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A B S T R A C T

Background: Current data suggest that opioid misuse or opioid use disorder (OUD) may be over represented
among tobacco users. However, this association remains understudied in primary care settings. A better un-
derstanding of the extent of heterogeneity in opioid misuse among primary care patients who use tobacco may
have implications for improved primary care-based screening, prevention, and intervention approaches.
Methods: Data were derived from a sample of 2000 adult (aged ≥18) primary care patients across 5 distinct
clinics. Among past-year tobacco users (n= 882), we assessed the prevalence of opioid misuse and OUD by
sociodemographic characteristics and past-year polysubstance use. Latent class analysis (LCA) was used to
identify heterogeneous subgroups of tobacco users according to past-year polysubstance use patterns.
Multinomial logistic regression was used to examine variables associated with LCA-defined class membership.
Results: Past-year tobacco use was reported by>84% of participants who reported past-year opioid misuse or
OUD. Among those reporting past-year tobacco use, the prevalence of past-year opioid misuse and OUD was
14.0% and 9.5%, respectively. The prevalence of opioid misuse or OUD was highest among tobacco users who
were male or unemployed. Three LCA-defined classes among tobacco users were identified including a tobacco-
minimal drug use group (78.0%), a tobacco-cannabis use group (10.1%), and a tobacco-opioid/polydrug use
group (11.9%). Class membership differed by sociodemographic characteristics.
Conclusions: Results from this study support the benefit of more comprehensive assessment of and/or monitoring
for opioid misuse among primary care patients who use tobacco, particularly for those who are male, un-
employed, or polydrug users.

1. Introduction

Despite declining rates in tobacco use in the U.S. (Giovino et al.,
1994; Jamal et al., 2016), disparities persist among vulnerable popu-
lation subgroups. Available data suggest that adults who report opioid
misuse (i.e., prescription opioids or heroin) or have opioid use disorder
(OUD) are particularly over-represented among tobacco users in the
U.S. For example, data derived from the National Survey on Drug Use
and Health (NSDUH) show that current smokers are over 3 times more

likely than never smokers to endorse past-month or past-year opioid
misuse or OUD (Moeller et al., 2018; Zale et al., 2015). Additionally,
the prevalence of past-month opioid misuse has increased from 2002 to
2014 among current smokers but not never-smokers (Moeller et al.,
2018). Potential mechanisms governing the association between to-
bacco and opioid misuse may include mutual reinforcement between
pain and tobacco use or the pharmacological interaction between ni-
cotine and opioids (e.g., sensitization/tolerance to reinforcing effects of
opioids as a function of tobacco exposure) (Ditre et al., 2011; Shi et al.,
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2010; Vihavainen et al., 2008). Taken together, these data suggest that
tobacco use may be an important predictive variable of opioid misuse
or disorder, which has implications for prevention, screening, and in-
tervention strategies. Thus, a better understanding of the patterns of
opioid misuse or disorder among tobacco users is warranted to inform
such efforts in the face of the substantial and growing rate of opioid-
related morbidity and mortality in the U.S. (CBHSQ, 2014; Ronan and
Herzig, 2016; Seth et al., 2018; Vivolo-Kantor et al., 2018).

Existing data on tobacco and opioid misuse have largely been drawn
from survey samples of the general population. While these data have
been critical to providing initial evidence of the association between
tobacco and opioid misuse, there is also a need to extend this research
to general medical settings in order to more accurately inform clinical
practice. Primary care settings, in particular, are an important contact
point within the healthcare system well suited to identify unmet
treatment need for substance use and provide early intervention or
referral to specialty treatment (Edelman et al., 2018). Prior studies
suggest that the prevalence of substance use disorders is dis-
proportionally higher in primary care settings compared to the general
population (Pilowsky and Wu, 2012; Wu et al., 2017). This over-re-
presentation may be due to consequential medical problems and other
negative sequelae of substance use for which primary care treatment is
sought (Cherpitel and Ye, 2008). Indeed, research suggests there may
be medical issues that underlie the presence of tobacco and opioid
misuse for which treatment in primary care is received including
chronic pain, hepatitis C, HIV, depression, or other psychiatric dis-
orders (LaRowe et al., 2018; Parker et al., 2018; Sehgal et al., 2012;
Zale et al., 2015). Furthermore, routine screening for tobacco use
should be standard practice in many primary care settings based on
recommendations from the U.S. Preventative Services Taskforce (Siu,
2015). Hence, this practice may be leveraged to identify opioid misuse
and provide early intervention given the strong association between
tobacco use and opioid misuse. We are not aware, however, of any prior
studies that have examined the association between tobacco and opioid
misuse among primary care patients specifically in order to inform such
efforts.

Additional research is also needed to examine the extent of opioid
misuse among different subgroups of tobacco users. Support for more
detailed analyses is drawn from research showing that prescription
opioid misuse and/or prescription OUD may vary as a function of level
of cigarette consumption and sex (Zale et al., 2015). However, data is
lacking on the extent to which other potentially predisposing factors or
prognostic indicators among tobacco users may be differentially asso-
ciated with opioid misuse or OUD. Knowledge of these factors among
primary care patients may be useful to providers in order to inform
efforts aimed at preventing opioid misuse or diversion of prescribed
opioids. Polysubstance use among tobacco users is one factor in parti-
cular that warrants attention given its association with worse drug-re-
lated outcomes and health problems. For example, research shows that
individuals reporting polysubstance use or disorder have increased odds
of mental health problems, HIV/HCV risk behaviors, or overdose
(Connor et al., 2014). Further information is needed, however, on the
concurrent use of other drugs with opioids in the context of tobacco use
in a primary care setting. Existing data are limited to studies among
general population samples using traditional, variable-centered ap-
proaches, which assume sample homogeneity and examine opioid
misuse and other substance use variables individually among tobacco
users. In contrast, person-centered approaches assume sample hetero-
geneity to identify subgroups with shared characteristics, which are
otherwise not directly observable (Muthen and Muthen, 2000). Latent
class analysis (LCA) is one such approach commonly applied in
healthcare research to empirically define unobservable subgroups of
patients according to certain health behaviors (Wu et al., 2011a, 2010;
Wu et al., 2011b). This information is important because it may inform
the development of screening and intervention strategies with a
broader impact as opposed to disorder-specific information. No prior

study, however, has used a LCA approach to examine polysubstance
patterns among past-year tobacco users in primary care.

To address these gaps in knowledge, here we conducted a secondary
data analysis of a large and diverse sample of primary care patients
obtained for a multisite clinical trial study of the National Drug Abuse
Treatment Clinical Trials Network (NIDA CTN) (McNeely et al., 2016).
Using this sample, the goals of this study were 1) to examine the extent
of tobacco use by opioid misuse status, 2) to examine the prevalence of
opioid misuse and OUD among tobacco users by sociodemographics
and concurrent substance use, and 3) to use LCA to identify hetero-
geneous subgroups of tobacco users according to polysubstance use
patterns. Considering any level of tobacco use, regardless of severity,
elicits advice or intervention from primary care clinicians, all analyses
were focused on past-year tobacco use in order to capture the full extent
of opioid misuse or OUD. We hypothesized that the majority of primary
care patients reporting opioid misuse or OUD would also endorse to-
bacco use. We further hypothesized that the prevalence of opioid
misuse and OUD among primary patients reporting tobacco use would
be distinguished by demographic and other substance use character-
istics.

2. Methods

2.1. Study sample

Data were derived as a secondary analysis of the NIDA CTN
Tobacco, Alcohol, Prescription medications, and other Substance
(TAPS) Tool Study (CTN-0059), which assessed the performance of a
novel brief substance screening and assessment tool (McNeely et al.,
2016). The total sample included 2000 participants who were recruited
across 5 primary care clinics in the eastern U.S. from August 2014 to
April 2015. The sites included a Federal Qualified Health Center in
Baltimore, MD (n=589), a public hospital-based clinic in New York,
NY (n=534), a university-based health center in Richmond, VA
(n= 211), and two non-academic community-based primary care
practices in Kannapolis, NC (n=287 and n= 379). Patients were eli-
gible for the study if they were 18 years or older, able to provide in-
formed consent, able to comprehend spoken English, and physically
able to complete the screening and assessment measures.

Methods of the TAPS Tool Study have been reported in detail pre-
viously (Wu et al., 2016). Briefly, patients were recruited by trained
research assistants from the waiting area of each clinic. Patients who
were interested were brought to a private room in the clinic where they
were assessed for eligibility and verbal consent was obtained. Eligible
participants were informed that their participation was confidential and
their responses would not be shared with primary care staff. They
completed a 2-stage screening and brief assessment tool as part of the
parent trial procedures. Additionally, participants completed a battery
of standard reference measures of substance use and substance use-re-
lated problems, which was administered by the research assistants.
Participants received $20 for the completion of these study assessments.
This use of the TAPS Tool data for this analysis was approved by the
Duke University Health System Institutional Review Board.

2.2. Study variables

Sociodemographic variables included self-reported age, sex, race,
ethnicity, education, marital status, and employment status. Past-year
substance use/misuse and past-year substance use disorder (SUD) were
assessed using the modified World Health Organization World Mental
Health Composite International Diagnostic Interview (WMH-CIDI)
(McNeely et al., 2016; World Health Organization (WHO, 2015). The
modified WMH-CIDI assessed past-year use/misuse and SUD of the
following classes of substances: tobacco, alcohol, cannabis, cocaine/
crack, prescription opioids, heroin, prescription stimulants, prescription
sedatives, methamphetamine, hallucinogens, inhalants, and other
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nonspecific drugs. Because the WMH-CIDI does not include all of the
DSM-5 tobacco use disorder criteria, tobacco use disorder was assessed
by adapting the items from the WMH-CIDI drug section. We oper-
ationalized past-year opioid misuse or OUD to include prescription
opioids or heroin. Using the modified CIDI, participants who responded
affirmatively to any past-year use of a substance were administered
additional questions to assess whether DSM-5 criteria for SUD was met
in the past 12 months for that substance. DSM-5 SUD criteria was as-
sessed using the modified CIDI such that existing CIDI items were
mapped onto the DSM-5 classifications by omitting the item on legal
problems and including the one on craving. All substance-specific cri-
teria for SUD were assessed (i.e., no skip pattern was used during as-
sessments). Based on the DSM-5, SUD was defined as meeting ≥2 DSM
criteria for a given substance. Furthermore, lifetime and past 3-month
substance use was assessed using the World Health Organization Al-
cohol, Smoking, and Substance Involvement Screening Test (ASSIST)
(Humeniuk et al., 2008).

2.3. Data analysis

The prevalence of past-year tobacco use was examined in the total
sample by demographic characteristics and opioid use status (i.e., any
misuse in lifetime, past-year, and/or past 3 months; past-year OUD). We
also examined the prevalence of past-year opioid misuse and OUD
among past-year tobacco users by sociodemographic characteristics and
other past-year substance use or SUD status. Next, LCA was conducted
to identify distinct classes of past-year tobacco users sharing similar
drug use behaviors. Specifically, LCA was applied to five dichotomous
past-year substance use variables including opioids, cannabis, cocaine,
prescription stimulants/sedatives, and other drugs (i.e., methamphe-
tamine, hallucinogens, inhalants, or other nonspecific drugs). LCA
models were fit using maximum likelihood estimation. Results of the
LCA provided estimates of class membership probabilities and within-
class probabilities of the past-year substance use variables. We esti-
mated models with one to four classes and selected the best fitting
model based on a combination of criteria including the likelihood-ratio
(G2) test, Akaike’s Information Criterion (AIC), Bayesian Information
Criterion (BIC) statistic, sample size-adjusted BIC (ABIC), and entropy
(Kaplan, 2004). The BIC statistic was given the most weight compared
to the other goodness of fit measures based on its performance in si-
mulation studies, with lower BIC values suggesting a better model fit
(Nylund et al., 2007). We also considered the class size in selecting a
model that would be applicable to subsequent analysis of associated
sociodemographic variables to improve interpretability. After the final
model was selected, multinomial logistic regression was used to esti-
mate differences in sociodemographics between LCA-defined sub-
groups. Preliminary analyses indicated that convergence of the LCA
model was not allowed when the past-year alcohol use variable was
included in the model, potentially because of its high prevalence among
tobacco users. Thus, past-year alcohol use was included as a separate
independent variable in the multinomial logistic regression model of
the LCA-defined subgroups.

3. Results

3.1. Prevalence of tobacco use among primary care patients

Among the total sample (n= 2000), past-year tobacco use was re-
ported by 44.1% (n=882) of participants (Table 1). The prevalence of
past-year tobacco use was similar across study sites except for one
(Maryland site; Table S1). The prevalence of past-year tobacco use was
highest among males (54.4%), whites (46.5%), those with less than
high school education (54.8%), and those who were unemployed
(52.5%), disabled (51.3%), or never married (50.6%). Past-year to-
bacco use was reported by 84.8% of participants who reported past-
year opioid misuse and by 89.4% who met criteria for past-year OUD.

3.2. Prevalence of opioid misuse and OUD among tobacco users in primary
care

Among the 882 participants reporting past-year tobacco use, ap-
proximately one in seven (14.0%) reported past-year opioid misuse
(Table 2). In contrast, the prevalence of past-year opioid misuse among
non-tobacco users was 2.0%. The prevalence of past-year opioid misuse
was higher among tobacco users who were male (17.7%) or un-
employed (21.4%). Approximately one in ten (9.5%) tobacco users re-
ported past-year OUD. The prevalence of past-year OUD was higher
among tobacco users who were unemployed than those who were

Table 1
Prevalence of past-year tobacco use by demographic and substance use char-
acteristics among adult primary care patients (n= 2000).

Past-year tobacco use, yes

n Row % 95% CI

Total 882 44.10 41.94-46.29

Sex
Male 475 54.35 51.03-57.62
Female 406 36.12 33.36-38.97

Age in years
18-34 247 46.96 42.73-51.23
35-49 243 46.02 41.82-50.29
50+ 392 41.44 38.34-44.61

Race/ethnicity
White, non-Hispanic 268 46.45 42.41-50.53
Black/African American, non-Hispanic 481 45.46 42.48-48.47
Hispanic 93 39.91 33.84-46.32
Other/unknown 40 30.30 23.11-38.61

Education
Less than high school 210 54.83 49.82-59.74
High school/GED 277 47.92 43.88-52.00
Some college/associate/bachelor/graduate
degree

395 38.05 35.15-41.05

Employment
Employed 272 38.20 34.71-41.83
Unemployed 220 52.51 47.72-57.24
Disabled 242 51.27 46.77-55.75
Other 148 37.28 32.67-42.14

Marital Status
Married/cohabited 181 34.54 30.60-38.71
Separated/divorced/widowed 238 42.58 38.54-46.71
Never married 463 50.55 47.31-53.77

Lifetime opioid misuse
No 601 37.73 35.38-40.13
Yes 281 69.04 64.39-73.34

Past-year opioid misuse
No 755 40.81 38.59-43.07
Yes 123 84.83 78.10-89.76

Past 3-month opioid misuse
No 795 41.97 39.77-44.21
Yes 87 82.08 73.69-88.21

Past-year opioid use disorder
No 794 41.77 39.57-44.00
Yes 84 89.36 81.51-94.12

Past-year non-opioid drug use among tobacco users†, yes
Cannabis 299 33.90 30.85-37.09
Cocaine 121 13.72 11.61-16.15
Rx stimulants/Rx sedatives 75 8.50 6.84-10.53
Other drugs‡ 58 6.58 5.12-8.41

Missing values were not reported. CI: confidence interval; GED: general edu-
cation diploma.
† Prevalence of past-year drug use among tobacco users (n=882) rather

than the total sample.
‡ Other drugs included methamphetamine, hallucinogens, inhalants, and

other nonspecific drugs.
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employed (17.3% vs. 5.2%). The prevalence of past-year opioid misuse
and OUD, respectively among those with past-year tobacco use, was
highest among those reporting past-year nonmedical prescription sti-
mulant/sedative use (61.3%; 42.7%), followed by those reporting past-
year cocaine use (44.6%; 35.5%). Similar patterns of results were found
among those with past-year tobacco use who had other past-year SUDs.

3.3. Patterns of polysubstance use among patients who reported past-year
tobacco use

Based on fit indices, the final LCA model selected was one consisting
of three classes (Table S2). That is, the 3-class model had the highest
entropy estimate (0.78) compared to the 2- and 4-class model and a
lower BIC value (3264) compared to the 4-class model (3270). Class 1
(tobacco-minimal drug use group; 78.0% of sample) was characterized
by low probability of any past-year drug use (Fig. 1; Table S3). Class 2

(tobacco-cannabis use group; 10.1% of sample) was characterized by
high probability of past-year cannabis use (1.00) and moderate prob-
ability of other past-year drug use (0.30). Class 3 (tobacco-opioid/
polydrug use group; 11.9% of sample) was characterized by high
probability of opioid misuse (0.83), and moderate probability of past-
year cannabis (0.63), cocaine (0.58), and prescription stimulant/seda-
tive use (0.51).

3.4. Correlates of LCA-defined classes

Younger age (vs. ages 35–49; 50+) and past-year alcohol use were
associated with increased odds of being in the tobacco-cannabis user
class relative to the tobacco-minimal drug use class (Table 3). Being
male, white (vs. black), less educated (vs. some college or post-sec-
ondary degree), unemployed (vs. employed), disabled (vs. employed),
and past-year alcohol use were associated with increased odds of being
in the tobacco-opioid/polydrug use class relative to the tobacco-
minimal drug use class. There were no significant differences in the
study variables between the tobacco-opioid/polydrug use group and the
tobacco-cannabis use group.

4. Discussion

The present study, to our knowledge, is the first to examine the
association between tobacco and opioid misuse and to apply LCA to
identify distinct polysubstance use patterns with tobacco use among a
large sample of primary care patients. Key results from our study in-
cluded 1) the large majority (> 84%) of primary care patients reporting
past-year opioid misuse or OUD were also past-year tobacco users, 2)
the prevalence of opioid misuse and disorder among primary patients
who used tobacco varied by sociodemographic and polysubstance use
variables, and 3) three heterogeneous subgroups of primary care pa-
tients who used tobacco were defined by LCA according to substance
use patterns, which included a tobacco-minimal drug use group (78.0%
of sample), a tobacco-cannabis use group (10.1% of sample), and a
tobacco-opioid/polydrug use group (11.9% of sample). We further
found that each subgroup was distinguished by sociodemographic
characteristics, which is relevant for public health and clinical inter-
vention.

Previous research has only focused on samples from the general
population or specialty treatment settings, which also showed elevated
prevalence of tobacco use among persons with opioid misuse or OUD.
For instance, data derived from the NSDUH from 2006 to 2014 showed
that approximately 80% of adults who were opioid dependent smokers
met criteria for nicotine dependence (Parker et al., 2018). Among ad-
diction treatment samples, the prevalence of smoking ranged from
73.5% to 94.0% among patients who were treated primarily for opioid
misuse (Guydish et al., 2011). In comparison, the prevalence of cigar-
ette smoking among the general adult U.S. population during the same
time frame of these studies was 15.0%–26.0% (Giovino et al., 1994;
Jamal et al., 2016). Our study extends these findings by providing
primary care-specific data, which is important given the critical op-
portunity that primary care settings have in addressing opioid misuse
and tobacco use.

The disproportionate rate of tobacco use among adults who misuse
opioids or have OUD bears implications for clinical interventions in
primary care. Research has shown that the mortality rate of persons
with OUD who smoke is four times greater than those with OUD who do
not smoke (Hser et al., 1994; Hurt et al., 1996). Moreover, it has been
reported that cigarette smokers with opioid dependence had greater
rates of and more severe nicotine dependence than smokers without
opioid dependence (Parker et al., 2018). Although most patients with
OUD reported a desire to quit cigarette smoking (Hall et al., 2018;
Nahvi et al., 2006), smoking cessation interventions generally con-
sidered effective among other populations (e.g., nicotine replacement
therapy, varenicline, and bupropion) have limited effectiveness among

Table 2
Prevalence of past-year opioid misuse and opioid use disorder among primary
care patients reporting past-year tobacco use (n=882).

Past-year opioid
misuse, yes

Past-year opioid use
disorder, yes

Past-year tobacco users Row % 95% CI Row % 95% CI

Total 13.95 11.82-16.39 9.52 7.76-11.64

Sex
Male 17.68 14.52-21.37 12.00 9.38-15.23
Female 9.61 7.11-12.86 6.65 4.61-9.50

Age in years
18-34 12.15 8.64-16.81 7.69 4.98-11.70
35-49 18.11 13.77-23.43 12.35 8.79-17.08
50+ 12.50 9.59-16.14 8.93 6.49-12.16

Race/ethnicity
White, non-Hispanic 13.43 9.86-18.04 8.96 6.09-12.98
Black/African American, non-
Hispanic

12.27 9.63-15.50 8.52 6.35-11.36

Hispanic 24.73 17.08-34.38 16.13 10.03-24.92
Other/unknown 12.50 5.46-26.11 10.00 3.96-23.05

Education
Less than high school 15.24 11.01-20.72 11.43 7.80-16.44
High school/GED 18.77 14.61-23.79 14.44 10.79-19.07
Some college/associate
/bachelor/graduate degree

9.87 7.31-13.21 5.06 3.30-7.69

Employment
Employed 8.82 6.00-12.79 5.15 3.09-8.45
Unemployed 21.36 16.46-27.25 17.27 12.85-22.82
Disabled 14.46 10.59-19.45 9.92 6.76-14.33
Other 11.49 7.30-17.63 5.41 2.76-10.30

Marital Status
Married/cohabited 10.50 6.82-15.81 5.52 3.03-9.87
Separated/divorced/widowed 12.61 8.97-17.42 8.82 5.84-13.11
Never married 15.98 12.93-19.60 11.45 8.86-14.67

Past-year substance use, yes
Alcohol 16.77 14.05-19.90 11.18 8.95-13.89
Cannabis 22.41 18.05-27.47 14.38 10.86-18.81
Cocaine 44.63 36.07-53.51 35.54 27.57-44.39
Rx stimulants/Rx sedatives 61.33 50.02-71.54 42.67 32.10-53.95
Other drugs† 37.93 26.56-50.80 22.41 13.59-34.66

Past-year substance use disorder, yes
Alcohol 23.86 18.44-30.27 16.24 11.75-22.03
Cannabis 23.93 17.11-32.41 14.53 9.27-22.04
Cocaine 51.14 40.87-61.31 44.32 34.39-54.72
Rx stimulants/Rx sedatives 61.54 42.53-77.57 53.85 35.46-71.24
Other drugs† 58.33 38.83-75.53 41.67 24.47-61.17

Missing values were not reported. CI: confidence interval; GED: general edu-
cation diploma.
† Other drugs included methamphetamine, hallucinogens, inhalants, and

other nonspecific drugs.
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Fig. 1. Estimated probabilities of drug use for the 3-class latent class analysis model (n= 878).

Table 3
Adjusted multinomial logistic regression of LCA-defined drug use groups among adult primary care adults reporting past-year tobacco use (n=877†).

Tobacco-cannabis use group vs. tobacco-
minimal drug use group

Tobacco-opioid/polydrug use group vs.
tobacco-minimal drug use group

Tobacco-opioid-polydrug use group vs.
tobacco-cannabis use group

Adjusted odds ratio (AOR) AOR 95%CI AOR 95%CI AOR 95%CI

Sex
Male 1.00 1.00 1.00
Female 0.61 0.33-1.12 0.46 0.28-0.76 0.76 0.37-1.56

Age in years
18-34 1.00 1.00 1.00
35-49 0.45 0.21-0.97 0.82 0.43-1.55 1.80 0.74-4.39
50+ 0.25 0.11-0.59 0.64 0.33-1.23 2.52 0.95-6.68

Race/ethnicity
White, non-Hispanic 1.00 1.00 1.00
Black/African American, non-
Hispanic

0.84 0.42-1.66 0.57 0.33-0.99 0.68 0.30-1.52

Hispanic/other/unknown 1.06 0.45-2.52 0.84 0.41-1.71 0.79 0.29-2.16

Education
Less than high school 1.00 1.00 1.00
High school/GED 1.09 0.48-2.47 0.84 0.47-1.49 0.77 0.31-1.93
Some college/associate/bachelor/
graduate degree

1.06 0.48-2.34 0.52 0.29-0.95 0.49 0.20-1.23

Employment
Employed 1.00 1.00 1.00
Unemployed 1.98 0.94-4.19 2.63 1.40-4.96 1.33 0.54-3.25
Disabled 1.51 0.60-3.80 2.34 1.18-4.66 1.55 0.53-4.53
Other 1.69 0.73-3.93 2.04 0.95-4.37 1.20 0.42-3.42

Marital Status
Married/cohabited 1.00 1.00 1.00
Separated/divorced/widowed 0.81 0.28-2.32 0.70 0.35-1.41 0.87 0.26-2.86
Never married 1.40 0.61-3.22 0.82 0.45-1.51 0.58 0.22-1.54

Past-year alcohol use
No 1.00 1.00 1.00
Yes 4.63 1.77-12.07 4.73 2.46-9.09 1.02 0.33-3.15

Study site (state)
New York 1.00 1.00 1.00
Maryland 1.17 0.55-2.52 1.67 0.95-2.94 1.42 0.60-3.38
Virginia/North Carolina 0.35 0.14-0.86 0.27 0.13-0.57 0.77 0.26-2.31

AOR: adjusted odds ratio; CI: confidence interval; GED: general education diploma; LCA: latent class analysis.
Boldface: p < 0.05.
† 4 patients were excluded due to missing substance use data; 1 patient was excluded due to missing data on sex.
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OUD-smokers (Miller and Sigmon, 2015). More research is needed to
elucidate potential factors mediating pharmacotherapy and behavioral
treatment efficacy among this subgroup, including the timing of the
quit attempt, role of nicotine withdrawal, and other biological, social,
and environmental factors (Miller and Sigmon, 2015).

Another implication from these findings is that the high prevalence
of tobacco use among patients reporting opioid misuse may be lever-
aged to identify unmet treatment need for opioid misuse/OUD. Indeed,
many primary care settings should already be screening for tobacco use
based on recommendations from the U.S. Preventive Services Task
Force (Siu, 2015). Congruent with this practice, research shows that
tobacco users are most often identified in a primary care setting (Pine-
Abata et al., 2013). Overall, we found that the prevalence of opioid
misuse and OUD among tobacco users was 14.0% and 9.5%, respec-
tively. These prevalence rates are relatively higher than what has been
found among general population samples of tobacco users. For instance,
two studies utilizing data from the NSDUH estimated that the pre-
valence of DSM-4 OUD among daily smokers was approximately 2%
(Parker et al., 2018; Zale et al., 2015), which is more than four times
lower than the rate from this study’s sample of tobacco users. The
prevalence of past-year opioid misuse among daily cigarette smokers
from the NSDUH was 10.5% (Zale et al., 2015), which is also relatively
lower than what was found in our study. Taken together, these findings
further underscore the critical role that primary care settings may play
in identifying unmet treatment need for OUD and initiating treatment.

The present study also revealed differences in the prevalence of
opioid misuse and OUD among tobacco users by sociodemographic
characteristics and polysubstance use. Regarding sociodemographic
differences, we found higher prevalence of opioid misuse or OUD
among males and those who were unemployed. Similar patterns of
associations have been found among the overall general population
(Han et al., 2017), although at relatively lower prevalence. Primary
care providers may prioritize these subgroups of patients who use to-
bacco for targeted prevention, closer monitoring, and screening for
opioid misuse/OUD. Additionally, a better understanding of the me-
chanisms governing the association between tobacco use and opioid
misuse is needed to inform such efforts. It is possible that tobacco use
may covary with other factors associated with opioid misuse/OUD such
as chronic pain and/or depression (Volkow and McLellan, 2016). In
particular, researchers have proposed a reciprocal model of pain and
cigarette smoking such that each may exacerbate one another via a
positive feedback loop and lead to increased opioid use (Ditre et al.,
2011).

A particularly high prevalence of opioid misuse/OUD was also
found among tobacco users in primary care who reported concurrent
illicit substance use. These findings are consistent with other studies of
non-primary care settings (Parker et al., 2018). We extended the lit-
erature, however, by using LCA to empirically specify unobserved
subgroups of tobacco users in primary care by their substance use
patterns. This method stands in contrast to most previous research on
patterns of the use of multiple substances among tobacco users, which
have focused on bivariate analyses or more generalized approaches.
Our analysis identified three latent classes among tobacco users. No-
tably, the class characterized by high probability of opioid misuse also
had relatively high probability of other illicit substance use including
cannabis (0.63), cocaine (0.58), and nonmedical prescription stimu-
lants/sedatives (0.51). Hence, primary care providers should be aware
of these substance use patterns, which could lead to initiating con-
versations with patients to further assess the motives, perceived risks/
benefits, and frequency/intensity of other drug use among those who
use tobacco. In particular, the misuse of other prescription medications
or illicit drugs with opioids has been associated with increased odds of
overdose, psychiatric disorders, and poorer quality of life (Kandel et al.,
2017; McCabe et al., 2006; McCall Jones et al., 2017; Wu et al., 2010).

Our analysis also indicated a latent class of primary care tobacco
users characterized by the high probability of concurrent past-year

cannabis use. This subgroup of patients warrants concern considering
some evidence suggests the dual use of cannabis and tobacco may be
associated with greater problems than use of either cannabis or tobacco
alone. For example, current research shows that dual tobacco and
cannabis use is associated with greater likelihood of cannabis use dis-
order, poorer cannabis cessation outcomes, more alcohol and other
drug use, and greater psychosocial problems (Montgomery, 2015;
Peters et al., 2012; Pulvers et al., 2018; Ramo et al., 2013). Taken to-
gether, these findings indicate the value in screening for and assessing
problem cannabis use in primary care among patients who use tobacco.

Consistent with our hypothesis, class membership differed by so-
ciodemographic characteristics. However, we found that membership
in the tobacco-opioid/polydrug class was distinguished by more so-
ciodemographic correlates than the tobacco-cannabis class when com-
pared to the tobacco-minimal drug user class. That is, male sex, white
race, lower education, unemployment, being disabled, and alcohol use
were associated with the tobacco-opioid/polydrug class. These findings
suggest the need for increased prevention efforts for opioid misuse
among these subgroups of primary care patients who use tobacco,
especially when prescribed opioids for pain. In contrast, only younger
age and alcohol use were associated with the tobacco-cannabis class.

Limitations of this study include its cross sectional nature, which did
not allow for causal inferences or determination of temporal relation-
ships. Our results also relied on self-reported data of participants, which
may have been subject to recall bias or social-desirability bias. As a
result, underreporting is expected and prevalence estimates of sub-
stance use should be considered conservative. The prevalence of opioid
and other prescription drug misuse may be underestimated in our
study, given its basis in primary care, due to concern that reported use
may affect the likelihood of obtaining the medication from a primary
care provider. However, participants were informed that their re-
sponses were anonymous and confidential and would not be shared
with the primary care team. Another limitation was that our sample
included primary care patients from urban and suburban clinics in the
eastern region of the U.S., which may limit generalizability to other
regions. In particular, two of the practices (NY and MD) were urban
clinics serving high proportions of low-income or publicly insured pa-
tients, which contributed to 56% of the sample. Urban populations with
lower socioeconomic status tend to have a high prevalence of tobacco
use (Jamal et al., 2016), which may have contributed to the relatively
high proportion of past-year tobacco use in our sample (44%). More
than one fifth of our study sample were adults who were unemployed
(21%) or were disabled (23.6%). Frequent medical care may be likely
among these subgroups thereby resulting in disproportionate re-
presentation in our sample. Finally, tobacco use in our study was lim-
ited to use of any tobacco product in the past-year. While this variable
may be most practical for routine screening in primary care, future
studies may consider the association of opioid misuse and other di-
mensions of tobacco use (e.g., frequency and patterns of use, type of
tobacco product, etc.). One study utilizing national survey data, how-
ever, did not find differences between frequency of tobacco use within
the past year and odds of opioid misuse or OUD (Zale et al., 2015).
Nonetheless, additional research is needed given the reported differ-
ences between heavy and light/intermittent smokers (Fagan and
Rigotti, 2009; Shiffman et al., 2012), the association of broader tobacco
product use with increased risk behaviors (Bombard et al., 2009;
Kristjansson et al., 2015; Pulvers et al., 2018; Wills et al., 2015), and the
emerging trend of new tobacco products (Harrell et al., 2017). Despite
these limitations, our analysis represents an important step to better
understand the association between tobacco use and opioid misuse in
primary care.

In conclusion, the present study supports the benefit of more com-
prehensive assessment of opioid misuse among primary care patients
who use tobacco. Our study also highlights the heterogeneity in regards
to the extent of opioid misuse or OUD by patient sociodemographic and
substance use characteristics. Thus, primary care providers should not
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only recognize the association between tobacco use and opioid misuse
but also the differential liability of misuse among some patient sub-
groups, which may be used to inform prevention or early intervention
efforts. Going forward, future research should continue to investigate
the mechanisms governing concurrent tobacco use and opioid misuse in
order to inform strategies of more effectively treating this unique pa-
tient subgroup. It also remains critical to continue promoting the
adoption of substance use disorder treatment in primary care and
supporting providers to ensure they have the training, education, and
resources to diagnose and treat patients with substance use disorder.
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