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Abstract

Aims—Alcohol mixed with energy drink (AmED) use is associated with negative consequences 

including hazardous alcohol use and driving under the influence. While many studies have focused 

on correlates of AmED use among college samples, very few have examined patterns of AmED 

use during adolescence and young adulthood within the general population. Accordingly, the 

purpose of this study is to assess age differences in AmED use among a national sample of 

respondents aged 18 to 30.

Methods—The data for this study come from the Monitoring the Future panel study from 2012 

to 2015. The sample consists of 2,222 respondents between the ages of 18 and 30. Multiple 

logistic regression using generalized estimating equations (GEE) was used to model past-year 

AmED prevalence across age and other covariates.

Results—Nearly half (45.0%) of respondents indicated past-year AmED use at some point 

during the study period. The lowest prevalence rates were found at age 18 (25.9%) and the highest 

prevalence rates at age 21/22 (43.5%). GEE analyses indicated a statistically significant positive 

linear and negative quadratic trend with respect to the association between age of respondent and 

past-year AmED use. Namely, peak use occurred in early young adulthood (age 21/22 and 23/24) 

and then declined, reaching 32.0% by age 29/30. College attendance and several substance use 

behaviors at age 18 moderated these linear and quadratic age trends.
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Conclusions—AmED use peaked rapidly in early young adulthood and declined into later 

young adulthood. Substance use during adolescence was associated with a higher incidence of 

AmED use across all young adult ages and a slower decline of AmED use after age 21/22. Several 

sociodemographic factors were associated with AmED use, particularly college attendance at the 

age of 21/22.
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1. Introduction

Alcohol mixed with energy drink (AmED) use, such as Red Bull mixed with vodka, is 

linked to numerous health risks (for reviews and commentaries, see Arria & O’Brien, 2011; 

Linden & Lau-Barraco, 2014; Marczinski & Fillmore, 2014; McKetin, Coen, & Kaye, 2015; 

Peacock, Pennay, Droste, Bruno, & Lubman, 2014; Roemer & Stockwell, 2017). Research 

consistently finds that AmED users report heavier and riskier drinking than individuals who 

do not report AmED use (Linden & Lau-Barraco, 2014; McKetin et al., 2015; Patrick & 

Maggs, 2014; Peacock et al., 2014; VicHealth, 2016). There is also evidence that AmED 

users experience more alcohol-related negative consequences than non-AmED users 

(McKetin et al., 2015; Patrick & Maggs, 2014; Roemer & Stockwell, 2017). One reason for 

such increased harms may be greater risk-taking among AmED users. AmED use has been 

associated with increased risk of injury (see Roemer & Stockwell, 2017), driving after 

drinking (Bonar et al., 2015; Thombs et al., 2010; Tucker, Troxel, Ewing, & D’Amico, 

2016), engagement in risky sexual behavior (e.g., unprotected sex; Snipes & Benotsch, 

2013), aggression (Miller, Quigley, Eliseo-Arras, & Ball, 2016), and illicit substance use 

(Brache & Stockwell, 2011; Snipes & Benotsch, 2013). Within-person research has 

generally indicated that using alcohol and energy drinks on the same day (Patrick & Maggs, 

2014) or at the same time (Linden-Carmichael & Lau-Barraco, 2017) is associated with 

greater alcohol-related consequences, although a review indicated some mixed findings 

(Peacock et al., 2014). There is some question as to whether greater risk among AmED users 

is attributable to these individuals having higher risk-taking propensities and engaging in 

higher-risk drinking events and/or whether AmED use increases the acute risk of alcohol-

related harm. In any case, AmED use has emerged as an indicator of greater risk for alcohol-

related problems (Linden & Lau-Barraco, 2014; McKetin et al., 2015; VicHealth, 2016).

There are physiological bases for the elevated alcohol consumption and risk-taking 

associated with AmED consumption (Marczinski, Stamates, & Maloney, 2018; Marczinski 

& Fillmore, 2014). Most evidence from experimental studies demonstrates that AmED use 

results in enhanced stimulation (or reduced sedation/fatigue) increased desire to drink and 

increased enjoyment of the effects of alcohol when compared with alcohol use alone 

(Marczinski, Fillmore, Stamates, & Maloney, 2016; Marczinski & Fillmore, 2014; McKetin 

et al., 2015), although some clinical studies find no effect of AmED on stimulation or 

sedation (e.g., Forward et al., 2017). Such feelings may mask important intoxication cues to 

stop drinking, thereby leading to higher alcohol consumption. Regardless of the stimulant 

nature of energy drinks, AmED consumption does not reverse the results of alcohol-related 
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impairment on simple psychomotor tasks such as reaction time, and AmED consumption 

appears to attenuate only some of the complex task impairments resulting from alcohol 

consumption (McKetin et al., 2015). Relative to alcohol alone, AmED use has a differential 

effect on acute tolerance, which can influence one’s willingness to engage in risky behaviors 

such as driving after drinking (Marczinski et al., 2018).

AmED consumption is popular; among college students, prevalence of recent use ranges 

from about 20% to 25% (e.g., Brache & Stockwell, 2011; O’Brien, McCoy, Rhodes, 

Wagoner, & Wolfson, 2008). Few studies have examined AmED use in non-college student 

populations. Of the studies examining prevalence outside of college student populations, 

some evidence suggests that AmED use is more popular among younger individuals (i.e., 

ages 18–29; Berger, Fendrich, & Fuhrmann, 2013), particularly among underage alcohol 

consumers ages 19–20 (Kponee, Siegel, & Jernigan, 2014). In a nationally representative 

sample of 12th grade students, one quarter reported past-year AmED use (Martz, Patrick, & 

Schulenberg, 2015). In a community-based sample, AmED users were more likely to be 

White (Berger et al., 2013; Martz et al., 2015). Among 12th grade students, AmED users 

were more likely to be male and report other drug use (Martz et al., 2015). Limited research 

has examined other demographic differences, although one community-based study found 

no differences in educational attainment between AmED users and energy-drink-only users 

(Berger et al., 2013). The extent to which AmED use differs among same-aged young adults 

who are currently attending or not attending college has not yet been documented.

Research on AmED use has been largely based on cross-sectional studies, with little 

longitudinal data examining age-related changes in AmED consumption. Limited evidence 

suggests AmED use does sometimes change over time. In a study of first-year college 

student drinkers, the majority reported stability in AmED use from baseline to 6 months 

later (no AmED use at either time point [60%] or AmED use at both time points [12%]); 

however, some initiated (12%) or discontinued (16%) AmED use across the 6 months 

(Mallett, Scaglione, Reavy, & Turrisi, 2015). Longitudinal research across a longer time 

period has demonstrated that AmED use among college students was predictive of alcohol 

use severity and alcohol-related accidents two years later (Patrick, Evans-Polce, & Maggs, 

2014). These findings suggest that AmED consumption patterns may change over time and 

have long-term effects on alcohol use and related harms.

Given the increased risks associated with being an AmED user, additional research is needed 

to examine patterns of AmED use across young adulthood. Compared to other age periods, 

during young adulthood individuals engage in drinking most heavily (Schulenberg et al., 

2017) and are most likely to meet criteria for an alcohol use disorder (ages 18–25; Center for 

Behavioral Health Statistics and Quality, 2015). Men and White individuals generally 

maintain higher rates of heavy episodic drinking across adolescence and into adulthood 

(Evans-Polce, Vasilenko, & Lanza, 2015). Differences by college attendance are nuanced. 

Among young adults who attend college, alcohol use—including heavy episodic and high-

intensity drinking—peaks during the early young adult years (Lanza & Collins, 2006; 

Patrick, Terry-McElrath, Kloska, & Schulenberg, 2016), while young adults who do not 

attend college show different patterns of drinking that may include continuing or increasing 

alcohol use during later young adulthood (e.g., Lanza & Collins, 2006). Identifying age-
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related changes in AmED use may highlight critical periods when prevention and 

intervention efforts are most needed, and understanding the ways in which various 

demographic differences are associated with AmED may help identify population subgroups 

at particular risk.

1.1 Current Study

Using longitudinal data from a large national sample, the current study examined the 

developmental course of AmED use from late adolescence through young adulthood. Three 

research questions were examined: (1) What is the overall age-related pattern of AmED use 

prevalence from age 18 to 30? (2) Controlling for the effect of age, to what extent are 

demographics (sex, race, college attendance) and other substance use during high school 

(binge drinking, cigarette use, marijuana use, nonmedical prescription drug use) 

significantly associated with overall AmED use during the transition to young adulthood? 

(3) To what extent do demographics and/or other substance use during high school moderate 

the overall age-related pattern of AmED use during the transition to young adulthood?

2. Methods

2.1 Study Design

This study used national panel data from the Monitoring the Future (MTF) study; detailed 

information on the project design and sampling methods is provided elsewhere (Bachman, 

Johnston, O’Malley, Schulenberg, & Miech, 2015; Miech et al., 2017; Schulenberg et al., 

2017). Briefly, based on a multi-stage sampling procedure, MTF surveys nationally 

representative samples of approximately 17,000 U.S. high school seniors each year using 

questionnaires administered in classrooms during the regular school day. The response rates 

at baseline (12th grade, modal age 18) ranged from 79% to 85%; most all nonresponse was 

due to the given student being absent from school (less than 1.8% refused to participate) 

(Miech et al., 2017). Approximately 2,400 students from each yearly high school senior 

sample were randomly selected for biennial follow-up. A random half of the follow-up 

sample began biennial follow-up the following year (model age 19), while the other half 

began biennial follow-up two years after their senior year (modal age 20). Mailed 

questionnaires were used to collect data at six follow-up modal ages (hereafter referred to 

simply as age): 19/20, 21/22, 23/24, 25/26, 27/28, and 29/30.

Measures of AmED use were first included in the MTF study in 2012 on one of six 

randomly distributed questionnaire forms; data from 2012–2015 are included here (with 

individuals from 12th grade cohorts 2002–2014; see Supplement Table 1). Participants 

included in the current analytic sample (N=2,222, out of an eligible 6,378) responded to the 

AmED use measures at least once from ages 18 through 29/30. Of the eligible participants, 

3,186 were lost at first follow-up and another 970 respondents who responded to at least one 

follow-up were excluded due to missing data. Due to the panel design and limited years of 

data collection on AmED questions (starting in 2012), 4.1% were eligible at one time point, 

21.7% were eligible at two time points, and 74.2% were eligible at three time points; in the 

analytic sample, 27.9% of respondents completed one time point, 49% completed two time 

points, and 23.1% completed three time points. As noted above, attrition weights were used 
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to account for potential bias of respondents who dropped out of the study. The weighted 

percentage of respondents based on age was as follows: age 18 = 14.1%, 19/20 = 21.7%, 

21/22 = 14.6%, 23/24 = 13.2%, 25/26 = 12.2%, 27/28 = 12.4%, 29/30 = 11.8%. The sample 

was 54.1% female and 63.6% White. Roughly 46.7% of the sample attended a four-year 

college, full-time, between the ages of 19 and 20. Additional sample characteristics can be 

found in Table 1.

The MTF panel oversamples drug users from the baseline sample; weights are used to adjust 

for this sampling. In addition, we incorporated nonresponse adjustments (i.e., attrition 

weights based on nonresponse at first follow-up) to the panel weights (i.e., unequal 

probabilities of selection into the panel sample) to account explicitly for MTF covariates that 

have been shown to be associated with nonresponse at future follow-ups (McCabe, 

Schulenberg, O’Malley, Patrick, & Kloska, 2014; Patrick, Terry-McElrath, Schulenberg, & 

Bray, 2017; Schulenberg et al., 2015; Terry-McElrath & O’Malley, 2015).

2.2 Measures

AmED use was measured at baseline and at each follow-up with the following question: 

“During the LAST 12 MONTHS, on how many occasions (if any) have you had an alcoholic 

beverage mixed with an energy drink (like Red Bull)?” Seven response options ranged from 

“0” to “40+”. AmED use was dichotomized to indicate whether respondents engaged in any 

AmED use (vs. none) during the past year.

Substance use at age 18 included dichotomous any/none measures for past 30-day cigarette 

smoking, past two-week binge drinking, past-year marijuana use, past-year nonmedical 

prescription drug use, and past-year illicit substance use other than marijuana. Cigarette 
smoking was measured using the following item: “How frequently have you smoked 

cigarettes during the past 30 days?” Binge drinkingwas measured using the following item: 

“Think back over the last two weeks. How many times have you had five or more drinks in a 

row?” Marijuana use was measured using the following item: “On how many occasions (if 

any) have you used marijuana during the last 12 months?” Nonmedical prescription drug use 
was a combined measure indicating any use (vs. none) of the following: narcotics/opioids, 

amphetamines/stimulants, sedatives, or tranquilizers. For each prescription drug class, use 

was measured as: “On how many occasions (if any) have you used [SPECIFIED 

PRESCRIPTION DRUG CLASS] during the last 12 months?” Respondents reporting any 

use of one or more of the four nonmedical prescription drug classes were coded as “any” 

nonmedical prescription drug use. Illicit substance use other than marijuana was a combined 

measure indicating any use (vs. none) of the following: LSD, psychedelics, cocaine, or 

heroin. For each substance, use was measured as: “On how many occasions (if any) have 

you used [SPECIFIED ILLICIT DRUG CLASS] during the last 12 months?” Respondents 

reporting any use of one or more of the four illicit drug classes were coded as “any” illicit 

drug use.

Age was coded as a continuous measure in order to create linear and quadratic terms. 

Accordingly, age 18 was coded as ‘0’, age 19/20 as ‘1’, age 21/22 as ‘2’, age 23/24 as ‘3’, 

age 25/26 as ‘4’, age 27/28 as ‘5’, and age 29/30 as ‘6’. Linear and quadratic terms were 

uncentered in the analyses.
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College attendance was a yes/no dichotomy indicating if respondents attended a four-year 

college, full-time, at age 19/20 (during their first follow-up).

Additional covariates included sex (male versus female), race (White versus Non-White), 

parental level of education (neither parent has a college degree versus at least one parent has 

a college degree), and cohort year at age 18 (see Table 1 for more details).

2.3 Data Analysis

All statistical analyses were performed using commercially available software (STATA/SE v.

14.2; STATA Corp., College Station, TX) using attrition weights. To address research 

question 1 (RQ1; overall age-related patterns of AmED use prevalence from ages 18 to 30), 

the weighted percentages of respondents reporting past-year AmED use at ages 18, 19/20, 

21/22, 23/24, 25/26, 27/28 and 29/30 were estimated and graphed. Then, to model the 

pattern of AmED use from ages 18 to 29/30, two logistic regression models using GEE with 

an independent correlation structure were fitted (Hanley, Negassa, Edwardes, & Forrester, 

2003; Zeger, Liang, & Albert, 1988). Specifically, the first model included a linear age term, 

followed by a second model including both linear and quadratic age terms. To address RQ 2 

(demographic and other age 18 substance use associations with AmED use), a GEE logistic 

regression model was fit simultaneously including all sociodemographic characteristics and 

age 18 substance use behaviors, controlling for linear and quadratic age terms. To address 

RQ 3 (extent to which demographics and/or other substance use during high school 

moderate the overall age-related pattern of AmED use), a series of 10 separate GEE models 

were run, each simultaneously including linear and quadratic age terms; all listed 

demographic and other substance use main effects, and interactions between linear and 

quadratic age terms and a single demographic/substance use term. For covariates with 

significant interactions, group-specific models were run to clarify differences in patterns of 

AmED from modal ages 18 to 29/30.

3. Results

3.1 Overall Age-related Pattern of AmED Use Prevalence from Modal Ages 18 to 29/30

Roughly 45% of respondents indicated past-year AmED use during the study period (see 

Table 1). Figure 1 shows the pattern of overall past-year AmED use by age. AmED use 

rapidly increased from 25.9% at age 18 into early young adulthood (peaking at 43.5% at age 

21/22) and then declined through later young adulthood, reaching 32.0% at age 29/30. Table 

2, Models 1 and 2, provide the results of GEE analyses confirming statistically significant 

positive linear (AOR = 1.59, 95% CI=1.36, 1.84) and negative quadratic (AOR = .934, 95% 

CI .913, .955) trends with respect to the correlation between age of respondent and past-year 

AmED use.

3.2 Covariate Associations with Overall AmED Use Prevalence

Table 2, Model 3, shows that several sociodemographic and substance use behaviors at age 

18 were significantly associated with AmED use across young adulthood, controlling for 

age. Significantly lower odds of AmED use were observed for females (vs. males). There 

also was a linear decrease in the odds of AmED use based on respondent cohort, whereby 
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the likelihood of AmED use during any point in young adulthood (ages 18–30) was highest 

for individuals completing high school in 1999, and then decreased among individuals 

completing high school in succeeding years through 2014. Significantly higher odds of 

AmED use were observed for respondents who had at least one parent who graduated from 

college (vs. no parents with a college degree), were full-time students at a four-year college 

at age 19/20 (vs. not), and who—at age 18—reported binge drinking, marijuana use, or 

nonmedical prescription drug use. For instance, respondents who reported any past 12-

month marijuana use at age 18 had higher odds of past-year AmED use across young 

adulthood (AOR = 2.32, 95% CI=1.84, 2.93) when compared to their peers who did not 

report similar marijuana use at age 18. AmED use across young adulthood was not 

significantly associated with race/ethnicity or age 18 cigarette use or illicit substance use.

3.3 Interactions Between Covariates and Age

Supplement Tables 2 and 3 report results of the 10 separate GEE models that simultaneously 

included linear and quadratic age terms, all sociodemographic/other substance use main 

effects, and interactions between linear and quadratic age terms and a single demographic/

substance use term. Both linear and quadratic interactions were significant for college 

attendance, as well as age 18 cigarette use, binge drinking, and nonmedical use of 

prescription drugs. For age 18 marijuana use, a significant interaction was found only with 

the linear term. No significant interaction effects with either the linear or quadratic age terms 

were observed for sex, race, highest level of parental education, or cohort year.

For the four covariates with significant interactions with both the linear and quadratic age 

terms, group-specific models were run to clarify differences in patterns of AmED use from 

modal ages 18 to 29/30; results are shown in Table 3. Respondents who attended college at 

age 19/20 had stronger positive linear and negative quadratic trends compared to 

respondents who did not attend college (see Figure 2, Panel 1 for a graphical representation). 

Specifically, AmED prevalence among college attenders rose from a modeled 21% at age 18 

to 45% at ages 23/24 and 25/26, and then dropped to 33% by age 29/30. In contrast, 

modeled AmED prevalence for non-college attenders rose from 26% at age 18 to 

approximately 35% at age 23/24, and then decreased to 29% by age 29/30. Respondents 

who reported age 18 cigarette use, binge drinking, or nonmedical use of prescription drugs 

had weaker positive linear and negative quadratic trends when compared to their peers who 

did not use these substances at age 18, but higher AmED prevalence throughout young 

adulthood. Figure 2 Panel 2 provides a graphical representation of this pattern of association 

for binge drinking, revealing the weaker linear and quadratic trends in AmED use among 

respondents who indicated binge drinking at age 18 versus respondents who did not engage 

in this behavior. Essentially, AmED use at age 18 was markedly higher (and remained 

higher, with comparatively minor developmental change across young adulthood) for 

individuals reporting age 18 cigarette use, binge drinking, or nonmedical prescription drug 

use than for age 18 non-users of these other substances.
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4. Discussion

This study documents, for the first time, developmental patterns in AmED use across young 

adulthood. Results among young adults overall demonstrate a dramatic increase in AmED 

consumption from ages 18 to 21, elevated peak levels of AmED consumption from ages 21 

to 24, followed by decreases in AmED use from ages 24 to 30. This pattern is similar to 

overall trajectories observed for alcohol use and heavy episodic drinking (Maggs & 

Schulenberg, 2004; Patrick et al., 2016; Schulenberg & Maggs, 2002; Schulenberg et al., 

2017). Indeed, the similarities in overall trajectories for alcohol use and AmED use likely 

indicate that for alcohol users, at least some degree of combining alcohol with energy drinks 

is a normative behavior. Future research that examines factors associated with variation in 

the degree to which alcohol users combine alcohol with energy drinks is needed.

This study provided an opportunity to study AmED use across young adulthood in both 

college and non-college populations. A trajectory of significantly increasing AmED use 

during early young adulthood was observed for both individuals who attended traditional 4-

year college at age 19/20 and those who did not, but the rate of increase and peak prevalence 

for AmED use was significantly more pronounced for those who attended college. Young 

adults who did not attend college had lower overall prevalence and a smaller increase. These 

patterns are similar to those previously documented for binge and high-intensity drinking 

among college attenders and non-attenders (Brown et al., 2008; Patrick et al., 2016; 

Schulenberg & Patrick, 2012). AmED use appears to be particularly common among college 

students during and immediately following years of college attendance. AmED users appear 

to be a particularly high-risk population, given the combination of both high-risk alcohol use 

and elevated risk for negative consequences (Brache & Stockwell, 2011; Linden-Carmichael 

& Lau-Barraco, 2017; Patrick & Maggs, 2014; Snipes & Benotsch, 2013; Thombs et al., 

2010; Woolsey, Waigandt, & Beck, 2010). Efforts to provide prevention messaging 

regarding the dangers of AmED consumption may be particularly relevant among college 

students, but—as the results of the current study show—are also called for among non-

college populations.

Substance use during high school (at age 18) was also associated with different age-related 

patterns of AmED use. Namely, young adults who engaged in cigarette use, binge drinking, 

or nonmedical use of prescription drugs at age 18 had consistently higher overall prevalence 

of AmED use across young adulthood, and a smaller degree of change in AmED use 

prevalence across age. In other words, young adults with a history of using a variety of 

substances were more likely to also use AmED and to have elevated AmED use throughout 

young adulthood. Young adults who did not report other substance use tended to increase 

their AmED use dramatically from ages 18 to 21 but still reported lower peak AmED use 

than individuals who used other substances at age 18. This suggests two things. First, 

adolescent intervention programs for other drug use should also consider indicating risks 

particular to AmED use. Second, prevention programs for AmED use may be needed for 

individuals who did not use other substances in high school in order to mitigate possible 

negative consequences associated with a marked increase in AmED use during the early 

years of young adulthood.
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The likelihood of AmED use throughout young adulthood decreased significantly based on 

high school graduation cohort, with the highest odds associated with high school completion 

in 1999 and the lowest odds associated with high school completion in 2014. This apparent 

decline closely follows that of overall alcohol use and binge and high-intensity drinking 

among individuals in their early 20s (Patrick, Terry-McElrath, Miech, et al., 2017; 

Schulenberg et al., 2017). However, trends for binge and high-intensity drinking have been 

generally stable during the mid-20s and have been increasing during the late 20s (Patrick, 

Terry-McElrath, Miech, et al., 2017) Thus, the possibility that AmED use may be decreasing 

for all ages across cohorts is an observation that deserves additional future research.

Certain aspects of gender and race/ethnicity associations appear to be unique to AmED use 

and do not track similarly to associations with alcohol use alone. This is unlike the 

significant relationship between AmED use and college status, high school substance use, 

and cohort, which reflect (at least in part) previously recognized associations found for 

alcohol use without energy drinks. The current study found that higher past 12-month 

AmED use prevalence across young adulthood was reported by men (vs. women) and 

individuals who had at least one parent with a college degree (vs. those without a college-

educated parent); however, these characteristics were not associated with significant 

differences in the rate of change in AmED use over developmental time. This is in contrast 

to prior research which has found that rates of developmental change in other high-risk 

drinking behaviors are faster for men than women (Chen & Jacobson, 2013; Nino, Cai, 

Mota-Back, & Comeau, 2017; Patrick et al., 2016), and possibly for individuals with higher 

parental education (Chen & Jacobson, 2013; note that no significant association was found 

by Patrick et al., 2016). Further, the current study found no indication that the overall 

prevalence or rate of developmental change in AmED use differed significantly between 

White versus non-White young adults. Again, past research has indicated that the rate of 

increase of some other alcohol use behaviors is higher for White than non-White individuals 

during early young adulthood (Chen & Jacobson, 2013; Patrick et al., 2016). These results 

indicate that the risk for a steep increase in the likelihood of AmED use in early young 

adulthood applies across sex, race/ethnicity, and parental education, which again calls for 

both broad-based prevention messaging relevant for a wide range of young adults on the 

risks associated with AmED use.

This study is strengthened by utilization of a broad national sample involving longitudinal 

data collection across ages 18 through 29/30, when the risks for negative consequences from 

alcohol use are the highest. However, the study’s findings are subject to limitations. These 

include use of a school-based 12th grade sample; high school dropouts are not included in 

this study, though dropout is associated with higher alcohol use risk (Tice, Lipari, & Van 

Horn, 2017). Further, data involve use of self-reported measures obtained over two-year 

intervals. The attrition rates for this study were non-trivial, although typical for recent 

studies using mail data collection (Dillman, Smyth, & Christian, 2014). Attrition was 

addressed using previously described attrition weights, but some degree of bias in estimates 

may remain. Such limitations notwithstanding, this study was the first to provide data on 

developmental change in AmED use in a national sample of both college and non-college 

young adults. Future research should address AmED use at earlier ages (including age of 

initiation) and differences across subgroups to identify those most at risk. Intersections 
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between AmED use and particularly high-risk drinking (e.g., high-intensity drinking; 

Patrick, 2016) should also be examined to clarify the acute consequences associated with 

combining energy drinks with alcohol during young adulthood.
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Highlights

• Alcohol mixed with energy drink (AmED) use peaked at ages 21–24 in the 

U.S at 43.5%.

• Full-time four-year college students reached higher levels of AmED use.

• Binge drinking and use of marijuana and nonmedical prescription drugs 

predicted AmED use.
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Figure 1. Overall prevalence of past 12-month alcohol mixed with energy drink (AmED) use 
from modal ages 18 to 29/30
Note. N (unwtd.) = 2,222. Percentages were calculated using attrition weights. 95% 

confidence intervals are based on standard errors obtained using Taylor linearization

Patrick et al. Page 15

Addict Behav. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Past year alcohol mixed with energy drink (AmED) use between the ages of 18 and 30, 

modeled trends.
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Table 1

Sample characteristics (modal ages combined)

% (95% CI)

Alcohol mixed with energy drink (AmED) Use (time-varying)

 Did not engage in past 12-month AmED use 54.9 (52.6, 57.2)

 Engaged in past 12-month AmED use 45.0 (42.7, 4.73)

Sociodemographics (time invariant)

Sex (measured at age 18)

 Male 45.9 (43.5, 48.2)

 Female 54.1 (51.7, 56.4)

Race/Ethnicity (measured at age 18)

 White 63.6 (61.2, 66.0)

 Non-White 36.4 (33.9, 38.7)

Parental Education (measured at age 18)

 Neither parent has a college degree 48.3 (45.9, 50.6)

 At least one parent has a college degree or higher 51.6 (49.3, 54.0)

College Attendance (measured at age 19/20)

 No, did not attend a four-year college 53.2 (50.9, 55.6)

 Yes, attended a four-year college 46.7 (44.4, 49.0)

12th Grade Cohort Year (measured at age 18)

 2000–2003 18.7 (17.1, 20.4)

 2004–2007 22.6 (20.9, 24.5)

 2008–2011 28.8 (26.7, 30.9)

 2012–2015 29.7 (27.4, 32.1)

Substance Use (time invariant – measured at age 18)

Past 30-day cigarette use

 Did not smoke in the past 30 days 81.7 (79.8, 83.5)

 Smoked in the past 30 days 18.2 (16.4, 20.2)

Past two-week binge drinking (5 or more drinks in one sitting)

 Did not binge drink 74.3 (72.1, 76.4)

 Engaged in binge drinking 25.6 (23.5, 27.8)

Past year marijuana use

 Did not smoke marijuana 65.7 (63.4, 68.0)

 Smoked marijuana 34.2 (31.9, 36.5)

Past year nonmedical prescription drug use

 Did not engage in nonmedical prescription drug use 84.7 (83.1, 86.1)

 Engaged in nonmedical prescription drug use 15.2 (13.8, 16.8)

Past year illicit substance use other than marijuana

 Did not engage in illicit substance use 93.8 (92.8, 94.7)

 Engaged in illicit substance use 6.1 (5.2, 7.1)
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Note: N (unwtd.) = 2,222. Provided estimates are weighted.

Addict Behav. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patrick et al. Page 19

Table 2

Examining age trends and correlates of past 12-month alcohol mixed with energy drink (AmED) use

Model 1 Model 2 Model 3

Modal Age OR 95% CI AOR 95% CI AOR 95% CI

 Linear 1.05** (1.01, 1.10) 1.59*** (1.36, 1.84) 1.69*** (1.42, 2.01)

 Quadratic 0.93*** (0.91, 0.96) 0.91*** (0.89, 0.93)

Sex

 Male (ref)

 Female 0.65 *** (0.55, 0.78)

Race/Ethnicity

 White (ref)

 Non-White 0.82 (0.67, 1.01)

Parental Education

 Neither parent has a college degree (ref)

 At least one parent has a college degree 1.22* (1.01, 1.47)

College Attendance at age 19/20

 No, did not attend a four-year college (ref)

 Yes, attended a four-year college 1.38*** (1.14, 1.67)

12th Grade Cohort

 Continuous (0 = 1999 through 15 = 2014) 0.94* (0.90, 0.99)

Past 30-day cigarette use at age 18

 No smoking in the past 30 days (ref)

 Smoked in the past 30 days 1.04 (0.78, 1.40)

Past two-week binge drinking at age 18

 No binge drinking (ref)

 Engaged in binge drinking 2.24*** (1.77, 2.83)

Past year marijuana use at age 18

 No marijuana use (ref)

 Smoked marijuana 2.32*** (1.84, 2.93)

Past year nonmedical prescription drug use at age 18

 No nonmedical prescription drug use (ref)

 Engaged in nonmedical prescription drug use 1.43* (1.07, 1.91)

Past year illicit substance use other than marijuana at age 18

 No illicit substance use (ref)

 Engaged in illicit substance use 1.04 (0.72, 1.51)

Note: N (unwtd.) = 2,222. OR = odds ratio. AOR = adjusted odds ratio. 95% CI = 95% confidence interval.

*
p<.05;

**
p<.01;

Addict Behav. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Patrick et al. Page 20

***
p<.001
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Table 3

Examining subgroup differences in the association between age and alcohol mixed with energy drink (AmED) 

use.

College attendance at age 19/20 Cigarette use at age 18

Attended college (n=1093) Did not attend (n=1129) Any use (n=470) No use (n=1752)

AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Linear age term 2.05*** (1.36, 2.25) 1.44** (1.11, 1.87) 1.08 (0.71, 1.66) 1.91***(1.57, 2.32)

Quadratic age term 0.89*** (0.88, 0.95) 0.93*** (0.89, 0.96) 0.98 (0.93, 1.03) 0.89***(0.87,

Past 2-week binge drinking at age 18
Past 12-month nonmedical prescription drug use at age 

18

Any use (n=613) No use (n=1609) Any use (n=519) No use (n=1,703)

AOR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI)

Linear age term 0.98 (0.71, 1.36) 2.28*** (1.85, 2.82) 1.11 (1.02, .790) 1.90***(1.55, 2.32)

Quadratic age term 0.96 (0.92, 1.01) 0.88*** (0.85, 0.91) 0.96 (0.91, 1.00) 0.86***(0.87, 0.92)

Note: AOR = adjusted odds ratio; 95% CI = 95% confidence interval. All analyses controlled for sex, race/ethnicity, parental education, cohort 
year, non-medical prescription drug use, and illicit substance use other than marijuana. Each listed model also controlled for the three other 
covariates listed in the table.
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