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Abstract

Background: Electronic cigarette (e-cigarette) use is an increasingly common method of
nicotine delivery in the general population. It is well-established that tobacco users are at increased
risk to engage in hazardous drinking and meet criteria for alcohol use disorder (AUD) relative to
nonusers. Less is known, however, about risk of harmful alcohol use among people who use e-
cigarettes. The current study reports on the association between e-cigarette and alcohol use in the
United States population using a nationally representative sample.

Methods: Data from 36,309 adults who participated in the National Epidemiologic Survey on
Alcohol and Related Conditions- Wave 11 (NESARC-III) were included in the study. The Alcohol
Use Disorder and Associated Disabilities Interview Schedule (AUDADIS) measured past year e-
cigarette and alcohol use outcomes. Based on past-year e-cigarette use, respondents were
categorized as nonusers, nondaily users, or daily users. Alcohol use outcomes were drinking
quantity/frequency, binge drinking frequency, AUD diagnostic status, and NIAAA defined
hazardous drinking status.

Results: Controlling for demographic characteristics, daily and nondaily e-cigarette users
showed increased risk of harmful alcohol use compared to e-cigarette nonusers, including
hazardous drinking (AORs = 1.69; 2.43), AUD (AORs = 1.87; 2.50) and binge drinking frequency
(AORs = 1.45-2.97). Nondaily e-cigarette use was associated with higher levels of risk than was
daily use. Secondary analyses examined alcohol use outcomes according to participants’ patterns
of dual tobacco cigarette/e-cigarette use. These analyses confirmed that e-cigarette use alongside
tobacco cigarette use is associated with additive risk of harmful alcohol consumption, particularly
among nondaily users.

Conclusions: E-cigarette users, particularly those who engage in nondaily and dual use, show
elevated rates of harmful alcohol use. Heavy drinking may constitute a source of health risk among
e-cigarette users.
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Introduction

Electronic cigarette (e-cigarette) use is an increasingly common method of nicotine delivery
in the United States (Schoenborn and Gindi, 2015). These battery-operated smoking devices
produce an aerosol containing nicotine that is inhaled by the user. Recent population-based
data suggest a continuing upward trend in the prevalence of e-cigarette use among US adults
(King et al., 2015), particularly among young adults and tobacco users (McMillen et al.,
2015). Smokers commonly report choosing e-cigarettes over tobacco because they are
perceived as safer than tobacco cigarettes (Pearson et al., 2012). Consistent with this
perception, recent comprehensive reviews of the literature conclude that e-cigarettes pose
fewer health risks compared to tobacco cigarettes (McNeill et al., 2015; National Academies
of Sciences, Engineering, and Medicine, 2018); however, these reviews focus on direct
health effects of e-cigarette use (e.g., cardiovascular disease, cancer, abuse liability). That e-
cigarettes purportedly carry fewer health risks compared to their tobacco counterparts is
leading smokers to reduce or discontinue their use of tobacco cigarettes in favor of e-
cigarettes (Adkison et al., 2013). Considering this shift, it is critically important that we
thoroughly characterize the broadly defined health risks associated with e-cigarette use.
Such information will inform public policy and clinical practice.

Heightened risk of harmful alcohol consumption is one of many health risks associated with
tobacco use. Tobacco cigarette users are more likely to meet criteria for alcohol use
disorders (AUD) and engage in hazardous drinking (McKee et al., 2007). Risk of harmful
drinking is even higher among those who engage in nondaily tobacco use compared to daily
tobacco use (McKee et al., 2007, Harrison et al., 2008). Preclinical and human laboratory
studies indicate that tobacco use may increase risk of harmful drinking (Verplaetse and
McKee, 2017, Dermody and Hendershot, 2017, Kohut, 2017). Tobacco potentiates the
reinforcing effects of alcohol (Piasecki et al., 2011), which may explain the high rate of
episodic co-administration among people who use both substances (McKee and Weinberger,
2013). Acute administration of nicotine, the primary psychoactive compound in tobacco,
antagonizes the intoxicating and sedating properties of alcohol (Perkins et al., 1995). Indeed,
an event-level analysis of tobacco and alcohol use found that smokers consumed more
alcohol during occasions where they also smoked (Witkiewitz et al., 2012). The strong
causal link between tobacco and alcohol use acts to maintain both harmful behaviors,
resulting in poorer health and treatment outcomes (McKee and Weinberger, 2013).

Less is known about patterns of alcohol consumption in people who use e-cigarettes. Several
studies have shown that e-cigarette using college students endorse heavy drinking more
often than nonusers (Saddleson et al., 2015, Littlefield et al., 2015). In a group of
community dwelling adult former smokers, Hershberger et al. (2016b) found that e-cigarette
users, particularly social users, reported higher rates of alcohol use and hazardous drinking.
Cohn et al. (2015) found that young adult current e-cigarette users were more likely to use
alcohol than their peers who did not use e-cigarettes. Taken together, these findings provide
important preliminary evidence for a link between e-cigarette and alcohol use. However,
these studies were conducted primarily in convenience samples of young adults and used
variable definitions of problematic alcohol use. Other studies have found higher rates of
alcohol use in e-cigarette users in epidemiological samples, although these studies utilize
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relatively narrow assessments of alcohol use (Parikh and Bhattacharyya, 2018, Conway et
al., 2018). Additional research is needed to replicate and extend these findings using current
alcohol use risk classification systems and diagnostic nomenclature in nationally
representative samples (Grant et al., 2015).

The objective of the current study was to examine rates of harmful alcohol use in e-cigarette
using adults in the United States. The National Epidemiologic Survey on Alcohol and
Related Conditions—Wave 111 (NESARC-III) provides an opportunity to examine correlates
of e-cigarette use in a nationally representative sample of adults. This survey assessed AUD
using current clinical nosology (DSM-5) and detailed alcohol use outcomes (e.g., hazardous
drinking status, frequency of binge drinking episodes) according to well-validated risk
criteria. Previously in a broad survey of e-cigarette use comorbidity in the NESARC-III,
Chou et al. (2017) found preliminary evidence that e-cigarette users endorsed higher rates of
AUD compared to nonusers. Based on this and previous findings that nondaily smokers
show heavier patterns of drinking compared to daily smokers (McKee et al., 2007), we
examined risk of alcohol use outcomes in both daily and nondaily e-cigarette users. We
hypothesized that e-cigarette users would show higher rates of harmful alcohol use
compared to nonusers, and that nondaily e-cigarette users would show higher rates of
alcohol use compared to daily e-cigarette users. Recognizing the high rate of dual tobacco/e-
cigarette use (Lee et al., 2014), we conducted secondary analyses to examine alcohol use
risk among people endorsing different combinations of dual use. These examined alcohol
use outcomes in groups endorsing all possible combinations of non-use, nondaily use, and
daily use of electronic and tobacco cigarettes according to participants’ reported patterns of
use. We hypothesized that dual users, particularly those endorsing nondaily patterns of use
(Harrison et al., 2008), would show the highest rates of harmful alcohol use (Wills et al.,
2015).

Data were drawn from the NESARC-II1I, a national survey conducted by the National
Institute on Alcohol Abuse and Alcoholism (NIAAA) from April 2012 to June 2013 (Grant
et al., 2014). The NESARC-III utilized a multi-stage cluster sampling procedure involving
primary sampling units based on geographical regions, secondary sampling of groups from
census-defined blocks, and tertiary sampling of households. Trained interviewers initiated
contact with people living at the selected addresses, screened and randomly selected an
eligible respondent (i.e., household member at least 18 years old), and obtained informed
consent. People who agreed to participate completed an in-person computer assisted
interview (Alcohol Use Disorder and Associated Disabilities Interview Schedule-5;
AUDADIS-5). The AUDASIS-5 is a valid measure of alcohol and other substance use
behaviors, including e-cigarette and tobacco use (Hasin et al., 2015). Participants were paid
$45 before and after completing the AUDADIS-5. Data were weighted to adjust for
oversampling of racial/ethnic minorities, young adults (age 18-24), and non-responders.
This study incorporates data from all NESARC-II1 respondents (/7= 36,309).
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Definition and Measurement

E-cigarette and tobacco cigarette use.—Participants were categorized as e-cigarette
nonusers, nondaily users, or daily users based on their responses to the questions “during the
past 12 months, did you use at least 1 e-cigarette cartridge or 4 drops of e-liquid?” (possible
responses: yes/no/unsure) and “about how often did you usually use e-cigarettes/e-liquid in
the past year?” (every day, 5 to 6 days a week, 3 to 4 days a week, 1 to 2 days a week, 2 to 3
days a month, once a month or less/unsure). Definitions were as follows. Nonuser.
Participant who responded “no” to any e-cigarette use in the past 12 months. Nonadaily users.
Participants who endorsed use in the past 12 months and indicated frequency of use “once a
month or less” up to “5 to 6 days per week.” Daily users. Participants who endorsed use in
the past 12 months and indicated “every day” frequency of use. Secondary analyses further
categorized participants according to their tobacco cigarette use. They were categorized as
tobacco cigarette nonusers, nondaily users, or daily users based on their tobacco use during
the past year. Participants who reported that they smoked at least 1 cigarette in the past year
were asked “about how often did you usually smoke cigarettes in the past year?” Participants
were categorized using the same classification strategy as described above for e-cigarette
use.

Alcohol quantity/frequency measures.—Current drinkers were identified according to
responses to the question, “during the last 12 months, did you have at least 1 drink of any
kind of alcohol?” Alcohol use quantity was assessed by the question “how many drinks did
you USUALLY have on days when you drank during the last 12 months?” Alcohol use
frequency was measured according to responses to the question “during the last 12 months,
about how often did you drink any kind of alcoholic beverage?” (every day, nearly every
day, 3 to 4 times a week, 2 times a week, once a week, 2 to 3 times a month, once a month, 7
to 11 times in the last year, 3 to 6 times in the last year, 1 to 2 times in the last year).
Responses were coded using increasing frequency cut points (Harrison et al., 2008), from
drinking at least once in the past 12 months (yes/no), to drinking at least once in a month
(yes/no), to drinking at least once a week (yes/no), to drinking daily or nearly every day
(yes/no). Participants were coded as being in the highest frequency group for which they met
criteria.

Frequency of NIAAA defined binge drinking was assessed with the question “during the last
12 months, about how often did you drink five (men)/ four (women) drinks on a single day?”
(responses and coding same as above). “Extreme” high quantity binge drinking was assessed
with the question “during the last 12 months, about how often did you drink 12 or more
drinks on a single day?” (Patrick et al., 2013). Response options were identical to those
reported above for alcohol use frequency (i.e., ranging from binging at least once in the past
12 months to binging daily or nearly every day).

Hazardous drinking and Alcohol Use Disorder diagnosis.—Past year hazardous
drinking was defined according to NIAAA guidelines (https://
www.rethinkingdrinking.niaaa.nih.gov). Participants who endorsed exceeding these weekly
(men, > 14 drinks per week; women, > 7 drinks per week) or daily (men, = 5 per day;
women = 4 drinks per day) guidelines in the past year were categorized as hazardous
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drinkers. Other respondents were categorized as not being hazardous drinkers. Past year
AUD diagnosis was evaluated using DSM-5 criteria as determined by the AUDADIS.

Covariates.—All analyses controlled for demographic variables that may be associated
with e-cigarette use (i.e., race/ethnicity, sex, age, personal income, marital status). Sex, race,
and marital status were coded as dichotomous variables (male/female, white/non-white,
married/unmarried). Personal income was coded in one of 17 categories ($0 — 100,000+
usD).

Missing data.—The NESARC-III includes logically assigned data for respondents missing
primary demographic data (e.g., race/ethnicity, age). Respondents missing primary outcome
data (e.g., e-cigarette use, alcohol use outcomes, tobacco cigarette use) were removed
pairwise for analyses that included the missing values. We elected not to use listwise
deletion to preserve statistical power given that sample sizes were small in some cells (e.g.,
daily e-cigarette users).

Data Analysis

Data were analyzed with SAS version 9.4. We tested whether the proposed covariates were
associated with e-cigarette use using multi-step chi square tests of independence for discrete
variables and one-way analysis of variance (ANOVA) for continuous variables. The first step
tested the association of each variable with e-cigarette use (user versus nonuser). The second
step of each analysis further tested whether each variable was associated with type of use
(daily versus nondaily use).

The primary analyses examined the association between e-cigarette use and alcohol use
outcomes. These analyses incorporated the stratification, clustering (i.e., primary sampling
unit), and unequal weighting of the sampling design. Binary nominal outcome variables (i.e.,
AUD, hazardous drinking) were analyzed using binary logistic regression. Quantity of
typical drinking episode was analyzed using analysis of variance (ANOVA) and probed
using & priori ttests. Ordinal variables (i.e., frequency of drinking days, frequency of binge
days) were analyzed using multinomial logistic regression. Chi square tests found that the
proportional odds assumption was violated for all ordinal regression models (ps < 0.001), so
ordinal regression was not used. All analyses included the above described covariate set (i.e.,
sex, race, income, age, marital status). Unadjusted odds ratios and analyses of continuous
outcomes not adjusted for covariates are reported in a supplemental table. A secondary set of
covariate adjusted analyses were conducted that further categorized participants according to
their co-occurring tobacco cigarette use (i.e., nonsmoker, non-daily smoker, daily smoker),
resulting in a 3 x 3 matrix of 9 groups (e.g., daily cigarette user/nondaily e-cigarette user;
nondaily cigarette user; e-cigarette non-user). A complete list of combinations is reported in
Table 3. Given the small cell sizes for some of these groups (e.g., no tobacco cigarette use/
daily e-cigarette use; 7= 19), these analyses should be considered exploratory. For these
analyses, we only analyzed binary outcomes, because multinomial analyses resulted in
additional reduction in cell size and imprecise effect size estimates. Due to the large number
of potential pairwise contrasts, we conducted a priori analyses to compare risk between
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specific subgroups of users. These analyses compared e-cigarette nonusers to daily and
nondaily e-cigarette users within each tobacco cigarette use group.

For all logistic regression analyses (binary and multinomial), adjusted odds ratios (AOR)
and 95% confidence intervals were calculated. All alpha levels for significance were set to p
< 0.05.

Demographics and covariates

Demographic information and frequency counts of alcohol use and e-cigarette use outcomes
are presented in Table 1. Of those endorsing past year e-cigarette use, the majority reported
nondaily use (7= 1,347) compared to daily use (/7= 401). Men were more likely than
women to report e-cigarette use, X2 (1, 7= 36,287) = 40.44, p< 0.001, although gender was
not associated with frequency of use (daily vs. nondaily), X2 (1, n=1,748) = 1.32, p=
0.251. White respondents were more likely than racial/ethnic minorities to endorse any e-
cigarette use, X2 (1, n= 36,287) = 236.62, p< 0.001, and white users were more likely to
report daily use compared to racial/ethnic minority users, X2 (1, n=1,748) = 4.12, p=
0.042. Nonmarried respondents were more likely than married respondents to use e-
cigarettes, X2 (1, n= 34,539) = 34.48, p< 0.001, and nonmarried users were more likely to
report daily use compared to married users, X2 (1, n=1,748) = 5.39, p= 0.020. Users were
on average younger than nonusers, ~(1, 36,285) = 391.58, p< 0.001, and nondaily users
were younger than daily users, (1, 1,747) = 34.09, p < 0.001. E-cigarette users reported
less personal income than did nonusers, ~(1, 36,285) = 34.34, p< 0.001, but there was no
significant difference in personal income between daily and nondaily users, (1, 1746) =
0.06, p=0.811.

Categorical Drinking Outcomes

Table 2 presents results examining past year alcohol use by e-cigarette use. Compared to
past year nonusers (reference group [ref]), daily and nondaily e-cigarette users were 45%
and 137% more likely to report past year alcohol use, respectively. Nondaily users were 63%
more likely than daily users (ref) to report past year alcohol use. E-cigarette users showed
higher odds of meeting past year AUD criteria. Compared to nonusers (ref), nondaily users
and daily users were 144% and 89% more likely to meet criteria for past year AUD,
respectively. There was no significant difference in risk of meeting AUD criteria between
daily (ref) and nondaily users. Compared to nonusers (ref), nondaily users and daily users
were 148% and 69% more likely to meet past year hazardous drinking criteria, respectively.
Nondaily users were 47% more likely than daily users (ref) to meet past year hazardous
drinking criteria.

Typical Drinking Quantity and Frequency

Quantity of alcohol consumption during drinking episodes and frequency of alcohol use are
reported in Table 2. Regarding drinking quantity, there was a significant main effect of e-
cigarette use group, £~ (2, 113) = 64.83, p< 0.001. Post hoc tests found that compared to
nonusers, both daily users (adjusted mean difference = 0.80 drinks, #(113) = 4.23, p< .001)
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and nondaily users (adjusted mean difference = 1.16 drinks, #(113) = 9.60, p < 0.001)
reported larger typical drinking quantity. There was no significant difference between
nondaily and daily (ref) users (adjusted mean difference = 0.35 drinks, #(113) = 1.45, p=
0.149). Multinomial logistic regression analyses found that e-cigarette use was associated
with higher odds of inclusion in higher frequency drinking groups. Compared to daily users
(ref), nondaily users were more likely to report weekly and daily drinking.

Binge Drinking (5/4+) Frequency

Frequency of binge drinking per NIAAA criteria among each group is described in Table 1
and results of multinomial logistic regression are reported in Table 2. Both daily and
nondaily users showed increased odds of inclusion in most binge drinking frequency
categories relative to nonusers. We found no significant difference in binge drinking
frequency between nondaily and daily users.

Extreme (12+) Episodic Binge Drinking

Frequency of extreme episodic binge drinking (i.e., 12+ drinks in a single day) in each group
is reported in Table 1 and results of the multinomial logistic regression are reported in Table
2. As seen in Table 2, nondaily users showed higher rates of inclusion in all frequency
categories other than daily extreme binge drinking compared to nonusers. Daily users
showed significantly higher risk than nonusers of yearly binge drinking, although they did
not show increased risk of inclusion in other frequency categories. Nondaily users showed
higher risk of inclusion in the monthly extreme binge drinking category compared to
nonusers.

Secondary Analyses of Alcohol Use Outcomes and Patterns of E-cigarette/Tobacco
Cigarette Dual Use

Results of these secondary analyses are reported in Table 3. Participants who endorsed any
level of tobacco cigarette use reported higher rates of harmful alcohol use outcomes. Across
several outcome categories, participants who reported nondaily e-cigarette use alongside
their tobacco cigarette use (i.e., dual users) showed higher rates of alcohol use outcomes
compared to those who used tobacco cigarettes alone. Participants who endorsed non-daily
use of both e-cigarettes and tobacco cigarettes showed particularly high rates of harmful
alcohol use: this group showed a 644% increased likelihood of alcohol use, 599% increased
likelihood of hazardous drinking, and 420% increased likelihood of AUD, compared to
participants who denied using either tobacco cigarettes or e-cigarettes. This pattern was less
evident among daily e-cigarette users (see Table 3).

Discussion

The present study examined rates of harmful alcohol use among e-cigarette users in the
United States. E-cigarette users were more likely to engage in harmful alcohol use relative to
their non-using peers. This finding is important because it suggests that, like with tobacco
cigarettes (McKee et al., 2007), e-cigarette use is associated with high rates of alcohol
consumption and harmful patterns of alcohol use. The increased level of risk held across a
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range of alcohol use outcomes, ranging from increased drinking quantity/frequency to higher
rates of “extreme” binge drinking (12+ drinks/day) and meeting AUD diagnostic criteria.

In considering the implications of the association between e-cigarettes and harmful alcohol
use, it is informative to compare our findings here to prior research documenting an
association between alcohol use and tobacco cigarette use. Such comparisons provide
information on the relative risk of e-cigarettes against tobacco cigarettes. We found that e-
cigarette use was associated with approximately 2-3x greater odds of harmful alcohol use.
In contrast, studies utilizing similar methodologies have found that current tobacco cigarette
users, including both daily and occasional smokers, show relatively higher odds (i.e., 3-5%)
of negative alcohol use outcomes (McKee et al., 2007, Harrison et al., 2008). While e-
cigarette use was associated with higher rates of problem alcohol use, the magnitude of this
association was smaller relative to tobacco cigarettes. Our secondary analyses examining
patterns of dual use also provide insight into this issue. Although the analyses were not
sufficiently powered to provide precise estimates, they offer insight into rates of alcohol use
among groups of single device users (e.g., people using e-cigarettes daily with no tobacco
cigarette use or vice versa). When interpreted alongside previous findings, our results offer
some additional support for the notion that e-cigarette use is associated with lower
likelihood of harmful alcohol use outcomes compared to tobacco cigarette use.

One possibility for the lower risk in e-cigarette users compared to tobacco cigarette users is
that e-cigarettes contain highly variable levels of nicotine. Some devices are even sold
nicotine free. Laboratory research supports a dose-dependent effect of nicotine on alcohol
use outcomes (Acheson et al., 2006), so high nicotine concentration products may be
associated with higher alcohol use risk. If nicotine intake is the primary mechanism of
increased risk of harmful alcohol use in e-cigarette users, then e-cigarette users whose
devices contain minimal or no nicotine would not show heightened risk. There is
considerable variability in nicotine levels across e-cigarette brands (Goniewicz et al., 2013);
future studies should gather detailed information regarding typical nicotine content of
respondents’ preferred brands so this possibility can be tested directly.

There were notable differences in alcohol use outcomes between daily and nondaily e-
cigarette users. Specifically, nondaily e-cigarette users were more likely than daily users to
endorse hazardous drinking. This finding is consistent with prior findings on tobacco
cigarette smokers: nondaily smokers were more likely than daily smokers to engage in
harmful alcohol use (Harrison et al., 2008). Among nondaily tobacco cigarette smokers,
most smoking episodes occur while those individuals are drinking (Harrison and McKee,
2008). It is hypothesized that the nicotine potentiates the alcohol-related reinforcement and
counteracts sedation with the net effect of increased consumption over a longer duration.
The same pattern of co-use may exist among e-cigarette users. This is particularly
concerning given that nondaily e-cigarette use is more common than daily use (Sharapova et
al., 2018).

Secondary exploratory analyses of alcohol use outcomes stratified users into groups
according to their dual use of tobacco cigarette/e-cigarette. Consistent with prior research,
these analyses found that dual use was highly prevalent. Further, results support our
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hypotheses and prior prediction that dual-use of tobacco and e-cigarettes confers additional
risk of harmful alcohol use (Hershberger et al., 2016a) and identifies nondaily dual-users as
being at particularly high risk. Other research finds relatively high levels of nicotine
dependence seen among dual users compared to tobacco or e-cigarettes alone (Rostron et al.,
2016). Further, dual users may be supplementing their nicotine intake using e-cigarettes in
locations where tobacco cigarette use is prohibited (e.g., bars), which may promote
additional alcohol use. Research examining co-use of tobacco/e-cigarettes and alcohol
consumption at the episodic level will be required to understand the mechanisms by which
dual use is associated with heightened risk of harmful alcohol consumption.

NESARC-III data are cross-sectional so we cannot directly examine the mechanisms of the
observed effect. We attempted to reduce the risk of confounding factors by statistically
controlling for demographic variables; however, we were not able to control for all potential
confounders. With that said, prior laboratory-based research suggests that nicotine, the
primary psychoactive compound in e-cigarettes, increases alcohol consumption (Rose et al.,
Barrett et al., 2006, Mello et al., 1987), and longitudinal studies find evidence that tobacco
use causes subsequent increases in hazardous drinking (Harrison and McKee, 2011). Taken
together, these findings support our view that e-cigarette use may increase risk of harmful
alcohol use among users. Nonetheless, other factors not measured in the NESARC-III that
predict both e-cigarette use and hazardous drinking, such as impulsivity (Chivers et al.,
2016, Lejuez et al., 2010), may account for the observed association between alcohol and e-
cigarette use. Hershberger and Cyders (2017) provide a comprehensive review of potential
mechanism of increased alcohol use rates in e-cigarette users, ranging from shared
expectancies to cross-substance cue induced craving. Here, we echo their conclusion that
experimental and longitudinal research will be necessary to disentangle the complex and
potentially bidirectional association between e-cigarette and alcohol use.

From a policy standpoint, these findings raise concerns about the use of e-cigarettes in
alcohol-serving establishments. Legislative bans of smoking in drinking venues are
associated with a reduction in alcohol consumption (McKee et al., 2009) and risk of AUD
(Young-Wolff et al., 2013). By disallowing the use of tobacco in establishments where
patrons typically drink, these policies seem to have reduced rates of harmful drinking, likely
by reducing the frequency with which tobacco and alcohol are co-administered. Far fewer
states or localities have instated indoor e-cigarette bans, and several states do not allow
municipal policies restricting indoor e-cigarette use. Given the findings of the current study,
permissive policy towards e-cigarette use in drinking establishments may indirectly increase
rates of alcohol use in these areas.

These findings should be considered in the context of several limitations. First, the
NESARC-III was conducted between 2012 and 2013. E-cigarette use is becoming more
frequent in the United States (McMillen et al., 2015). Rates of co-use may have changed as
e-cigarette use has become more common. We chose to use data from the NESARC-III
because it included detailed reporting of alcohol use according to current diagnostic and
classification systems (Grant et al., 2015). The e-cigarette/alcohol use link should be
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reevaluated as newer national survey data become available. Second, the base-rates of some
behaviors (e.g., extreme binge drinking) were low, resulting in imprecise estimates of odds
ratios. Despite some instances of non-significance, however, broader trends in the data
support our above conclusions. Finally, our secondary analyses of e-cigarette/tobacco co-use
did not account for forms of tobacco use other than tobacco cigarettes (e.g., hookah, cigar,
smokeless tobacco). We chose to omit other forms of tobacco use from our analyses so that
results are directly comparable to prior studies (Harrison et al., 2008); however, in the future
it may be worthwhile to examine rates of non-cigarette tobacco use among e-cigarette users,
as these forms of tobacco are common among key demographics (Lee et al., 2014).

Conclusions

The results of current study extend our understanding of alcohol use in e-cigarette users in a
representative sample of adults in the United States. People who use e-cigarettes,
particularly nondaily users, are at increased risk for engaging in harmful alcohol use.
Secondary analyses found that among e-cigarette users, those who also endorse nondaily use
of tobacco cigarettes show the highest rates of harmful alcohol use outcomes. These findings
identify a group of high risk users (i.e., nondaily dual users) that warrant additional research.
Although recent data suggest that e-cigarettes may have fewer direct health consequences
compared to tobacco cigarettes (Hajek et al., 2014), these findings highlight the importance
of thoroughly examining health correlates of e-cigarette use before drawing conclusions
about relative safety.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Demographic, alcohol use, and tobacco cigarette use by e-cigarette user group in the National Epidemiologic
Survey on Alcohol and Related Conditions (111) (7= 36,309)

All Nonusers Nondaily users Daily users
(n =36,309) (n =34,539) (n=1,347) (n =401)
nM) %(SD) nM) %(SD) n(M) % (SD) n(M) % (SD)

Age (45.63) (17.53) (46.04) (17.60) (36.53) (13.62) (41.10) (14.28)
Sex

Male 15,862 43.7 14,950 43.3 685 50.9 217 54.1

Female 20,447 56.3 19,589 56.7 662 49.1 184 459
Race (White)

White 19,194 52.9 17,940 51.9 937 69.6 300 74.8

Non-white 17,115 47.2 16,599 48.1 410 30.4 101 25.2
Personal Income (7.21) (4.56) (7.25) (4.58) (6.75) (4.17) (6.63) (4.04)
Marital Status

Unmarried 19,515 53.7 18,446 53.4 836 62.1 233 55.6

Married 16,794 46.3 16,093 46.6 511 37.9 178 44.4
Any alcohol use past year

No 10,531 29.0 10,288 29.8 163 12.1 74 18.5

Yes 25,758 70.9 24,231 70.2 1,184 87.9 327 81.5
Alcohol use disorder (AUD)

No 31,176 85.9 29,970 86.8 887 65.9 300 74.8

Yes 5,133 14.1 4,569 13.2 460 341 101 25.2
Hazardous drinking (past year)

No 22,707 62.5 22,048 63.8 468 34.7 178 44.4

Yes 13,602 375 12,491 36.2 879 65.3 223 55.6
Highest drinking frequency group

No episodes past year 10,531 29.0 10,288 29.8 163 121 74 185

1+ episode per year 7,420 20.4 7,027 20.3 292 21.7 97 24.2

1+ episode per month 6,041 16.6 5,708 16.5 263 19.5 66 16.5

1+ episode per week 9,290 25.6 8,684 25.1 483 35.9 117 29.2

1+ episode per day 3,007 8.3 2,812 8.1 146 10.8 47 117
Highest binge episode (5/4+) frequency group

No binge episode past year 24,581 67.7 23,829 69.0 536 39.8 203 50.6

1+ episode per year 4,818 13.3 4,470 12.9 275 20.4 70 175

1+ episode per month 2,629 7.2 2,394 6.9 191 14.2 42 10.5

1+ episode per week 3,274 9.0 2,927 8.5 279 20.7 66 16.5

1+ episode per day 902 2.5 818 2.4 63 4.7 5.0 5.0
Highest extreme binge drinking (12+) frequency group

No binge episode past year 33,442 92.2 32,044 92.9 1,053 78.2 327 81.5

1+ episode per year 1,370 3.8 1,173 3.4 147 10.9 47 117

1+ episode per month 624 17 546 1.6 67 5.0 10 25

1+ episode per week 662 18 586 17 65 4.8 11 2.7
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All Nonusers Nondaily users Daily users
(n =36,309) (n = 34,539) (n=1,347) (n =401)
nM) %(SD) nM) %(SD) n(M) % (SD) n(M) % (SD)
1+ episode per day 165 0.5 146 0.4 14 1.0 5 1.2
Average drinking quantity per episode (drinkers only) (2.76) (2.62) (2.70) (2.55) (3.89) (3.30) (3.56) (3.31)
Past Year Tobacco Cigarette Use Status
Nonsmoker 27,000 74.4 26,864 77.8 116 8.6 19 4.7
Nondaily smoker 2,120 5.8 1,844 53 235 17.4 38 9.5
Daily smoker 7,181 19.8 5,825 16.9 996 73.9 343 85.5

Note. Unweighted % are reported.
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Table 2.
Group comparisons of alcohol use patterns and classifications by e-cigarette use (7= 36,309)
E-cigarette use group
Nonuser Nondaily users Daily users
AOR 95% ClI AOR 95% CI
Alcohol user ref 237 ab  (1.95-2.89) 145 ab (1.01-2.08)
Alcohol use disorder ref 2444 (2.09-2.84) 189 ¢ (1.42-2.52)
Hazardous drinker ref 248 ab (2.16-2.85) 169 ab (1.32-2.16)
Highest drinking frequency group (vs. nondrinker)
1+ episode per year ref 2049 (L79-281) 1678 (1.08-259)
1+ episode per month ref 2034 (1.59 - 2.60) 1.34 (0.81-2.24)
1+ episode per week ref 251 ab (2.05-3.09) 1_3417 (0.94-1.91)
1+ episode per day ref 324 ab (2.26-4.47) 1.57&17 (1.02 - 2.43)
Highest binge drinking frequency group (vs. no binge episodes)
1+ episode per year ref 1639 (1.39-1.91) 1.30 (0.91-1.83)
1+ episode per month ref 2574 (2.07 -3.19) 186 % (1.23-2.81)
1+ episode per week ref 3.30 (2.76 — 3.95) 2954 (1.56-3.25)
1+ episode per day ref 290 4 (1.90 - 4.44) 2102 (1.26-3.50)
Highest extreme (12+) binge drinking frequency group (vs. no extreme
binges)
1+ episode per year ref 2704 (2.12-3.45) 2612 (1.83-3.72)
1+ episode per month ref 263 ab (1.83-3.78) 117 b (0.56-2.44)
1+ episode per week ref 2452 (1.92-3.12) 1.39 (0.72-2.69)
1+ episode per day ref 1.99 (0.98-4.04) 241 (0.84-6.86)
Typical drinking quantity (mean [SE]; past year drinkers only) 2.73(0.02) 3.88 (0.12) a 353 (0.19) a

All analyses were adjusted for race, marital status, sex, age, and personal income.
a L .
Group is significantly different compared to nonusers (ref), p < 0.05.

bSignificant difference between daily and nondaily users, p< 0.05.
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Alcohol use outcomes among participants endorsing different patterns of dual-use of e-cigarettes and tobacco

cigarettes

Table 3.

Past year alcohol use outcome

Alcohol user Hazardous drinker Alcohol use disorder
AOR (% yes) 95% ClI AOR (% yes) 95% ClI AOR (% yes) 95% ClI

No tobacco cigarette use

No e-cig use (/7= 26,864) Ref (66.9%) Ref (30.6%) Ref (9.8%)

Nondaily e-ciguse (7=116) 5 57 (g7.905)30  (124-454) 216 (62.01%)%7 (146-321) 254 (353%)%0 (1.52-4.25)

Daily e-cig use (7= 19) 1.21 (73.7%) (0.38-3.83) 1.46 (42.1%) (0.61-3.49) 356 (26,3%)417 (1.24-10.26)
Nondaily tobacco cigarette use

No e-cig use (7=1,844) 3.27(88.8%)7  (265-4.04)  323(a6w)? (288-384)  318(30.0%)7  (2.76-3.66)

Nondaily e-cig use (7=235) 7 1 94.99)%0 (3.88-14.27) 609 (80.99)%7 (469-1044) 520 (4g5%)*0 (377-7.17)

Daily e-cig use (7= 38) 10.36 (94.79%)%  (216-49.70) 467 (71.1%)7  (1.99-11.00) .94 (26.306)7  (1.00-8.61)
Daily tobacco cigarette use

No e-cig use (7=5,825) 175 (795%)%  (1.58-193) 241 (53.00)7 (221-262) 262 (23.9%)7  (2.36-2.92)

Nondaily e-cig use (7=996) , 47 g5 20020 (1.99-3.07) .83 (61.9%)%7 (246-338) 307 (30.6%)7 (255-3.70)

Daily e-cig use (7= 343) 157 (80.8%)%  (1.07-2.28) 705 (54.8%)7  (L58-266)  255(25.1%)7  (1.84-3.53)

All analyses were adjusted for race, marital status, sex, age, and personal income. Unweighted % are reported. E-cig refers to e-cigarette.

a - . . .
Group is significantly different compared to no tobacco cigarette/e-cigarette reference group, p < 0.05.

Group is significantly different than no e-cig use group within its tobacco cigarette use category.
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