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Abstract 

BACKGROUND 
Smoking is a serious health concern both globally and in the U.S. Because drinking 
amplifies the negative health effects of smoking, the high association of these behaviors 
is an additional source of population morbidity. However, very little is known about 
trends in the co-use of smoking and drinking over time.  

OBJECTIVE 
To describe trends in tobacco use, alcohol use, and their co-use among U.S. youth, and 
to separate out trends in the association of smoking and drinking from trends in their 
marginal distributions. 

METHODS 
We use data on the smoking and drinking behaviors of 12th graders from 1976 to 2010 
in the Monitoring the Future study to examine trends in smoking, drinking, and co-use 
separately by gender. In each year we estimate the degree of co-use attributable to 
tobacco and alcohol use probabilities as well as the association between tobacco and 
alcohol use. 

RESULTS 
Although the prevalence of tobacco and alcohol co-use has declined over time, the 
association of the two has increased. This association accounts for an increasing 
proportion of the co-use of tobacco and alcohol. 

CONCLUSION 
We conclude that co-users of tobacco and alcohol are an increasingly select 
subpopulation. This suggests that continued decreases in the contribution of substance 
use to population health and mortality may not continue apace. 
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1. Background 

Globally, tobacco use is one of the leading causes of death. The World Health 
Organization attributes six million deaths per year to tobacco (WHO 2012). More than 
600,000 middle school students and 3 million high school students in the U.S. currently 
smoke cigarettes, a rate of about 20 percent. This is slightly higher than the overall 
median percent of current use of any tobacco product globally (18.7%) among youths 
aged 13-15 (The Global Youth Tobacco Survey Collaborative Group 2002). 
Historically, men have had a higher prevalence of smoking than women (Mermelstein 
et al.1999; Piko et al. 2007; Waldron 1991). The 2012 U.S. Surgeon General’s Report 
emphasizes that nearly 9 out of 10 smokers started smoking by age 18, which can result 
in prolonged tobacco use and can lead to both immediate and long-term severe health 
consequences (DHHS 2012).  

Confounding this problem is the high rate of tobacco and alcohol co-use, 
especially among youth (Grant 1998; Koopmans, vanDoornen, and Boomsma 1997; 
Levine et al. 2011; Weitzman and Chen 2005). Tobacco and alcohol use influence long-
term health both independently and interdependently; co-use is a greater risk than the 
sum of their independent effects (Castellsagué et al. 1999; Kalman et al. 2010), 
although this is somewhat in dispute (Mukamal 2006). For example, Castellsagué and 
colleagues (1999) found that alcohol or  tobacco use alone were strongly related to the 
risk of esophageal cancer even in the absence of the other behavior.  However, tobacco 
and alcohol co-use had a strong multiplicative effect on risk such that simultaneous 
moderate exposure increased the risk 12- to 19-fold in men and women, respectively. 
The authors conclude that this effect may be due to the physiological interaction 
between the two substances. Therefore, examining not only trends in smoking and 
drinking among youth, but also examining trends in their co-use is imperative for 
understanding population health. This paper examines trends in the prevalence and co-
use of tobacco and alcohol among U.S. youth, separating the contributions of the 
marginal distributions of tobacco and alcohol use from the effect of their association. 

 
 

2. Data and methods 

2.1 Data 

Data for this study come from the public-use version of the Monitoring the Future 
(MTF) study, a repeated cross-sectional population-representative survey of U.S. 12th 
graders’ substance use behaviors from 1976-2010. Although 8th and 10th graders have 
been surveyed as well since 1992, we restrict our analysis to the 12th grade sample to 
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ensure cross-year comparability. MTF employs a school-based sampling design, and the 
school participation rate has varied between 66 and 85%. Samples of approximately 
350 12th graders are drawn from each participating school.4 

Cigarette smoking is measured using the question, “How frequently have you 
smoked cigarettes during the past 30 days?” Response categories included “Not at all,” 
“Less than one cigarette per day,” “One to five cigarettes per day,” “About one half-
pack per day,” “About one pack per day,” “About one and one-half packs per day,” and 
“Two packs or more per day,” which were coded 0-6 respectively. Similarly, drinking 
behavior was measured using the question, “On how many occasions (if any) have you 
had alcoholic beverages to drink – more than just a few sips – during the last 30 days?” 
Response categories included 0, 1-2, 3-5, 6-9, 10-19, 20-39, and 40 or more, which 
were coded 0-6, respectively. We use responses to these questions to characterize use 
(yes/no) of each substance and heavy use of cigarettes (≥ half-pack per day) and alcohol 
(≥ 6 drinks in the past 30 days). 

The total sample size is 556,731 with yearly samples ranging from a low of 13,286 
in 2000 to a high of 18,924 in 1978. Since 2005, the sample was approximately 70% 
white, 13% black, and 16% Hispanic. (Before 2005 only white and black race was 
measured; other race/ethnicities were recoded to missing to preserve confidentiality.) 
Boys and girls over time have used tobacco at the same rate (29% vs. 29%) whereas 
boys have a somewhat higher rate of alcohol use compared to girls (62% vs. 53%). 
Similar patterns are observed for heavy use (smoking: 6% vs. 5%; drinking: 15% vs. 
8%). 

 
 

2.2 Methods 

We examine self-reported use and heavy use of cigarettes and alcohol within the past 
month for boys and girls separately. Our objective is to compare the prevalence of 
observed co-use to the independent prevalence of each substance. This will allow us to 
characterize co-use in excess of what would be expected if tobacco and alcohol use 
were independent; that is, co-use due to factors that cause the two behaviors to co-
occur. To do this, we distinguish between two sources of tobacco and alcohol co-use: 
(a) expected co-use due to marginal probabilities of tobacco and alcohol use; and (b) 
‘excess’ co-use above that expected by chance. Unrelated decreases in smoking and 
drinking prevalence will decrease the prevalence of co-use even in the absence of a 
smoking-drinking association. For this reason, our test looks for a higher or lower 
prevalence of observed co-use than the expected co-use in a given year as an indicator 
of the year-specific association between tobacco and alcohol use. For instance, suppose 

                                                           
4 See http://www.monitoringthefuture.org/ for additional details. Accessed 12/18/2012. 
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that in a certain year the prevalence of any tobacco use, 𝑝𝑠𝑚𝑘,𝑎𝑛𝑦, is 0.40 and the 
prevalence of any alcohol use (𝑝𝑑𝑟𝑘,𝑎𝑛𝑦) = 0.25. If these substance use behaviors are 
independent, then the expected co-use for that year is 
pco,any = psmk,anypdrk,any = (0.40)(0.25) = 0.10. If the observed co-use is 𝑝𝑐𝑜,𝑎𝑛𝑦 =
0.20, this is an excess prevalence of 0.20 − 010 = 0.10 which we attribute to the 
association of smoking and drinking rather than simply the separate prevalence thereof. 
The proportion of co-use attributable to this association would then be calculated as 

 
𝑃𝑎𝑠𝑠𝑜𝑐,𝑎𝑛𝑦 =

𝑝𝑐𝑜−𝑢𝑠𝑒,𝑎𝑛𝑦 − 𝑝𝑠𝑚𝑘,𝑎𝑛𝑦𝑝𝑑𝑟𝑘,𝑎𝑛𝑦

𝑝𝑐𝑜−𝑢𝑠𝑒,𝑎𝑛𝑦
 

and the proportion of co-use attributable to the separate prevalence of smoking and 
drinking use is its inverse. 

 
 

3. Results 

Figure 1 tracks trends of any smoking and drinking by gender in the past month, and 
Figure 2 does the same for heavy use. Among high school seniors, there are statistically 
significant gender differences in past month smoking and a statistically significant 
interaction between gender and year, resulting in a cross over by gender in the early 
1990s, after which boys were more likely than girls to have smoked in the past month. 
A similar divergence is evident for heavy smoking in which the prevalence of heavy 
smoking has consistently declined for girls; for boys, this stalled during the 1980s 
through the mid-1990s but then began a regular decline. The result is that by 2010, only 
2.4% of boys and 1.2% of girls smoked heavily compared to 4.3% and 9.2% of boys 
and girls in 1976, respectively. However, the gender difference in heavy smoking is not 
statistically significant, nor is the gender-year interaction. 
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Figure 1: Trends in the prevalence of any past month alcohol consumption and 
cigarette smoking among U.S. high school seniors by gender, 1976-
2010 

 
 
 

There are greater gender differences in drinking behavior. Boys have consistently 
consumed more alcohol than girls, whether measured as any (𝑝 = 0.09) or heavy 
(𝑝 = 0.00) consumption in the past 30 days. Furthermore, there is a statistically 
significant interaction between gender and heavy alcohol use (𝑝 = 0.00), and a weaker 
interaction for any use (𝑝 = 0.10). 

Figure 3 shows that the observed co-use of smoking and drinking has declined 
fairly consistently for both boys and girls between 1976 and 2010, with the exception of 
an upward trend between 1993 and 2000. For example, in 1976, 30.8% of high school 
male seniors had smoked at least one cigarette and consumed at least one alcoholic 
beverage in the past 30 days compared to only 16.4% of male seniors in 2010. Even 
more starkly, the observed co-use of heavy smoking and heavy drinking among boys 
has declined from a peak of 4.9% in 1977 to a low of .8% by 2010. A similar decline is 
also evident among girls - the prevalence of these co-use behaviors is virtually non-
existent by 2010 (.2%).  
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Figure 2: Trends in the prevalence of heavy past month alcohol consumption 

and cigarette smoking among U.S. high school seniors by gender, 
1976-2010 

 
 
 
The estimates in Figure 4 explore the extent to which temporal changes in the 

incidence of co-use do not merely reflect changes in the prevalence of each behavior. 
The estimates instead describe the proportion of the prevalence of observed co-use that 
is due to an association between smoking and drinking (over the expected co-use if the 
two behaviors were independent). For example, in 1976, the proportion of boys who 
smoked cigarettes and drank alcohol was .369 and .746, respectively. If smoking and 
drinking were independent, then we would expect the proportion of co-users to be .276 
(.369*.746). Instead, we observe a proportion of co-use that is .308. This excess of co-
use (. 208 − .276 = .032) is then divided by the proportion of co-use (.308) to retrieve 
a value (.106) that describes the proportion of co-use that is due to an association 
between the two behaviors.  
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Figure 3: Trends in the co-use of tobacco and alcohol among U.S. high school 
seniors by gender, 1976-2010 

 
 
 
Several important patterns can be seen in this figure. First, for both any and heavy 

use, there is a persistent increase in the association between the two behaviors. Second, 
for any co-use, this pattern is fairly consistent for boys and girls. Third, the association 
for heavy use behaviors was significantly stronger among girls compared to boys until 
the 2000s, at which point the association converged. Fourth, there is a pronounced 
difference in the associational component when considering heavy co-use compared to 
any co-use. That is, over time, heavy cigarette smokers are increasingly comprised of 
heavy drinkers (and vice versa) such that by 2010, nearly 80% of the co-use of heavy 
cigarette and alcohol use was attributable to factors that place persons at greater risk of 
both behaviors, a substantial increase compared to 50% for boys in 1976. The increase 
in this component has been far smaller for girls, with the result that this association has 
converged by gender in recent years. 
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Figure 4: Trends in the proportion of tobacco and alcohol co-use attributable 
to smoking-drinking association, by gender and use intensity, 1976-
2010 

 
 
 

4. Discussion and conclusion 

The use of both tobacco and alcohol have fallen to their lowest levels within the last 35 
years. For any use, they have fallen more rapidly for girls than for boys since the late 
1980s. In contrast, the prevalence of heavy co-use of smoking and drinking has been 
consistently higher for boys than girls throughout this time span, even as both figures 
have declined. However, as the prevalence of smoking and drinking co-use has 
decreased, the association between tobacco and alcohol use has increased. This trend is 
especially pronounced for heavy co-use among boys. In 2010, approximately 80% of 
observed heavy co-use is attributable to the association between heavy smoking and 
drinking for both boys and girls; for any co-use, these figures are approximately 40% 
and 46% for boys and girls, respectively. Thus, the behavior of those co-users that 
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remain is increasingly driven by factors that influence smoking and drinking, not 
simply each separately. 

These findings suggest that, as tobacco use, alcohol use, and their co-use has 
declined among 12th graders in the U.S., the segment of the population that engage in 
smoking and drinking co-use has become increasingly differentiated from the general 
population of high school seniors. In other words, rather than being more reflective of 
the population prevalence of smoking and drinking, those who engage in both tobacco 
use and alcohol use are increasingly driven either by a common disposition for using 
both or a causal connection between the two behaviors.  

There is increasing evidence that the health effects of smoking and drinking are 
non-additive, such that using both together has a greater negative impact on one’s 
health than the separate behaviors. This is particularly relevant for our study because 
the increasing association between the two behaviors suggests that the subpopulation of 
youth engaged in these behaviors is increasingly comprised of a select group for 
unknown reasons. It is possible that this select group is most susceptible to addiction or 
that they are select on other characteristics associated with health behaviors. This is 
particularly important because the increasing association between the two behaviors 
suggests that this select population is increasingly comprised of relatively unhealthy 
youth who may face new risks as the co-use of the two substances may have interactive 
health effects. We suspect that high school students who co-use tobacco and alcohol are 
increasingly subject to unusual environments and/or have especially strong genetic 
dispositions toward tobacco and alcohol use. Although this is a speculative claim, it is 
consistent with the evidence as well as with prior investigations of smoking using 
behavioral genetic methods (Boardman et al., 2011). The validity of this conjecture 
should be investigated in future research. If true, this implies that decreases in the 
prevalence of deleterious health behaviors, and their effects on population morbidity 
and mortality, should not be expected to continue apace. Nonetheless, the decreasing 
use of tobacco and alcohol among the young in the U.S. represents progress for public 
health. 

There are several limitations in this study, which are common to most 
observational research using survey data. First, tobacco and alcohol use are measured 
by self-report. While we believe this is unlikely, it is possible that the changing 
association of smoking and drinking could be attributable to changing recall concerning 
these behaviors. Second, it is difficult to tell whether the changing association of 
smoking and drinking is attributable to change in any causal connection between these 
behaviors or changing common dispositions to both behaviors. More refined measures 
of substance use would be required to differentiate these.  

In sum, this study concludes that, while the prevalence of tobacco use, alcohol use, 
and their co-use among high school seniors has decreased substantially over time, the 
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excess co-use above expected co-use has increased, especially for heavy use among 
boys. Because of the increased health consequences of smoking in conjunction with 
drinking, this finding implies that continued decreases in tobacco and alcohol co-use 
may hinge on addressing their association 
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