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Abstract

Heavy drinking smokers represent a sizeable subgroup of smokers for whom nicotine deprivation 

and alcohol use increases the urge to smoke in the laboratory and predicts lapses during smoking 

cessation. The manner in which individuals smoke a cigarette (i.e. smoking topography) provides 

a reliable index of smoking intensity and reinforcement, yet the effects of affect on smoking 

topography have not been thoroughly examined in heavy drinking smokers. The current study 

examined how affect and nicotine deprivation predict smoking behavior as participants (N=27) 

smoked one cigarette using a smoking topography device after 12-hrs of nicotine abstinence and 

after a priming dose of alcohol (target BrAC = 0.06 g/dl). Primary smoking topography measures 

were puff volume, velocity, duration, and inter-puff interval (IPI). The effect of nicotine 

deprivation was measured by the Minnesota Nicotine Withdrawal Scale (MNWS) and the Profile 

of Mood States (POMS). Measures were obtained at baseline (i.e. 12-hrs of nicotine abstinence 

and pre-alcohol) and 30-minutes after alcohol administration (i.e. peak BrAC). Results revealed 

post-priming negative affect significantly moderated the trajectories of puff volume, puff duration 

and IPI (p’s < 0.05) over the course of the cigarette, such that those with greater negative affect 

had flatter slopes for volume and duration and increasingly infrequent puffs. Our results suggest 

that baseline and post-priming negative affect following nicotine deprivation alters smoking 

patterns and increases nicotine exposure throughout a single cigarette. Future studies need to 

examine differential amounts of nicotine deprivation on response to alcohol and smoking in heavy 

drinking smokers.
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1. Introduction

Nicotine deprivation results in nicotine withdrawal symptoms including changes in affect 

and craving for nicotine (Bujarski et al., 2015; Shiffman, 1979). While the prevalence of quit 
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attempts have increased over the past ten years (CDC, 2011), the most frequent outcome of a 

quit attempt is relapse (Piasecki, 2006). Both nicotine deprivation and alcohol consumption 

have been shown to increase smoking urges and decrease the ability to resist smoking 

(Brown et al., 2013; Kahler et al., 2014). Previous studies have also established a positive 

association between negative affect and smoking relapse (Baker, Piper, McCarthy, Majeskie, 

& Fiore, 2004; Shiffman & Waters, 2004). Proposed mechanisms to explain this association 

include models of negative reinforcement (Baker et al., 2004), affect regulation (Schleicher, 

Harris, Catley, & Nazir, 2009), and classical conditioning (Brandon, 1994). To further 

understand these mechanisms, controlled laboratory studies can be used to assess how 

nicotine deprivation and changes in affect alter smoking behavior. Due to high rates of co-

use between alcohol and smoking, and the frequency with which these behaviors occur 

concurrently, examining heavy drinking smokers as they are engaged in both substances will 

allow for a greater understanding of the mechanisms perpetuating co-use.

Smoking topography measures are objective and reliable indices of smoking intensity and 

include the number of puffs taken from a cigarette, puff volume, puff duration, puff velocity 

and inter-puff interval (IPI) (Lee, Malson, Waters, Moolchan, & Pickworth, 2003; Perkins, 

Karelitz, Giedgowd, & Conklin, 2012). Smoking topography measures may help elucidate 

how alcohol consumption in the context of nicotine deprivation and are altering more 

nuanced aspects of smoking behavior.

Previous studies have examined the effects of nicotine deprivation on smoking behavior 

including smoking topography, lapse behaviors, and ad libitum smoking (McKee, 

Weinberger, Shi, Tetrault, & Coppola, 2012; Herscoviv, Rose, & Jarvik, 1985). Some have 

found that eighteen hours of nicotine abstinence increases the number of cigarettes smoked 

(McKee et al., 2012). Negative affect and stress induction have been shown to independently 

increase puff count and lessen the ability to resist smoking (Conklin & Perkins, 2005; 

McKee et al., 2011). Previous studies of moderate drinkers and smokers have found alcohol 

administration to cause changes in puff volume (Nil, Buzzi, & Bättig, 1984), and changes in 

puff count and duration following three hours of nicotine abstinence (King, McNamara, 

Conrad, & Cao, 2009). This study seeks to extend these findings by testing how affect 

following overnight nicotine deprivation and alcohol administration predicts intensity of 

smoking in heavy drinking smokers.

2. Methods

2.1 Participants

The study was approved by the Institutional Review Board of the University of California, 

Los Angeles and was conducted in accordance with the Declaration of Helsinki. A 

community-based sample of heavy drinking smokers was recruited from the Los Angeles 

area through print and online advertisements. Participants consisted of 27 heavy drinking 

smokers (66% male, 53% Caucasian) that received a placebo medication as part of a larger 

study examining the effects of naltrexone, varenicline and their combination on craving for 

cigarettes and subjective response to alcohol (Ray et al., 2014), along with smoking 

topography (Roche, Bujarski, Hartwell, Green, & Ray, 2015). Eligible participants were 

non-treatment seeking daily smokers (≥ 10 cigarettes per day) who also met the National 
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Institute on Alcohol Abuse and Alcoholism (NIAAA, 1995) criteria for heavy drinking (≥ 14 

drinks/week for men and ≥ 7 drinks/week for women).

2.2 Experimental Procedures

Participants completed a telephone and in-person screening, and a physical examination, to 

determine eligibility. Inclusion/exclusion criteria are described in detail elsewhere (Ray et 

al., 2014). Participants were excluded for the medical reasons if their clinical labs were 

elevated, reported clinically significant alcohol withdrawal, or had a poorly-managed 

medical illness determined by the study physicians (< 10% of screened participants). During 

all visits, participants were required to produce a BrAC of 0.000 g/dl on the breathalyzer 

(Dräger Medical Inc., Telford, PA, USA) and test negative for all drugs except marijuana on 

a urine toxicology screen. Participants were asked to abstain from alcohol for 24 hours and 

to abstain from nicotine for 12 hours (nicotine abstinence was verified by expired CO levels 

of less than 10ppm or below 50% of initial screening value) prior to the experimental 

session. Immediately following the completion of baseline assessments at the start of the 

experimental session, participants were given a standardized priming dose of alcohol to 

reach a target BrAC of 0.060g/dl, calculated using published guidelines (Brick, 2006). Both 

participants and experimenters were aware that alcohol was being consumed but neither 

target nor observed BrAC were revealed to participants. Approximately thirty minutes 

following the alcohol administration (selected based on time to peak target BrAC), 

participants smoked their first cigarette of the day in the laboratory using a CReSS Pocket 

smoking topography device (Borgwaldt KC, Inc., Richmond, VA). Participants smoked their 

own cigarettes and no smoking instructions were given to participants as they smoked. The 

primary topography measures were puff volume (capacity of each puff in ml), puff velocity 

(mean flow rate of each puff in ml/s), puff duration (length of each puff in ms), and inter-

puff interval (IPI; mean time between each puff in ms). Participants completed various 

assessments (described below) at baseline, post-alcohol, and post-smoking. Participants 

were compensated a total of $140 for completing the study.

2.3 Measures

To assess for effects of nicotine deprivation, participants completed the Minnesota Nicotine 

Withdrawal Scale (MNWS; Toll, O’Malley, McKee, Salovey, & Krishnan-Sarin, 2007), 

rating nine statements on a 5-point Likert scale ranging from “none” to “severe”. 

Participants also completed the Alcohol Urge Questionnaire (AUQ; Bohn, Krahn, & 

Staehler, 1995) and Profile of Mood States (POMS; McNair, Lorr, & Droppleman, 1971), 

where participants rate 40 items on a 4-point Likert scale ranging from “not at all” to 

“extremely.” To reduce the number of statistical tests, positive and negative affect subscales 

were calculated from the POMS. Nicotine and alcohol dependence measures assessed at the 

initial screening visit that were tested as covariates included the Fagerström Test of Nicotine 

Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerström, 1991) and Alcohol 

Dependency Scale (ADS; Skinner & Horn, 1984).

2.4 Statistical Analyses

Changes in affect and nicotine withdrawal following alcohol administration were analyzed 

using dependent t-tests. Smoking topography variables at the single puff level (i.e., puff 
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volume, velocity, duration and IPI) were analyzed using a series of multilevel models in SAS 

version 9.4 using proc mixed. The data for puff duration and IPI were positively skewed, 

therefore these data were log transformed. For each multilevel model, the proportion of the 

cigarette smoked (cig ratio, computed as current puff number/total puff count) was a level 1 

predictor, which was treated as random at the subject level (level 2). Affect variables, 

nicotine withdrawal, alcohol craving, and alcohol and nicotine dependence were entered at 

Level 2 and as potential moderators of the cig ratio slope. An unstructured covariance matrix 

was specified as well as Satterthwaite approximated degrees of freedom. If a significant 

interaction was observed, alcohol dependence and nicotine dependence were examined as 

potential covariates in the model. All analyses controlled for baseline affective variables.

3. Results

3.1 Sample Characteristics

Mean age of participants was 38.88 years (SD = 9.81). On average, participants smoked 

14.13 (SD = 5.17) cigarettes per day and averaged 20.56 (SD = 8.25) drinking days per 

month and 6.08 (SD =3.32) drinks per drinking day. Participants had a mean FTND score of 

4.04 (SD =1.99) indicating low to moderate nicotine dependence. At baseline, participants 

had an average nicotine withdrawal score of 16.34 (SD = 6.36) indicating low to moderate 

nicotine withdrawal.

3.2 Changes in Affect and Nicotine Withdrawal

Negative affect and positive affect did not significantly change from baseline to the post-

alcohol session (t (26) = 0.34, 0.64 respectively; p’s >0.10). Nicotine withdrawal did not 

significantly change from pre- to post-alcohol (t (26) = −0.79, p = 0.44).

3.3 Smoking Topography

Overall, puff volume and puff duration significantly decreased over the cigarette (Cig Ratio: 

B = −21.94, −0.60 respectively, p’s < 0.01), while puff velocity and IPI significantly 

increased over the course of the cigarette (Cig Ratio: B = 10.52, 1.30 respectively, p’s < 

0.01). Smoking topography outcomes as predicted by withdrawal and affect presented in 

Table 1.

3.3.1 Puff Volume—Post-alcohol, negative affect significantly moderated the slope of puff 

volume (Figure 1A; Cig Ratio × Negative Affect: B = 7.77, t = 2.01, p = 0.05). Additionally, 

at baseline negative affect had a trending effect in moderating the slope of puff volume (B = 

7.35, t = 1.93, p = 0.07).

3.3.2 Puff Velocity—Negative affect post-alcohol and at baseline did not moderate the 

slope of puff velocity (Figure 1B; Cig Ratio × Negative Affect: B = −4.78, t = −1.56, p = 

0.13; p = 0.25 respectively).

3.3.3 Puff Duration—Post-alcohol, negative affect significantly moderated the slope of 

puff duration (Figure 1C; Cig Ratio × Negative Affect: B = 0.27, t = 2.76, p = 0.01), and this 

effect was also seen from baseline affect measures (B = 0.22, t = 2.13, p = 0.04).
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3.3.4 IPI—Post-alcohol, negative affect significantly moderated the slope of IPI (Figure 1D; 

Cig Ratio × Negative Affect: B = 0.69, t = 2.29, p = 0.03). At baseline, negative affect had a 

trending effect in moderating the slope of IPI (B = 0.59, t = 1.94, p = 0.06).

3.3.5 Positive Affect, Withdrawal, Craving, and Dependence Moderators—Post-

alcohol positive affect, nicotine withdrawal symptoms, and alcohol craving had no 

moderating effect on any smoking topography measures (p’s > 0.10). Additionally, nicotine 

dependence and alcohol dependence were not significant moderators of any smoking 

topography outcome (p’s > 0.10). The moderating effect of post-alcohol negative affect on 

IPI and duration remained significant when adding alcohol and nicotine dependence as 

covariates and while the negative affect moderating effect became a trend for puff volume (p 
= 0.09), the effect magnitude was not substantially affected (B = 7.77, vs. B = 7.19 and B = 

7.21 respectively).

4. Discussion

The aims of this study were to examine how nicotine deprivation and affect level predict 

smoking intensity. Consistent with prior studies (Guyatt, Kirkham, Baldry, Dixon, & 

Cumming, 1989; Kolonen et al., 1992), we found a significant decrease in puff volume and 

duration over the course of the cigarette, while puff velocity and IPI significantly increased. 

Additionally, we observed an unexpected finding that the priming dose of alcohol did not 

alter negative affect or nicotine withdrawal. This could be due to a ceiling effect such that 

alcohol did not show an effect over and above nicotine deprivation due to already high levels 

of negative affect and nicotine withdrawal. Negative affect moderated puff volume, duration 

and IPI trajectories at both baseline and post-alcohol administration time points. Because of 

these findings, and due to the strong associations between nicotine deprivation and increases 

in craving and negative affect (Hughes & Hatsukami, 1986; Piasecki, Kenford, Smith, Fiore, 

& Baker, 1997), we interpreted the moderating effects of negative affect, at baseline and in 

the context of alcohol priming, on puffing behavior as being primarily driven by nicotine 

deprivation. This moderating effect is unlikely caused by alcohol craving or withdrawal due 

to alcohol priming. Individuals with low negative affect had relatively steeper negative 

slopes among volume and duration, whereas those with high negative affect had relatively 

flatter slopes. Those with high negative affect also had increasingly more infrequent puffs 

shown by greater IPI over the course of the cigarette. Considering nicotine withdrawal did 

not moderate smoking topography, the effect of negative affect could be in part due to non-

deprivation trait differences in affect.

Previous studies have suggested individual variation in the sensitivity to alterations in 

nicotine (Guyatt et al., 1989). Smokers typically regulate their puffing behavior during a 

single cigarette through decreasing puff volume and duration to account for increasing 

amounts of nicotine (Guyatt et al., 1989; Kolonen, et al., 1992). Previous studies have found 

a positive association between nicotine dependence and puff volume (Perkins et al., 2012). 

Thus, we posit that those with greater negative affect after nicotine deprivation may need 

more nicotine to extinguish these subjective feelings and exhibit a decreased reactivity to 

nicotine, demonstrated through increasingly flattened slopes. Alternatively, these 

increasingly flattened slopes could be due to the perception that smoking is more rewarding, 
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as previous studies have found smoking to be more rewarding following stress versus 

relaxation (Ashare et al., 2012). Our results may suggest that elevated negative affect is 

contributing to a smoking pattern that increases nicotine exposure, which over time could 

increase the risks for worsening nicotine dependence. These results support previous studies 

(Zelman, Brandon, Jorenby, & Baker, 1992) regarding the importance of addressing negative 

affect in smoking cessation counseling.

The present study’s strengths include a period of nicotine deprivation that has been shown to 

increase smoking urge, nicotine reinforcement, and smoking behavior (McKee et al., 2012) a 

target BrAC of 0.06 g/dl which has been shown to increase craving for cigarettes (Ray et al., 

2007), and assessments of affect both pre- and post- alcohol administration. Limitations 

include a small sample size, participants receiving a placebo medication which may alter 

their subjective state and/or objective smoking behavior, and the lack of topography 

measures before deprivation as a comparison.

In sum, we found that negative affect in the context of nicotine deprivation and alcohol 

administration predicts smoking behavior in the laboratory. A greater understanding of the 

impact of nicotine withdrawal and affect on smoking behavior can further personalize 

treatment approaches targeting those who are more likely to experience greater difficulties 

managing the affective distress accompanying smoking cessation. These findings extend a 

growing body of literature on the role of affect regulation in smoking behavior (Heinz, 

Kassel, Berbaum, & Mermelstein, 2010) and how mechanisms of co-use can inform 

treatment options (Roche, Ray, Yardley, & King, 2016). Future studies should determine 

how varying amounts of nicotine deprivation moderate the impact of alcohol, and smoking 

topography, amongst heavy drinking smokers.

References

Ashare RL, Sinha R, Lampert R, Weinberger AH, Anderson GM, Lavery ME, Yanagisawa K, McKee 
SA. Blunted vagal reactivity predicts stress-precipitated tobacco smoking. Psychopharmacology. 
2012; 220(2):259–268. [PubMed: 21938416] 

Baker TB, Piper ME, McCarthy DE, Majeskie MR, Fiore MC. Addiction motivation reformulated: an 
affective processing model of negative reinforcement. Psychological review. 2004; 111(1):33. 
[PubMed: 14756584] 

Bohn MJ, Krahn DD, Staehler BA. Development and initial validation of a measure of drinking urges 
in abstinent alcoholics. Alcoholism: Clinical and Experimental Research. 1995; 19(3):600–606.

Brandon TH. Negative affect as motivation to smoke. Current Directions in Psychological Science. 
1994:33–37.

Brick J. Standardization of alcohol calculations in research. Alcoholism: Clinical and Experimental 
Research. 2006; 30(8):1276–1287.

Brown J, Hajek P, McRobbie H, Locker J, Gillison F, McEwen A, Beard E, West R. Cigarette craving 
and withdrawal symptoms during temporary abstinence and the effect of nicotine gum. 
Psychopharmacology. 2013; 229(1):209–218. [PubMed: 23636302] 

Bujarski S, Roche DJ, Sheets ES, Krull JL, Guzman I, Ray LA. Modeling naturalistic craving, 
withdrawal, and affect during early nicotine abstinence: A pilot ecological momentary assessment 
study. Experimental and clinical psychopharmacology. 2015; 23(2):81. [PubMed: 25844632] 

Burling AS, Burling TA. A comparison of self-report measures of nicotine dependence among male 
drug/alcohol-dependent cigarette smokers. Nicotine & Tobacco Research. 2003; 5(5):625–633. 
[PubMed: 14577979] 

Green et al. Page 6

Addict Behav. Author manuscript; available in PMC 2018 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Centers for Disease Control and Prevention (CDC. Quitting smoking among adults— United States, 
2001–2010. MMWR. Morbidity and mortality weekly report. 2011; 60(44):1513. [PubMed: 
22071589] 

Conklin CA, Perkins KA. Subjective and reinforcing effects of smoking during negative mood 
induction. Journal of abnormal psychology. 2005; 114(1):153. [PubMed: 15709822] 

Guyatt AR, Kirkham AJ, Baldry AG, Dixon M, Cumming G. How does puffing behavior alter during 
the smoking of a single cigarette? Pharmacology Biochemistry and Behavior. 1989; 33(1):189–
195.

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerström test for nicotine 
dependence: a revision of the Fagerstrom Tolerance Questionnaire. British journal of addiction. 
1991; 86(9):1119–1127. [PubMed: 1932883] 

Herskovic JE, Rose JE, Jarvik ME. Cigarette desirability and nicotine preference in smokers. 
Pharmacology Biochemistry and Behavior. 1986; 24(2):171–175.

Hughes JR, Hatsukami D. Signs and symptoms of tobacco withdrawal. Archives of general psychiatry. 
1986; 43(3):289–294. [PubMed: 3954551] 

Kahler CW, Metrik J, Spillane NS, Day A, Leventhal AM, McKee SA, Tidey JW, McGeary JE, 
Knopik VS, Rohsenow DJ. Acute effects of low and high dose alcohol on smoking lapse behavior 
in a laboratory analogue task. Psychopharmacology. 2014:1–9.

King A, McNamara P, Conrad M, Cao D. Alcohol-induced increases in smoking behavior for 
nicotinized and denicotinized cigarettes in men and women. Psychopharmacology. 2009; 207(1):
107–117. [PubMed: 19756530] 

Kolonen S, Tuomisto J, Puustinen P, Airaksinen MM. Puffing behavior during the smoking of a single 
cigarette in a naturalistic environment. Pharmacology Biochemistry and Behavior. 1992; 41(4):
701–706.

McKee SA, Sinha R, Weinberger AH, Sofuoglu M, Harrison EL, Lavery M, Wanzer J. Stress decreases 
the ability to resist smoking and potentiates smoking intensity and reward. Journal of 
psychopharmacology. 2011; 25(4):490–502. [PubMed: 20817750] 

McKee SA, Weinberger AH, Shi J, Tetrault J, Coppola S. Developing and validating a human 
laboratory model to screen medications for smoking cessation. Nicotine & Tobacco Research. 
2012:nts090.

McNair D, Lorr M, Droppleman L. Two EITS manual for the profile of mood states (1971 & 1992). 
1971. 

National Institute on Alcohol Abuse, & Alcoholism (US). The physicians' guide to helping patients 
with alcohol problems (No. 95). US Department of Health and Human Services, Public Health 
Service, National Institutes of Health, National Institute on Alcohol Abuse and Alcoholism; 1995. 

Nil R, Buzzi R, Bättig K. Effects of single doses of alcohol and caffeine on cigarette smoke puffing 
behavior. Pharmacology Biochemistry and Behavior. 1984; 20(4):583–590.

Perkins KA, Karelitz JL, Giedgowd GE, Conklin CA. The reliability of puff topography and subjective 
responses during ad lib smoking of a single cigarette. Nicotine & Tobacco Research. 2012; 14(4):
490–494. [PubMed: 22039077] 

Piasecki TM, Kenford SL, Smith SS, Fiore MC, Baker TB. Listening to nicotine: Negative affect and 
the smoking withdrawal conundrum. Psychological Science. 1997; 8(3):184–189.

Piasecki TM. Relapse to smoking. Clinical psychology review. 2006; 26(2):196–215. [PubMed: 
16352382] 

Ray LA, Miranda R Jr, Kahler CW, Leventhal AM, Monti PM, Swift R, Hutchison KE. 
Pharmacological effects of naltrexone and intravenous alcohol on craving for cigarettes among 
light smokers: a pilot study. Psychopharmacology. 2007; 193(4):449–456. [PubMed: 17484067] 

Ray LA, Courtney KE, Ghahremani DG, Miotto K, Brody A, London ED. Varenicline, low dose 
naltrexone, and their combination for heavy-drinking smokers: human laboratory findings. 
Psychopharmacology. 2014; 231(19):3843–3853. [PubMed: 24733235] 

Roche DJ, Bujarski S, Hartwell E, Green R, Ray LA. Combined varenicline and naltrexone treatment 
reduces smoking topography intensity in heavy-drinking smokers. Pharmacology Biochemistry 
and Behavior. 2015; 134:92–98.

Green et al. Page 7

Addict Behav. Author manuscript; available in PMC 2018 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Roche DJ, Ray LA, Yardley MM, King AC. Current Insights into the Mechanisms and Development of 
Treatments for Heavy-Drinking Cigarette Smokers. Current Addiction Reports. 2016; 3(1):125–
137. [PubMed: 27162709] 

Schleicher HE, Harris KJ, Catley D, Nazir N. The role of depression and negative affect regulation 
expectancies in tobacco smoking among college students. Journal of American College Health. 
2009; 57(5):507–512. [PubMed: 19254891] 

Shiffman SM. The tobacco withdrawal syndrome. Cigarette smoking as a dependence process. 1979; 
23:158–184.

Shiffman S, Waters AJ. Negative affect and smoking lapses: a prospective analysis. Journal of 
consulting and clinical psychology. 2004; 72(2):192. [PubMed: 15065954] 

Skinner HA, Horn JL. Alcohol Dependence Scale (ADS) user’s guide. Addiction Research 
Foundation; 1984. 

Toll BA, O’Malley SS, McKee SA, Salovey P, Krishnan-Sarin S. Confirmatory factor analysis of the 
Minnesota Nicotine Withdrawal Scale. Psychology of addictive behaviors. 2007; 21(2):216. 
[PubMed: 17563141] 

Zelman DC, Brandon TH, Jorenby DE, Baker TB. Measures of affect and nicotine dependence predict 
differential response to smoking cessation treatments. Journal of consulting and clinical 
psychology. 1992; 60(6):943. [PubMed: 1460156] 

Green et al. Page 8

Addict Behav. Author manuscript; available in PMC 2018 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• Examined smoking topography in relation to nicotine deprivation.

• Negative affect moderated trajectory of topography over the course of the 

cigarette.

• Greater negative affect was associated with more stable smoking patterns.

• Nicotine deprivation response influences manner of smoking in heavy 

drinking smokers.
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Figure 1. 
Puff volume (A), velocity (B), duration (C) and IPI (D) as predicted by negative affect 

following nicotine deprivation. An asterisk refers to a significant interaction between cig 

ratio and negative affect over the course of the cigarette.
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Table 1

Smoking Topography Outcomes as Predicted by Responses to Nicotine Deprivation

Predictor Volume Velocity IPI‡ Duration‡

MNWS nic. withdrawal

Withdrawal 0.75 <−0.01 −0.04 <−0.01

Cig Ratio −28.02* 8.28 0.29 −0.80*

Withdrawal* Cig Ratio 0.36 0.13 0.06 0.01

POMS negative affect

Affect −5.31 1.14 −0.53* −0.15

Cig Ratio −39.96* 21.83* −0.28 −1.23*

Affect* Cig Ratio 7.77* −4.78 0.69* 0.27*

POMS positive affect

Affect 0.39 −0.50 0.10 0.05

Cig Ratio −22.52 5.80 1.87 −0.32

Affect* Cig Ratio 0.11 0.86 −0.11 −0.05

Note: Data are presented as unstandardized coefficients (B). Cig ratio refers to the proportion of the cigarette smoked. All predictors assessed post-
alcohol administration.

‡
IPI and duration are log transformed

*
indicates significance at p ≤ .05
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