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ABSTRACT

Introduction: Product standards reducing the level of nicotine in cigarettes could significantly improve public health by reduc-
ing smoking behavior and toxicant exposure. However, relatively little is known about how the regulatory strategy could impact
alcohol use, a closely related health behavior that is also a major contributor to morbidity and mortality. The primary objective of
this paper is to predict the effect of nicotine reduction on alcohol use, identify priorities for future research, and highlight areas
for mitigating any adverse outcomes.

Methods: We critically reviewed and integrated literatures examining the effects of very low nicotine content (VLNC) ciga-
rettes on smoking-related outcomes (nicotine exposure, nicotine withdrawal, and smoking as a cue to drink) and, in turn, the
effects of those outcomes on alcohol use.

Results: Current evidence suggests reducing the nicotine content of cigarettes may benefit public health by reducing alcohol
use and problematic drinking over time as a consequence of reduced exposure to nicotine and the smoking cues associated with
drinking. Nicotine withdrawal could increase risk of drinking, although these effects should be short-lived and could be miti-
gated by other sources of nicotine. Gender, hazardous drinking, and psychiatric comorbidities are likely to be important modera-
tors of the effects of VLNC cigarettes.

Conclusions: It is imperative to broadly assess the public health impact of potential tobacco product regulations by including
measures of closely related health behaviors that could be impacted by these interventions. Nicotine reduction in cigarettes may

contribute to improved public health through reductions in alcohol use.

INTRODUCTION

Cigarette smoking is the leading cause of preventable death
in the United States, contributing to at least 400,000 deaths
each year (Adhikari, Kahende, Malarcher, Pechacek, & Tong,
2009; Mokdad, Marks, Stroup, & Gerberding, 2004). The 2001
Institute of Medicine (IOM) report highlights that tobacco prod-
uct regulations are critical methods to enhance national cessa-
tion rates (Stratton, Shetty, Wallace, & Bondurant, 2001). As
originally proposed by Benowitz and Henningfield (1994), reg-
ulations mandating reduced nicotine levels in cigarettes below
a “threshold” for dependence could lessen the negative health
impact of cigarettes (Zeller & Hatsukami, 2009). Nicotine is
the main addictive substance in tobacco that sustains smoking
(Corrigall, 1999; Harvey et al., 2004; USDHSS, 1988). Product
standards that drastically reduce nicotine content of cigarettes
are now possible due to the Family Smoking Prevention and
Tobacco Control Act (FSPTCA), which allows the Food and
Drug Administration (FDA) to reduce nicotine levels in cig-
arettes to nonzero levels (Congress, 2009). Furthermore, the

doi:10.1093/ntr/ntu037
Advance Access publication March 19, 2014

World Health Organization (WHO) Framework Convention on
Tobacco Control, Article 9, describes anticipated guidelines for
the regulation of the content and emissions of tobacco products
(WHO, 2003).

The opportunity for regulations has prompted research
to evaluate the public health impact of the regulatory strat-
egy (Zeller & Hatsukami, 2009). A growing literature dem-
onstrates that smoking very low nicotine content (VLNC)
cigarettes decreases nicotine exposure, nicotine dependence
and smoking (Benowitz et al., 2012; Donny, Houtsmuller,
& Stitzer, 2007; Hatsukami, Heishman, et al., 2013;
Hatsukami, Kotlyar, et al., 2010) and promotes abstinence
(Hatsukami, Kotlyar, et al., 2010). VLNC cigarettes have
substantially reduced levels of nicotine in the tobacco (e.g.,
2mg/g; Benowitz & Henningfield, 1994; Benowitz et al.,
2012) compared to conventional cigarettes (e.g., mean of
16 mg/g; Kozlowski et al., 1998; Malson, Sims, Murty, &
Pickworth, 2001), resulting in substantially lower nicotine
yields (<0.2 mg) than cigarettes typically sold in the United
States (0.8 mg). Furthermore, they are distinguishable from
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“light” or “mild” cigarettes that use filter ventilation to
reduce nicotine yields and promote compensatory smok-
ing (Benowitz, 2001; Bernert et al., 2005; Hecht et al.,
2005). As a result, with VLNC cigarettes, smoking behav-
ior decreases with little evidence of lasting compensation
(Donny et al., 2007; Hatsukami, Heishman, et al., 2013;
Hatsukami, Hertsgaard, et al., 2013; Hatsukami, Kotlyar,
et al., 2010).

Enacting a low nicotine product standard for cigarettes
(and possibly other tobacco products) requires evidence that
the proposed standard would likely improve public health.
While evidence will emphasize the effects on smoking and
related exposure to harmful smoke constituents, estimates
of the public health impact should include unintended con-
sequences on nonsmoking behaviors (Henningfield et al.,
1998). Of particular concern is alcohol use. Alcohol is
widely used among smokers and a leading contributor of pre-
ventable morbidity and death (Mokdad et al., 2004). In the
2001-2002 National Epidemiologic Survey on Alcohol and
Related Conditions (NESARC), 21.7% of the total popula-
tion reported using both alcohol and tobacco products during
the past year (Falk, Yi, & Hiller-Sturmhéfel, 2006). Although
the overall prevalence of co-use has likely declined due to
reductions in tobacco use (Centers for Disease Control
and Prevention, 2011), co-use remains widespread among
smokers (McKee & Weinberger, 2013). Furthermore, co-
use is higher among important risk groups, such as young
adults and nicotine- or alcohol-dependent individuals (Falk
et al., 2006). Thus, regulating tobacco products could have
a widespread health impact among smokers by changing
alcohol use.

While smoking and drinking are closely related, the effects
of VLNC cigarettes on drinking remain unknown. To date,
only one study has examined the effects of VLNC cigarettes
on drinking (Barrett, Tichauer, Leyton, & Pihl, 2006). VLNC
cigarettes reduced subsequent drinking relative to normal nico-
tine content cigarettes; however, the study relied on a single
laboratory-based assessment in young adult men who were
nondaily smokers.

The primary objective of this paper is to evaluate the current
literature to predict the effect of nicotine reduction on alcohol
use, identify priorities for future research, and highlight areas
for mitigating any adverse outcomes. As described below, we
focus on 3 primary pathways by which a reduction in the nico-
tine content of cigarettes might affect alcohol use. VLNC ciga-
rettes would be expected to affect nicotine exposure, smoking
as a cue to drink, and withdrawal (Figure 1) and each of these
mechanisms could impact drinking.

A Mechanistic Framework for Estimating the Effect of
VLNC Cigarettes on Alcohol Use

Individuals co-use alcohol and tobacco products for several
reasons (McKee & Weinberger, 2013; Neale & Kendler, 1995;
Shiffman, Balabanis et al. 1995). Shared genetic or environ-
mental risk factors may increase the risk of co-use (Neale &
Kendler, 1995; Shiffman, Balabanis, Fertig, & Allen, 1995)
without the behaviors being causally related (i.e., so-called
third variable explanations). To the degree to which co-use
results from shared risk factors, disrupting smoking will not
likely affect drinking. Conversely, smoking and drinking may
be causally linked such that the consequences of smoking ciga-
rettes (e.g., nicotine exposure, behavioral aspects of smoking)
increase the probability or effect of drinking (McKee, O’Malley,
Shi, Mase, & Krishnan-Sarin, 2008; Shiffman, Balabanis et al.,
1995). This paper focuses on the potential causal mechanisms
in order to estimate the impact of nicotine reduction on alco-
hol use outcomes. Risk factors are considered in the context of
potential moderating effects of these mechanisms.

The causal influence of VLNC cigarettes on drinking can
be predicted by reviewing the empirical support for mecha-
nisms that could mediate the impact of nicotine reduction.
Specifically, one would anticipate an effect of VLNC ciga-
rettes on drinking if: (a) VLNC cigarettes impact proposed
mediators (e.g., nicotine exposure, smoking as a cue to drink,
and withdrawal) (i.e., o) and (b) mediators impact alcohol
outcomes (i.e., B; Figure 1) (Baron & Kenny, 1986). Thus,
the present review aims to predict the public health impact of
VLNC cigarettes on alcohol use over time by evaluating these
pathways.

CAUSAL PATHWAYS LINKING VLNC
CIGARETTE AND ALCOHOL USE

Nicotine Exposure

VLNC cigarettes immediately reduce nicotine delivery by
substantially lowering the amount of nicotine in the tobacco
(Hatsukami, Perkins, et al., 2010). Ad libitum smoking of a
VLNC cigarette results in lower plasma nicotine and cotinine
levels, a nicotine metabolite, than smoking a standard cigarette
(Benowitz, Jacob, & Herrera, 2006; Pickworth, Fant, Nelson,
Rohrer, & Henningfield, 1999). Immediately switching to
VLNC cigarettes exclusively for 1 week (Hatsukami, Heishman,
et al., 2013) or 6 weeks (Hatsukami, Hertsgaard, et al., 2013;
Hatsukami, Kotlyar, et al., 2010) markedly reduces levels of

Consequences of Reduction
1. Nicotine exposure

2. Nicotine withdrawal

3. Smoking as a cue to drink

Regulations reducing

of
Alcohol use

nicotine levels in cigarettes

Figure 1. The processes linking nicotine reduction strategies to alcohol use in a mediation framework.
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cotinine and nicotine equivalents with cotinine approaching
abstinent smoker levels within a week (Buchhalter, Acosta,
Evans, Breland, & Eissenberg, 2005; Hatsukami, Heishman,
et al., 2013). Thereafter, cotinine levels continue to decrease
slowly (Hatsukami, Kotlyar, et al., 2010). Similar, but more
gradual, reductions in nicotine exposure markers are observed
when smoking progressively reduced nicotine content ciga-
rettes for up to 6 months (Benowitz et al., 2007, 2012).

Relatedly, the risk of compensatory smoking behavior is
low for cigarettes with VLNC, perhaps because it is difficult
to meaningfully increase nicotine exposure through increased
smoking (Hatsukami, Perkins, et al., 2010). As the nicotine
content of tobacco in VLNC cigarettes is reduced, modified
smoking (e.g., blocking ventilation holes of “light” cigarettes™)
will not markedly increase nicotine yield. Nicotine intake
would need to be increased by using products with unaltered
nicotine levels. For instance, using the nicotine patch along-
side VLNC cigarettes results in higher levels of salivary coti-
nine than using VLNC cigarettes alone (Donny et al., 2007;
Hatsukami, Hertsgaard, et al., 2013), despite smoking fewer
VLNC cigarettes per day (Hatsukami, Hertsgaard, et al., 2013).
Similarly, using nonmedicinal products that contain nicotine
(e.g., smokeless tobacco, e-cigarettes) could increase nico-
tine exposure. Little is known about multiproduct use because
studies of VLNC cigarettes have limited other tobacco use by
participants.

Reduced nicotine exposure impacts alcohol use. As previ-
ously described, smoking VLNC cigarettes reduced drinking
relative to normal nicotine content cigarettes in a single labo-
ratory session among nondaily smoking men (Barrett et al.,
2006). Similar findings have been reported among young
adult men who were nondaily smokers administered placebo
or nicotine containing patches (Acheson, Mahler, Chi, & de
Wit, 2006; Barrett et al., 2006). Unlike male nondaily smok-
ers, young adult daily smokers who drink heavily and female
nondaily smokers have exhibited increased alcohol use with
a placebo relative to nicotine patch (Acheson et al., 2006;
McKee et al., 2008), which suggests that gender, level of nico-
tine dependence, and hazardous drinking could moderate the
relation between nicotine and drinking.

Together, the findings suggest that short-term reductions
nicotine exposure impacts alcohol use; however, the effect of
nicotine reduction on drinking over time has not been described.
Moreover, in several of the studies, participants arrive to the lab
deprived of smoking and nicotine, which introduces the con-
founding effects of smoking behavior and withdrawal symp-
toms on drinking (see discussions below). As a result, carefully
reviewing the empirical support for the effects of nicotine per
se on the determinants of alcohol use is warranted to predict the
effects of VLNC cigarettes.

Direct Effects of Nicotine on the Effects of Alcohol

Nicotine may influence the effects of alcohol by (a) altering
blood alcohol levels that correspond with an administered
dose (i.e., alcohol metabolism) and (b) modulating the effects
of alcohol at a given blood alcohol level (i.e.., reinforcement
enhancement).

Nicotine could accelerate alcohol metabolism by increasing
liver metabolic enzymes like cytochrome P4502E1 (CYP2EI)
(Lieber, 1994; Matsumoto et al., 1996) and facilitating the ini-
tial metabolism of alcohol by gastric alcohol dehydrogenase
(gADH) (Crabb, 1995) by slowing gastric emptying (Holt,
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Stewart, Adam, & Heading, 1980; Lim et al., 1993). Higher
alcohol metabolic rate associated with increased gADH activ-
ity is believed to decrease risk for heavy drinking and has been
linked to gender and ethnic variations in drinking (Agarwal
& Goedde, 1992; Frezza et al., 1990). Nicotine exposure,
however, has not consistently increased the availability of
CYP2EI1. CYP2EI levels are similar in human smokers com-
pared to nonsmokers, regardless of alcoholism history (Lucas
et al., 1999; Lucas, Ménez, Girre, Berthou et al., 1995; Lucas,
Ménez, Girre, Bodénez et al., 1995). In contrast, nicotine
appears to acutely slow gastric emptying in a dose-depend-
ent fashion among adolescent and adult rats and adult human
daily smokers (Chen, Parnell, & West, 2001; Gritz et al., 1988;
Johnson, Horowitz, Maddox, Wishart, & Shearman, 1991;
Parnell, West, & Chen 2006). This is consistent with research
that has detected delayed alcohol absorption as indicated by
slower initial increases of blood alcohol levels among daily
smokers exposed to nicotine administered by nasal spray and
cigarettes compared to placebo (Johnson et al., 1991; Perkins
et al., 1995). Similar effects have been detected in preclini-
cal research (Chen et al., 2001); however, the effects of nico-
tine on blood alcohol levels have not been replicated in some
preclinical (Collins, Burch, de Fiebre, & Marks, 1988) and
clinical studies (McKee et al., 2008; Perkins, Fonte, & Grobe,
2000). Thus, nicotine reduction due to VLNC cigarettes may
increase alcohol blood levels by quickening gastric emptying
and promoting alcohol absorption.

Nicotine may also affect alcohol use by impacting the rein-
forcing properties of alcohol. Nicotine enhances the reinforcing
properties of other reinforcers through a nonassociative process
(Caggiula et al., 2009; Donny et al., 2003). Specifically, con-
tingent and noncontingent nicotine administration enhances
responding to other reinforcers (Barr, Pizzagalli, Culhane,
Goff, & Evins, 2008; Chaudhri et al., 2006; Donny et al., 2003;
Perkins & Karelitz, 2013). A recent review by McKee and
Weinberger (2013) implicated nicotine as indirectly potentiat-
ing alcohol reward through the mesolimbic dopamine system.
Consistent with this mechanism, young adults who smoke nor-
mal nicotine content cigarettes work harder on computer tasks
to earn alcoholic beverages than those who smoke a VLNC cig-
arette (Barrett et al., 2006) and abstain from smoking overnight
(Perkins et al., 2000). Furthermore, nicotine patches increased
the price male nonsmokers would pay for alcohol relative to
placebo; however, the opposite effect was observed among
women (Acheson et al., 2006). Nicotine also increases operant
responding for alcohol by male rats (Clark, Lindgren, Brooks,
Watson, & Little, 2001; L&, Corrigall, Harding, Juzytsch, & Li,
2000). Overall, it appears that nicotine may increase respond-
ing for alcohol among dependent (Perkins et al., 2000) and
nondaily smokers (Acheson et al., 2006; Barrett et al., 2006),
which is consistent with the reinforcement-enhancing proper-
ties of nicotine.

The reinforcement-enhancing effects of nicotine on alcohol
use may also be explained by nicotine enhancing the subjec-
tive and behavioral effects of alcohol use (Zacny, 1990). The
effects of alcohol are biphasic. At low doses and as blood
alcohol levels increase, stimulant-like effects occur (Martin,
Earleywine, Musty, Perrine, & Swift, 1993). In contrast, at
high doses and as blood levels decrease, depressant-like effects
are experienced. Together, the relative stimulant and sedating
effects of alcohol influence its reinforcing properties such that
greater stimulating effects and diminished sedating effects tend
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to promote drinking (King, de Wit, McNamara, & Cao, 2011;
Quinn & Fromme, 2011).

Research suggests that nicotine could enhance the reinforc-
ing properties of drinking by adding to its stimulant-like effects
(Kouri, McCarthy, Faust, & Lukas, 2004; Perkins et al., 1995)
while mitigating its depressant and sedating effects (Acheson
et al., 2006; Perkins et al., 1995, 2000; Ralevski et al., 2012;
Zancy, 1990). These effects may be partly explained by the
shared role of the nicotinic acetylcholine receptor (nAChR)
system in nicotine and alcohol reinforcement (see McKee &
Weinberger, 2013, for review). Specifically, nicotine exerts
its effects through the nAChR system (Benwell, Balfour, &
Anderson, 1988; for review Buisson & Bertrand, 2002), which
has also been implicated in the effects of alcohol (for review,
see Chi & de Wit, 2003; Davis & de Fiebre, 2006; Dohrman &
Reiter, 2003). Indeed, among nonsmokers, a nAChR antago-
nist, mecamylamine, reduces subjective stimulant responses
to alcohol (Blomgqvist, Hernandez-Avila, Van Kirk, Rose, &
Kranzler, 2002; Chi & de Wit, 2003) even after controlling for
blood alcohol levels (Blomgvist et al., 2002; Young, Mabhler,
Chi, & de Wit, 2005). Likewise, the AChR partial agonist
varenicline reduces alcohol self-administration among heavy
drinking smokers (McKee et al., 2009). Hence, nicotine-
induced changes in the function and/or number of nAChRs
would mediate changes in the pharmacological effects of alco-
hol at a given blood concentration.

It is important to note that the effects of nicotine on the sub-
jective effects of alcohol, particularly the stimulant effects, have
not been consistently replicated (Perkins et al., 2000; Ralevski
etal., 2012). While the inconsistencies may be partly explained
by variability in the administration and doses of nicotine and
alcohol examined (for review, Perkins, 1997), the desensitiza-
tion of nAChRs due to nicotine may also play a role (Picciotto,
Addy, Mineur, & Brunzell, 2008). Specifically, repeated
exposure to nicotine may reduce the responsivity of particu-
lar nAChR subtypes to nicotine and other drugs. Furthermore,
individual difference factors may explain the variability.
Nicotine may enhance the stimulant-like effects strongly
among women and attenuate the depressant effects primarily
among men (Perkins et al., 1995) contributing to gender differ-
ences in response (Acheson et al., 2006). Similarly, a subset of
smokers who drink to cope with stress may prefer the sedating
effects (Cooper, Frone, Russell, & Mudar, 1995), which would
make the effects of nicotine on the sedating effects undesirable.
Thus, outside of instances where the sedating effects of alcohol
are preferred, nicotine reduction may reduce alcohol use after
smoking because the stimulant-like effects would no longer be
enhanced.

Nicotine Withdrawal

An anticipated consequence of nicotine reduction is the emer-
gence of withdrawal symptoms including negative affect, cog-
nitive impairment, and physical discomfort (Hughes, Higgins,
& Hatsukami, 1990). Previous research has detected increased
withdrawal symptoms after immediately switching to VLNC
cigarettes (Hatsukami, Hertsgaard, et al., 2013; Hatsukami,
Kotlyar, et al., 2010), but not while gradually switching to
VLNC cigarettes over the course of 6 months (Benowitz
et al., 2012). On average, withdrawal increases within 1 day
of switching to VLNC cigarettes (Buchhalter, Acosta, et al.,
2005) and returns to baseline levels within 2 weeks (Hatsukami,
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Hertsgaard, et al., 2013; Hatsukami, Kotlyar, et al., 2010). The
withdrawal symptoms associated with immediately switching
to VLNC cigarettes tend to be less severe than withdrawal fol-
lowing total smoking abstinence and select symptoms, such as
craving, may not significantly increase at all (Benowitz et al.,
2007; Buchhalter, Acosta, et al., 2005; Buchhalter, Schrinel,
& Eissenberg, 2001; Donny et al., 2007; Hatsukami, Kotlyar,
et al,, 2010). Immediately switching to VLNC cigarettes
appears to specifically increase restlessness, impatience, dif-
ficulty concentrating (Buchhalter, Acosta, et al., 2005), irrita-
bility, and eating (Buchhalter, Acosta, et al., 2005; Donny &
Jones, 2009).

Withdrawal symptoms after switching to VLNC cigarettes
are likely transient; however, it may be important to minimize
discomfort when switching to the product for the first time
among key risk groups. Several psychiatric comorbidities
predict abstinence-related withdrawal severity and could also
play a role in withdrawal associated with VLNC cigarettes,
such as depression, anxiety, disordered eating, attention deficit
hyperactivity disorder (ADHD), and other substance or alcohol
dependencies (McClernon et al., 2011; Pomerleau, Marks, &
Pomerleau, 2000; Pomerleau et al., 2005; Weinberger, Desai,
& McKee, 2010). Furthermore, women report more withdrawal
after smoking abstinence than men, particularly negative affect
(Evans, Blank, Sams, Weaver, & Eissenberg, 2006; Leventhal
et al., 2007). Notably, although these individual differences
are reliably observed in the context of smoking cessation, it
remains unknown if the same disparities would occur with
VLNC cigarettes because the sensory and behavioral aspects
of smoking would be largely intact. For example, individu-
als diagnosed with schizophrenia are at an increased risk of
withdrawal following smoking cessation; however, they exhibit
similar withdrawal suppressing effects of VLNC cigarettes to
individuals without schizophrenia (Tidey, Rohsenow, Kaplan,
Swift, & AhnAllen, 2013). Likewise, nonpharmacological
aspects of smoking, such as visual or olfactory cues, appear
to be particularly important predictors of smoking behavior
among women (Perkins et al., 2000; Perkins, Jacobs, Sanders,
& Caggiula, 2002), which could diminish the gender difference
in withdrawal in the context of VLNC cigarette use.

Withdrawal-induced negative affective and tension states
could put smokers at risk for alcohol use. Several motivational
theories of alcohol use suggest that individuals may learn to
drink alcohol in order to cope with negative affective states
(Cooper et al., 1995; Wills & Shiffman, 1985). Drinking to
cope is most common among individuals who lack alternative
coping strategies to reduce negative affect (Cooper et al., 1995;
Dermody, Cheong, & Manuck, 2013). As smokers typically
alleviate withdrawal symptoms by smoking (Baker, Brandon,
& Chassin, 2004), smokers who do not experience complete
withdrawal relief from smoking VLNC cigarettes may resort
to alternative substances to regulate their negative affect
symptoms. Alleviating negative affect is a motive for drinking
among smokers (Novak, Burgess, Clark, Zvolensky, & Brown,
2003). As a result, a smoker’s alcohol use may increase when
withdrawal increases, which may be more likely to occur dur-
ing the first 2 weeks of switching to VLNC cigarettes.

Consistent with the role of self-medicating nicotine with-
drawal, smokers who demonstrated significantly elevated
withdrawal symptoms after smoking abstinence increase their
alcohol use relative to individuals who wore a nicotine contain-
ing patch (McKee et al., 2008) or smoked a normal nicotine



content cigarette (Palfai, Monti, Ostafin, & Hutchison, 2000).
In contrast, in one study of abstinent nicotine-dependent smok-
ers, participants did not increase their alcohol use (Perkins
et al., 2000). It is unclear if the findings contradict the other
studies because withdrawal levels were not reported. It is
expected that self-medication motives would be less prevalent
among individuals who generally experience fewer withdrawal
symptoms, such as among nondaily smokers (Shiffman, Paty,
Gnys, Kassel, & Elash, 1995). Among nondaily smokers,
smoking and alcohol use are related; however, the associations
are more consistent with reinforcement enhancement than self-
medication motives. Specifically, with the exception of women
in one study (Acheson et al., 2006), abstinent nondaily smok-
ers have exhibited less drinking than individuals who were
exposed to nicotine or smoked (Acheson et al., 2006; Barrett
et al., 2006). Together, the findings suggest that alcohol use
could increase among nicotine-dependent smokers who experi-
ence withdrawal when switching to VLNC cigarettes.

Factors associated with motives to drink to cope, such as a
history of heavy drinking, female gender, or age, could increase
one’s risk for drinking to cope with nicotine withdrawal. A his-
tory of alcohol dependence is associated with drinking as
coping strategy for negative affect (Carpenter & Hasin, 1999;
Cooper et al.,, 1995), which could occur with withdrawal.
Consistent with alcohol dependence as a risk factor, smoking
abstinence appears to predict increased drinking among haz-
ardous drinkers (McKee et al., 2008; Palfai et al., 2000), but
not moderate drinkers (Perkins et al., 2000). Smoking absti-
nence, however, does not appear to predict drinking urges
among alcohol-dependent individuals early in recovery (J.
L. Cooney, N. L. Cooney, Pilkey, Kranzler, & Oncken, 2003).
Similarly, women are at risk for self-medicating negative affect
with alcohol (for review, Nolen-Hoeksema, 2004; Hesselbrock
& Hesselbrock, 2006), particularly once they reach adulthood
(for review, Kuntsche, Knibbe, Gmel, & Engels, 2006). Gender
differences in alcohol use after brief smoking abstinence have
not been consistently supported (e.g., a few hours or overnight)
(Palfai et al., 2000; Perkins et al., 2000). Thus, smoking VLNC
cigarettes could negatively impact individuals at risk for drink-
ing to cope, such as women and those with a history of alcohol
dependence symptoms.

Despite the risk of self-medicating withdrawal symptoms,
the transient nature of withdrawal suggests that compensatory
drinking via this mechanism would be short-lived. On aver-
age, withdrawal after switching to VLNC cigarettes should
dissipate within 2 weeks (Hatsukami, Perkins, et al., 2010),
which highlights a key time period for future research to
explore risk of compensatory drinking. Thereafter, negative
affect and stress tend to decrease below prequit levels (for
review, Kassel, Stroud, & Paronis, 2003). As a result, over
time, VLNC cigarettes could reduce negative affect and stress
by limiting nicotine exposure and promoting smoking ces-
sation, which would reduce the need to self-medicate these
symptoms by drinking.

Smoking as a Cue to Drink

As previously described, the primary mechanism by which
nicotine reduction in cigarettes would improve public health
is through a reduction in smoking behavior. Research sug-
gests that individuals smoke a VLNC cigarette similarly to
a usual brand cigarette when trying them for the first time.
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In particular, there are no significant differences in puffing
behavior, expired carbon monoxide levels (Nadal, Chappell,
& Samson, 1998; Rose & Behm, 2004), or tar exposure
(Benowitz et al., 2006) per cigarette beyond the first 2 VLNC
cigarettes smoked among adults (MacQueen et al., 2012).
Among adolescents, puffing behavior has been shown to
increase while smoking a VLNC cigarette relative to a high-
yield nicotine cigarette (Kassel et al., 2007); however, it is
important to determine if the compensatory changes in smok-
ing may dissipate after multiple smoking bouts as has been
seen among adult smokers.

Prolonged use of VLNC cigarettes tends to gradually
decrease the number of VLNC cigarettes smoked per day. On
average, within the first week of switching to VLNC cigarettes,
treatment-seeking individuals smoke VLNC cigarettes at a
similar rate to normal nicotine content cigarettes (Hatsukami,
Heishman, et al., 2013; Hatsukami, Kotlyar, et al., 2010).
Thereafter, VLNC cigarette use appears to decrease gradually
(Hatsukami, Heishman, et al., 2013; Hatsukami, Hertsgaard,
et al., 2013; Hatsukami, Kotlyar, et al., 2010), and in one study,
reached significant reductions within 2 weeks and reductions
of nearly 8 cigarettes per day after 6 weeks of use (Hatsukami,
Kotlyar, et al., 2010). Furthermore, nontreatment seekers
smoked approximately 4 fewer VLNC cigarettes per day after
using the product exclusively in an in-patient setting for 8 days
(Donny et al., 2007). In cases where the nicotine content of
cigarettes is progressively reduced over time in nontreatment
seekers, reductions in cigarettes per day are relatively small
and delayed (Benowitz et al., 2012). Thus, the reinforcing
properties of VLNC cigarettes may lessen over time such that
smoking behavior gradually decreases, with the most rapid
effects on smoking behavior after immediately switching to
VLNC cigarettes.

In addition to reducing cigarettes smoked, VLNC ciga-
rettes may facilitate successful quit attempts. Smoking VLNC
cigarettes appears to increase self-efficacy ratings and con-
templating making a quit attempt among individuals who
were not previously interested in quitting smoking (Benowitz
et al., 2007, 2012). Furthermore, smoking VLNC cigarettes
for up to 6 weeks improves quit rates among treatment-seek-
ing smokers (Hatsukami, Kotlyar, et al., 2010; Walker et al.,
2012), although this effect has not been consistently replicated
(Hatsukami, Hertsgaard, et al., 2013). In particular, 23% of
individuals using VLNC cigarettes alongside Quitline care
achieved continuous abstinence for 6 months compared to 15%
using Quitline care alone (Walker et al., 2012). Similarly, 30%
of individuals who make a quit attempt after smoking VLNC
cigarettes achieved CO and cotinine verified abstinence for
4 weeks compared to 14% of individuals who smoked ciga-
rettes with an intermediate nicotine yield (0.3 mg; Hatsukami,
Kotlyar, et al., 2010).

Among nonsmokers, it is also anticipated that VLNC cig-
arettes will prevent smoking initiation. For legal and ethical
reasons, examining the effects of VLNC cigarettes on smok-
ing uptake is not possible using human subjects. However,
animal research has demonstrated that rats do not acquire self-
administration at very low nicotine doses (Donny et al., 2012).
Furthermore, nicotine appears to be an important determinant
of smoking behavior among youth (Collins et al., 2010; Kassel
et al., 2007; Veilleux et al., 2011), which suggests that VLNC
cigarettes could prevent smoking uptake among adolescent
nonsmokers.
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VLNC cigarettes could impact alcohol outcomes by alter-
ing the ability of smoking to cue alcohol use. Among smokers,
smoking may act as a drug cue for alcohol use. Research sug-
gests that presenting drug cues, such as drug images, may pro-
mote drug urges and use (Carter & Tiffany, 1999). Specifically,
images of alcoholic beverages been shown to increase urges to
drink among drinkers compared to nonalcohol cues (Drobes,
2002; George et al.,, 2001), particularly among alcoholics
(Thomas, Drobes, & Deas, 2005). In addition to alcohol-spe-
cific cues, cigarettes may act as a cue for drinking (Shiffman,
Balabanis, et al., 1995). The repeated co-use of these sub-
stances among individuals may establish conditioned asso-
ciations between them such that smoking behavior may cue
subsequent drinking.

Smoking appears to act as a behavioral cue for drinking.
Among alcohol-dependent smokers, smoking-related images
have been shown to increase drinking urges compared to
neutral and unpleasant images, producing similar effects as
alcohol-related images (Drobes, 2002). While exposure to
smoking-related images also increased drinking urges among
social drinkers, the effect was not as robust. Similarly, among
young adults who are heavy social drinkers, holding a lit ciga-
rette did not influence drinking urges, expectancies, or volume
consumed, compared to holding a pencil regardless if the indi-
vidual was nicotine deprived or not (Palfai et al., 2000). It is
possible that smoking is a weaker behavioral cue for drink-
ing among social drinkers because smoking frequently occurs
without drinking. Specifically, smoking typically follows
a daily cycle (Chandra, Shiffman, Scharf, Dang, & Shadel,
2007); whereas, normative drinking among smokers does not
occur daily and is concentrated on weeknights or weekends
(Jackson, Colby, & Sher, 2010; Shiffman, 2009). In contrast,
among alcohol-dependent smokers, an extensive history of
alcohol and smoking co-use may set up cigarettes as a cue
for drinking. Likewise, alcohol use may also be closely tied
to smoking among nondaily smokers, who tend to smoke and
drink concurrently (Harrison & McKee, 2008; Jackson et al.,
2010). Thus, reduced smoking frequency after switching to
VLNC cigarettes could reduce alcohol use and weaken the
association between cigarette cues and alcohol use.

It is also anticipated that the effectiveness of smoking as a
behavioral cue to drink will be undermined by very low levels
of nicotine in the cigarettes. As previously described, nicotine
appears to the primary factor through which smoking increases
the reinforcing process of alcohol. Thus, if the nicotine in reg-
ular cigarettes acts as a discriminative stimulus that predicts
enhanced alcohol reward, smoking VLNC cigarettes would not
be expected to produce the same effect on drinking. Instead,
over time, smoking cues would come to predict low (not high)
doses of nicotine and may not trigger the same urge to drink. As
a result, VLNC cigarettes could reduce the urge to drink while
smoking even in the context of continued smoking behavior.

SUMMARY

While only one study has directly examined, among nondaily
smokers, the effects of VLNC cigarettes on drinking (Barrett
et al., 2006), the reviewed literature highlights several inter-
related mechanisms that reveal how a nicotine reduction policy
could impact alcohol use. Each of these processes unfolds dif-
ferently over time, which suggests that their relative influence
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on drinking could change in a time-dependent manner. In par-
ticular, among current smokers, switching to VLNC cigarettes
will immediately and drastically reduce nicotine exposure,
modestly increase withdrawal for approximately 2 weeks,
and gradually decrease smoking behavior. Each of these pro-
cesses appear to be positively related to drinking, suggesting
that the effects of VLNC cigarettes on the intermediate pro-
cesses would correspond with similar changes in alcohol use.
First, there is convincing evidence that nicotine enhances the
reinforcing properties of alcohol through several mechanisms.
Thus, reducing nicotine exposure through VLNC cigarettes
is expected to reduce alcohol reinforcement and use. Second,
among a subset of smokers, nicotine withdrawal may increase
motivation to drink alcohol in order to cope with the associated
negative affect states. As a result, some smoker’s may increase
alcohol use when withdrawal peaks during the first 2 weeks
of switching to VLNC cigarettes. Third, smoking may act as a
cue to drink, particularly among heavy drinkers and nondaily
smokers. While the support for the pathway is relatively mod-
est, decreased smoking rate and new associations between
smoking cues and low doses of nicotine due to VLNC cigarette
use could reduce the extent to which smoking behavior would
be associated with drinking. Thus, as a whole, these processes
may ultimately contribute to decreased alcohol use over time,
outside of a short-term risk period following switching to
VLNC cigarettes.

Preventing the initiation of smoking could also affect alco-
hol use through each of the previously described mechanisms,
such as smoking cues and reinforcing effects of alcohol.
Animal research has demonstrated that nicotine may facili-
tate alcohol self-administration among adolescent and adult
alcohol-naive rats (Doyon et al., 2013; Kemppainen, Hyytid, &
Kiianmaa, 2009; Smith, Horan, Gaskin, & Amit, 1999), and the
effect may be strongest among rats with an extensive nicotine
self-administration history (Kemppainen et al., 2009). While
the average age of onset for alcohol use tends to be younger
than tobacco use (Parra, O’Neill, & Sher, 2003), smoking onset
predicts drinking levels. Observational research suggests that
smokers drink more and are at risk of heavy drinking relative
to never-smokers (Grucza & Bierut, 2006; Harrison, Desai, &
McKee, 2008; Weitzman & Chen, 2005), which suggests that
preventing the initiation of smoking with VLNC cigarettes
could positively impact alcohol use.

CONCLUSIONS AND FUTURE
DIRECTIONS

Cigarette and alcohol use are closely related health behaviors
and FDA regulations reducing the nicotine content of cigarettes
could impact alcohol use among smokers. Reductions in nico-
tine exposure and the cues associated with smoking would be
expected to decrease alcohol use over time, with nicotine expo-
sure playing the most important role early in the public policy
change and smoking behavior emerging as an important fac-
tor, particularly if smokers ultimately achieve abstinence. This
conclusion is consistent with the existing literature suggesting
that smoke-free legislation and tobacco taxes reduce drinking
(McKee & Weinberger, 2013).

The present review adds to the existing literature by dem-
onstrating that the mechanisms producing these effects can



motivate drinking differently over time. There could be an
important temporal pattern of effects that emerges as the poten-
tial influence of each pathway on alcohol use unfolds. As a
result, research will need to be designed in such a way that
facilitates examining the associations over time to estimate the
effects of the regulations. Strategies including repeated meas-
urements of alcohol use and intermediate processes and utiliz-
ing analytic techniques that examine these effects over time are
critical to estimate the public health impact (e.g., time-varying
effects model; Lanza, Vasilenko, Liu, Li, & Piper, 2013).

While switching to VLNC cigarettes could lower drink-
ing rates, the review highlights the initial weeks after switch-
ing to VLNC cigarettes as a risk period for increased drinking.
Withdrawal symptoms could promote drinking in order to
regulate negative affective states through self-medication. This
mechanism may be particularly important for individuals who
smoke primarily to ward off withdrawal symptoms, like nico-
tine-dependent daily smokers. Fortunately, it is anticipated that
the risk of this iatrogenic effect would be small and short-lived
because VLNC cigarettes largely suppress withdrawal relative
to complete smoking abstinence and withdrawal symptoms
appears to dissipate within approximately 2 weeks, on aver-
age. Furthermore, depressed affect is most commonly associ-
ated with self-medication (Dermody et al., 2013; Hussong &
Chassin, 1994; Hussong, Hicks, Levy, & Curran, 2001), but, on
average, appears to be completely suppressed during the first
5 days of switching (Buchhalter, Acosta, et al., 2005; Donny
& Jones, 2009). As the time course of nicotine withdrawal is
complex and varies between symptoms (for review see Hughes,
2007), daily assessments of withdrawal symptoms that motivate
self-medication beyond the first 5 days of switching could pro-
vide valuable insight into the progression of withdrawal.

The conclusions of the present review should be considered
in light of the relatively homogenous samples examined in the
research literature, particularly with regards to factors impact-
ing the relative importance of positive and negative reinforce-
ment processes in drug use. As a whole, the laboratory studies
examining the effects of nicotine and smoking on alcohol use
have primarily relied on young adults with little comorbidity
or other tobacco product use. However, diversity in drug use
motives and histories may correspond with varied effects of
nicotine reduction on smoking behavior and withdrawal as well
as differential effects of these intermediate processes on drink-
ing. Future research of groups who could be at risk of with-
drawal and subsequent self-medication is warranted and could
help clarify to what extent VLNC cigarettes might have a nega-
tive impact on drinking. The review highlighted several sub-
groups, such as adult women, daily smokers, and individuals
who have co-occurring psychiatric conditions or alcoholism.
These subgroups appear to be at risk for both increased with-
drawal and drinking to cope motives. It remains unclear how
these individual difference factors play out in the context of
long-term VLNC cigarette use. While one way to circumvent
risk among these groups is to gradually reduce nicotine content
because that appears, on average, to prevent withdrawal symp-
toms (Benowitz et al., 2012), this benefit needs to be weighed
against potential delays in reductions in cigarettes smoked and
nicotine dependence. Additional methods could include pro-
viding other sources of nicotine, such as nicotine replacement
therapy (NRT), to assist with the transition to VLNC cigarettes.

Future research is also needed to evaluate the risk of co-use or
product switching to compensate for the reduced nicotine levels
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of VLNC cigarettes, particularly among subgroups who tend to
co-use tobacco products like young, white men (McClave-Regan
& Berkowitz, 2011; Rath, Villanti, Abrams, & Vallone, 2012). To
date, examinations of the effects of VLNC cigarettes have been
conducted among smokers who do not regularly use other tobacco
or nicotine products; however, about 6% of adolescents use
smokeless tobacco products and a majority of them also smoke
combustible tobacco products (Agaku, Ayo-Yusuf, Vardavas,
Alpert, & Connolly, 2013). Reductions of nicotine in cigarettes
could prompt increased use of other nicotine containing prod-
ucts, such as e-cigarettes, which could mitigate the anticipated
effects of VLNC cigarette policies on alcohol use. Research that
imitates a free market place by allowing participants to use other
nicotine and tobacco products in tandem with VLNC cigarettes
would be valuable when evaluating this outcome. Studies that
have examined VLNC cigarette use alongside the nicotine patch
suggest that cigarette use and nicotine exposure still decrease
over time and at a faster rate than VLNC cigarettes alone (Donny
& Jones, 2009; Hatsukami, Hertsgaard, et al., 2013). The faster
reduction in cigarette use may result from the patch suppressing
withdrawal symptoms that participants would otherwise try to
suppress through continued smoking of VLNC cigarettes or their
usual brand. Thus, it is possible that even with the increase use of
alternative products, the decrease in cigarettes smoked and total
nicotine exposure could reduce drinking.

The present review focused on the effects of VLNC ciga-
rettes on alcohol use, given the widespread co-use. However,
a similar framework can be applied to estimate potential con-
sequences on the use of other substances and, more broadly,
health behaviors. For individuals who frequently smoke ciga-
rettes and use other substances, reductions in cigarettes smoked
could produce similar reductions in other substances used
through cued-reactivity and reward enhancement mechanisms.
As nicotine administration enhances responding to other rein-
forcers, the effect likely applies to substances outside of alco-
hol (Chaudhri et al., 2006; Donny et al., 2003). Furthermore,
like with alcohol use, individuals who tend to self-medicate
negative affect by engaging in negative health behaviors and
other substance use could engage in these behaviors while
experiencing withdrawal.

While an important outcome of making cigarettes less
addictive is reducing smoking rates, it is necessary to broadly
define public health impact to include unintended health con-
sequences on nonsmoking behaviors. The present review dem-
onstrates that VLNC cigarettes could impact a closely related
health behavior, alcohol use, but that the effects of the policy
on drinking could differ over time and among subpopulations.
While the relation between VLNC cigarettes and alcohol use
has only been observed in one study during a short timeframe
(i.e., single laboratory session), the indirect pathways between
the 2 behaviors have been more extensively studied and pro-
vide valuable insight into their direct relation. Specifically,
it appears that reducing the nicotine content of cigarettes
could have a broader positive impact on public health by also
decreasing alcohol use.
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