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Abstract

Alcohol use disorders and tobacco use contribute significant risk to the global burden of disease, 

and each are major public health concerns. Together, alcohol and tobacco use are highly comorbid 

and have multiplicative health risks when used concurrently, underscoring the importance of 

examining alcohol-tobacco interactions in the human laboratory. The aims of this review were to 

summarize the state of research examining alcohol-tobacco interactions in the human laboratory, 

including 1) craving in drinkers and smokers exposed to smoking or drinking cues, 2) fixed-dosing 

of alcohol or nicotine in smokers and drinkers, and 3) smoking and alcohol influences on self-

administration behaviors. The interactive effects of tobacco/nicotine with other drugs of abuse are 

also briefly discussed. Overall, results identified that alcohol and tobacco have reciprocal 

influences on potentiating craving, subjective responses to fixed-dose alcohol or nicotine 

administration, and self-administration. The literature identified that alcohol increases craving to 

smoke, decreases time to initiate smoking, and increases smoking self-administration. Similarly, 

tobacco and nicotine increase alcohol craving, decrease subjective effects of alcohol, and increase 

alcohol consumption. Future studies should continue to focus on alcohol and tobacco/nicotine 

interactions in individuals with a wide scope of drinking and smoking histories, different states of 

alcohol and nicotine deprivation, and influences of either drug on craving, subjective responses, 

and consumption over the course of the blood alcohol curve. This work could have important 

implications for the impact of alcohol-tobacco interactions on guiding clinical practice, as well as 

in the changing landscape of addiction.
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Introduction

Alcohol use disorders affect as many as 32 million Americans, and prevalence rates for 12-

month and lifetime alcohol use disorders in the United States are 13.9% and 29.1%, 

respectively (1). Alcohol use has been found to increase risk for developing hypertensive 
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disease, cancer, cirrhosis of the liver, cardiovascular disease, hemorrhagic stroke, and 

various other medical conditions (2). In addition to detrimental health risks, excessive 

alcohol consumption imposes an economic cost of $249 billion dollars in the United States 

due to lost productivity, increased healthcare, criminal justice expenses, and motor vehicular 

crashes (3). This figure has increased by $25.5 billion dollars in the United States in the last 

four years (4). Despite the extensive medical and financial consequences of alcohol use 

disorders, only 19.8% of those with lifetime alcohol use disorders ever receive treatment (1).

Cigarette smoking affects as many as 42 million Americans (5), and tobacco use remains the 

leading cause of morbidity and mortality in the United States, with over 556,000 deaths 

attributable to smoking-related causes per year (6). Looking at the global picture, tobacco 

use is responsible for more than 6 million annual deaths around the world (7). The effects of 

smoking on health has been well-documented, including increased risk for lung, oropharynx, 

liver, and bladder cancers, chronic obstructive pulmonary disease (COPD), heart disease, 

and cardiovascular disease amongst many others (8). Smoking imposes an economic burden 

of $289 billion dollars in medical expenses and lost productivity annually in the United 

States (9). Similar to alcohol use, smokers often fail to maintain long-term abstinence and 

relapse to tobacco use remains high.

Though excessive alcohol consumption and cigarette smoking are each risk factors for the 

global burden of disease and remain significant public health concerns, alcohol and tobacco 

use are highly co-morbid and the consequences of concurrent use are multiplicative. 

Epidemiological data suggest that daily smokers are more likely to meet criteria for 

hazardous drinking and other alcohol-related diagnoses by three-fold, and this risk increases 

by five-fold and 16-fold in non-daily smoking adults and non-daily smoking young adults, 

respectively (10, 11). For example, in the general population, the likelihood of meeting 

criteria for hazardous drinking was 26%, but non-daily smoking increased the risk for 

hazardous drinking to 56% (10). Similarly, the rate of hazardous drinking among past-year 

drinkers was 39.9%, whereas the rate of hazardous drinking in drinkers who were also 

smokers was 58% (10). Non-daily and daily smokers were also at higher risk for greater 

alcohol use patterns, including greater consumption and higher binge-like alcohol intake (10, 

12, 13). Forty-seven percent of non-smokers reported engaging in binge-drinking in the past 

12 months, whereas 76% and 69% of non-daily and daily smokers reported binge-drinking, 

respectively (11). The presence of an alcohol use disorder also increased the odds for non-

daily, daily, and former smoking, and women meeting criteria for an alcohol use disorder 

were 5 times more likely to be non-daily smokers than never smokers (11).

The detrimental health risks and mortality rates seen with singular abuse of alcohol or 

tobacco also increase substantially as a result of their co-use (14). For example, alcohol or 

tobacco, when used alone, is associated with 6 to 7 times increased risk for developing oral 

cancers, whereas concurrent use of both alcohol and tobacco increases this risk by 300 times 

(15). The supra-multiplicative health risks associated with co-use also extend to increased 

cardiovascular risks and increased risk for cirrhosis, head and neck cancers, pancreatitis, and 

psychiatric co-morbidity (15–18). Thus, examining alcohol-tobacco interactions in the 

human laboratory may have implications for reducing the odds of co-use, reducing health 

risks, and guiding treatment strategies for concurrent alcohol and tobacco use.
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Human laboratory paradigms have been utilized extensively to provide insight into the 

reciprocal relationship between alcohol and tobacco use. These models can be used to 

evaluate primary aspects of tobacco/nicotine effects on alcohol-motivated behavior and 

alcohol-induced smoking behavior, such as the urge to drink or smoke, the ability to resist 

drinking or smoking, and subsequent alcohol or smoking self-administration (19). For 

example, cue reactivity and controlled alcohol or tobacco/nicotine administration are often 

used to elucidate the interactive effects of these two drugs on craving, subjective responses 

of stimulation or sedation, and alcohol and smoking consumption. The following sections 

will review the state of the literature on human laboratory models of 1) cue-provoked 

craving, 2) subjective responses to fixed-dosed alcohol or tobacco/nicotine administration, 

and 3) alcohol or smoking influences on subsequent smoking or alcohol self-administration, 

respectively. Guidance for future work on alcohol-tobacco interactions and the changing 

landscape of addiction will be discussed.

Craving in the Human Laboratory

Effect of Alcohol Cues on Cue-Provoked Tobacco Craving

The frequent concurrent use of alcohol and smoking may elicit cue-provoked craving and 

urge to drink or smoke through a process called cue conditioning (20). Cues previously 

paired with drug-taking behavior may come to elicit craving or urge to use for that drug. For 

co-users of alcohol and tobacco, cues associated with one drug may elicit craving for the 

other. For example, the sight of cigarettes and an ashtray may provoke craving for alcohol, 

and the smell of an alcoholic beverage may increase the urge to smoke. Indeed, cross-cue 

reactivity (alcohol and smoking picture primes) has demonstrated delayed response latencies 

to both alcohol- and smoking-related words (21). It is established that cue-induced alcohol 

craving or craving to smoke may provoke increased drug use and promote relapse to 

drinking or smoking. Thus, the examination of cross-cue reactivity on drug craving in the 

human laboratory may elucidate mechanisms by which drug-associated cues influence 

alcohol and tobacco use.

Laboratory studies assessing the effects of alcohol cues on the urge to smoke demonstrate 

that alcohol cues elicit cravings to smoke and increase intention to smoke in alcohol-

dependent and non-dependent daily smokers (22–25). Alcohol-dependent daily smokers 

demonstrated the strongest cravings to smoke when presented with alcohol-related picture 

cues, although non-alcohol dependent daily smokers also exhibited increased urge to smoke 

in response to alcohol cues (22). Nicotine-dependent and non-dependent occasional drinkers 

also exhibit increased intention to smoke cigarettes following alcohol-related image cues 

(25). Similar findings demonstrate that the sight and smell of alcohol elicit heightened urges 

to smoke in alcohol-dependent men who were also daily smokers in a treatment facility (23, 

24), and that greater alcohol dependence predicted smoking cravings during alcohol 

treatment (24).

Overall, alcohol cues elicited greater urge to smoke in both alcohol-dependent and non-

dependent daily smokers, in alcohol-dependent individuals admitted for detoxification in 

alcohol treatment centers, and in nicotine-dependent and non-dependent social drinkers. 

Given the high rates of smoking in the presence of alcohol regardless of drinking status, it is 
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not surprising that alcohol cues increase craving to smoke in both alcohol-dependent and 

non-dependent samples. It is also plausible that alcohol-dependent daily smokers may be 

particularly vulnerable to cue-provoked smoking cravings, as these individuals demonstrated 

the strongest self-reported urge to smoke.

Effect of Nicotine Deprivation and Smoking Cues on Cue-Provoked Alcohol Craving

Laboratory studies assessing the effects of nicotine deprivation and smoking-related cues 

have been conducted to the same extent, and demonstrate that both a nicotine deprivation 

period and smoking cues heighten the urge to drink alcohol in alcohol-dependent and non-

dependent daily smokers (22, 26, 27). Palfai et al. (26) demonstrated that six hours of 

nicotine deprivation increased the urge to drink alcohol in hazardous drinkers who were also 

daily smokers. In contrast, Colby et al. (27) found that five hours of nicotine deprivation had 

no effect on urge to drink in social drinking daily smokers, but increased urge to smoke.

Research on the effects of smoking cues on alcohol craving have also been mixed. Smoking 

cues (lighter, ashtray, and cigarette) elicited cue-induced alcohol craving only after a six 

hour deprivation period in hazardous drinking daily smokers, and this effect was not specific 

to smoking cues (26). Neutral cues (pencils) also increased rating of urge to drink. However, 

Drobes (22) demonstrated that smoking-related picture cues increased the urge to drink in 

alcohol-dependent daily smokers.

Overall, studies have found mixed results regarding the effects of nicotine deprivation and 

smoking cues on the urge to drink alcohol. One explanation could be varying lengths of 

nicotine deprivation. Longer deprivation periods may elicit stronger urges to drink, whereas 

the craving for alcohol may be less apparent with shorter periods of nicotine deprivation. 

Stronger nicotine withdrawal symptoms associated with longer nicotine deprivation may 

elicit craving for negative reinforcement of both drugs in dual users of alcohol and tobacco/

nicotine. Although, this may be unlikely because both laboratory studies used brief 

deprivation periods that only differed by one hour. Another possible explanation for the 

mixed findings on the effects of nicotine deprivation and smoking-related cues on alcohol 

craving could be differences in drinking patterns and drinking history of the individuals 

examined. For example, nicotine deprivation and smoking cues increased urge to drink in 

hazardous and alcohol-dependent drinkers, whereas social drinkers were unaffected by 

nicotine deprivation. Thus, individuals with heavier drinking patterns may be more 

susceptible to the effects of smoking cues on alcohol craving.

Future work may want to consider examining differing nicotine deprivation lengths on 

craving, possibly elucidating the role of nicotine deprivation on craving for positive and 

negative reinforcement. The studies reviewed above primarily focused on cue-provoked 

craving in alcohol-dependent daily smokers. The role of drinking and smoking patterns 

across the spectrum (e.g., binge drinkers, light smokers, etc.) may be helpful in elucidating 

the role of drug cues on craving in individuals with different histories of alcohol and 

tobacco/nicotine use. Finally, cross-cue reactivity may influence clinical treatment outcomes 

in dual users. For example, dual users receiving treatment for smoking cessation may be 

more likely to relapse to smoking if they are repeatedly exposed to alcohol cues. Clinical 
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treatment strategies promoting the abstinence of both alcohol and tobacco use may be 

important for treatment outcomes in dual alcohol and tobacco/nicotine users.

Dosing in the Human Laboratory

Fixed-Dose Alcohol in Smokers

Fixed-dose alcohol allows for standardized control of alcohol administration, and laboratory 

studies utilize fixed-dose alcohol administration to examine the effects of alcohol on 

subjective reactivity and primed self-administration behavior. For the purposes of this 

review, the effects of fixed-dose alcohol on subjective smoking responses will be examined, 

including urge to smoke and subjective stimulation and sedation. In human laboratory 

studies, fixed-dose alcohol administration has been found to increase craving to smoke for 

positive and negative reinforcement (28–37), potentiate the rewarding effects of nicotine 

(38), and decrease latency to start smoking (31, 32, 34). In an early study, alcohol 

administration (0.5 g/kg) increased time spent smoking, number of puffs on each cigarette, 

and amount of tobacco burnt, and increased smoking satisfaction (39). Subsequently, King 

and Epstein (28) and Epstein et al. (29) demonstrated that low (0.4 g/kg)- and high (0.8 g/

kg)-dose priming drinks of alcohol dose-dependently increased cigarette craving on the 

ascending (28, 29) and descending (28) limbs of the blood alcohol curve in light smoking 

social drinkers after three hours of nicotine deprivation. The urge to smoke was particularly 

strong for the positive reinforcing effects of nicotine, but desire to smoke was also increased 

for negative reinforcement following alcohol administration (28). The effects of alcohol on 

cigarette craving for positive reinforcement were more strongly associated with subjective 

stimulation, rather than sedation (29). In agreement, a moderate-dose alcohol priming drink 

(0.6 g/kg) increased cigarette craving in female versus male non-daily smokers (35). 

Intravenous (IV) alcohol administration in heavy drinking light smokers also demonstrated a 

positive association between breath alcohol concentration and cigarette craving, indicating 

that the pharmacological effects of alcohol alone can induce smoking urge (36).

More recently, Kahler et al. (31) demonstrated that acute alcohol administration (0.4 and 0.8 

g/kg) dose-dependently reduced the ability to resist smoking in heavy drinkers who were 

also moderate-to-heavy daily smokers. Individuals started smoking more quickly following 

alcohol consumption, exhibited greater urge to smoke, and increased the number of 

cigarettes smoked compared to a taste-masked placebo beverage. Greater increases in the 

urge to smoke following alcohol administration also predicted shorter latencies to start 

smoking, but the dose-dependent effects of alcohol on urge to smoke were not mediated by 

subjective ratings of stimulation and sedation (31). In contrast, alcohol administration (0.4 

g/kg) did not demonstrate effects on latency to start smoking and urge to smoke compared 

with a taste-masked placebo beverage in heavy drinkers who were also moderate-to-heavy 

daily smokers (32). It should be noted that these two studies used nicotine deprivation 

periods of three and fifteen hours, respectively, before fixed-dose alcohol administration. 

Although, alcohol administration (0.4 g/kg) versus a non-alcoholic control beverage 

increased smoking urge after twelve hours of deprivation in a study of social drinkers who 

were also light smokers (40). In an attempt to clarify the effects of smoking deprivation on 

alcohol-induced smoking urges, Day et al. (41) demonstrated that alcohol administration 
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after three hours of nicotine deprivation increased subjective craving to smoke in heavy 

drinkers who were moderate-to-heavy daily smokers. The authors suggest that long, 

overnight nicotine deprivation may have led to higher baseline smoking cravings, potentially 

masking the effect of alcohol on craving to smoke (32, 41).

Alcohol expectancy may also play a role on the influence of fixed-dose alcohol 

administration on smoking behavior. Kahler et al. (32) demonstrated that women who 

expected to drink an alcoholic beverage were more likely to initiate smoking and rate 

satisfaction from smoking as higher compared with women expecting a placebo beverage. It 

is plausible that men are more likely to increase smoking behavior following alcohol 

consumption due to the pharmacologic effects of alcohol, whereas women may be more 

likely to exhibit increased smoke behavior due to expectancy effects. Indeed, the authors 

suggest that women may be more likely to smoke when using alcohol due to the expectation 

that alcohol may enhance the positive reinforcing effects of nicotine (32). However, few 

studies have examined gender differences in relation to the effects of fixed-dose alcohol 

administration on smoking-related outcomes.

Overall, low- and high-dose alcohol administration increased the urge to smoke, quickened 

time to initiate smoking, and increased subsequent smoking, and that moderate dosing may 

elicit cigarette craving to a greater degree in females versus males. It seems likely that fixed-

dose alcohol administration may affect light or non-daily smokers differently than heavy 

daily smokers. Alcohol may act as a more potent cue for light smokers than regular smokers 

since light smokers may only smoke when drinking alcohol. Daily smokers most likely use 

cigarettes in a variety of contexts, including during drinking episodes, possibly accounting 

for the mixed results in light smokers versus heavy smokers. Findings also demonstrate that 

urge to smoke was greater during the ascending limb of the blood alcohol curve following 

alcohol administration. This result may suggest that alcohol and nicotine potentiate the 

reinforcing effects of one another during the ascending limb of the blood alcohol curve, 

possibly leading to greater use. It is possible that nicotine then counteracts the sedating 

properties of alcohol on the descending limb of the blood alcohol curve, allowing 

individuals to prolong a drinking episode.

Fixed-Dose Nicotine in Drinkers

Fixed-dose nicotine administration allows for standardized control of nicotine inhalation or 

absorption. In human laboratory studies examining alcohol-tobacco interactions, fixed-dose 

nicotine has been investigated for its effects on subjective responding to alcohol and alcohol 

self-administration. Laboratory studies assessing nicotine administration on alcohol-related 

outcomes demonstrate increased craving to drink (33, 42), and decreased subjective effects 

of alcohol (43, 44), including attenuated changes in stimulation (43) and sedation (43, 44). 

Fixed-dose nicotine administered via nasal spray (20 μg/kg/presentation) resulted in an 

attenuation of the intoxicating and sedating effects of alcohol in daily smokers who were 

moderate drinkers. In that study, nicotine administration was preceded by a moderate, fixed-

dose of alcohol (0.5 g/kg), and the combination of nicotine and alcohol had additive effects 

on attenuated subjective responses to alcohol and nicotine alone, but enhanced effects in 

women only (43). More recently, fixed-dose administration of IV nicotine demonstrated an 
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attenuation of the sedative-like effects of IV alcohol administration in healthy, social 

drinkers (44). In contrast, nicotine lozenge (4 mg) demonstrated no effect on alcohol cue-

reactivity (25) in dependent and non-dependent smokers who were also social drinkers.

Research on the effects of fixed-dose nicotine administration on drinking behavior has 

demonstrated mixed results regarding the subjective intoxicating effects of alcohol. As 

mentioned above, nicotine administered nasally attenuated the intoxicating effects of alcohol 

in moderate drinkers (43). This is consistent with a twin study indicating that nicotine 

decreases subjective alcohol intoxication in male and female drinkers (45). In contrast, 

transdermal nicotine (21 mg) increased subjective intoxication following acute alcohol 

administration in social drinking daily smokers (33).

Overall, fixed-dose nicotine interacts with alcohol to produce interactive effects on alcohol 

craving and subjective stimulation and sedation due to alcohol. The decrease in the 

intoxicating and sedating subjective effects of alcohol followed by nicotine administration 

may increase the likelihood of heavier drinking episodes. That is, individuals may not feel as 

‘drunk’ while using both tobacco and alcohol concurrently, possibly perpetuating drinking. 

The mixed results on the effects of fixed-dose nicotine on subjective reactivity may be due to 

different lengths of nicotine deprivation or different drinking patterns. However, this is 

unlikely since overnight nicotine deprivation both decreased and increased subjective 

intoxication (33, 43), and moderate and social drinking samples were examined in all studies 

reviewed above. Nicotine dose and route of administration may account for differences seen 

in self-reported alcohol intoxication and craving ratings. Only higher-dose transdermal 

nicotine (21 mg) was associated with increased subjective intoxication (33).

Self-Administration in the Human Laboratory

Nicotine/Smoking Influences on Alcohol Self-Administration

Human laboratory studies demonstrate that nicotine deprivation and nicotine administration 

have mixed effects on subjective responses to alcohol and alcohol consumption. Palfair et al. 

(26) demonstrated that six hours of nicotine deprivation increased alcohol consumption in 

hazardous drinking daily smokers, and nicotine deprivation increased response times on an 

alcohol expectancy task, indicating that nicotine-deprived individuals had greater 

accessibility to alcohol expectancies. In contrast, five hours of nicotine deprivation did not 

increase alcohol self-administration in young social drinkers who were also daily smokers 

(27).

Two studies examined the effects of transdermal nicotine on alcohol self-administration. 

McKee et al. (46) demonstrated that transdermal nicotine (21 mg/day) altered reactivity to a 

low-dose priming alcohol (0.03 g/dl) drink and subsequent alcohol self-administration in 

non-dependent heavy drinkers who were also daily smokers (46). In that study, transdermal 

nicotine administration demonstrated longer latencies to start drinking alcohol and fewer 

drinks consumed versus placebo patch. Acheson et al. (47) used transdermal nicotine at 

lower doses (7 and 14 mg/day) to examine the effects of nicotine on reactivity to a low-dose 

priming drink (0.2 g/kg) and subsequent alcohol self-administration in social drinking light 

smokers. In that study, transdermal nicotine (14 mg) increased alcohol intake in men during 
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a two-hour self-administration period, but decreased alcohol consumption in women. It is 

important to note that, in the former study, individuals who received a placebo nicotine patch 

were nicotine deprived for six hours before the start of the alcohol self-administration period 

(46). Individuals in the latter study receiving placebo nicotine patch were only nicotine 

deprived for approximately three hours (47), possibly accounting for differences in self-

administration behavior. It is likely that individuals on placebo used alcohol to medicate for 

nicotine withdrawal following a longer nicotine deprivation period, masking the effect of 

nicotine on alcohol self-administration behavior.

Laboratory studies assessing the pharmacologic effects of controlled, smoked nicotine on 

alcohol consumption also demonstrate increased drinking behavior. Barrett et al. (48) used a 

progressive ratio task to examine the effects of nicotinized versus denicotinized cigarettes on 

responding for alcohol in male, light smokers deprived of nicotine for twelve hours. 

Progressive ratio tasks involve working progressively harder for alcohol on each successive 

trial. In that study, nicotinized cigarettes increased alcohol self-administration and increased 

PR breakpoints for alcohol compared to denicotinized cigarettes. Relatedly, smoking 

reduced nicotine content cigarettes versus normal nicotine content cigarettes reduced alcohol 

use in daily smokers who were also current drinkers in a recent double-blind, randomized 

clinical trial (49).

Overall, findings suggest that nicotine increases alcohol-motivated behaviors. However, 

findings are mixed regarding the effects of nicotine deprivation and nicotine patch 

administration on subsequent alcohol self-administration. Nicotine content of cigarettes may 

also impact on alcohol consumption, such that reduced nicotine content cigarettes may also 

reduce alcohol use as a result of decreased nicotine exposure and subsequent reduced cross-

cue reactivity (49, 50). Finally, few studies examined the role of gender on smoking-related 

drinking behavior. Nicotine patch increased alcohol intake in men, but decreased alcohol 

consumption in women (47). This is consistent with work demonstrating that responding for 

alcohol after ad-libitum smoking was greater following an alcohol prime in men compared 

to women (51). These findings suggest that men may be more sensitive to the effects of 

nicotine on increased alcohol responding and alcohol self-administration compared to 

women.

Alcohol Influences on Smoking Self-Administration

Alcohol is a known precipitant of smoking, and the effects of alcohol on smoking 

topography and smoking self-administration in the human laboratory may have serious 

implications for individuals attempting to quit smoking. Acute alcohol administration has 

been shown to decrease time to initiate smoking (19, 52) and increase smoking self-

administration behavior (19, 30, 52, 53). In a smoking lapse model developed by McKee et 

al. (19), the effects of alcohol on smoking lapse behavior (i.e., time to initiate smoking after 

a quit attempt or period of nicotine deprivation) demonstrate that an alcohol priming drink 

(0.03 g/dl) quickened latency to initiate smoking consumption and increased smoking self-

administration in heavy social drinking daily smokers. In that study, subjects were more 

likely to end the delay period to start smoking during the ascending limb of the blood 

alcohol curve. This study indicates that alcohol may reduce the ability to resist smoking in 
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dependent smokers, especially within the first hour of alcohol consumption. This is 

consistent with work indicating that the urge to smoke and smoking self-administration 

behaviors are greater post-alcohol consumption, during the ascending limb of the blood 

alcohol curve (30, 33, 52).

King et al. (30) examined the effects of alcohol on smoking behavior for nicotinized and 

denicotinized cigarettes in non-dependent heavy social drinking light smokers. Three hours 

of nicotine deprivation followed by an alcohol priming drink (0.8 g/kg) demonstrated 

increased smoking behavior, including greater number of cigarettes smoked and increased 

puff count, volume, and duration regardless of cigarette type in males only. McKee et al. 

(53) demonstrated that the expectation of drinking alcohol increased subjective positive 

effects of smoking (i.e., satisfaction, calm) rather than actual alcohol consumption, but only 

alcohol consumption decreased subjective negative effects of smoking (i.e., nausea). Alcohol 

administration (0.08 g/dl) also increased smoking self-administration compared to the 

placebo and mixer beverages, but smoking topography measures were not different between 

beverage conditions (53). These results are consistent with the former findings by King et al. 

(30) demonstrating that, following two standardized cigarette puffs, alcohol and a taste-

masked placebo increased the urge to smoke and increased the positive, stimulating effects 

of smoking. Further, it is interesting to note that the expectation of alcohol intake increased 

the positive subjective effects of smoking (53). These results are supported by finding that 

women will increase smoking behavior due to the expectation that alcohol will enhance the 

positive effects of smoking (32), and that both an alcohol beverage and a taste-masked 

placebo beverage increase craving for cigarettes in light smokers (54). As discussed 

previously, the expectation of drinking alcohol may function as a cue for smoking initiation 

in dual users of alcohol and tobacco/nicotine.

More recently, Barrett et al. (55) examined the effects of alcohol on nicotinized versus 

denicotinized cigarettes smoking behavior in dependent daily smokers and non-dependent 

nondaily smokers who were also moderate drinkers. Alcohol increased the self-

administration of both nicotinized and denicotinized cigarettes in non-dependent nondaily 

smokers. Alcohol also increased nicotinized cigarette smoking, but decreased denicotinized 

cigarette self-administration behavior in dependent daily smokers. The authors suggest that 

nicotine may be critical for the smoking-drinking relationship in dependent daily smokers, 

and that nicotine may not play as important a role in non-dependent smokers who increase 

smoking behavior following alcohol.

Taken together, findings across multiple smoking self-administration paradigms indicate that 

alcohol plays an intricate role in increasing tobacco-motivated behaviors. A range of alcohol 

doses influence smoking cravings, subjective effects of smoking, and smoking self-

administration. Alcohol consumption decreases the ability to resist smoking and increases 

subsequent smoking self-administration, and the mere expectation of consuming alcohol 

increases the positive subjective effects of tobacco. Findings suggest that alcohol may exert 

maximal effects on smoking behavior during the ascending limb of the blood alcohol curve. 

As mentioned above, it is also likely that alcohol and nicotine potentiate the positive 

reinforcing effects of each other during the ascending limb of the blood alcohol curve, 

leading to greater self-administration behaviors.
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Nicotine and Other Drugs of Abuse

There are fewer studies examining the interactive effects of nicotine with other drugs of 

abuse in the human laboratory. Tobacco/nicotine use is positively associated with cocaine 

use (56), and cigarette smoking in cocaine users is almost 3.5 times greater than in the 

general population (57). Similarly, ecological momentary assessment (EMA) studies 

indicate that smoking increases during periods of cocaine use and cocaine craving (56). In 

human laboratory studies, cocaine administration demonstrated increased rates of cigarette 

smoking (58, 59), and acute nicotine dosing by transdermal nicotine patch (22 mg) increased 

cue-induced cocaine craving in individuals with a history of cocaine use (60). Mixed 

findings also demonstrate a decrease or no change in subjective effects of cocaine following 

pretreatment with nicotine patch in occasional and heavy cocaine users, respectively (61, 

62). More recently, a human laboratory study demonstrated that cocaine users exhibit an 

orienting, but not attentional, bias towards cigarette cues versus non-cocaine users, and that 

cocaine users demonstrate increased urge to smoke cigarettes for negative reinforcement 

versus non-users (63). Correspondingly, abstinence from smoking is also associated with 

decreased cocaine use in cocaine-dependent individuals (64). Overall, human laboratory 

studies suggest that tobacco/nicotine use and nicotine cues may facilitate higher cocaine use 

and craving, and that decreased cigarette use or abstinence may improve cocaine use 

outcomes.

Similarly, tobacco/nicotine use is also associated with greater heroin and marijuana use (65), 

although human laboratory paradigms assessing the interactive effects of tobacco/nicotine 

and heroin or marijuana are limited. An EMA study found that cigarette smoking 

frequencies were greater during episodes of heroin use and craving (56). Human laboratory 

findings are consistent with EMA findings demonstrating that cigarette smoking increased 

during IV heroin self-administration versus heroin-absent and methadone detoxification 

groups (66). More recent studies have examined smoking rates in individuals undergoing 

opioid treatment and found that cigarette smoking was heavier among individuals in opioid 

replacement therapy (ORT) versus non-ORT (67), but that buprenorphine detoxification 

reduced cigarette smoking (68). With regard to marijuana use, human laboratory data 

suggest that current cigarette smokers who were also daily marijuana smokers were more 

likely to relapse to marijuana use than non-smokers (69). However, in that study, short-term 

tobacco cessation did not improve marijuana relapse rates. This is consistent with 

epidemiological data indicating that 90% of marijuana users are also tobacco smokers (70), 

and that marijuana users who smoke cigarettes are more likely to relapse to marijuana use 

than non-smokers (for a recent review see Rabin and George, 2015)(71, 72). To summarize, 

the co-use of heroin or marijuana with tobacco/nicotine is highly prevalent, such that heroin 

and marijuana administration increases cigarette smoking. However, the paucity of human 

laboratory studies evaluating the reciprocal effects of tobacco/nicotine and other drugs of 

abuse on cue-induced craving, fixed-dose responding, and self-administration remains a 

concern. Future research is needed to further elucidate the interactive effects of tobacco/

nicotine and other drugs of abuse in the human laboratory.
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Conclusions and Implications

Alcohol and tobacco/nicotine have interactive effects on cross-cue reactivity to alcohol and 

tobacco craving, subjective feelings of stimulation and sedation, and alcohol and smoking 

self-administration. Social and heavy drinkers may experience tobacco as more reinforcing 

while using both drugs concurrently. Likewise, tobacco users may experience alcohol as 

more reinforcing while co-using. This is likely due to a potentiated reinforcement effect 

when both alcohol and tobacco are used simultaneously. The mechanisms by which alcohol 

potentiates smoking behavior and vice versa may be due to common reward pathways 

involving the mesolimbic dopamine and the nicotinic acetylcholine receptor (nAchR) 

systems. Both alcohol and tobacco directly mediate the release of dopamine in the nucleus 

accumbens (NA) and the ventral tegmental area (VTA) (73, 74), brain regions associated 

with the rewarding properties of drugs of abuse (75). It is thought that the increase in 

dopamine by alcohol and nicotine seen in the mesolimbic dopamine system may be 

mediated by the activation of the nAchR system and subsequent release of acetylcholine, 

possibly potentiating alcohol and nicotine reward (76, 77). Another possibility is that alcohol 

may influence the rate of metabolism of nicotine leading to increased use. However, this is 

unlikely since it has been demonstrated that alcohol does not influence the metabolic 

clearance of nicotine (18).

Additional work regarding alcohol and tobacco/nicotine interactions should examine 

differential effects of nicotine versus tobacco interactions with alcohol. To our knowledge, 

alcohol/tobacco interactions versus alcohol/nicotine interactions have not been examined in 

the human laboratory. Additionally, there are no studies examining the direct effects of 

smoked tobacco on precipitating alcohol self-administration. Correspondingly, few studies 

have examined the effects of nicotinized versus denicotinized cigarettes on drinking 

behavior or the effects of alcohol administration on nicotinized versus denicotinized 

cigarette smoking (30, 48, 55), but findings demonstrate a reciprocal influence. Finally, only 

two studies examined the effects of IV alcohol and nicotine on subsequent craving and self-

administration behavior (44). IV administration of either drug controls for individual 

variability of the time course of brain exposure to alcohol or nicotine across subjects seen 

with traditional administration paradigms (78). Future human laboratory work examining the 

interactive effects of alcohol and tobacco/nicotine could clarify the role of concurrent drug 

use on alcohol- and tobacco-motivated behaviors.

These findings also have implications for treatment strategies in dual users of alcohol and 

tobacco. Heavy drinking smokers enrolled in smoking cessation treatment with brief alcohol 

intervention demonstrated increased risk to relapse to smoking when drinking alcohol, and 

moderate drinking days were associated with a four times increased risk of smoking lapse 

(79). Perhaps, treatment strategies that target common neurobiological pathways of alcohol 

and tobacco would reduce both drinking and smoking behavior. Indeed, human laboratory 

studies examining varenicline, a partial agonist at α4β2 nAchRs and FDA-approved 

smoking cessation aid, for alcohol and tobacco use disorders show promise in promoting 

reduced alcohol and smoking consumption. Varenicline is well-tolerated in smokers and has 

demonstrated efficacy in reducing smoking (80–82). Varenicline has been shown to reduce 

alcohol craving and alcohol consumption in heavy drinking smokers and in alcohol-
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dependent smokers and non-smokers (83–85), and decreases the subjective reinforcing 

effects of alcohol following a priming drink (83). Further, in a clinical trial examining the 

efficacy of varenicline for the treatment of alcohol dependence, improved drinking outcomes 

were associated with reductions in smoking (85).

The changing landscape of addiction also has new implications regarding e-cigarette use. 

The impact of e-cigarettes, as a nicotine delivery device, on drinking-behavior is unknown, 

and future work should elucidate how e-cigarettes impact on alcohol-motivated behaviors in 

the human laboratory. Vaping is allowed in most drinking establishments, circumventing the 

effects of smoke-free legislation on reduced alcohol consumption. Young-Wolff et al. (86) 

demonstrated that smoke-free laws reduced drinking behavior and rates of alcohol-related 

diagnoses, particularly in smokers. Importantly, human laboratory investigations of e-

cigarette and alcohol interactions may help inform whether smoke-free legislation should 

extend to e-cigarette use.

The use of human laboratory paradigms to examine alcohol and tobacco/nicotine 

interactions does have limitations. There has been relatively little work extending human 

laboratory findings to real-world assessments of drinking and smoking behavior. For 

example, measures of subjective reactivity and self-administration behavior are assessed in a 

laboratory setting, typically void of peer or social influences or a realistic drinking or 

smoking context. Few laboratory studies have attempted to address this gap by creating a 

social drinking or social smoking laboratory setting. This work has found that men tend to 

match the alcohol consumption of their social drinking partner regardless of light or heavy 

use (87), and that non-daily smokers tended to match their smoking behavior to that of their 

smoking partner (88). Future work should further address the existing gaps between human 

laboratory findings and real-world co-morbid alcohol and tobacco/nicotine use. In addition, 

a limitation to this overview of alcohol and tobacco/nicotine interactions in the human 

laboratory is the possibility of missing literature, as this was not a systematic review.

Alcohol and tobacco use are highly co-morbid and have interactive effects on alcohol- and 

tobacco-motivated behaviors, with interactive effects of tobacco/nicotine extending to other 

drugs of abuse. Human laboratory studies have contributed important findings to 

understanding alcohol and tobacco/nicotine interactions, with implications for etiology of 

both alcohol and tobacco dependence and the maintenance and treatment of their co-use. 

Utilizing knowledge of alcohol and tobacco interactions may reduce the multiplicative 

effects of dual use and the associated impact on the global burden of disease.
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