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Abstract
Background: Cigarette smoking and alcohol use disorders are closely linked, but it is not clear
whether higher rates of alcohol use disorder (AUD) among smokers are solely attributable to heavier
drinking, or alternatively, whether smokers are more vulnerable to alcohol abuse and dependence
than non-smokers who drink comparable quantities. We sought to address this issue using data from
a nationally representative U.S. sample of adolescents and young adults. Specifically, we analyzed
the relationship between cigarette smoking, drinking, and alcohol use disorders.

Methods: Data were from the aggregated 2002 through 2004 U.S. National Survey on Drug Use
and Health. Participants were randomly selected, household-dwelling adolescents and young adults
(ages 12-20) from the non-institutionalized, civilian population of the United States (N=74,836).
Measurements included current DSM-IV alcohol abuse or dependence, number of drinks in the past
30-days, and past-year cigarette smoking, defined as having smoked more than 100 cigarettes across
the lifetime and having smoked during the past year.

Results: Past-year smokers, (prevalence=16.0%) drank in higher quantities than never-smokers,
but were also at elevated risk for AUD when compared to never-smokers who drank equivalent
quantities. The effect was observed across age groups, but was more prominent among younger
adolescents. After adjusting for drinking quantity and sociodemographic variables, smokers had 4.5-
fold higher odds of AUD than never-smokers (95% CI: 3.1-6.6). Youths who reported smoking but
did not cross the 100-cigarette threshold were at intermediate risk (OR=2.3, 95% CI: 1.7-3.3).
Differences in AUD between smokers and never-smokers were most pronounced at lower levels of
drinking.

Conclusions: The results are consistent with a higher vulnerability to alcohol use disorders among
smokers, compared to non-smokers who drink equivalent quantities.
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Introduction
Tobacco smoking and excessive alcohol use comprise the first and third most lethal modifiable
risk factors affecting health in the United States (Mokdad et al., 2004). Every year,
approximately 1.5 million people in the U.S. become daily cigarette smokers and the
overwhelming majority of those individuals are adolescents and young adults (Chen and
Kandel, 1995; Substance Abuse and Mental Health Services Administration, 2004; U. S.
Department of Health and Human Services, 1994). In addition to the chronic effects that
smoking has on morbidity later in life, smoking in adolescence presents a unique set of health-
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risks, including reduced rates of lung growth and elevated respiratory problems (Arday et al.,
1995). Moreover, individuals who smoke early in life are less likely to quit as adults (Breslau
and Peterson, 1996). Likewise, alcohol use typically begins in adolescence, and early initiation
of alcohol use is a strong predictor of subsequent problems and dependence (DeWit et al.,
2000; Grant and Dawson, 1997; Prescott and Kendler, 1999).

In addition to the direct impact of smoking and excessive drinking on general health outcomes,
there is a strong tendency for cigarette smoking and alcohol dependence to co-occur, and both
are associated with other drug use disorders (Dani and Harris, 2005; Grant et al., 2004; John
et al., 2004; Kessler et al., 2005). Tobacco smoking and alcohol use have long been recognized
as early and important steps on the pathway to more serious drug use (Kandel, 1975; Kandel
et al., 1992; Lai et al., 2000; Torabi et al., 1993). Because of their legality (for adults) and ready
availability, both alcohol and tobacco are seen as gateways to more serious substance use.
Cigarette smoking is of special interest because cigarettes were legally available to minors until
recently, and are still readily available to minors from the Internet and non-commercial sources
(Castrucci et al., 2002; Jensen et al., 2004; Ribisl et al., 2003). Moreover, evidence from a
number of studies indicates that cigarette smoking is a strong predictor of subsequent alcohol
use, abuse and dependence (Biederman et al., 2005; Chen et al., 2002; Grant, 1998; Lewinsohn
et al., 1999). Prospective (Lewinsohn et al., 1999) and retrospective (Grant, 1998) studies have
shown that the age at which smoking starts is a robust predictor of heavy alcohol consumption
and alcohol use disorders. In an analysis of retrospective data from a large, nationally
representative sample, this association held even when accounting for such factors as age at
first drink, duration of alcohol use and family history of alcohol dependence (Grant, 1998).

While the link between smoking and alcoholism is well documented, it is not clear whether
smoking is simply related to heavier drinking, resulting in alcohol problems, or whether
drinkers who smoke are more vulnerable to alcohol use disorders than those who do not. A
great deal of research on the connection between cigarette smoking and alcohol use or
alcoholism has focused on psychosocial factors, which presumably lead to higher levels of
drinking by resulting in more opportunities and greater inclinations to drink. Such factors
include deviant peer group association, and risk-prone personality traits that are known to
predict use of alcohol and other drugs (Dinn et al., 2004; Fergusson et al., 2002; Kopstein et
al., 2001; Wills and Cleary, 1999). However, these psychosocial factors may not completely
account for the association between early smoking and subsequent alcohol and drug problems
(Siqueira and Brook, 2003). Some authors have speculated that the pathway from use of alcohol
and tobacco to abuse of the same substances, and of illicit drugs, may be facilitated by effects
of early-stage drug use on central reward circuitry. Such suggestions are based on observations
in animal models that exposure to some drugs alters future behavioral responses to the same
or other drugs (Schenk, 2002).

One potential indicator of whether groups of individuals exhibit differential vulnerability to
addiction for a given substance is the relationship between use and abuse or dependence. This
approach was used by Chen and Kandel to examine the relationship between substance use
and dependence for the cases of nicotine and cocaine (Chen and Kandel, 2002; Kandel and
Chen, 2000;). In the present study, we take an analogous approach to address whether smoking
might predict differential susceptibility to alcohol abuse and/or dependence, also known as
alcohol use disorder (AUD). We sought to examine the relationship between alcohol
consumption and AUD in youths ages 12-20 as a function of cigarette smoking. Higher levels
of AUD among smokers who drink at similar levels as their never-smoking counterparts could
indicate that smoking among youths is associated specifically with vulnerability to AUD, rather
than simply being a predictor of higher rates of drinking.
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The National Survey on Drug Use and Health is an ideal source of data to address these
questions further because it is the only major U.S. national survey that assesses diagnostic
criteria for alcohol use disorder (AUD) among younger adolescents (ages 12-14), in addition
to including commonly used measures of alcohol consumption. To our knowledge, none of the
existing studies on the associations between smoking and AUD in adolescence utilize
nationally representative samples, except those based on retrospective reports from adults.
Accordingly, this report will also describe the epidemiology of cigarette smoking and AUD in
a large, nationally representative sample of adolescents and young adults.

Methods
Survey Description

Data were aggregated from the 2002 through 2004 administrations of the National Survey on
Drug Use and Health (NSDUH; Substance Abuse and Mental Health Services Administration,
2003; Wright et al., 2002). Samples for all three administrations were selected to be
representative of the non-institutionalized civilian population of the United States, ages 12 and
older, including those residing in group quarters (e.g., college dormitories). Independent,
multistage area probability samples were collected each year for all 50 U.S. states and the
District of Columbia. The total sample size was 135,910. Prior to public release of the data,
sub-sampling was used to protect respondent identity, reducing the combined sample size to
109,309. The survey was conducted anonymously, that is, participants' names were not
recorded or linked with their answers. General information was collected in face-to-face
interviews administered by trained interviewers while audio computer-assisted self-interview
(ACASI) methods were used to collect sensitive information; i.e. responses to substance use
modules were not disclosed to the interviewer. Informed consent was obtained from all
participants.

Oversampling of youths (ages 12-17) and young adults (ages 18-25) was incorporated into the
NSDUH procedures. The present analyses include subjects ages 20 and younger. Age 20 was
selected as the upper bound to avoid complications arising from combining legal aged drinkers
with underage drinkers in the same analyses. Response rate for the 12-20 year-old age bracket
was 80.7% for the 2002-2004 surveys. The subsample size for individuals under age 21 was
75,633; 78 participants were excluded from the analyses because of missing responses to
questions needed for smoking categorization.

Cigarette Smoking
Individuals who indicated that they had ever smoked cigarettes were probed about the quantity
they had smoked and whether they had ever smoked daily for a period of 30 days or longer.
For the present analyses, individuals who had never initiated smoking were classified as never-
smokers (n=44,009). Those who had ever smoked, but had smoked 100 or fewer cigarettes in
their lifetime were classified as experimenters (n=19,442). Former smokers (individuals who
had smoked more than 100 cigarettes in their lives, but reported not smoking at all in the past
year) were excluded from the analyses (n=719), as were subjects with incomplete data on
necessary variables (n=78). Those who had smoked more than 100 cigarettes in their lives and
reported any past-year smoking were classified as smokers (n=11,385). Resulting sample size
for the analyses was 74,836. The 100-cigarette threshold is a commonly used cutoff, employed
by several major surveys including the National Health Interview Survey (e.g., Wortley et al.,
2003). Individuals whose tobacco use was limited to pipes, cigars, or smokeless tobacco were
counted as never-smokers (n=3,050, or 4.1% of the total sample). The vast majority (85.9%)
of non-cigarette tobacco users also smoked cigarettes at some point in their lives. The decision
to count the remainder as never-smokers was made as a more conservative alternative to
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excluding these subjects from the analyses. Analyses contrasted past-year smokers with never-
smokers and experimenters.

Alcohol Use
Questions assessing quantity of alcohol use covered the past 30-day time frame. Past-30 day
consumption was calculated from responses to questions regarding the number of drinking
days during this time frame and the typical amount consumed per drinking day. For some
descriptive analyses, categories of drinking quantity were defined based on the distribution
among the subset of participants who reported one or more drink in the past month (n=18,290
or 25.3% of the weighted sample). The cutoffs were chosen such that the lowest drinking
category (1-8 drinks in the past month) comprised approximately 40% of past-month drinkers,
while the remaining three groups (9-20 drinks, 21-50 drinks, more than 50 drinks) each
consisted of about 20% of these subjects.

Alcohol Use Disorder
The NSDUH interview included a section of 14 questions that probed symptoms of DSM-IV
(American Psychiatric Association, 2000) alcohol abuse and dependence that was administered
to past-year drinkers. Each question is asked on a 12-month basis; e.g., “During the past 12
months, did drinking alcohol cause you to do things that repeatedly got you in trouble with the
law?” Alcohol-use disorder, defined as the presence of alcohol abuse or dependence in the last
12-months, was coded according to DSM-IV specifications. The level of agreement between
alcohol-use disorder diagnoses obtained using the NSDUH interview and clinician-
administered interviews is comparable to levels of agreement with clinician diagnoses obtained
using state-of-the-art lay-administered structured interviews (BK Jordan, RS Karg, K Batts,
CA Wiesen, and JF Epstein; Manuscript submitted for publication, 2005).

Other Variables
Age was categorized into three, 3-year intervals: 12-14 years old, 15-17 years and 18-20 years
old. Race combined with ethnicity was grouped into four categories: White, Black, Hispanic,
and other; the latter category includes non-Hispanic mixed race individuals. For models
incorporating past 30-day quantity of alcohol consumption, the logarithms of the number of
drinks was used. The log transformation was a substantially better predictor of AUD than the
untransformed variable. Inclusion of polynomial terms did not result in substantive
improvements in model fit. Family income was grouped into four categories: <$20,000 per
year, $20,000-$50,000 per year, $50,000-$75,000 per year and over $75,000 per year.
Population density was defined by whether or not the individual resided in a metropolitan
statistical area, or “metropolitan area”, as defined by the U.S. Census Bureau.

Statistical Methods
All statistical analyses were conducted using the SUDAAN statistical software package (RTI
International, 2004). Variance estimation utilized a Taylor linearization method appropriate
for the multistage design of the survey; sampling weights were utilized for all analyses so that
the sample was demographically representative of the 12-20 year old U.S. population according
to U.S. census estimates. Two-by-two contingency tables with Chi-square tests were used to
analyze associations between categorical variables. Logistic regression models were employed
for bivariate and multivariate models of alcohol use disorder.
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Results
Sociodemographic Correlates of Youth Smoking

Demographic description of the unweighted and weighted 2002-2004 NSDUH sample is
presented in Table 1. The prevalences of past-year smoking by demographic group are
presented in Table 2. For this sample of youths ages 12-20, the prevalence of past-year smoking
was 16.0% (SE=0.2%) -- this includes only individuals who report having smoked more than
100 cigarettes in their life. The vast majority (84%) of past-year smokers reported being daily
smokers, defined as ever having smoked daily for a period of 30 days or longer. Hence, the
100-cigarette cut-off appears to be effective at identifying committed smokers in this age range.
An additional 26.3% of youths reported trying smoking at some point in their lives (labeled
“experimenters”), but had not crossed the 100-cigarette threshold. Males and females reported
smoking in approximately equal numbers in the 12-16 year old range, but there were more
male smokers than female smokers in the 17-20 year-old range. Only 2.1% (SE=0.1) of 12-14
year-olds reported past-year smoking but prevalence rose rapidly with age: more than one-in-
three 19-20 year-olds reported past-year smoking. Smoking was more prevalent in White
youths than in racial / ethnic minorities, particularly Black youths. Youths from lower income
households were more likely to report past-year smoking, as were those from non-metropolitan
areas.

Past-month Drinking by Smoking Status and Demographics
Past-month drinking quantity was grouped into five categories: No drinking at all, between 1
and 8 drinks, 9 to 20 drinks, 21-50 drinks and 50 or more drinks. Populations of these categories
by demographic group are shown in Table 3. Overall, 25.3% of youths drank in the past month,
roughly 10 percent had 8 or fewer drinks, and each of the three heavier drinking categories
comprised about 5% of youths. Males and females were nearly equally represented among
non-drinkers, though males exhibited a slight trend to drink more heavily. Drinking quantity
rose sharply with age, with fewer than 1% of 12-14 year olds drinking more than 20 drinks in
the past month, contrasted with 8.3% of 15-17 and more than 20% of 18-20 year olds. White
youths were more likely than other racial and ethnic groups to report drinking, while Black
youths were the least likely to report drinking. There was a slight trend toward more drinking
for youths from the lowest income group, <$20,000 per year, and only trivial differences
between youths within a metropolitan statistical area (MSA) and those outside of an MSA. As
expected, smoking status was a very strong predictor of drinking behavior. For example, the
prevalence of drinking more than 50 drinks in the past 30 days was 19% among smokers,
contrasted with 5.7% among experimenters and only 0.6% among never-smokers.

Prevalence and Univariate Predictors of Alcohol Use Disorder
Of the full sample, 9.5% (SE=0.2) of youths met criteria for past year alcohol use disorder,
which is defined as alcohol abuse or dependence; this includes a 3.6% prevalence of alcohol
dependence combined with a 5.9% prevalence of alcohol abuse only. Among the subset of
youth who report any past-30 day drinking, 29.0% (SE=0.5) met diagnostic criteria for alcohol
use disorder. The left-hand side Table 4 describes the univariate predictors of AUD among
past-month drinkers, including smoking status, past-month drinking quantity, and
demographic factors. In the univariate logistic models, smoking status is highly predictive of
AUD. Compared with never-smokers, smokers had more than 4-fold higher odds of AUD and
experimenters had over 2-fold higher odds. Age was inversely associated with AUD; the odds
ratio for 12-14 year olds was 0.6, relative to 18-20 year-olds; 15-17 year olds were equivalent
to their older counterparts in terms of AUD risk. Black youth were at substantially lower risk
than Whites. Males were at 1.4-fold higher risk than females. Youths from households earning
less than $20,000 per year were at slightly elevated odds for AUD; there were was no significant
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difference in AUD risk associated with living in a metropolitan area compared with living in
a non-metropolitan area.

Smoking Status as a Predictor of AUD at Fixed Levels of Drinking
The relationship between drinking quantity and alcohol use disorder in is listed Table 4 as the
odds ratio between AUD and the logarithm of the number of drinks consumed in the past-30
days. This relationship is explored in more detail in Figure 1, which contrasts the prevalence
of AUD in smokers with the prevalence in never-smokers in each category of drinking quantity.
Separate plots were generated for each of the three age groups -- two cells with fewer than 40
individuals were omitted from the analysis. For all groups, smokers had higher rates of AUD
than never-smokers at any given quantity of drinking. Hence, even at low levels of alcohol use,
youths who smoke have high rates of alcohol use disorder. For example, among youths who
report 1-8 drinks in the past month, 28.4% of 12-14 year-old smokers met criteria for AUD,
as well as 22.5% of 15-17 year-old smokers and 19.0% of 18-20 year-old smokers. In contrast,
the prevalences of AUD for never-smokers in the same category of drinking quantity were
4.2%, 5.5%, and 4.3% respectively. Experimenters were omitted from the plots for clarity, but
generally constituted an intermediate category between never-smokers and smokers.

Multivariate Regression Model of AUD
The right-hand side of Table 4 summarizes the multivariate logistic regression model of AUD,
predicted from demographic variables, smoking status, and past-month drinking quantity.
Models were computed for males and females separately, and for the combined sample. In
addition to the variables listed above, two-way interactions were tested between drinking
quantity (logarithm of number of past-month drinks), smoking status, and age category, as
these were the largest predictors in the univariate models. The smoking status by age category
interaction did not reach significance, and so was not included in the final model, but the other
two interactions were included. Results for all models are shown, though the male and female
models exhibited few differences. To facilitate presentation of the results, we will focus on the
combined sex model and only refer to single-sex models where important differences were
observed.

Smoking status remained a substantial predictor of AUD, even after adjusting for drinking
quantity and other variables, consistent with the results shown in Figure 1. Smokers were at
4.5-fold higher odds for AUD than non-smokers, with experimenters falling between the two
groups. Younger age groups, though at lower overall risk for AUD in the univariate models,
were at elevated risk after adjusting for drinking quantity, smoking status, and demographic
characteristics. Family income was no longer a significant predictor in the multivariate model,
and the protective effect observed for Black youth relative to Whites in the bivariate model
was not present in the multivariate model. Likewise, males and females were at equal odds for
AUD in the multivariate model. The differences associated with race, gender, and family
income in the bivariate analyses are likely to be partially or fully attributable to differences in
drinking behavior, which are accounted for in the multivariate model.

Age and smoking status both interacted with drinking quantity in the prediction of AUD for
the combined gender (overall Wald-χ2= 10.5 and 11.2, respectively, both p<0.001) and male-
only (Wald-χ2=5.7, 7.4, p=0.004 and p<0.001, respectively) models; only the interaction of
smoking status with drinking quantity was significant in the female-only model. The
interactions were all negative, indicating a lower slope between drinking quantity and AUD
for smokers and for younger adolescents. As discussed in more detail below, this is a reflection
of the elevated risk for smokers and for younger adolescents at low quantities of drinking
(intercepts). In the combined gender model, the interaction odds ratio between drinking
quantity and smoking category was 0.5 (95% CI 0.4-0.7) for smokers and 0.7 (95% CI: 0.5-0.9)
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for experimenters, relative to never-smokers. The interaction odds ratio between drinking
quantity and age category was 0.6 (95% CI 0.4-0.8) for 12-14 year olds and 0.7 (95% CI:
0.6-0.8) for 15-17 year olds, relative to 18-20 year olds.

To dissect the contributions of the two significant statistical interactions to overall risk profiles,
the probability of AUD was calculated as a function of past-month drinking quantity for
smokers and never-smokers, stratified by age. These calculations were based on the odds ratios
derived from the regression analyses described above; results are plotted in Figure 2. For clarity,
the experimenter groups were omitted from this plot. At low levels of drinking, smokers are
at higher risk than non-smokers and younger adolescents are at higher risk than older
individuals. Differences in prevalence between smokers and never-smokers are especially
prominent for younger age groups, resulting in very high risk for young smokers, even at low
quantities of drinking. Differences between smokers and never-smokers and between younger
and older subjects are diminished at higher levels of drinking. Hence, the lower slopes for
smokers and younger adolescents in the AUD versus drinking quantity plot are offset by higher
levels of AUD at low levels of drinking for these groups.

Ancillary Analyses
In order to assess the robustness of the results to analytical decisions, we conducted two
additional analyses. In the first, the decision made in the original analysis to count non-cigarette
smoking tobacco users (i.e., those who only used cigars, pipes, or smokeless tobacco) as never-
smokers was evaluated. The final multivariate regression model for the prediction of AUD was
recomputed with these users excluded from the analyses (n=3,050 or 4.1% of the original
sample). Odds ratio estimates were little changed from those listed Table 4, and in all cases
were within the 95% CI of the original OR; for example, OR estimates were 5.0 for smokers
(95% CI: 3.3-7.6) and 2.6 for experimenters (95% CI: 2.6-5.0). In the second analysis, the
measure of past-30 day drinking quantity was replaced with past-year drinking frequency; i.e.,
the number of drinking days in the past year. Though this is a less precise measure because it
assesses number of drinking days, but not number of drinks per drinking day, it reflects the
time frame over which AUD was assessed. In this analysis, smokers and experimenters were
still at elevated risk compared to never-smokers (OR=3.9; 95% CI: 2.4-6.4 and OR=2.6; 95%
CI: 1.6-4.3, respectively). Likewise, younger adolescents were at elevated risk (12-14 year old
vs. 18-20 year old: OR=2.2; 95% CI: 1.2-4.1; 15-17 year old vs. 18-20 year old: OR=3.1; 95%
CI: 2.1-4.6) and drinking frequency exhibited significant, negative interactions with smoking
status and age. Hence, the major findings of the analysis were robust to differences in exclusion
criteria and choice of quantitative indicator of alcohol use.

Discussion
Among youth ages 12 to 20, 16% reported past-year smoking. Smokers reported substantially
higher quantities of past-month drinking than either experimenters or never-smokers. Among
those who reported drinking in the past month, smokers had 4-fold higher odds of past-year
AUD, and experimenters had more than two-fold higher odds of past-year AUD. Hence,
smokers have higher rates of heavy drinking and AUD than never-smokers. However, these
differences were observed at all levels of drinking quantity and across all age categories. After
adjusting for demographic variables and drinking quantity, the odds of past-year AUD among
smokers remained more than 4-fold higher than those for never-smokers; likewise
experimenters remained at more than 2-fold higher odds for AUD than never-smokers.
Therefore, the connection between smoking and AUD cannot be attributed solely to heavier
drinking among smokers.

Though AUD was a strong function of drinking quantity, this relationship was moderated by
age and smoking status. Large differences in AUD prevalence between smokers and never-

Grucza and Bierut Page 7

Alcohol Clin Exp Res. Author manuscript; available in PMC 2008 June 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



smokers, and between older and younger subjects, are observed at low levels of drinking. These
differences diminish at higher levels of drinking. This results in negative interactions between
drinking quantity and age, and between drinking quantity and smoking status. The combination
of young age and smoking puts adolescent smokers at especially high risk for AUD, and this
additional risk is most pronounced at comparatively low levels of drinking. In other words,
among adolescents, young smokers are at substantially higher risk for AUD than their non-
smoking counterparts who drink comparable quantities.

The finding of high levels of AUD at low levels of drinking for adolescent smokers is
reminiscent of the work of Kandel and Chen, relating smoking quantity to symptoms of nicotine
dependence. In particular, they reported that adolescents had higher rates of nicotine
dependence than adults at equivalent levels of smoking. Likewise, females exhibited higher
rates of nicotine dependence than males at equivalent smoking quantities. These authors
hypothesized that different rates of dependence at equivalent levels of use reflected differential
sensitivity to nicotine, though they emphasized that this hypothesis requires further testing
(Kandel and Chen, 2000). We have taken a complementary approach by examining use of one
substance as a risk factor for addiction to another substance at equivalent levels of use of the
second substance. Moreover, we have focused on adolescents only, so that a finer-grained
examination of age trends within this important period of risk for AUD could be carried out.
We reiterate the hypothetical nature of the interpretation of higher levels of dependence at
equivalent levels of use as a reflection of heightened sensitivity to the substance (alcohol, in
our case).

Assuming that elevated susceptibility to AUD at equivalent quantities of drinking is truly
indicative of pharmacological sensitivity to alcohol, it remains to be determined whether
adolescent smoking has a causal effect on that sensitivity, or whether it is an indicator of
preexisting vulnerability. There may be other unmeasured or unanalyzed variables that mediate
this association, including genetic factors. Adolescent smoking may be an indicator of genetic
predisposition to AUD, and other unknown factors may contribute to both outcomes. That is,
genetic or other factors involved in the initiation of adolescent smoking may also play a role
in the development of alcohol abuse and dependence. However, these mechanisms are not
mutually exclusive. That is, smoking may be both an indicator of pre-existing vulnerability to
AUD and may also have a pharmacological influence on response to alcohol that modulates
susceptibility to AUD.

There is abundant evidence from animal studies that nicotine impacts the adolescent central
nervous system in such a manner as to increase vulnerability to addiction and that such effects
are unique to adolescence (Adriani and Laviola, 2004). For example, in adolescent rat models,
nicotine effects on gene expression and brain development are more deleterious than those
observed in adults (Trauth et al., 1999). Additionally, adolescent rats exposed to nicotine
become sensitized to the behavioral effects of subsequent cocaine exposure, suggesting that
nicotine may alter future behavioral response to other drugs, thereby increasing vulnerability
to alcohol and other drug use disorders (Collins and Izenwasser, 2004; McMillen et al.,
2005). Thus, adolescent nicotine exposure in animals results in persistent neurobiological
changes that may influence the reinforcing effects of multiple drugs of abuse (McMillen et al.,
2005; Trauth et al., 2001; Trauth et al., 2000). Such observations have led to the proposal that
nicotine may act as a “neurochemical gateway” to more serious substance abuse (Kelley and
Rowan, 2004). However, it remains to be determined whether the well-documented effects of
nicotine exposure on adolescent brain development in animals extend to humans.

Despite our inability to determine a precise mechanism by which the association between
adolescent smoking and AUD takes place, these findings add to the large number of
documented deleterious health effects associated with smoking, particularly among young
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people. Additionally, these results suggest that understanding the role of cigarette smoking in
the development of alcohol dependence and other addictions could yield substantial public
health benefits. If it is found that nicotine influences risk for AUD via direct pharmacological
effects on brain development akin to those seen in animal models, a powerful message could
be added to adolescent health education programs; namely, that smoking in adolescence poses
tangible risks for the brain in addition to other well-known risks for physical health.

Among the limitations of this study is the use of self-reported data for substance use and abuse,
which could introduce reporting bias as a confounding variable. The absence of longitudinal
data represents an additional limitation; closely spaced longitudinal data on drinking quantity,
smoking, and AUD on a representative sample of adolescents would allow for testing of a
variety of causal models. However, very large samples would be required conduct analyses
similar to those presented here. Accordingly, a major strength of this study is the large sample
size, which provided the necessary statistical power to analyze the complex relationship
between smoking, drinking quantity, and AUD in adolescence. Additional strengths are the
representativeness of the sample and the availably of past-year diagnostic data directly from
adolescent participants, rather than reliance on longer-term retrospective data from adults.

Summary
Adolescent smokers are more likely to drink and are at substantially elevated risk for alcohol
use disorders than their never-smoking counterparts. This association remains even after
adjusting for quantity of alcohol use, using either stratification or regression approaches.
Moreover, the vulnerability to AUD is especially pronounced among younger smokers. Hence,
smoking is not only an indicator of heavier drinking, but is associated with vulnerability to
AUD even when accounting for drinking behaviors.
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Figure 1.
Prevalence of past-year alcohol use disorder among past-30 day drinkers. Prevalences for never
smokers (Open Circles) and smokers (Filled Circles) are plotted as a function of past-month
drinking quantity, stratified by age. Cells with fewer than 40 subjects were omitted from the
analysis.
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Figure 2.
Probability of Alcohol Use Disorder among past-30 day drinkers, predicted from regression
analysis for smokers (black lines) and never-smokers (white lines). Probabilities are also
stratified by age group: 12-14 (hashes), 15-17 (circles), and 18-20 (triangles).
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Table 1
Demographic Composition of 2002-04 NSDUH Samples of Youth 20 and Under.

N Weighted % (SE)

Sex
 Male 37,786 51.1 (0.2)
 Female 37,050 48.9 (0.2)
Age
 12-14 27,540 34.1 (0.3)
 15-17 26,326 32.9 (0.2)
 18-20 20,970 33.0 (0.3)
Race/Ethnicity
 White 48,187 62.2 (0.3)
 Black 10,236 14.7 (0.3)
 Hispanic 10,766 16.5 (0.3)
 Other  5,647  6.6 (0.2)
Household Income
 <$20K/yr 17,766 23.4 (0.3)
 $20-50K/yr 26,132 34.2 (0.3)
 $50-75K/yr 13,748 17.7 (0.2)
 >$75K/yr 17,190 24.7 (0.3)
Population Density
 Metropolitan 53,790 77.9 (0.3)
 Non-metropolitan 21,046 22.1 (0.3)
Total 74,836 100.0 
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