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A B S T R A C T

Although U.S. college graduates are at relatively low risk for smoking, 12–15% of U.S. smokers (~8 million
people) are college graduates. Few studies have examined smoking risk among college graduates. To address that
gap, the present study examined smoking risk among U.S. college graduates and those who did not graduate
from college in a nationally representative sample of adults (National Survey on Drug Use and Health
2011–2017, n= 202,137). We examined smoking risk in association with well-established risk factors: alcohol
abuse/dependence, drug abuse/dependence, mental illness, age, sex, race/ethnicity, and poverty status, using
group contrasts and Classification and Regression Tree (CART) modeling. Smoking prevalence among U.S.
college graduates and non-graduates was 10% and 26%, respectively. College graduates initiated any smoking
and daily smoking at a later age and were lighter smokers than smokers who did not graduate college. Within
college graduate and non-graduate groups, prevalence rates varied by orders of magnitude across different risk-
factor profiles (ranges= 3–37% and 14–73% among graduates and non-graduates, respectively). Past year drug
abuse/dependence was a robust predictor of smoking prevalence in both populations. For college graduates, past
year alcohol abuse/dependence and mental illness were stronger predictors of smoking compared to those who
did not graduate college, for whom race/ethnicity and age were stronger predictors. Overall, smoking risk in-
creases to surprisingly high levels, even among college graduates, when select risk factors co-occur, particularly
psychiatric conditions. Socio-demographic risk factors appear to be less robust predictors of smoking risk among
college graduates relative to those who did not graduate college.

1. Introduction

U.S. smoking prevalence has decreased substantially since the
landmark 1964 Surgeon General's report (Alberg et al., 2014; Levy
et al., 2004). Nevertheless, smoking remains the leading cause of pre-
ventable death, contributing to more than 480,000 deaths annually in
the U.S. (Ma et al., 2018). Moreover, decreases in smoking prevalence
have been unevenly distributed across the general population, with
considerable decreases evident among the more educated and affluent,
but less so among those who are socioeconomically disadvantaged,
from racial/ethnic minority groups, or those with psychiatric conditions
(Gaalema et al., 2018; Higgins et al., 2016; Higgins, 2014; Hiscock
et al., 2012; Schroeder and Koh, 2014). These disparities have increased
interest in understanding how psychiatric and socio-demographic
characteristics affect smoking risk.

Two recent studies (Gaalema et al., 2018; Higgins et al., 2016) on
predictors of smoking risk in the U.S. adult population have char-
acterized how common co-occurring risk factors (e.g., mental illness,
alcohol abuse/dependence, drug abuse/dependence, age, educational
attainment, sex, race/ethnicity, and poverty status) act independently
and summatively in accounting for differences in smoking risk, with
prevalence of smoking varying from low to strikingly high levels de-
pending on the particular profile of risk factors present. In both studies,
having a 4-year college degree (i.e., Bachelor's degree) or higher re-
presented the only single-factor risk profile identified and was asso-
ciated with the lowest smoking prevalence (9–11%). Among those who
were not college graduates, smoking prevalence was as high as 74%
depending on the profile of risk factors present. These studies under-
score the importance of higher education in predicting low risk for
current smoking. However, also important to recognize is that
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according to the 2018 U.S. Census, 76.9 million adults old enough to
have completed their education (≥25 years) have a Bachelor's degree
or higher (U.S. Census Bureau, 2018). Thus, even smoking rates as low
as 9–11% indicate that between 7 and 8.5 million U.S. adults continue
to smoke despite having more than a high school education.

There are relatively few studies in the literature systematically ex-
amining smoking risk among college graduates (Maralani, 2013, 2014).
The purpose of the current study is to begin filling that gap by ex-
amining differences in smoking risk between U.S. college graduates and
those who did not graduate college. Using a U.S. nationally-re-
presentative sample, we (1) compare psychiatric and socio-demo-
graphic risk factors for smoking as well as smoking characteristics
among college graduates (i.e., U.S. adults with at least a 4-year college
degree) and those who did not graduate from college, and (2) examine
the intersection of these psychiatric and socio-demographic risk factors
(smoking risk profiles) with the overarching goal of gaining greater
understanding of smoking risk among college graduates.

2. Methods

2.1. Data source

Data for this report are from the most recent seven years (2011–17)
of the National Survey on Drug Use and Health (NSDUH), a multiyear,
cross-sectional survey of the U.S. non-institutionalized population that
measures the prevalence of cigarette smoking (and other substance use)
across various socio-demographic groups, psychiatric, and psychosocial
risk factors. Detailed descriptions of survey procedures have been
provided for each of the survey years (CBHSQ, 2015, 2018; SAMHSA,
2012, 2013, 2014, 2016, 2017, 2018). We pooled across years to ensure
an adequate sample of smokers who held a Bachelor's degree or higher.
Additionally, this report focused on adults aged ≥24-years to allow
sufficient time for one to have completed at least a Bachelor's degree.
The overall study sample size was 202,137, including 64,299 college
graduates (6913 current smokers) and 137,838 non-graduates of col-
lege (41,497 current smokers).

2.2. Measures

In addition to college graduate status, the independent variables
examined in this report included seven well-established psychiatric and
socio-demographic risk factors for smoking in the U.S. adult population
that were also used in the two prior studies examining risk factor
profiles mentioned above (Gaalema et al., 2018; Higgins et al., 2016).
These other variables include (1) past-year alcohol abuse/dependence,
(2) past-year drug abuse/dependence, (3) past-year mental illness, (4)
age, (5) sex, (6) race/ethnicity, and (7) poverty status (based on re-
ported family income and poverty thresholds published by the U.S.
Census Bureau). Regarding the two past-year substance abuse/depen-
dence variables, the NSDUH computer-assisted interview includes
questions designed to measure alcohol and illicit drug abuse/depen-
dence based on criteria from the American Psychiatric Association Di-
agnostic and Statistical Manual of Mental Disorders, 4th edition. Re-
spondents were defined as meeting criteria for substance dependence if
they responded positively to three or more of the six dependence cri-
teria (e.g., “Needed to use substance more than before to get the desired
effects or noticed that using the same amount had less effect than be-
fore.”). Respondents were defined as meeting criteria for substance
abuse if they responded positively to one or more of the four abuse
criteria (e.g., “[…] having problems caused by substance use with fa-
mily or friends and continued to use substance even though it was
thought to be causing problems with family and friends.”) and were
determined not to be dependent on the substance of interest (Note: drug
use disorders assessed included marijuana, hallucinogens, heroin, in-
halants, tranquilizers, cocaine, pain relievers, stimulants, and seda-
tives). Past-year mental illness was determined using a logistic

regression model developed to predict the probability of mental illness.
Variables in the model included the World Health Organization Dis-
ability Assessment Schedule (Üstün et al., 2010), the worst month total
score of the K6 screening instrument for psychological distress (Kessler
et al., 2003), an item assessing suicidal ideation, presence of adult
major depression within the past year (endorsement of at least five of
the nine DSM-IV criteria for an adult major depressive episode, with at
least one of the criteria reflecting depressed mood/loss of interest or
pleasure in daily activities), and an age variable differentiating between
adults older or younger than 30-years-old. In accordance with CBHSQ
(2018) scoring procedures, respondents were determined to have past-
year mental illness if the prediction probability for mental illness was
≥0.019.

The dependent variable ‘current smoker status’ was defined as
smoking 100 or more cigarettes in one's lifetime and smoking all or part
of a cigarette in the past 30 days. Former smoker status was defined as
smoking 100 or more cigarettes in one's lifetime, but not in the past
30 days. Never smoker status was defined as not meeting criteria for
current or former smoker. Characteristics of college graduate and non-
graduate smokers include % current daily smokers, % initiated smoking
before age 18, % initiated daily smoking before age 18, mean age at 1st
cigarette, mean age started daily smoking, mean number of days
smoked in the past 30 days, and mean number of cigarettes smoked per
day.

2.3. Statistical methods

Between-group contrasts were conducted to examine differences
between college graduates and non-graduates on socio-demographic/
psychiatric smoking risk factors and smoking characteristics. Contrasts
of smoking characteristics focused on the subsample of current smokers
within each population. Next, Classification and Regression Tree
(CART) modeling was used to identify risk factor profiles (i.e., combi-
nations of independent risk factors) for current smoking for both po-
pulations. CART modeling is a nonparametric procedure that rank or-
ders independent variables (i.e., risk factors) according to their strength
of association with the dependent variable in a given population (e.g.,
current smoker status among college graduates) (Breiman et al., 1984;
Lemon et al., 2003). The relative ranking of independent variables is
then used to divide the population into mutually exclusive subgroups
(i.e., nodes), and in the process, determine smoking prevalence for in-
dividuals characterized by each node. This process facilitates the in-
terpretation of otherwise complex interactions between multiple risk
factors (Lemon et al., 2003). The “parent” node (i.e., top-most node)
represents the starting point showing overall prevalence of the out-
comes of interest. Descending first from the “parent” node is the risk
factor that most strongly associates with the dependent variable, di-
viding the entire population into two subgroups (i.e., “child” nodes)
(see Figs. 1 and 2). Subsequent divisions are based on the remaining
risk factors with the most explanatory power in accounting for current
smoker status.

Given that the dependent variable was binary, we used the Gini
impurity function to split nodes by selecting “the split that has the
largest difference between the impurity of the parent node and a
weighted average of the impurity of the two child nodes” (Lemon et al.,
2003, p. 174). This process was repeated recursively with every sub-
sample, until the subsample reached a minimum size represented as a
“terminal” node or risk profile on the bottom row of the CART figure. In
the current study, the minimal terminal node size was set to≥1% of the
individuals within each population. Each node depicted in the CART
figures contains two values: the top value represents the prevalence of
current smokers for the node, and the bottom value represents the
percent of the population characterized by the node (i.e., the particular
combination of smoking risk factors). Importantly, terminal nodes to-
wards the left side of the CART figures represent the profiles with the
lower risk, and smoking risk generally increases from left to right across
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the terminal nodes such that the rightmost terminal nodes represent
profiles with greater risk. Group contrasts were conducted in SAS 9.4
with survey weights to account for the multi-stage sampling procedures
of the NSDUH, and the rpart package in R was used to produce the
CART models. A fully saturated tree was produced initially and then
pruned by selecting the complexity parameter that minimized cross-
validation error.

It should be noted that given the rapidly changing tobacco land-
scape (e.g., changes in age of initiation, use of multiple tobacco pro-
ducts, overall prevalence of smoking), it is important to account for
potential cohort effects in studies using nationally representative sam-
ples. However, CART modeling does not allow the inclusion of random
variables to adjust for potential variance caused by time. We conducted
additional CART analyses including survey year as an independent
variable, and survey year was found to be the least important predictor

of smoking status for both college graduates and non-graduates (i.e.,
differences between the models with vs. without survey year as an in-
dependent variable were limited to the terminal nodes, suggesting little,
if any, effect of survey year). As such, we present only the models that
did not include survey year.

3. Results

3.1. Psychiatric and socio-demographic risk factors

College graduates and non-graduates differed with respect to all
psychiatric and socio-demographic risk factors except past-year alcohol
abuse/dependence and sex (Table 1). Notably, compared to non-grad-
uates, a smaller percentage of college graduates reported past year drug
abuse/dependence or mental illness. Additionally, a larger percentage

Fig. 1. A pruned, weighted classification and regression tree (CART) model of associations between current (past 30 days) smoking status and the following seven risk
factors in the U.S. population of college graduates (≥24 years of age): age, race/ethnicity, past year drug abuse/dependence, past year alcohol abuse/dependence,
annual income below federal poverty level, and past year mental illness in years 2011–2017 of the National Survey on Drug Use and Health (N=64,299). Rectangles
(nodes) represent the entire population (top-most node) or population subgroups (all other nodes). Within each node the top line lists the smoking rate for that
population and the bottom line the percent of the U.S. college-educated population represented within that node. Using the root node as an example, this node
represents 100% of the U.S. non-institutionalized adult college-educated population and 9.6% (rounded to 10%) of them are smokers. Lines below nodes represent
the binary branching around particular risk factors and risk-factor levels into subgroup nodes with further potential partitioning based on additional risk factors/
levels. The bottom row comprises terminal nodes or risk profiles (i.e., final partitioning for a particular subgroup, minimal terminal node size set to ≥1% in-
dividuals). Terminal nodes contain the same information as the other nodes.
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of college graduates were of White or Asian race/ethnicity and had
annual incomes ≥200% of the poverty threshold.

3.2. Smoking characteristics

Each of the smoking characteristics examined in this report differed
significantly between college graduates and non-graduates (Table 2). A
smaller percentage of college graduates reported current smoking
compared to non-graduates, whereas more college graduates met cri-
teria for former and never smoking status, especially the latter. Among
those who reported current smoking, a smaller percentage of college
graduates initiated any smoking or daily smoking prior to age 18, and a
smaller percentage were current daily smokers. Further, college-grad-
uate smokers, on average, reported smoking on fewer days over the past
month and fewer cigarettes per day.

3.3. Classification and regression tree (CART) analyses

3.3.1. Relative strength of the risk factors
The relative strength of each of the seven risk factors within college

graduates and non-graduates are shown in Table 3. The presence of a
past year substance use disorder was the strongest risk factor for current
smoking in both populations, with past year alcohol abuse/dependence
being the strongest risk factor among college graduates and past year
drug abuse/dependence the strongest among those who did not grad-
uate college. Differences between the two populations become more
discernible at the second and third ranked factors. For college gradu-
ates, two additional psychiatric conditions (past year drug abuse/de-
pendence and mental illness, respectively) held second and third ranks
as predictors of smoking risk. For non-graduates, the second and third
ranks are held by two socio-demographic factors (i.e., race and age,
respectively). Looking at the overall pattern of the relative rankings
across the two populations suggests psychiatric conditions are relatively

Fig. 2. A pruned, weighted classification and regression tree (CART) model of associations between current (past 30 days) smoking status and the following seven risk
factors in the U.S. population of non-graduates of college (≥24 years of age): age, race/ethnicity, past year drug abuse/dependence, past year alcohol abuse/
dependence, annual income below federal poverty level, and past year mental illness in years 2011–2017 of the National Survey on Drug Use and Health
(N=137,838). Rectangles (nodes) represent the entire population (top-most node) or population subgroups (all other nodes). Within each node the top line lists the
smoking rate for that population and the bottom line the percent of the U.S. college-educated population represented within that node. Using the root node as an
example, this node represents 100% of the U.S. non-institutionalized adults with less than a college education and 25.5% (rounded to 26%) of them are smokers.
Lines below nodes represent the binary branching around particular risk factors and risk-factor levels into subgroup nodes with further potential partitioning based
on additional risk factors/levels. The bottom row comprises terminal nodes or risk profiles (i.e., final partitioning for a particular subgroup, minimal terminal node
size set to ≥1% individuals). Terminal nodes contain the same information as the other nodes.
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stronger contributors to smoking risk among college graduates and
socio-demographics among non-graduates. These patterns are illu-
strated below in the CART models for college graduate and non-grad-
uate populations.

3.3.2. CART model
As noted above, the top-most “parent” nodes in each CART model

represent overall smoking-prevalence estimates (rounded) for the two
populations. Beginning with college graduates (Fig. 1), the “parent”
node indicates that the overall smoking prevalence was approximately
10%. The analysis resulted in a model with 13 terminal nodes, labeled
from left to right across the bottom of Fig. 1. As expected based on the
relative ranking of the risk factors, the first split into “child” nodes was
based on the presence of past year alcohol abuse/dependence. Those
with an alcohol use disorder were distributed into a “child” node to the
right and downward of the “parent” node, and this “child” node re-
presented a greater than 2-fold increase in smoking prevalence from
10% to 24%. Those without an alcohol use disorder were distributed to

Table 1
Sociodemographic and psychiatric characteristics of subpopulations.

College graduates (n=64,299) Not college graduates (n= 137,838)

Adjusted % 95% CI Adjusted % 95% CI

Independent variables
Age
24–25 3.9% 3.7% 4.0% 4.1% 4.0% 4.2%
26–34 19.4% 18.9% 19.8% 16.9% 16.6% 17.2%
35–49 30.2% 29.8% 30.6% 27.5% 27.1% 27.9%
≥50 46.6% 45.9% 47.2% 51.5% 50.9% 52.1%

Sex (female) 51.7% 51.1% 52.3% 52.3% 52.0% 52.7%
Race/ethnicity
White 73.8% 73.1% 74.4% 62.9% 62.4% 63.5%
Black 7.2% 6.9% 7.5% 13.5% 13.1% 13.9%
Latinx 7.4% 7.0% 7.7% 18.1% 17.7% 18.5%
Native American 0.2% 0.1% 0.2% 0.7% 0.6% 0.8%
Asian 10.2% 9.7% 10.7% 2.7% 2.6% 2.9%
Other 1.3% 1.2% 1.4% 2.1% 2.0% 2.2%

Poverty status
Below threshold 3.4% 3.2% 3.6% 17.7% 17.3% 18.0%
100–199% of threshold 7.7% 7.4% 8.0% 25.1% 24.8% 25.5%
≥200% of threshold 88.9% 88.5% 89.3% 57.2% 56.8% 57.6%

Past-year mental illness 16.5% 16.1% 16.9% 18.9% 18.5% 19.3%
Past-year alcohol abuse/dependence 6.1% 5.8% 6.3% 5.7% 5.6% 5.9%
Past-year drug abuse/dependence 1.2% 1.1% 1.3% 2.4% 2.3% 2.5%

Note. Participants come from the National Survey on Drug Use and Health 2011–2017.

Table 2
Group contrasts of smoking characteristics.

College graduates (n= 64,299) Not college graduates (n= 137,838)

Adjusted %
or mean

95% CI Adjusted %
or mean

95% CI

Current smoker 9.6% 9.2% 9.9% 25.5% 25.2% 25.8%
Former smoker 22.2% 21.6% 22.7% 24.2% 23.9% 24.6%
Never smoker 68.3% 67.7% 68.8% 50.3% 49.8% 50.7%

College graduate smokers (n= 6913) Not college graduate smokers (n= 41,497)

Adjusted % or mean 95% CI Adjusted % or mean 95% CI

Current daily smoker 53.1% 51.4% 54.8% 68.9% 68.2% 69.6%
Cigarette use prior to age 18 67.4% 65.8% 69.0% 75.5% 74.9% 76.2%
Daily cigarette use prior to age 18 26.7% 25.1% 28.2% 46.6% 45.8% 47.4%
Age at first cigarette 16.3 16.2 16.4 15.6 15.5 15.7
Age started smoking daily 20.0 19.8 20.2 18.2 18.1 18.3
Number of days smoked in past 30 days 21.5 21.1 21.8 24.6 24.4 24.7
Average cigarettes per day 8.6 8.2 8.9 11.7 11.6 11.9

Note. Participants come from the National Survey on Drug Use and Health 2011–2017.

Table 3
Risk factors ranked in order of importance from most to least predictive of
current smoking.

Rank College graduates Not college graduates

1 Past-year alcohol abuse/
dependence

Past-year drug abuse/dependence

2 Past-year drug abuse/dependence Race/ethnicity
3 Past-year mental illness Age
4 Poverty status Poverty status
5 Age Past-year alcohol abuse/

dependence
6 Race/ethnicity Sex
7 Sex Past-year mental illness

Note. Participants come from the National Survey on Drug Use and Health
2011–2017.
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the left and downward of the “parent” node, representing a slight de-
crease in prevalence from 10% to 9%.

The next critical split was based on the presence of past year drug
abuse/dependence. Among college graduates without an alcohol use
disorder, those endorsing a drug use disorder moved rightward and
downward to a terminal node (i.e., terminal node 10), indicating that
no further adjustments in risk were possible. Those without a drug use
disorder were distributed into another “child” node wherein prevalence
decreased slightly from 9% to 8%. Importantly, terminal node 10 (i.e.,
college graduates without alcohol use disorder, but with drug use dis-
order) represented the highest risk profile for college graduates at 37%
smoking prevalence. The next split among the subgroup of college
graduates with an alcohol use disorder was based on past year mental
illness. Those with mental illness were distributed into a terminal node
with a smoking prevalence of 31% (i.e., terminal node 13), whereas
those without mental illness were distributed into a “child” node with a
smoking prevalence of 20%. Among college graduates with an alcohol
use disorder but not mental illness, the final division into the relatively
higher-risk terminal nodes was based on age. Despite the presence of an
alcohol use disorder, smoking prevalence was lower for college grad-
uates ≥35-years-old (i.e., terminal node 11; 17% prevalence), com-
pared to college graduates between the ages of 24–34 (i.e., terminal
node 12; 26% prevalence). Further divisions based on poverty status,
age, race/ethnicity, and/or sex produced less dramatic differences in
prevalence, and resulted in prevalence estimates ranging from 3%–14%
(Fig. 1, terminal nodes 1–9). For non-graduates (Fig. 2), overall
smoking prevalence was approximately 26%. The analysis resulted in a
CART model with 16 terminal nodes, labeled from left to right across
the bottom of Fig. 2. As expected, the first split was based on the pre-
sence of past year drug abuse/dependence. Those with a drug use dis-
order were distributed into a node to the right and downward of the
“parent” node that represented a striking increase in smoking pre-
valence from 26% to 69%. Those without a drug use disorder were
distributed to the left into a node representing a slight decrease in
smoking prevalence from 26% to 24%.

The next critical split was based on race/ethnicity and pertained to
the higher-risk subgroup of non-graduates with drug use disorders.
Smoking prevalence was higher for non-graduates with drug use dis-
orders who identified as White or Black (terminal node 16; 73% pre-
valence) compared to those who identified as Latinx, Native American,
Asian, or Other (terminal node 15; 62% prevalence). The next split was
based on age and pertained to the lower-risk subgroup of non-graduates
without drug use disorders. Those of younger age were distributed to
the right and downward into a node with a smoking prevalence of 31%
where they faced additional splits into higher-risk nodes based on race/
ethnicity, poverty, and alcohol abuse/dependence. The terminal node
with the second highest prevalence (terminal node 14; 71% prevalence)
was fairly idiosyncratic in that it characterized non-graduates with no
drug use disorders between the ages of 24–49 who identified as White
or Black, endorsed an annual income below 200% of the poverty
threshold, and reported an alcohol use disorder. For all other non-
graduates with no drug use disorders and between the ages of 24–49,
prevalence estimates ranged from 14%–54% depending on race/eth-
nicity, poverty status, alcohol abuse/dependence, sex, and further age
divisions (see terminal nodes 2–13). Finally, the terminal node re-
presenting the largest percentage of non-graduates was characterized
by individuals with no drug use disorders who were ≥50 years (term-
inal node 1; 19% prevalence).

4. Discussion

The overarching purpose of this study was to increase our under-
standing of factors that put U.S. adults with a college education at risk
for current smoking. As noted above, recent studies identified having a
Bachelor's degree or higher as the single strongest protective factor
against being a current smoker in the U.S. adult population (Gaalema

et al., 2018; Higgins et al., 2016). However, 76.9 million U.S. adults
have a Bachelor's degree or higher (U.S. Census Bureau, 2018), and
10% of college graduates are current smokers (based on the estimate
provided in the current study); thus, nearly 8 million people smoke
despite the presence of a college education. This study demonstrated
that both college graduates and non-graduates are sensitive to well-
established psychiatric and socio-demographic risk factors for smoking,
and that smoking prevalence among college graduates can rise to sur-
prisingly high levels when multiple risk factors co-occur. This study also
demonstrated broader patterns within each population that suggest
differential sensitivity to psychiatric vs. socio-demographic risk factors.
Important to underscore is that the observed patterns reflect the relative
strength of each risk factor as it relates to smoking within each popu-
lation. Therefore, when interpreting the present findings it is important
to keep in mind that the influence of any one risk factor is conditional
on the relative strength of the other risk factors within the same edu-
cational group. Overall, the present findings contribute to the over-
arching purpose of increasing understanding of smoking risk among
college graduates, and at least four points warrant further discussion.

First, this study demonstrates that the presence of a substance use
disorder – particularly a drug use disorder – is a robust predictor of
smoking in both populations, underscoring that complications asso-
ciated with substance use disorders are widespread and affect otherwise
resilient populations such as college graduates. Along these lines, past
year alcohol abuse/dependence emerged as the most important pre-
dictor of smoking among college graduates, although the association
between alcohol use disorders and smoking risk was relatively weaker
among non-graduates. It has been well established that problematic
alcohol consumption (e.g., binge drinking) is prevalent among college
students (Knight et al., 2002; Wechsler et al., 1994; Wechsler and
Nelson, 2008; White and Hingson, 2013), and problematic alcohol
consumption at an earlier age increases one's risk for developing an
alcohol-use disorder (Grant, 1998). Considering this evidence along
with the current findings that a higher percentage of college graduate
smokers (compared to smokers with less than a Bachelor's degree) re-
ported initiating any smoking and daily smoking at 18 years and older,
it may be reasonable to assume that problematic alcohol consumption
during the college years and beyond poses special risks among the
college-educated. Importantly, although the prevalence of past-year
alcohol abuse/dependence did not vary significantly by degree status in
the present study, the relative strength of a past-year alcohol abuse/
dependence differed by degree status within the context of the other
risk factors. This finding warrants additional consideration for the
broader patterns of how each risk factor associates with smoking status
within each population.

A second notable result of the current study may help explain why
past-year alcohol use disorders carried differential weight in predicting
smoking for college graduates compared to non-graduates. That is,
psychiatric conditions (i.e., drug abuse/dependence and mental illness)
emerged as the 2nd and 3rd strongest risk factors for smoking among
college graduates, whereas socio-demographic characteristics (i.e.,
race/ethnicity and age) emerged as the 2nd and 3rd strongest risk
factor among non-graduates. Obtaining a college degree in the U.S. is
associated with numerous, substantive, and wide-ranging socio-demo-
graphic and health benefits, factors that in combination likely con-
tribute to substantial differences in risk for smoking. For example,
evidence suggests that a college education can buffer against socio-
demographically related stressors like racial discrimination (e.g., Allen
et al., 2019; Howard and Sparks, 2015). Thus, one may speculate that a
college education may help to reduce the impact of stress (and asso-
ciated health consequences such as smoking) potentially stemming
from experiences of racial discrimination. Turning to age, when one
considers that educational attainment is associated with important age-
related differences in smoking characteristics in the current study (e.g.,
non-graduates reported earlier age of smoking initiation and daily
smoking), and more generally with multiple other life-course factors
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such as greater earning potential and longevity (e.g., Cutler and Lleras-
Muney, 2010; Cutler et al., 2015; Torpey, 2018), perhaps it is not
surprising that within non-graduates the association of age with risk for
adult smoking would be relatively stronger than it is for graduates. Put
simply, a college education is associated with numerous socio-demo-
graphic outcomes that can serve to protect against smoking risk,
thereby rendering socio-demographic factors relatively less important
among those with a college education. With socio-demographic factors
relatively less important for predicting smoking among college gradu-
ates, it is perhaps almost by default that psychiatric risk factors (par-
ticularly past-year alcohol use disorders and mental illness) would
emerge to be more prominent predictors of smoking. That said, it is
important not to overlook that alcohol use disorders and mental illness
may develop and/or worsen during college which may also contribute
to its relative ranking in the present results (Hunt and Eisenberg, 2010;
Patrick et al., 2016). Of course, the present cross-sectional data limit
our ability to parse out the temporal ordering of variables. However,
the current results certainly underscore that psychiatric conditions need
to be considered in any tobacco control and regulatory efforts to reduce
smoking among college graduates.

Third, although the striking increases in smoking prevalence con-
ditional on the presence of particular profiles of co-occurring risk fac-
tors is shared across the CART models for both populations, prevalence
is shifted downward by orders of magnitude for college graduates
compared to non-graduates. The present results suggest this overall
difference may be largely accounted for by differences in smoking in-
itiation, with the percentage of never smokers being 18 points higher
among college graduates than non-graduates (68.3% vs. 50.3%,
Table 2). There is compelling evidence that individuals who go on to
obtain a college education are less likely to initiate smoking in ado-
lescence compared to those who go on to lower levels of educational
attainment, with differences in adolescent risk associated with family
socioeconomic status, having a parent who ever smoked, peers who use
substances, more ambitious future expectations (e.g., having plans to go
to college), and school policies and experiences discouraging smoking
(e.g., Maralani, 2013, 2014). The present results also reveal a small but
significant difference in prevalence of former smokers among college
graduates compared to non-graduates (24.2% vs. 22.2%, respectively;
Table 2), suggesting that differences in successful quitting also con-
tribute to differences in prevalence of current smokers. Those differ-
ences are consistent with college graduates initiating smoking at an
older age and being lighter and non-daily smokers, which are char-
acteristics that predict a greater likelihood of quitting smoking (Rose
et al., 1996; Swayampakala et al., 2018).

Fourth, there are several limitations to the present study that merit
mention. First, all of the relationships identified are correlational in
nature and thus cannot support causal inferences. Second, the primary
data source, NSDUH, is a cross-sectional survey, which precludes dis-
cerning the temporal ordering of observed relationships (e.g., although
past year mental illness implies a recent diagnosis, it is not possible to
determine whether the initial diagnosis precedes or follows becoming a
current smoker). Third, all data including smoking status are based on
participant self-report which increases the likelihood of underreporting
of smoking status or other characteristics potentially associated with
social stigma. Fourth, it is possible that the use of multiple tobacco
products in addition to cigarettes may have influenced our findings;
however, it was not possible to control for use of multiple tobacco
products in the CART analyses used in the current study. Including use
of multiple tobacco products as an additional independent variable was
beyond the scope of the current study, the purpose of which was to
examine the relative importance of the seven well-established psy-
chiatric/socio-demographic smoking risk factors among college gradu-
ates and non-graduates. Future studies using CART modeling (or other
machine learning techniques) may benefit from including a multiple
tobacco product use variable to further examine differences in smoking
risk between college graduates and non-graduates. These limitations

notwithstanding, the current study contributes new knowledge towards
understanding the college-educated smoker. The results of this study
can help inform future research in this domain, and may also help in-
form smoking prevention/intervention efforts (e.g., programs for col-
lege students struggling with substance use disorders and/or mental
illness). Finally, the current results have potential implications for fu-
ture research directions. For example, research is needed to better un-
derstand differences between individuals who go on to be college-
graduate never-smokers vs. smokers in terms of psychiatric symptoms,
knowledge/attitudes and risk perceptions about cigarette smoking and
use of other substances, and how such differences vary between the two
groups and also from their counterparts with lower educational at-
tainment. Furthermore, future studies may benefit from examining how
these relationships might affect responses to prevention and cessation
interventions, and marketing strategies used to promote cigarette
smoking and use of other substances.
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