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Abstract
Background: The prevalence of cigarette smoking is more than two times higher among individuals with versus without opioid misuse and/or opioid use disorders (OUD). Overall, smoking cessation has increased over time although it is unknown whether it has similarly increased for those with opioid misuse or OUD. The current study examined cigarette quit ratios from 2002-2018 among US individuals with and without opioid misuse or OUD.
Methods: Data came from the National Survey on Drug Use and Health, a yearly cross-sectional survey of US civilians 12 years or older. Annual quit ratios (i.e., proportion of former smokers among lifetime-smokers) were estimated from 2002-2018. Logistic regression tested time trends in quit ratios by opioid misuse/OUD.
Results: Past-month smoking prevalence was much higher for persons with versus without opioid misuse (64.6% versus 25.7%) and OUD (73.3% versus 26.0%). In 2018, quit ratios for individuals with opioid misuse (18.0%) or OUD (10.0%) were less than half of those without opioid misuse (48.3%) or OUD (48.1%). After adjusting for background characteristics, the quit ratio did not change over time among individuals with opioid misuse or OUD in contrast to an increase in quit ratios for those without opioid misuse or OUD. For those without opioid misuse or OUD, males had higher quit ratios than females.  
Conclusions: Cigarette quit ratios remain dramatically lower among those with opioid misuse or OUD. Public health and clinical attention are needed to increase cessation and reduce smoking consequences for individuals with opioid misuse and OUD. 
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1. Introduction
Tobacco use remains a critical public health problem in the United States (US) and globally (World Health Organization, 2012). While the prevalence of smoking has decreased over the past several decades (Reitsma et al., 2017), this decline has not been seen equally in all groups. The prevalence of cigarette smoking is more than two times higher among individuals who misuse opioids and/or have an opioid use disorder (OUD) compared to those who do not (Zale et al., 2015). Conversely, individuals who use cigarettes are more likely to use opioids and meet criteria for OUDs (Rajabi et al., 2019) and there are overlaps in the neurobiological brain systems related to nicotine and opiates (Berrendero et al., 2010; Hadjiconstantinou and Neff, 2011; Kishioka et al., 2014). Recently, there has been a dramatic increase in OUD related to opioid misuse and the opioid epidemic (Assistant Secretary of Public Affairs (ASPA), 2017; Dart et al., 2015; Jones, 2017)  and concurrent increases in the negative consequences of opioid misuse (e.g., overdose deaths; Rudd et al., 2016). 
While smoking cessation has increased over time in the general US population (U.S. Department of Health and Human Services et al., 2020), it remains significantly lower in those who use drugs or have mental illness (Streck et al., 2020; Weinberger et al., 2019). The mortality of smokers with concurrent drug use disorders is more attributable to smoking than other causes (Rogers et al., 2005). Compared to persons with other psychiatric diagnoses, persons with drug use disorders are more likely to smoke (Parker et al., 2019), and of those who attempt smoking cessation, few are successful (Ferron et al., 2011). Based on the strong relationship between cigarette smoking, opioid misuse, and OUDs, reducing the prevalence and negative consequences of smoking through quitting cigarettes has become increasingly important. Existing studies using national data have estimated the prevalence of smoking or quitting among those with a drug use disorder at a single point in time (Smith et al., 2018), but there is still the need to estimate trends in smoking cessation among those with opioid misuse and opioid use disorder over the time frame in which opioid related deaths have risen rapidly (Compton et al., 2016).  
The current study used cross-sectional waves of national US data to examine trends in quit ratios over time among individuals with and without opioid misuse and OUDs. The first aim was to examine cigarette quit ratios from 2002 to 2018 among individuals with and without opioid misuse and with and without OUD. Given mixed findings on the prevalence of opioid misuse and OUD among males versus females (Grant et al., 2016; John et al., 2019; Parsells et al., 2008; Zale et al., 2015), but clearer findings that males and females differ on a number of cigarette use behavior (e.g., greater difficulty quitting for females versus males (Smith et al., 2016); the second aim was to examine sex differences in the prevalence of cigarette smoking quit ratios by opioid status using the same national data. 
2. Methods
2.1 Data Source & Sample
Data came from the National Survey on Drug Use and Health (NSDUH), a yearly cross-sectional survey of US civilians 12 years or older. Datasets for each year from 2002-2018 were concatenated, and a variable was added for the survey year (total analytic sample, n=949,285). For examining smoking prevalence, the combined sample of responses for who had ever smoked was 504,726; in 2018, the analytic sample was n=56,313. Respondents who were 12 years old or older with lifetime and former cigarette smoking (i.e., at least 100 cigarettes) were included in the analyses of quit ratios (2018: n=15,087 lifetime cigarette smokers, n=5,619 former cigarette smokers; 2002 to 2018 combined: n=283,684 lifetime cigarette smokers, n=79,352 former cigarette smokers). 
2.2 Measures
2.2.1 Opioid misuse and Opioid Use Disorder 
Respondents were classified into two categories based on their past-month opioid misuse. Respondents were considered to have opioid misuse if they used prescription pain relievers extra-medically (Parker and Anthony, 2015) and/or used heroin at least once in the past 30 days. They were not considered opioid misusers if they did not have extra-medical prescription pain reliever use or use heroin in the past month. 
Respondents were also classified into two categories based on their past-year OUD, assessed using the 4th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) (American Psychiatric Association, 1994). Individuals were classified as having OUD if they met criteria for opioid abuse or dependence in the past 12 months and as not having OUD if they did not meet criteria for opioid abuse or dependence in the past 12 months. Methodological details can be found in the NSDUH 2016 Codebook (Substance Abuse and Mental Health Services Administration, 2017). 
Due to survey changes in 2015 surrounding time period and definition of use, two variables [2002-2014 and 2015-2018] were combined to identify both opioid misuse and OUD over the survey years 2002-2018 (see Supplemental Information from Cheng et al., 2019).
2.2.2 Smoking Prevalence and Quit Ratios
Lifetime smokers had smoked at least 100 cigarettes in their lifetime. Former smokers were lifetime smokers who had not smoked cigarettes in the past year. Current smokers met criteria for lifetime smoking and had smoked at least one cigarette in the past 30 days. Daily smokers had smoked 30 days in the past month. The quit ratio was calculated as the proportion of former smokers among the full sample of lifetime smokers consistent with other research (e.g., Weinberger et al., 2019). This measure was estimated separately for those with and without opioid misuse and those with and without OUD.
2.2.3 Background Characteristics
	Age (12-17 years, 18-25 years, 26-34 years, 35+ years), sex (male/female), race/ethnicity (Non-Hispanic (NH) White, NH Black, Hispanic, Other [NH Native American/Alaskan Native, NH Hawaiian/Pacific Islander, NH Asian, NH more than one race), and annual income (<$20,000, $20,000-$49,999, $50,000-$74,999, $75,000) were included in analyses as covariates. 
	Past-month alcohol and cannabis use, alcohol use disorder, and cannabis use disorder were additional covariates. Past-month alcohol and cannabis misuse and alcohol use disorder/cannabis use disorder were defined similar to opioid misuse and opioid use disorder, respectively. These substances were included as covariates due to strong associations with opioid misuse and OUD with lower cigarette quit ratios (Weinberger et al., 2019). 	Comment by Parker, Maria Anne: Remove Streck 
2.3 Statistical Analyses
First, past-month smoking was estimated for the most recent data year, 2018, by opioid status (i.e., past-month misuse, OUD). For smoking quit ratios, the prevalence of former smoking was estimated each year from 2002 to 2018. Logistic regression tested linear time trends in quit ratios by opioid misuse/OUD by using year as a continuous predictor (Weinberger et al., 2019). Stratified models were run by sex for both opioid misuse and OUD. First, unadjusted models were run followed by models with a priori covariates: year, age, sex, race/ethnicity, income, alcohol use, cannabis use, alcohol use disorder, and cannabis use disorder. Next, the adjusted stratified models examined differences in quit ratios by sex while adjusting for all other background characteristics. Last, models that included two-way interaction terms of year by opioid misuse/OUD were estimated to explore differential time trends in quit ratios by opioid status over the study time period.
Analyses were completed using Stata Version 14 (Stata Corp, 2015), which accounts for NSDUH sampling weights and complex clustered sampling. It also produces accurate standard errors using Taylor series estimation. Survey weights were divided by the number of years to provide nationally representative estimates. 
3. Results
For 2018, past-month prevalences of smoking and daily smoking were much higher for persons with, compared to without, opioid misuse (smoking: 64.6% versus 25.7%; daily smoking: 34.9% versus 12.8%) or OUD (smoking: 73.3% versus 26.0%; daily smoking: 43.6% versus 13.0%). In the same year, quit ratios for individuals with opioid misuse (18.0%) or OUD (10.0%) were less than half the quit ratios of those without opioid misuse (48.2%) or OUD (48.1%). The relative difference in quit ratios between those with and without opioid misuse and OUD remained consistent across all years (See Supplemental Table 1).
After adjusting for background characteristics including other drug use/drug use disorders, the quit ratio did not change over time among individuals with opioid misuse (Figure 1) or OUD (Figure 2). In contrast, there was an increase in quit ratios for those without opioid misuse or OUD (p <0.05; see Figures 1 and 2). For all years, females without opioid misuse or OUD were less likely to be former smokers than males. There were no differences in quit ratios by sex for individuals with opioid misuse/OUD (see Supplemental Table 2).	Comment by Parker, Maria Anne: Needs to be adjusted to remove SPD
4. Discussion
Using nationally representative data of US individuals age 12 and older, we found that cigarette quit ratios remained dramatically lower among individuals with opioid misuse or OUD compared to those without opioid misuse or OUD from 2002-2018. In addition, quit ratios increased from 2002-2018 for persons without opioid misuse or OUD, but did not change for those with opioid misuse or OUD. These findings were consistent with those related to cannabis use and cannabis use disorder using a similar approach (Weinberger et al., 2019). In addition, for individuals without opioid misuse or OUD, quit ratios were higher for males over time. This is in contrast to a sample of primary care patients who smoke where opioid misuse and OUD was overrepresented among males and the unemployed (John et al., 2019).
Importantly, in 2018, past-month smoking prevalence and daily smoking prevalence persons with versus with opioid misuse or OUD remained more than double for persons without opioid misuse or OUD. Our findings demonstrate that cigarette smoking has persisted among persons with either opioid misuse or OUD, which contrasts with declines in smoking seen in the general US population (U.S. Department of Health and Human Services et al., 2020). It may be that those with a history of opioid misuse or OUD have a more difficult time quitting due to more severe nicotine/tobacco dependence (Parker et al., 2018) and/or more severe tobacco withdrawal (Streck et al., 2018). Developing a better understanding of which FDA-approved smoking treatments work best for individuals with opioid misuse and OUD would be useful due to the small number of treatment studies among this group of smokers. For example, individuals with OUD and individuals receiving methadone-maintenance treatment for OUD may have greater success with transdermal nicotine patches than with varenicline or bupropion (Martin et al., 2019; Yee et al., 2018) potentially due to greater adherence to transdermal nicotine patches than varenicline (Martin et al., 2019). In addition, testing novel smoking treatments for this vulnerable population may aid in increasing the quit ratio. For example, electronic cigarettes have been effective in pilot studies for reducing cigarettes per day among opioid dependent smokers (Felicione et al., 2019).
Several study strengths are worth noting including the generalizability of findings to the US population 12 years or older and the ability to examine quit ratios over time by opioid status. With regard to limitations, both cigarette use and opioid misuse were self-reported measures and opioid variables were subject to methodological changes during the study period. Still, we did not find inconsistencies in opioid misuse/OUD estimates prior to versus after 2015. Also, there was some overlap among opioid misusers and persons with OUD, but chose these two categories to facilitate comparisons with other studies that have a similar approach (e.g., Weinberger et al., 2019). In addition, focus was solely on cigarette use and not other tobacco products. Former smokers were defined as not smoking in the past year as the survey does not provide more granularity. The data were cross-sectional samples and we could not follow trajectories of opioid or cigarette use longitudinally for individual respondents. 
This study reports two-fold to three-fold lower quit ratios in people with opioid misuse or OUD compared to those without opioid misuse or OUD and the stability of this difference over time. Disparities in quit ratios for persons with and without opioid misuse or OUD highlight the need for public health and clinical efforts to increase cessation and reduce smoking-related consequences in these subgroups. Building on these findings, next steps should be to explore variables related to cessation (e.g., tobacco use disorder), time to cessation, treatment efficacy, patterns of smoking (e.g., topography), and longitudinal trajectories for persons based on their opioid status and experience with substance use treatment. 
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Figure 1. Smoking quit ratios for individuals with and without past-month opioid misuse. Data from the National Surveys on Drug Use and Health, 2002-2018. 
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Figure 2. Smoking quit ratios for individuals with and without opioid use disorder (OUD). Data from the National Surveys on Drug Use and Health, 2002-2018.
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