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Abstract

Introduction—Smoking prevalence among adults with opioid dependence far exceeds that of the
general population, and cessation outcomes in this group are one-fourth that of smokers without a
substance use disorder. Understanding the reasons underlying these poor outcomes is critical for
developing more effective smoking interventions in this group. Elevated baseline severity of
nicotine dependence is associated with lower rates of smoking cessation over time. We examined
whether nicotine dependence severity among smokers may vary as a function of opioid
dependence status using nationally representative samples of adult smokers.

Methods—Data were derived from multiple years of the National Survey on Drug Use and
Health (NSDUH, 2006-2014; n=58,971). Nicotine dependence was measured by the Nicotine
Dependence Syndrome Scale (NDSS) and the first item (i.e., time to first cigarette) of the
Fagerstrom Test for Nicotine Dependence (FTND). Opioid dependence was assessed using the
Diagnostic and Statistical Manual of Mental Disorders criteria.

Results—Opioid-dependent smokers exhibited greater severity of nicotine dependence compared
to non-opioid dependent smokers, as evidenced by higher mean NDSS scores (p<0.05). On both
NDSS and FTND measures of nicotine dependence, opioid-dependent smokers were also
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approximately twice as likely to be dependent on nicotine than those not dependent on opioids
(p’s<0.05).

Conclusions—Opioid dependence is associated with increased severity and prevalence of
nicotine dependence among smokers. Considering the disproportionate societal and economic
burdens of smoking and smoking-related consequences in this vulnerable population, continued
investigations are needed to better understand opioid-dependent individuals’ poor cessation

outcomes.
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1. Introduction

Cigarette smoking is the leading preventable cause of morbidity and mortality in the United
States (US; US Department of Health and Human Services, 2014). While smoking has
steadily declined in the general population, it remains entrenched among vulnerable
populations. Individuals with substance use disorders are over represented among cigarette
smokers and bear a disproportionate burden of smoking-attributable disease and premature
death (Hser et al., 1994). The disproportionate burden of smoking and smoking-related
consequences is especially evident among individuals who misuse opioids (i.e., heroin,
prescription opioids). Prevalence and persistence of cigarette smoking in individuals with
opioid dependence (OD) far exceeds that of the general US adult population (Goodwin et al.,
2014; Guydish et al., 2011; Jamal, 2016). Smoking in this group is also associated with
significant morbidity and mortality; the mortality rate of OD smokers is four times that of
OD nonsmokers (Hser et al., 1994; Hurt et al., 1996).

Most opioid-maintained patients are aware of the serious health risks associated with
smoking and express interest in smoking cessation (Clemmey et al., 1997; Richter et al.,
2001). However, their responses to smoking interventions are notoriously poor, with quit
rates onefourth that of non-substance abusing smokers (Miller and Sigmon, 2015; Nahvi et
al., 2006). Understanding the reasons underlying these poor outcomes is critical for
developing more effective cessation interventions in this group. One possibility is that OD
smokers may experience more severe withdrawal upon discontinuing smoking, which could
undermine quit attempts. Recent data from our group, however, have suggested remarkably
similar withdrawal severity between OD and non-OD smokers during abstinence (Streck et
al., 2018). Another potential factor is that OD smokers may present with a greater severity of
nicotine dependence (ND) more generally, and elevated baseline severity of ND is associated
with lower rates of smoking cessation over time (Breslau and Johnson, 2000). The
association between elevated baseline severity and poor treatment outcomes has been widely
documented for other forms of drug use and clinical populations (Kampman et al., 2004;
Potter et al., 2013).

In this study, we aimed to examine the association between OD status and ND severity
among smokers using nationally representative data. This is the first study to our knowledge
to examine whether ND severity among smokers may vary as a function of OD status. We
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also sought to replicate previously reported demonstrations of elevated ND prevalence
associated with OD more generally.

2. Material and Methods

2.1 Data source and sample

The National Survey on Drug Use and Health (NSDUH) is a nationally representative cross-
sectional survey administered annually to assess prevalence of drug use and correlates of
health among members of the US civilian, non-institutionalized population aged =12 years
(Substance Abuse and Mental Health Services Administration, 2017). For these analyses, we
used NSDUH data collected between 2006-2014 from 344,900 adult respondents (=18 years
old). We began by identifying current adult cigarette smokers who smoked in the past
month. We then refined the sample to focus on daily cigarette smokers, defined as those who
reported smoking every day for the past month (i.e., 30 smoking days; n=58,971 or 15.2%
[weighted] of the total NSDUH sample). We focused on daily smokers, as this is the clinical
population experiencing serious adverse health consequences of their smoking and showing
disproportionately poor response to smoking cessation interventions (Miller and Sigmon,
2015; Nahvi et al., 2006). Prevalence of daily smoking was 71.8% (95% CI: 68.6%, 74.7%)
and 61.9% (95% CI: 61.4%, 62.4%) among OD and non-OD adult smokers, respectively.

2.2 Measures

2.2.1 Opioid dependence—The NSDUH survey included questions evaluating
prevalence of opioid misuse, asking respondents whether they had used prescription opioids
or heroin without a prescription, to get “high” or for the experience/feeling it caused, over
the past year. For those who endorsed opioid misuse in the past year, OD was assessed using
the Diagnostic and Statistical Manual of Mental Disorders (DSM-1V; American Psychiatric
Association, 1994). Current OD was defined as endorsement of =3 of the following seven
items: (a) spending a great deal of time over a month getting, using, or getting over the
effects of opioids; (b) being unable to keep limits on use or using opioids more often than
intended; (c) needing more opioids to achieve desired effect; (d) being unable to cut down or
stop opioid use when intended; (e) continued opioid use despite it causing recurrent
psychological or physical problems; (f) reducing or giving up activities due to opioid use;
and (g) meeting criteria for opioid withdrawal syndrome.

2.2.2 Nicotine dependence—Nicotine dependence was assessed among current daily
smokers using the two measures available in the NSDUH. The Nicotine Dependence
Syndrome Scale (NDSS; Shiffman et al., 2004) is a 17-question validated multidimensional
assessment of ND that includes questions on five domains: smoking drive, nicotine
tolerance, continuous smoking, behavioral priority, and stereotypy. Each question is scored
from 1 to 5 with the overall score calculated as the average and a score of >2.75 reflecting
ND (Benowitz and Henningfield, 1994). ND was also assessed using the first item (i.e., How
soon after waking do you smoke your first cigarette?) of the Fagerstrom Test of Nicotine
Dependence (FTND; Heatherton et al., 1989), a widely used single-item measure of ND.
Respondents who reported smoking within 30 minutes after waking were considered to be
ND (Baker et al., 2007).
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2.2.3 Statistical methods—To estimate the relationship between OD and ND in daily
smokers, descriptive statistics and simple/multiple logistic regression analyses were
conducted. DSM-IV criteria for current OD was the primary exposure variable; ND was the
outcome variable. Twelve potential covariates were identified based upon evidence in the
literature that these variables are associated with nicotine dependence: age, race/ethnicity,
education, employment status, marital status, age of first daily cigarette use, cigarettes per
day, presence/absence of alcohol, cannabis, and stimulant dependence, depression and
anxiety. Age was based on the median year of 17 age categories from the NSDUH codebook
(i.e., 18, 19, 20, 21, 22-23, 24-25, 26-29, 30-34, 35-49, 50-64, =65). Race/ethnicity was
self-ascribed into four categories: non-Hispanic white, non-Hispanic black, Hispanic, and
Other (non-Hispanic Asian, non-Hispanic Native American/Alaskan Native, non-Hispanic
Native Hawaiian/ Other Pacific Islander, or non-Hispanic more than one race). Four
categories were used to reflect educational level (less than high school, high school graduate,
some college, college graduate). Employment also had four categories (employed full-time,
employed part-time, unemployed, other [students, persons keeping house or caring for
children full time, retired or disabled person, other persons not included in the labor force]).
Marital status was coded as married versus unmarried (never married, divorced, and
widowed). Age of first daily cigarette use and cigarettes per day, predictors of ND (Donny et
al., 2008), were measured in a continuous fashion. Presence/absence of alcohol, cannabis,
and stimulant dependence were represented by a NSDUH composite variable assessed
similar to OD. Depression and anxiety were based on a doctor saying the respondent had the
condition in the past year. All of these covariates significantly differed between OD and non-
OD smokers and were adjusted for in subsequent regression models. Finally, one additional
variable, survey year, was included in all multiple regression models. A linear regression
model was conducted to examine whether ND severity, as represented by the mean NDSS
score, differed between OD vs. non-OD smokers. Analysis and estimation steps were
conducted using Stata Version 14 software procedures for regression models and complex
analysis-weighted survey data (Stata Corp, 2015).

3.1 Sample characteristics

Among the full adult daily smoker sample, the overall weighted prevalence of DSM-1V OD
was 2.3% (95% ClI: 2.1%, 2.4%). Demographic characteristics for OD (unweighted
n=2,051) and non-OD (unweighted n=56,920) daily smokers are presented in Table 1.
Relative to non-OD smokers, OD smokers were younger, more often male, white, and non-
married. As noted previously, subsequent analyses adjusted for the variables on which the
two groups differed.

3.2 Associations between OD and ND

With regard to the association between OD and ND severity, mean NDSS scores were
significantly higher for OD vs. non-OD smokers after controlling for the characteristics that
differed between groups (A= 0.16, 95% Cl: 0.12, 0.19; unadjusted A= 0.34, 95% CI: 0.30,
0.38). Adjusted mean NDSS scores were 2.86 for OD daily smokers versus 2.70 for non-OD
daily smokers. A higher prevalence of ND also was observed among OD vs. non-OD
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smokers, with 80.6% and 56.6% meeting NDSS criteria for ND, respectively (p<0.05). A
similar result was seen on the FTND, with 78.9% and 64.1% of OD and non-OD daily
smokers meeting criteria for ND, respectively (p<0.05). In unadjusted logistic regression
models, OD was significantly associated with increased odds of ND, with the odds of ND 2—
3 times higher in OD vs. non-OD smokers (OR and 95% Cl’s = 3.2 (2.7, 3.9) and 2.0 (1.8,
2.4), respectively; Supplementary Table 1). OD represented the strongest univariate
association observed with ND. The next strongest associations were seen with other forms of
drug dependence (e.g., alcohol, cannabis) followed by past year depression and anxiety. In
subsequent models that adjusted for the variables that differed significantly between groups,
the association between OD and ND was attenuated but remained significant (Table 2). Odds
of ND was about 2 times greater in OD vs. non-OD daily smokers (OR and 95% CI’s = 2.0
(1.6, 2.5) and 1.6 (1.3, 1.8), respectively). Consistent with the unadjusted outcomes, the
strongest associations were between OD status and ND followed by alcohol and cannabis
dependence.

4. Discussion

Smoking cessation outcomes among OD smokers are one-fourth that of smokers without a
substance use disorder. An improved understanding of the factors underlying these poor
outcomes can aid efforts to achieve improved cessation rates in this group. While elevated
ND severity is associated with lower rates of smoking cessation over time in the general
smoker population, no one to our knowledge has examined whether OD is uniquely
associated with greater ND severity. Using multi-year, nationally representative data we
demonstrated that severity of ND varies as a function of OD status. Given the elevated
severity of ND among OD smokers, efforts to develop more effective cessation interventions
in this group are warranted. Combining behavioral and pharmacological treatment
components that operate by different mechanisms (e.g., nicotine replacement plus cognitive—
behavior therapy), for example, may produce complementary and potentially additive effects
in more dependent smokers (Stitzer, 1999).

We also sought to replicate prior reports of elevated ND prevalence associated with OD
more generally. Our findings are consistent with prior studies showing generally elevated
rates of smoking and ND among OD individuals (Guydish et al., 2011; Wu et al., 2016).
Among the demographic and drug use variables examined, the strongest relationship was
found between OD status and ND. This association was attenuated but remained significant
after controlling for numerous variables that differed at baseline. The association between
OD and ND was consistently observed across two different measures of ND and over nine
survey years.

Several potential limitations are worth noting. First, the cross-sectional nature of the
NSDUH does not support causal inferences, and further studies should aim to more directly
examine the relationship between OD and ND while considering the interaction with
demographic characteristics. Second, while severity of ND was significantly greater among
daily smokers with OD relative to non-OD smokers, this translated to an adjusted mean
difference of 0.16 points on the 5-point NDSS scale, and the clinical significance of this
difference is unclear. Third, our focus in this report was on daily smokers, as this is the
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clinical population that is experiencing staggering adverse health consequences of their
smoking and showing disproportionately poor response to smoking cessation interventions.
However, future studies should examine whether OD status is associated with increased ND
severity in less severe smokers, including those who smoke less than daily.

Taken together, opioid dependence is associated with increased severity of nicotine
dependence among smokers. Considering the disproportionate societal and economic
burdens of smoking and smoking-related consequences in this vulnerable population,
continued investigations are needed to better understand opioid-dependent individuals’ poor
cessation outcomes.
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Acknowledgments

Role of Funding Source

This work was supported by National Institute on Drug Abuse (NIDA) Institutional Training Award [T32DA07242]
and US Food and Drug Administration Tobacco Centers of Regulatory Science Award [P50DA036114]. The
content of this article is solely the responsibility of the authors and does not necessarily represent the official views
of the National Institutes of Health or the Food and Drug Administration.

The authors wish to thank Gary J. Badger, MS and Andrea C. Villanti, PhD, MPH for their review of the
manuscript.

References

American Psychiatric Association. DSM-1V: Diagnostic and Statistical Manual of Mental Disorders. 4.
American Psychiatric Association; Washington, DC: 1994,

Baker TB, Piper ME, McCarthy DE, Bolt DM, Smith SS, Kim S-Y, Colby S, Conti D, Giovino GA,
Hatsukami D, Hyland A, Krishnan-Sarin S, Niaura R, Perkins KA, Toll BA. Time to first cigarette
in the morning as an index of ability to quit smoking: Implications for nicotine dependence.
Nicotine Tob. Res. 2007; 9:S555-S570. [PubMed: 18067032]

Benowitz NL, Henningfield JE. Establishing a nicotine threshold for addiction — The implications for
tobacco regulation. N. Engl. J. Med. 1994; 331:123-125. [PubMed: 7818638]

Breslau N, Johnson EQ. Predicting smoking cessation and major depression in nicotine-dependent
smokers. Am. J. Public Health. 2000; 90:1122-1127. [PubMed: 10897192]

Clemmey P, Brooner R, Chutuape MA, Kidorf M, Stitzer M. Smoking habits and attitudes in a
methadone maintenance treatment population. Drug Alcohol Depend. 1997; 44:123-132. [PubMed:
9088784]

Donny EC, Griffin KM, Shiffman S, Sayette MA. The relationship between cigarette use, nicotine
dependence, and craving in laboratory volunteers. Nicotine Tob. Res. 2008; 10:934-942. [PubMed:
18569770]

Goodwin RD, Sheffer CE, Chartrand H, Bhaskaran J, Hart CL, Sareen J, Bolton J. Drug use, abuse,
and dependence and the persistence of nicotine dependence. Nicotine Tob. Res. 2014; 16:1606—
1612. [PubMed: 25063773]

Guydish J, Passalacqua E, Tajima B, Chan M, Chun J, Bostrom A. Smoking prevalence in addiction
treatment: A review. Nicotine Tob. Res. 2011; 13:401-411. [PubMed: 21464202]

Heatherton TF, Kozlowski LT, Frecker RC, Rickert W, Robinson J. Measuring the heaviness of
smoking: Using self-reported time to the first cigarette of the day and number of cigarettes smoked
per day. Br. J. Addict. 1989; 84:791-799. [PubMed: 2758152]

Drug Alcohol Depend. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Parker et al.

Page 7

Hser Y1, Mccarthy WJ, Anglin MD. Tobacco use as a distal predictor of mortality among long-term
narcotics addicts. Prev. Med. 1994; 23:61-69. [PubMed: 8016035]

Hurt RD, Offord KP, Croghan IT, Gomez-Dahl L, Kottke TE, Morse RM, Melton LJ. Mortality
following inpatient addictions treatment: Role of tobacco use in a community-based cohort.
JAMA. 1996; 275:1097-1103. [PubMed: 8601929]

Jamal A. Current cigarette smoking among adults — United States, 2005-2015. MMWR Morb.
Mortal. Wkly. Rep. 2016; 65

Kampman KM, Pettinati HM, Volpicelli JR, Oslin DM, Lipkin C, Sparkman T, O’Brien CP. Cocaine
dependence severity predicts outcome in outpatient detoxification from cocaine and alcohol. Am.
J. Addict. 2004; 13:74-82. [PubMed: 14766440]

Miller ME, Sigmon SC. Are pharmacotherapies ineffective in opioid-dependent smokers? Reflections
on the scientific literature and future directions. Nicotine Tob. Res. 2015; 17:955-959. [PubMed:
26180219]

Nahvi S, Richter K, Li X, Modali L, Arnsten J. Cigarette smoking and interest in quitting in
methadone maintenance patients. Addict. Behav. 2006; 31:2127-2134. [PubMed: 16473476]

Potter JS, Marino EN, Hillhouse MP, Nielsen S, Wiest K, Canamar CP, Martin JA, Ang A, Baker R,
Saxon AJ, Ling W. Buprenorphine/naloxone and methadone maintenance treatment outcomes for
opioid analgesic, heroin, and combined users: Findings from Starting Treatment with Agonist
Replacement Therapies (START). J. Stud. Alcohol Drugs. 2013; 74:605-613. [PubMed:
23739025]

Richter KP, Gibson CA, Ahluwalia JS, Schmelzle KH. Tobacco use and quit attempts among
methadone maintenance clients. Am. J. Public Health. 2001; 91:296-299. [PubMed: 11211643]

Shiffman S, Waters AJ, Hickcox M. The Nicotine Dependence Syndrome Scale: A multidimensional
measure of nicotine dependence. Nicotine Tob. Res. 2004; 6:327-348. [PubMed: 15203807]

Stata Corp Stata Statistical Software: Release 14. College Station, TX: Stata Corp LP; 2015.

Stitzer ML. Combined behavioral and pharmacological treatments for smoking cessation. Nicotine
Tob. Res. 1999; 1(Suppl. 2):S181-187. S207-210. [PubMed: 11768178]

Streck JM, Heil SH, Higgins ST, Bunn JY, Sigmon SC. Tobacco withdrawal among opioid-dependent
smokers. Exp. Clin. Psychopharmacol. 2018

Substance Abuse and Mental Health Services Administration (SAMHSA). Population data/NSDUH
reports, special issue: Behavior change, health, and health disparities 2016. Substance Abuse and
Mental Health Services Administration; Rockville, MD: 2017.

United States Department of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and
Health. The health consequences of smoking — 50 years of progress: A report of the Surgeon
General. Atlanta, GA: 2014.

Wu L-T, Zhu H, Swartz MS. Treatment utilization among persons with opioid use disorder in the
United States. Drug Alcohol Depend. 2016; 169:117-127. [PubMed: 27810654]

Drug Alcohol Depend. Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Parker et al.

Page 8

Highlights

. Cessation outcomes among opioid-dependent smokers are 25% that of other
smokers.

. We examined nicotine dependence severity in smokers with and without
opioid dependence (OD).

. Opioid dependence was associated with increased nicotine dependence
severity.

. Findings support efforts to develop more intensive interventions in OD
smokers.
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Sample demographics by opioid dependence status among adult daily smokers using data from the NSDUH,

2006-2014 (n=58,971)

Opioid | Non-Opioid
Dependence | Dependence
n=2,051 n= 56,920
Age, mean, years 34.4 (0.8) 46.5 (0.1)
Male 61.2 (1.6) 52.0 (0.3)
Race/ethnicity
Non-Hispanic White 84.3(1.3) 78.0 (0.3)
Non-Hispanic Black 6.0 (0.9) 9.8(0.2)
Hispanic 71(11) 7.6(0.2)
Other 2.6 (0.5) 45 (0.1)
Education
College graduate 6.9 (0.9) 12.1(0.2)
Some college 29.9(1.7) 27.0(0.3)
High-school grad 38.7 (1.7) 39.7 (0.4)
Less than high-school 24.5(1.5) 21.1(0.3)
Employment
Employed full-time 41.1(1.8) 53.5(0.4)
Employed part-time 13.4(1.0) 11.8(0.2)
Unemployed 18.1(1.2) 7.9(0.2)
Other (not in labor force) 27.5(1.5) 26.8 (0.3)
Married 19.3 (1.6) 41.6 (0.3)
Age of first daily cigarette use, mean, years 16.4 (0.2) 18.0 (0.04)
Cigarettes per day, mean 17.7 (0.3) 15.7 (0.1)
Alcohol dependence 21.8(1.6) 6.5 (0.1)
Cannabis dependence 11.8(1.0) 2.0(0.1)
Stimulant dependence 7.4(1.0) 0.2 (0.02)
Depression 30.9 (1.6) 11.5(0.2)
Anxiety 27.8 (1.5) 9.5 (0.2)

Note. All estimates are weighted percentages with standard errors and may not add to 100% due to rounding. Bolded text denotes statistical

significance (p < 0.05).
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Adjusted odds ratios associated with nicotine dependence by opioid dependence among adult daily smokers

using data from the NSDUH, 2006-2014

NDSS FTND
AOR 95% Cl | AOR 95% ClI

Opioid Dependence 2.02 | 1.64,2.48 156 | 1.32,1.84
Male 0.77 | 0.72,0.82 0.81 | 0.75,0.87
Race/ethnicity

Non-Hispanic White (ref) 1.00 1.00

Non-Hispanic Black 0.77 | 0.69, 0.86 1.60 | 1.41,1.80

Hispanic 0.85 | 0.75,0.96 0.69 | 0.61,0.78

Other 0.83 | 0.71,0.96 0.92 | 0.78,1.07
Education

College graduate (ref) 1.00 1.00

Some college 1.17 | 1.07,1.29 1.36 | 1.20, 1.54

High-school grad 1.12 | 1.03,1.23 166 | 1.47,1.86

Less than high-school 1.23 | 1.11,1.36 2.08 | 1.81,2.40
Employment

Employed full-time (ref) 1.00 1.00

Employed part-time 1.13 | 1.03,1.25 1.15 | 1.05,1.26

Unemployed 1.36 | 1.23,1.50 143 | 1.29,1.59

Other (not in labor force) 134 | 1.22,1.48 1.35 | 1.23,1.47
Married 0.92 | 0.87,0.98 0.82 | 0.76,0.87
Age of first cigarette 0.95 | 0.94,0.96 0.96 | 0.95,0.97
Cigarettes per day 1.55 | 1.52,1.59 1.60 | 1.56, 1.64
Alcohol dependence 1.76 | 1.60,1.94 134 | 1.22,1.47
Cannabis dependence 1.74 | 1.46,2.09 1.33 | 1.15,1.56
Stimulant dependence 1.09 | 0.74,1.61 1.15 | 0.79, 1.69
Depression 1.37 | 1.24,1.52 1.28 | 1.15,1.41
Anxiety 1.28 | 1.15,1.42 1.14 | 1.01,1.30

Note.

Abbreviations: AOR = adjusted odds ratio; Cl = confidence interval; NDSS = Nicotine Dependence Syndrome Scale; FTND = Fagerstrém Test for
Nicotine Dependence (time to first cigarette<30 minutes). Bolded text denotes statistical significance (p < 0.05). Final multiple logistic regression
models included all variables in the table with NDSS and FTND as the outcome variable, respectively. Cigarettes per day was transformed to
represent a 5-cigarette difference for a meaningful change in smoking. Age and survey year were also included in the model as nominal variables.
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