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Highlights

	•Nicotine metabolism was examined in alcoholics over 7 weeks of alcohol treatment.

	•Rate of nicotine metabolism was assessed using the nicotine metabolite ratio (NMR).

	•NMR was significantly higher at week 1 compared to week 7 after alcohol cessation.

	•Suggests that chronic alcohol abuse increased the rate of nicotine metabolism.

	•Accelerated rate of nicotine metabolism decreased 4–7 weeks after alcohol cessation in alcoholics.




Abstract
Background
Rate of nicotine metabolism is an important factor influencing cigarette smoking behavior, dependence, and efficacy of nicotine replacement therapy. The current study examined the hypothesis that chronic alcohol abuse can accelerate the rate of nicotine metabolism. Nicotine metabolite ratio (NMR, a biomarker for rate of nicotine metabolism) and patterns of nicotine metabolites were assessed at three time points after alcohol cessation.

Methods
Participants were 22 Caucasian men randomly selected from a sample of 165 smokers entering a 7-week alcohol dependence treatment program in Poland. Data were collected at three time points: baseline (week 1, after acute alcohol detoxification), week 4, and week 7. Urine was analyzed for nicotine and metabolites and used to determine the nicotine metabolite ratio (NMR, a biomarker for rate of nicotine metabolism), and total nicotine equivalents (TNE, a biomarker for total daily nicotine exposure).

Results and conclusions
There was a significant decrease in urine NMR over the 7 weeks after alcohol abstinence (F(2,42) = 18.83, p < 0.001), indicating a decrease in rate of nicotine metabolism. On average NMR decreased 50.0% from baseline to week 7 (9.6 ± 1.3 vs 4.1 ± 0.6). There was no change in urine TNE across the three sessions, indicating no change daily nicotine intake. The results support the idea that chronic alcohol abuse may increase the rate of nicotine metabolism, which then decreases over time after alcohol cessation. This information may help to inform future smoking cessation interventions in this population.





Introduction
Cigarette smoking and excessive alcohol consumption remain two of the leading preventable causes of premature death in the U.S. and around the world (Danaei et al., 2009). These are highly co-morbid behaviors and the prevalence of cigarette smoking in individuals with alcohol use disorders is high (see McKee and Weinberger, 2013 for review). Results from a national sample found the prevalence of any alcohol use disorders was higher among individuals with nicotine dependence compared to the overall population (22.8% vs 8.5%; Grant et al., 2004); and around half of all adults in the US with an alcohol use disorder also smoke cigarettes (McKee and Weinberger, 2013). Individuals with alcohol use disorders have also been found to be heavier smokers, report greater nicotine dependence, and have poorer smoking cessation rates (Burling et al., 1997, Cook et al., 2012, Friend and Pagano, 2005, Keenan et al., 1990, Hughes and Kalman, 2006, Hurt et al., 1995, John et al., 2003a, John et al., 2003b, Marks et al., 1997, York and Hirsch, 1995).
Underlying factors that contribute to the differences in prevalence of cigarette smoking and nicotine dependence among individuals with alcohol use disorders remain unclear. Research has largely focused on the hypothesis that nicotine and alcohol in combination may have combined pharmacological effects that support their co-use (e.g., increased reward and/or decreased withdrawal/aversive effects). An additional mechanism that could contribute to this difference in cigarette smoking behavior and dependence in this population is a change in the pharmacokinetics of nicotine induced by chronic alcohol consumption.
Nicotine is primarily metabolized into cotinine by the liver enzyme CYP2A6 (C-oxidation), which accounts for approximately 75% of nicotine metabolism (Benowitz et al., 2009). Cotinine is further metabolized to trans-3′-hydroxycotine (3HC) in a process mediated exclusively or nearly exclusively by the same enzyme, CYP2A6. The ratio of 3HC/cotinine, termed the nicotine metabolite ratio (NMR) is a validated biomarker for CYP2A6 activity and the rate of nicotine metabolism (Dempsey et al., 2004). A higher NMR indicates greater CYP2A6 enzyme activity and faster rate of nicotine metabolism.
In addition to cotinine and 3HC, nicotine is metabolized to a number of other metabolites via the CYP2A6 and other metabolic pathways (see Benowitz et al., 2009 for review). In the current study we also assessed a number of different metabolites of nicotine in addition to products from the C-oxidation pathway. For example nicotine is also metabolized by glucuronidation (primarily by UDP glucuronosyltransferase 2 family, polypeptide B10; UGT2B10) and N-oxidation (by flavin containing monooxygenase 3; FMO3), although these pathways contribute less to the overall metabolism of nicotine compared to CYP2A6 (Hukkanen et al., 2005). If metabolism of nicotine via the C-oxidation pathway is slower, higher levels of non-C-oxidation products (e.g., nicotine glucuronide and nicotine-N-oxide) would be expected.
A faster rate of nicotine metabolism (greater CYP2A6 enzyme activity) was previously found to be associated with smoking more cigarettes per day (Benowitz et al., 2003, Strasser et al., 2011, Tanner et al., 2015), greater nicotine withdrawal symptoms (Rubinstein et al., 2008, Sofuoglu et al., 2012), and decreased efficacy of nicotine replacement therapy (NRT) for smoking cessation (Lerman et al., 2006, Lerman et al., 2015). Tobacco use characteristics associated with faster rate of nicotine metabolism are similar to what has been found in individuals with alcohol use disorders, as previously discussed. Both genetic (Ray et al., 2009) and environmental factors have been found to influence CYP2A6 enzyme activity. For example estrogen (Benowitz et al., 2006, Dempsey et al., 2002), and certain medications such as phenobarbital (Benowitz et al., 2009) and rifampicin (Xia et al., 2002) have been found to induce CYP2A6 enzyme activity, resulting in accelerated rate of nicotine metabolism.
Previous research suggests that chronic alcohol may induce CYP2A6 enzyme activity. Protein levels of CYP2A6 were found to be higher among patients who abuse alcohol (Niemelä et al., 2000) and alcohol was found to induce CYP2A6 activity in the U937 macrophage cell line (Jin et al., 2011, Jin et al., 2012). In mice chronic alcohol consumption induced CYP2A5, the mouse orthologue of human CYP2A6 (Lu et al., 2011, Lu et al., 2012). The current study examined the hypothesis that chronic alcohol abuse accelerates the rate of nicotine metabolism and is associated with higher NMR and altered patterns of nicotine metabolism. We examined this hypothesis by looking at reversal of postulated metabolic induction after cessation of alcohol abuse, testing subjects at three time points over the course of 7 weeks of inpatient treatment for alcohol dependence. It was hypothesized that rate of nicotine metabolism assessed by NMR would decrease over the 7 weeks of alcohol abstinence, reflecting normalization after prior enzyme induction.
Total Nicotine Equivalents (TNE), the molar sum of nicotine and its metabolites measured in urine, is a highly reliable biomarker of total nicotine exposure (Scherer et al., 2007) that is unaffected by differences in CYP2A6 enzyme activity (Benowitz et al., 2010, Derby et al., 2008, Feng et al., 2007). TNE was used to determine if there was a change in nicotine exposure at the three assessments after alcohol cessation. In addition, biomarkers of liver function were also assessed to verify subjects did not have severe liver function impairments and to verify that the expected decrease in these liver function metabolites occurred after cessation of alcohol.
Understanding changes in nicotine metabolism associated with chronic alcohol abuse and recovery (during alcohol abstinence) could have important implications for understanding smoking behavior and improving smoking cessation interventions for current and former heavy alcohol drinkers.



Section snippets
Setting
The study was conducted from September 2011 to May 2012 at the Center for Addiction Treatment (Ośrodek Terapii Uzależnień, OTU), an inpatient program dedicated to the treatment of alcohol dependence located in Parzymiechy, Poland. The center treats approximately 1200 individuals per year for alcohol dependence with an average treatment duration per patient of 8 weeks. Patients entering the program were first treated for acute alcohol withdrawal for up to 2 weeks in an alcohol detoxification
Baseline characteristics
The baseline demographic, smoking, and alcohol drinking variables for the entire group of male and female smokers who completed the study (n = 165) are shown in Table 1. As discussed in methods, 22 male individuals were randomly selected for analysis of nicotine metabolites. Shown in Table 1 is a comparison of the subsample that was included in the metabolite assay compared to the overall sample population. The subsample and overall sample were comparable with the exception of a slightly higher
Discussion
The present study among male Caucasians is to the best of our knowledge the first to demonstrate that in alcohol dependent cigarette smokers the cessation of alcohol consumption results in a significant and substantial decrease in the rate of nicotine metabolism (lower NMR). This is consistent with previous work suggesting that chronic alcohol consumption may induce CYP2A6, the enzyme primarily responsible for the metabolism of nicotine. CYP2A6 protein levels were found to be elevated in the
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	Associations between alcohol consumption and smoking variables among Latinx daily smokers
2021, Addictive Behaviors
Citation Excerpt :
Although alcohol consumption is strongly associated with rates of quitting, perceived barriers to cessation and past quit difficulties have not been examined as perpetuators of this relationship for Latinx smokers. Furthermore, nicotine dependence is posited to be culpable for smokers’ quit difficulties, yet the literature on alcohol consumption and nicotine or cigarette dependence presents mixed findings (Cook et al., 2012; Gubner et al., 2016). Unfortunately, the development of interventions for Latinx smokers has relied heavily on this research with non-Latinx White smokers.



Show abstract
Accumulating evidence demonstrates a strong link between alcohol consumption and smoking status among Latinx individuals. However, there is a need to evaluate the cognitive processes and experiences related to quitting smoking among Latinx smokers. The purpose of the current paper was to examine the association between alcohol consumption and smoking expectancies, barriers to cessation, cigarette dependence, quit problems, and intentions and confidence to quit.
Data were taken from a sample of Spanish-speaking Latinx daily smokers (N = 359; 59% female; Mage = 33.20, SD = 9.71) who completed an online survey. The alcohol consumption subscale of the Alcohol Use Disorders Identification Test (AUDIT; Babor, Higgins-Biddle, Saunders, & Monteiro, & World Health Organization, 2001) was used to predict smoking variables.
Consistent with our prediction, alcohol consumption significantly predicted smoking variables indicative of poorer smoking cessation ability. Specifically, greater alcohol consumption was associated with greater positive and negative smoking expectancies, barriers to cessation, and quit problems experienced during prior cessation attempts. Unexpectedly, greater alcohol consumption was also associated with greater confidence to quit smoking.
The current research suggests that alcohol consumption should be considered in the context of smoking cessation among Latinx individuals. The findings confirm and extend previous research by demonstrating that alcohol consumption is associated with proximal predictors of smoking outcomes that can be targeted during treatment. Implications for future research include addressing alcohol consumption during intervention and treatment of Latinx daily smokers.




	A prospective study of the association between rate of nicotine metabolism and alcohol use in tobacco users in the United States
2020, Drug and Alcohol Dependence
Citation Excerpt :
Results of this study support a prospective association between rate of nicotine metabolism and several alcohol use outcomes in tobacco users, such that tobacco users with faster nicotine metabolism were more likely to engage in hazardous alcohol use, drink more alcohol, and report more alcohol-related consequences 1 year later. These findings extend prior research linking nicotine metabolism rate with alcohol use cross-sectionally in community-clinical samples (Chenoweth et al., 2014), and over the course of treatment programs in tobacco users being treated for alcohol use disorders (Dermody et al., 2018; Gubner et al., 2016). The findings reported in the current study extend this literature by confirming a prospective association between NMR and alcohol use outcomes 1 year later in a nationally representative sample that included participants reporting a full spectrum of alcohol use behavior.



Show abstract
Rate of nicotine metabolism has been identified as a biochemical risk factor for nicotine use and dependence; however, its role in alcohol consumption and related outcomes is not well understood. The current research examined nicotine metabolism rate as a risk factor for alcohol use among current tobacco users. We also examined sex differences in these associations.
Data were taken from Waves 1 and 2 of the Population Assessment of Tobacco and Health (PATH) study, a national longitudinal study of tobacco use and associated health outcomes. The nicotine metabolite ratio (NMR) was calculated as the ratio of trans-3’ hydroxycotinine to cotinine in urine samples provided at wave 1. Alcohol use outcomes included past 30-day NIAAA-defined hazardous drinking status, total drinks, and alcohol-related consequences. All analyses controlled for alcohol use at Wave 1.
NMR at Wave 1 predicted increased odds of meeting hazardous drinking criteria, adjusted odds ratio (aOR) = 1.14, 95 % CI = 1.06; 1.23, p = 0.001, greater total alcohol consumption amount, adjusted rate ratio (aRR) = 1.21, 95 % CI = 1.12; 1.30, p <  0.001, and more alcohol consequences, aRR = 1.07, 95 % CI = 1.01; 1.13, p =  0.018, at wave 2. No significant sex differences were identified. NMR remained a significant predictor of alcohol use in models controlling for severity of nicotine exposure in cigarette smokers.
NMR may be a shared risk factor for harmful nicotine and alcohol use that contributes to their co-occurrence.
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