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Abstract

Individuals with opioid use disorder (OUD) have high prevalence of smoking and poor cessation
outcomes. Data suggest that smokers with OUD may experience heightened nicotine
reinforcement and more severe tobacco withdrawal compared to smokers without OUD. FDA is
currently considering reducing the nicotine content of cigarettes to reduce smoking prevalence and
smoking-related disease. It is critical to understand the effects of reduced nicotine content
cigarettes (RNCCs) on tobacco withdrawal in this subgroup. In this secondary analysis, we
investigated the ability of RNCCs to attenuate acute tobacco withdrawal and craving severity in
smokers with OUD vs. without SUDs.

Smokers maintained on methadone or buprenorphine (opioid-maintained, OM; n=65) vs. without
other substance use disorders (Non-SUD; n=135) completed 5 laboratory sessions wherein they
smoked their usual brand (UB) or a research cigarette varying in nicotine content (0.4, 2.4, 5.2,
15.8 mg/g of tobacco) under double-blind, acute abstinence conditions. Participants completed the
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Minnesota Tobacco Withdrawal Scale, including a Desire to Smoke (craving) item, before and
every 15 minutes for one hour following smoking each cigarette.

Tobacco withdrawal and craving did not differ significantly by OM status in response to UB or
RNCCs. In addition to the dose x time interaction, greater depression and cigarette dependence
consistently predicted withdrawal and craving (p ’s<.05).

Across all cigarettes, tobacco withdrawal and craving did not significantly differ by OM status,
suggesting that smokers receiving opioid agonist treatment may respond favorably to RNCCs.
Additional studies with larger and more diverse samples are needed to address this question more
definitively.

Keywords
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INTRODUCTION

While the prevalence of smoking among the general US adult population has declined over
the past several decades, it remains entrenched among individuals with co-morbid substance
use disorders (SUDs), non-SUD psychiatric disorders and socioeconomic disadvantage
(Hiscock, Bauld, Amos, Fidler, & Munafd, 2012; Lasser et al., 2000). Individuals with
opioid use disorder (OUD) represent a population that is particularly vulnerable to cigarette
smoking and its adverse health consequences. Prevalence of smoking in this group is up to
six-fold higher than the general population (84-94% vs. 14%, respectively)(Guydish et al.,
2016; U.S. Department of Health and Human Services, 2014). In addition, response to
smoking cessation interventions among smokers with OUD is notoriously poor, with
abstinence outcomes one-fourth that of non-SUD smokers and standard first-line
pharmacotherapies largely ineffective (Miller & Sigmon, 2015).

One potential reason for the high rates of smoking, cigarette dependence and poor cessation
outcomes in this population is that smokers with concurrent OUD may experience more
severe abstinence effects upon discontinuation of smoking, including elevated withdrawal
severity. Tobacco withdrawal is a hallmark feature of cigarette dependence and is associated
with relapse to smoking in the general smoker population (American Psychiatric
Association, 2013; Hughes, 2007). However, there is a paucity of empirical data
characterizing tobacco withdrawal among smokers with OUD, and the limited studies
available offer mixed results. Of the three studies that have examined withdrawal among
smokers with OUD, one suggested that opioid agonists may be associated with more severe
withdrawal (Story & Stark, 1991), one suggested that opioids may attenuate withdrawal
(Elkader, Brands, Selby, & Sproule, 2009), and one found no difference in withdrawal
between OUD and non-SUD smokers (Streck, Ochalek, Badger, & Sigmon, 2018).
Methodological differences across studies may account for these mixed findings, as they
employed a variety of scientific designs and analytic approaches (e.g., within-subject vs.
cross-sectional designs, evaluating withdrawal only among abstinent vs. all smokers,
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evaluating smoking during stable vs. acute changes in opioid dose). Further, none of the
prior studies utilized double-blind cigarette administration or examined multiple cigarette
doses.

There is an urgent need to understand the severity of withdrawal experienced by vulnerable
smokers under conditions of reduced nicotine intake, as a national policy is currently under
consideration to reduce the nicotine content in cigarettes to minimal or non-addictive levels
to reduce smoking prevalence and smoking-related disease in the US (Benowitz &
Henningfield, 1994; Gottlieb & Zeller, 2017). The 2009 Family Smoking Prevention and
Tobacco Control Act granted the US Food and Drug Administration (FDA) regulatory
authority over cigarettes and other tobacco products (111th Congress, 2009). Reducing the
nicotine content of cigarettes below the threshold necessary to establish and sustain nicotine
dependence may in turn reduce smoking prevalence and related disease by disrupting
initiation of smoking by new users and increasing cessation rates among current smokers.
Well-controlled studies have demonstrated that use of reduced nicotine content cigarettes
(RNCCs) in the general smoker population is associated with reductions in smoking rates,
nicotine exposure, dependence and toxicant exposure, as well as increases in smoking
abstinence (e.g., Benowitz et al., 2007; Donny et al., 2015; Hatsukami et al., 2013, 2010). In
those studies, RNCCs reduced withdrawal symptoms and craving, possibly because RNCCs
provide sensory stimuli that have acquired conditioned reinforcing effects through repeated
pairings with nicotine delivery (Rose & Levin, 1991).

However, most of those studies excluded individuals with SUDs and non-SUD psychiatric
disorders and instead focused on stable, generally “healthy” smokers. Considering their poor
response to standard smoking-cessation treatments and substantial burden experienced from
smoking, it is important to understand whether smokers with concurrent SUDs or other
vulnerabilities may respond differently to RNCCs. Given the scientific evidence that opioid
agonist medications may increase the reinforcing effects of nicotine administration (Chait &
Griffiths, 1984; Mello, Lukas, & Mendelson, 1985), and the increasing numbers of
individuals with OUD receiving methadone or buprenorphine maintenance treatment
(Alderks, 2017; Wen, Hockenberry, & Pollack, 2018), it is critical to understand whether
these smokers will experience a unique profile of subjective effects following use of RNCCs
or compensate for reduced nicotine levels by increasing their smoking rates. Towards this
end, the focus of the present study was whether cigarette craving or withdrawal symptom
severity in response to RNCCs may be distinct among smokers with vs. without concurrent
OuD.

We recently completed a double-blind, randomized controlled laboratory study examining
the acute relative reinforcing and subjective effects of research cigarettes varying in nicotine
content following acute smoking abstinence in three vulnerable populations (Higgins et al.,
2017). The present study is a secondary analysis of that prior experimental study and focuses
on the ability of RNCCs to attenuate acute tobacco withdrawal and craving severity in
individuals receiving methadone or buprenorphine maintenance treatment for OUD (i.e.,
opioid-maintained smokers) vs. smokers without SUDs. We also examined the contribution
of additional characteristics that frequently co-occur with OUD and have been associated
with smoking vulnerability (e.g., depression, education level) to evaluate their effects on
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tobacco withdrawal and craving over and above OM status. Given the absence of existing
data on withdrawal and craving in response to RNCCs among smokers with OUD and other
vulnerabilities, this laboratory study provided a unique opportunity to examine the early
time course of withdrawal and craving relief following acute exposure to RNCCs under
highly-controlled experimental conditions.

Participants were 200 adult daily smokers enrolled in a multi-site, double-blind, within-
subject clinical-laboratory study. Details of study methodology have been reported
previously (Higgins et al., 2017). Briefly, participants were recruited though advertisements
placed on Facebook, bulletin boards throughout the community, buses and local newspapers
at the University of Vermont, Johns Hopkins University and Brown University. Participants
were recruited as exemplars of three different vulnerable populations: Individuals with
opioid use disorder (OUD) as an exemplar of those with smokers with SUDs (n=65),
individuals with affective disorders, as an exemplar of smokers with mental illness (n=64),
and women of reproductive age (18-44 years old) with limited educational attainment as an
exemplar of smokers with socioeconomic disadvantage (n=71), with the latter two groups
not having a current other SUD. Participants in the OUD group were currently receiving
methadone or buprenorphine maintenance via opioid treatment programs or office-based
providers in the community. They were required to be stable in methadone or buprenorphine
treatment (defined as no change in opioid dose in the past 30 days and <30% urine
toxicology samples testing positive for illicit drug use in the month preceding study intake).
Confirmation of participants’ past-month dose and urinalysis results were obtained from
their treatment provider. Given our participants were currently receiving opioid treatment
and stable in treatment, we refer to this group herein as “opioid-maintained (OM).” The
study was approved by the respective universities’ Institutional Review Boards and all
participants provided written informed consent.

Research Cigarettes

Measures

Cigarettes for this study were obtained from the National Institute on Drug Abuse and
manufactured by the 22"d Century Group (Clarence, NY). Participants were each exposed to
four nicotine content levels: 0.4, 2.4, 5.2, and 15.8 milligrams of nicotine per gram (mg/g) of
tobacco (Donny et al., 2015; Higgins et al., 2017). The 15.8 mg/g cigarette was designed to
have a nicotine content similar to commercially-available cigarettes and served as a control
condition. Cigarettes were available in menthol or non-menthol flavor based on participants’
usual brand cigarette preference. All sessions involving research cigarettes took place under
double-blind conditions with each cigarette dose being represented by arbitrary letter codes.

Demographic and Smoking Characteristics—Demographic variables included
education level, gender, age, race, marital status and employment status. Smoking
characteristics assessed included the average number of cigarettes smoked per day, menthol
smoking status, and the Fagerstrom Test of Cigarette Dependence (FTCD; Fagerstrom,
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2012). Breath carbon monoxide (CO) level was also collected as a biochemical measure of
smoking level. We also collected data on opioid treatment characteristics including the
opioid agonist medication participants were maintained on (methadone vs. buprenorphine).

Tobacco Withdrawal and Craving—The Minnesota Tobacco Withdrawal Scale
(MTWS; Hughes & Hatsukami, 1986) was used to assess tobacco withdrawal and desire to
smoke. The MTWS is a 15-item self-report measure of tobacco withdrawal. Each item is
rated on a 5-point ordinal scale (0=none, 1=slight, 2=mild, 3=moderate, 4=severe). The
seven DSM-5 withdrawal symptoms (anger/irritability/ frustration, anxiety/nervousness,
difficulty concentrating, impatience/restlessness, increased appetite/hunger, insomnia/
awakening at night, depressed mood/sad) are averaged to construct a single withdrawal
severity score (i.e., MTWS Total score) and the Desire to Smoke single item of the measure
is analyzed separately as a measure of cigarette craving (Hughes & Hatsukami, 1998).

Psychiatric Screening Measures—Psychiatric screening measures included the
Overall Anxiety Severity and Impairment Scale (OASIS; Norman, Cissell, Means-
Christensen, & Stein, 2006) and the Beck Depression inventory (BDI; Beck, 1996). The
OASIS is a 5-item screening measure of anxiety severity in the past week with items rated
on a 0—4 scale with total scores ranging from 0 to 20. The BDI is a 21-item measure which
assesses depression severity in the past two weeks with items rated on a 0-3 scale with total
scores ranging from 0 to 63. We chose to use a dichotomous variable for BDI in our analyses
for ease of interpretation using a commonly established cut-off of 17 to distinguish those
with clinically meaningful depression levels (Beck, 1996; Sprinkle et al., 2002).

Participants presented to an intake screening visit where we assessed demographic, smoking,
opioid treatment, and psychiatric screening measures and determined study eligibility.
Eligible participants completed 14 experimental sessions across three study phases. All
sessions were conducted under conditions of acute smoking abstinence with participants
abstaining for 6-8 hours prior to each session (operationalized as breath CO<50% of intake
level). Evidence suggests that this time frame of abstinence is sufficient to capture
withdrawal symptoms (Hendricks, Ditre, Drobes, & Brandon, 2006). At the start of each
session, participants took two puffs of their own brand cigarette to equate the time since last
cigarette across all participants and sessions (Henningfield & Griffiths, 1981). Following a
30-minute break, participants smoked the assigned cigarette for that session ad libitum.
Session 1 functioned as a baseline session where participants smoked their own brand
cigarette. Phase 1 (Sessions 2-5) assessed subjective responses to a single cigarette smoked
in the laboratory, Phase 2 (Sessions 6—11) assessed choices between cigarette puffs differing
in nicotine content when all were available for an equal response cost, and Phase 3 (Sessions
12-14), assessed choices between the highest and lowest dose cigarettes when the response
requirement for the low dose was fixed and the response requirement for the high dose
increased progressively. As this report focuses on data from the baseline session (Session 1)
and Phase 1 (Sessions 2-5) only, we briefly provide more detailed information on those
sessions here.
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In Session 1, participants smoked their usual brand cigarette ad libitum. Before smoking
(i.e., under conditions of abstinence) and every 15 minutes for an hour after smoking,
participants completed the MTWS. During Sessions 2-5, participants sampled one dose
research cigarette per session in a random order. In other words, as this was a within-subject
study, participants were exposed to all dose cigarettes, with one dose cigarette smoked per
session. Participants similarly smoked cigarettes ad libitum during these sessions. Before
and every 15 minutes for an hour after smoking, participants completed the MTWS.

Statistical Analyses

We examined data from participants who completed Phase 1 of the parent study (N=202).
Two participants were excluded from analyses for missing BDI and OASIS data at intake
(N=200). As the primary aim of this secondary analysis was to investigate the role of opioid
maintenance status on tobacco withdrawal, participants were dichotomized as opioid-
maintained (OM; n=65) or non-SUD (n=135) smokers.

Demographic, psychiatric and smoking characteristics were examined by OM status using
Fisher’s Exact Tests for categorical variables and Wilcoxon Rank Sum tests for continuous
variables. When examining response to the usual brand cigarette in Session 1, we used
mixed-model repeated-measures (RM) analyses with MTWS Total and Desire to Smoke
scores as our dependent measures. Fixed effects included time (i.e., pre-smoking baseline
and 15, 30, 45, and 60 minutes post-smoking the cigarette), as a within-subject factor, and
OM status as an across-subject factor. Participants and study site were included as random
effects.

When examining MTWS Total and Desire to Smoke scores across Phase 1 in response to the
cigarettes varying in nicotine content, we similarly performed mixed-model RM analyses.
Fixed effects included time (i.e., pre-smoking baseline and 15, 30, 45, and 60 minutes after
smoking the cigarette), research cigarette dose (0.4, 2.4, 5.2, 15.8 mg/g), and session (2-5)
as within-subject factors and OM status as an across-subject factor. Random effects included
participants, study site and sequence of presentation of cigarette doses. For both Session 1
and Phase 1, additional mixed models were conducted to examine the effects of opioid
treatment medication (methadone vs. buprenorphine) on withdrawal and craving outcomes.

Finally, to examine the effects of other vulnerabilities to smoking on withdrawal and craving
above and beyond OM status, we tested multivariate mixed RM models with demographic,
smoking and psychiatric characteristics as additional predictors. Time and nicotine dose
were within-subject factors and OM status was an across-subject factor. Additional variable
selection for construction of the models was based on both univariate testing and the
empirical literature. Age, race, gender, employment status, marital status, FTCD total score,
cigarettes smoked per day, BDI and OASIS scores were included in preliminary models as
there was evidence of differences by OM status at intake (Table 1). Education level, age
started smoking regularly and screening CO level were included in preliminary models
based on the literature. Since the correlation between the BDI categorical variable and
OASIS total score was high (Spearman p = 0.73, p < 0.001), only the BDI categorical
variable was used in subsequent modeling. Models included the same random effects
described above. All post-hoc testing used a Bonferroni adjustment for multiple
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comparisons. All analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC). For all
analyses, other than post-hoc comparisons with Bonferroni adjustment, statistical
significance was defined as p<.05.

RESULTS

Participant Characteristics

Baseline demographic and smoking characteristics by OM status are presented in Table 1.
Briefly, OM smokers were on average 41 years of age, smoked 16 cigarettes per day and
presented with an FTCD score of 5, suggesting moderate cigarette dependence. OM smokers
were older, less likely to be female, more likely to be cigarette dependent, and had lower
levels of baseline anxiety and depression than non-SUD smokers.

Effects of OM Status on Response to Usual Brand Cigarette

There was a significant main effect of time on mean tobacco withdrawal severity scores (i.e.,
MTWS Total scores) (F(4, 795)=52.80, p<.001) with scores decreasing 15 minutes after
smoking the usual brand cigarette and then gradually increasing over time (i.e., across the
remaining 45 minutes of the hour following smoking). Mean tobacco withdrawal severity
scores during the usual brand cigarette baseline (Session 1) did not differ as a function of
OM status (F(1, 185)=0.69, p=.41; Figure 1, upper panel). There also was no evidence of an
interaction between OM status and time on withdrawal during the baseline session (F(4,
791)=1.48, p=.21). There was a significant main effect of opioid treatment medication type
(methadone vs. buprenorphine) on withdrawal scores in response the usual brand cigarette,
with higher levels of withdrawal observed across time in buprenorphine- vs. methadone-
maintained participants (F(1,63)=4.74, p=03).

For cigarette craving (i.e., the Desire to Smoke item of the MTWS), there was evidence of a
significant main effect of time (F(4, 795)=62.82, p<.001) with scores decreasing 15 minutes
after smoking the usual brand cigarette and then gradually increasing over time. Craving
severity following smoking the usual brand cigarette did not differ as a function of OM
status (F(1, 198)=0.19, po=.66; Figure 1, lower panel), nor was there a significant interaction
between OM status and time on reports of cigarette craving (F(4, 791)= 1.53, p=.19). There
was no effect of opioid treatment medication type on craving scores in response to the usual
brand cigarette (F(1, 55)=0.76, p=.39).

Effects of OM Status on Response to Research Cigarettes Varying in Nicotine Content

In response to the cigarettes varying in nicotine content, there was a significant dose x time
interaction on mean withdrawal scores (F(12, 2386)=3.00, p<.001) with scores decreasing
over time following smoking each of the research cigarettes and then gradually returning to
baseline levels, with larger magnitude reductions seen at higher dose cigarettes. Withdrawal
severity in response to cigarettes varying in nicotine content (Sessions 2-5) did not differ as
a function of OM status (F(1, 175)=1.65, p=.20; Figure 2, upper panels). There also was no
significant interaction between OM status and nicotine dose on withdrawal (F(3, 591 )=2.15,
p=.09) or among OM status, time and nicotine dose (F(19, 3146)=1.35, p=.14). There was
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no significant main effect of opioid treatment medication type on withdrawal scores in
response to the cigarettes varying in nicotine content (F(1, 51)=3.69, 0=.06).

Similarly, there was a significant dose x time interaction on craving scores in response to the
cigarettes varying in nicotine content (F(12, 2385)=6.42, p<.001), with scores decreasing
over time following smoking the research cigarettes and then gradually returning to baseline
levels, with larger magnitude reductions seen at higher dose cigarettes. Craving severity
following exposure to research cigarettes did not differ as a function of OM status (F(Z1,
198)=2.76, p=.10). There was also no OM status X nicotine dose interaction (F(3, 591)=2.34,
p=.07) nor OM status x time x nicotine dose interaction (F(19, 3146)=1.57, p=.06) on
craving (Figure 2, lower panels). There was no effect of opioid treatment medication type on
craving scores in response to the cigarettes varying in nicotine content (F(1, 63)=3.32,

p=.07).

Effects of Other Vulnerabilities

During the sessions evaluating research cigarettes varying in nicotine content, multivariate
models resulted in the following significant predictors of withdrawal: BDI (F(1, 149)=28.23,
p<.0001), FTCD total score (F(1, 189)=9.34, p<.01) and education level (F(3, 193)=3.08,
p=.03), in addition to the dose x time interaction (F(12, 2386)=3.00, p<.0001). Higher
baseline levels of depression (mean difference between high vs. low depressed=0.64,
p<.001) and cigarette dependence severity (0.07 per unit increase in FTCD, p<.01) were
predictive of greater tobacco withdrawal. Lower educational attainment (i.e., high school
education vs. some college: mean difference=0.29 and some college vs. associate’s degree or
higher: mean difference=0.33; ’s<.05) also predicted greater withdrawal in response to the
cigarettes varying in nicotine content.

In multivariate models predicting craving, in addition to the dose x time interaction (F(12,
2386)=6.42, p<.0001), FTCD total score was the only significant predictor of craving in
response to research cigarettes varying in nicotine content (F(1, 171)=32.09, p<.0001), with
greater cigarette dependence severity predicting higher craving across research cigarettes
(0.16 per unit increase in FTCD, p<.01).

DISCUSSION

Smokers with concurrent opioid use disorder have an extremely high prevalence of smoking,
experience poor cessation outcomes, and bear a disproportionate burden of smoking-related
adverse health consequences. A promising national policy is currently under consideration
by the FDA to decrease the nicotine content of cigarettes (111th Congress, 2009; Gottlieb &
Zeller, 2017) and it is critical to understand the effects of reduced nicotine cigarettes on
tobacco withdrawal and cigarette craving severity in this vulnerable smoker group.

Across usual brand and reduced nicotine cigarettes, tobacco withdrawal and craving did not
significantly differ as a function of OM status in the present study. These results are
consistent with our recent study examining tobacco withdrawal severity in a different sample
of OM vs. non-SUD smokers in which no differences in withdrawal or craving severity were
observed between groups across a 2-week period of biochemically-verified smoking
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abstinence (Streck, Heil, Higgins, Bunn, & Sigmon, 2018). Whereas Streck et al. (2018)
examined individuals who quit smoking their usual brand cigarettes for a 2-week study
period, the current study further extends that work by including an evaluation of the effects
of multiple cigarettes varying in nicotine content using rigorous double-blind conditions.
The finding that OM smokers did not experience greater tobacco withdrawal or craving
relative to other smokers selected from vulnerable populations without OUD (smokers with
affective disorders or socioeconomic disadvantage) are promising, though additional
research is needed to thoroughly understand the effects of this proposed policy in OM
smokers. Further, when examining effects of opioid treatment medication type, we found
modest evidence that buprenorphine (vs. methadone) may be associated with higher levels of
withdrawal in response to the usual brand cigarette, though additional research with larger
sample sizes is needed.

We also examined several other characteristics reflective of smoking vulnerability that
frequently co-occur with opioid use (e.g., depression, cigarette dependence, educational
attainment) and their associations with tobacco withdrawal and craving severity in these
vulnerable groups. Once again, OM status was not associated with withdrawal or craving
severity after accounting for other potential explanatory variables. Clinically meaningful
depressive symptoms at study intake was associated with increased withdrawal across all
nicotine doses. This is generally consistent with prior research showing elevated incidence
and severity of tobacco withdrawal among smokers with affective disorders, particularly
depression (Smith, Mazure, & McKee, 2014; Weinberger, Desai, & McKee, 2010). Overall,
given the high rates of concomitant depression and other psychiatric disorders among OM
patients (Barry et al., 2016; Strain, 2002), these findings may hold clinical significance for
efforts to tackle smoking cessation among OM patients with co-occurring psychiatric
distress. However, also important to note is that we did not see additive effects of OM status
and depression on withdrawal severity in this study. This is consistent with a prior report that
used nationally-representative data to examine the effects of having a co-morbid psychiatric
disorder and SUD compared to a psychiatric disorder alone on tobacco withdrawal
(Weinberger et al., 2010). In that study, while the presence of a SUD and a non-SUD
psychiatric disorder were each independently associated with increased presence and
severity of withdrawal symptoms, having both disorders did not act additively to increase
withdrawal symptoms. That study did not examine the effects of OUD specifically. Also
worth noting is that we did not examine the potential role of concomitant physical (vs.
psychiatric) symptoms in withdrawal and craving, though a growing body of work suggests
that individuals’ ability to tolerate withdrawal-related discomfort in the context of smoking
abstinence among smokers with OUD and other SUDs may play a role in their subsequent
cessation outcomes (Martin, Rohsenow, & Tidey, 2019; Rohsenow et al., 2015).

Lower educational attainment was also associated with more severe tobacco withdrawal
across nicotine doses. Limited educational attainment has been identified as an important
proxy for socioeconomic disadvantage (Shavers, 2007) and is associated with increased
prevalence of smoking and smoking-related adverse consequences (Agaku, King, Dube, &
Centers for Disease Control and Prevention (CDC), 2014; Jamal, 2016). Several prior
reports have hypothesized that withdrawal may be greater among those with socioeconomic
disadvantage more generally (Harwood, Salsberry, Ferketich, & Wewers, 2007; Hiscock et
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al., 2012; Marmot & Wilkinson, 2005), though we are aware of only two empirical
investigations on this topic. In the first study, Breslau and colleagues examined
epidemiological data from young adults in one state and found no effects of education level
on tobacco withdrawal (Breslau, Kilbey, & Andreski, 1992). In the second, which was
conducted in Syria, the authors reported that higher educational attainment was associated
with lower withdrawal scores among patients enrolled in a smoking cessation trial (Ben
Taleb et al., 2016). To our knowledge, the present study is the first to report on the potential
role of educational attainment on tobacco withdrawal in response to RNCCs.

Potential limitations of this study are important to note. First, we utilized an acute exposure
paradigm wherein participants abstained from smoking for 6-8 hours (versus abstaining for
12-hours or longer), sampled each dose research cigarette during one laboratory session, and
rated their withdrawal across one hour post-smoking (versus days or weeks). As such, we
did not examine the full time-course of tobacco withdrawal during extended exposure but
rather abstinence effects and, more specifically, the extent to which RNCCs attenuate
tobacco withdrawal severity under conditions of acute abstinence. Additional extended
exposure studies are needed to determine if our results generalize to a longer time-course of
withdrawal under conditions of extended abstinence and prolonged exposure to these
reduced nicotine cigarettes. However, acute laboratory models are a well-validated and safe
approach to begin examining cigarettes with reduced nicotine content in medically and
socially unstable populations. The present study utilized a sufficient duration of abstinence
to examine withdrawal based on previous literature (Hendricks et al., 2006), and results from
prior studies of acute response to cigarettes with reduced nicotine content in laboratory
settings in the general population of smokers used similar methods, and results align closely
with those seen during chronic exposure in naturalistic settings. Second, to be eligible for
the present study, participants were required to be stable in their opioid treatment, with
limited opioid medication dose changes or illicit drug use. It is possible that smokers with
OUD not currently receiving treatment, or in treatment but not clinically stable, may respond
differently to the RNCCs and that question merits further investigation. A large number of
individuals with OUD are not currently enrolled in opioid treatment (Saloner & Karthikeyan,
2015), and one study has reported higher levels of nicotine dependence and less motivation
to quit among smokers not in opioid maintenance treatment (and actively using intravenous
opioids) compared to those receiving treatment (Clarke, Stein, McGarry, & Gogineni, 2001).
Third, this was a secondary analysis of data from a study that was not originally designed,
intended or powered to examine outcomes as a function of OM status; that is, the samples
recruited for the parent study did not involve equal numbers of OM and Non-SUD smokers
or comparable sociodemographic characteristics (e.g., gender) across OM groups. Although
we controlled for various sociodemographic characteristics that differed by OM status in
multivariable analyses, it does not rule out the presence of other potential confounders and
additional studies with larger sample sizes and more diverse demographic and smoking
characteristics (e.g., race, gender, menthol status) are warranted to examine these questions
more definitively. Finally, as the parent trial was entirely focused on understanding RNCC
response among smokers with concomitant vulnerabilities (e.g., anxiety/depression,
socioeconomic disadvantage), there was no control group of “‘healthy’ smokers without these
co-occurring factors in the present analyses.
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This study also had several important strengths. It is the only study to date, to our
knowledge, to rigorously evaluate tobacco withdrawal in response to RNCCs in OM
smokers. The study methodology included a rigorous, double-blind, highly controlled
design, multiple nicotine doses, availability of multiple empirically-supported measures
reflecting vulnerability to smoking, and minimal missing data or attrition. Finally, it also is
the first study to investigate the separate and combined effects of multiple co-occurring
vulnerabilities (e.g., OUD, depression, socioeconomic disadvantage) and their impact on
tobacco withdrawal and craving severity in response to RNCCs.

In summary, the FDA is actively considering reducing the nicotine levels of cigarettes.
Scientific efforts are urgently needed to understand the impact of such a policy on the
populations of smokers with co-occurring vulnerabilities that smoke the majority of the
cigarettes in the US (Lasser et al., 2000). Prior data suggesting that OM smokers may
respond differently to nicotine and experience more severe withdrawal during reductions in
nicotine intake. In our study, OM smokers responded similarly to other vulnerable subgroups
to reduced nicotine content cigarettes. Additional research is needed to determine the
beneficial effects of a national nicotine reduction policy among individuals with OUD.
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Public Significance Statement:

Being maintained on opioid agonist treatment for opioid use disorder did not influence
self-reported ratings of tobacco withdrawal or desire to smoke (craving) in response to
usual brand or reduced nicotine content cigarettes. Opioid-maintained smokers may
respond favorably to a national nicotine reduction policy for reducing smoking-related
consequences.
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Withdrawal and Craving in Response to the Usual Brand

Cigarette
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FIGURE 1.

+15 min +30 min +45 min +60 min

Time

Minnesota Tobacco Withdrawal Scale (MTWS) Total (upper panel) and Desire to Smoke
(lower panel) mean scores at the baseline usual brand cigarette session across time in opioid-
maintained (solid lines) smokers vs. smokers without other substance use disorders (dashed
lines). Error bars represent standard error of the mean. The pre-smoking baseline timepoint
represents conditions of acute abstinence prior to smoking the usual brand cigarette and +15,
+30, +45, +60 min represent assessment timepoints after smoking the usual brand cigarette.
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Withdrawal and Craving in Response to the Cigarettes Varying in Nicotine Content
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FIGURE 2.
Minnesota Tobacco Withdrawal Scale (MTWS) Total (upper panels) and Desire to Smoke

(lower panels) mean scores across the research cigarette doses and across time in opioid-
maintained (left panels) smokers vs. smokers without other substance use disorders (right
panels). Error bars represent standard error of the mean. The pre-smoking baseline timepoint
represents conditions of acute abstinence prior to smoking the research cigarettes and +15,
+30, +45, +60 min represent assessment timepoints after smoking each research cigarette.
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Table 1.

Baseline Demographic and Smoking Characteristics by Opioid Status

All Opioid-Maintained (OM) No Substance Use Disorder (Non-SUD)  pvalue

N 200 65 135
Demogr aphics
Age 35+12 41+11 32+10 <.001
Female (%) 72 60 78 01
Race (%) .07
White 76 72 77
Black 11 19 8
Other 13 9 15
Education (%) .57
<High school 14 18 12
High school
degree/equivalent 35 35 34
Some college 40 37 41
Associate degree or higher 12 9 13
Employment (%) <.001
Full-time work 25 15 30
Part-time work 16 9 19
Casual employment 8 8 8
Unemployed 27 23 28
Other 25 45 16
Marital Status (%) <.01
Never married 61 52 65
Married 16 9 19
Divorced or separated 21 34 14
Widowed 3 5 1
Smoking Characteristics
Cigarettes/day 16+7 166 15+8 .06
Intake CO level 22x11 23£12 21+11 .33
Age started smoking regularly 16+4 1645 1643 .29
FTCD total score 4.9+2 5.3+2 4.7£2 .03
Menthol smoker (%) 35 35 34 .87
Psychiatric Characteristics
BDI total score = 17 (%) 31 14 39 <.01
OASIS total score 615 3+3 76 <.001

Opioid Treatment Char acteristics

Methadone maintained (%) 58
Methadone dose, mg 97+30

Buprenorphine maintained (%) 42
Buprenorphine dose, mg 14+9
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Note. Mean + standard deviation unless otherwise noted; Bolded values represent p<.05; BDI, Beck Depression Inventory with scores = 17
representing clinically meaningful levels of depression (Beck, 1996); OASIS, Overall Anxiety Severity and Impairment Scale (Norman et al.,
2006); FTCD, Fagerstrom Test for Cigarette Dependence (Fagerstrom, 2012).
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