 0.82 (0.66, 1.03)
$25,000 to $49,999 0.53 (0.45, 0.62)*** 0.42 (0.34, 0.54)*** 0.66 (0.54, 0.80)***
$50,000 to $99,999 0.44 (0.37, 0.52)*** 0.34 (0.26, 0.43)*** 0.58 (0.46, 0.72)***
$100,000 or more 0.34 (0.28, 0.42)*** 0.25 (0.18, 0.35)*** 0.41 (0.32, 0.53)***
Sexual Orientation
Lesbian, gay, bisexual, something else 0.66 (0.55, 0.79)*** 0.54 (0.42, 0.70)*** 0.67 (0.54, 0.83)***
Straight Reference Reference Reference

GED=General Education Development; AOR= adjusted odds ratio; CI= confidence interval.
* p < .05.
** p < .01.
*** p < .001.
a Defined as current use of at least two of the following products: cigarettes, ENDS, traditional cigars, cigarillos, filtered cigars, pipe, hookah, smokeless tobacco

snus and dissolvable tobacco.
b Defined as current use of at least two of the following products: cigarettes, traditional cigars, cigarillos, filtered cigars, pipe and hookah.
c Defined as current use of at least one of the following products: cigarettes, traditional cigars, cigarillos, filtered cigars, pipe and hookah AND at least one of the

following: ENDS, smokeless tobacco snus and dissolvable tobacco.

1 E-cigarettes are a type of ENDS product
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which aligns with research that identifies high prevelance of tobacco
use among these demographic groups (Garrett et al., 2015). The de-
velopment and implementation of tobacco control interventions, such
as mass media campaigns and smoke-free laws, must take into account
the intersection of multiple factors, such as social marginalization, in
order to reduce tobacco use among the most vulnerable groups, who
often have multiple risk factors for tobacco-use (Garrett et al., 2015;
Voigt, 2010). This may include targeted efforts, such as funding to
support smoke-free laws in low-income areas (Brown and Barlow,
2009) and strategies to ensure that interventions are implemented
equitably. It is also important that these interventions address non-ci-
garette tobacco products and poly tobacco use. Research is needed to
evaluate the effectiveness and implementation of existing tobacco
control interventions among these high-risk groups to ensure that they
support health equity (Centers for Disease Control and Prevention,
2015).

For the LCA, we selected the 3-class structure based on model fit
indices, OCC and interpretability. However, we also considered the 4-
class model and conducted a sensitivity analysis (data not shown in this
paper). The 4-class model included all 3 classes identified in the 3-class
model, but contained an additional class characterized by moderate
internalizing problems, moderate externalizing problems and low sub-
stance use problems. We did not select this model because the fourth
group appeared to be differentiated by degree rather than having its
own unique characteristics. Future studies, however, should continue to
investigate different latent class models of psychopathology and how
they relate to tobacco use behavior.

This study has limitations. First, this study was limited to the
questions included in the modified GAIN-SS and does not assess
symptoms of all psychiatric disorders. Additionally, this study did not
use cutoff scores for the GAIN-SS that have been established in the
literature (Dennis et al., 2006; Dennis et al.; Pearson et al., 2017). This
was done purposefully since there are advantages to looking at in-
dividual symptoms of psychiatric disorders as described in the in-
troduction; however, the established cut points for the GAIN-SS have
high sensitivity and specificity and can be effective for screening for
psychiatric disorders. Additionally, this study does not assess frequency
or heaviness of tobacco use, which has important implications for to-
bacco-related health consequences and is particularly relevant when
considering poly tobacco use. Future studies should explore how in-
dividuals with psychiatric comorbidities use tobacco products in terms
of frequency and heaviness.

This study allowed for a holistic examination of the complex in-
terplay of symptoms of internalizing, externalizing and substance use
disorders (Lanza and Rhoades, 2013) to identify high-risk individuals
who not only suffer from the negative symptoms associated with psy-
chiatric comorbidities, but also disproportionately use tobacco products
and are at greater risk for tobacco-related morbidity and mortality.
Unfortunately, tobacco control interventions specifically designed for
individuals with psychiatric comorbidities have been slow to develop
(Williams and Ziedonis, 2004). The Clinical Practice Guidelines for
Treating Tobacco Use and Dependence include guidelines for treating
individuals with psychiatric disorders; however, this guidance is based
on clinical diagnoses of psychiatric disorders (Fiore et al., 2008).
Findings from this study suggest that symptoms of a broad range of
psychiatric disorders should be considered when identifying individuals
with higher risk for tobacco use in both research and clinical settings
since the use of clinical diagnoses may inadvertently leave out in-
dividuals with symptom-specific issues that put them at higher risk for
tobacco use, even if they do not meet the criteria for diagnosis. More
research is needed to identify effective cessation programs and other
tobacco control interventions for tobacco users with psychiatric co-
morbidities, across a range of psychiatric symptoms, disorders and to-
bacco products.
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