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The increasing prevalenceof energydrink (ED) use and its linkwithnegative behaviors and adverse health outcomes
has garneredmuch attention. Use of EDs combinedwith alcohol among college students has been of particular inter-
est. It is unclear if these relationships develop in the context of college, or if similar associations exist in younger in-
dividuals. The present study examined associations between ED consumption patterns and other substance use in an
adolescent, school-based sample. Participants were N=3743 students attending 8th, 10th or 12th grade in a subur-
ban central Virginia public school systemwho completed a prevention needs assessment survey in 2012. Chi-square
analyses and logistic regressions were used to compare rates of alcohol, tobacco and other drug use across three ED
use groups: moderate/heavy (12.6%), light (30.5%), and non-users (57%). Over 40% of the sample reported recent
(past month) ED use, with males more likely to report moderate/heavy ED use than females (14.0% and 11.1%,
respectively; p= 0.02). After adjusting for gender and grade, ED use group predicted lifetime alcohol, tobacco and
other druguse (all pb 0.001).Moderate/heavyEDusersweremost likely andEDnon-userswere least likely to report
using each of the 13 substances in the survey, with light ED users intermediate to the other two groups. Moderate/
heavy ED users were consistentlymost likely to report licit and illicit substance use. Additional research is needed to
better understand which adolescents are at greatest risk for adverse health behaviors associated with ED use.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

As the popularity of caffeinated energy drink (ED) use continues to
increase, so do concerns about possible adverse effects. Many EDs con-
tain substantive amounts of caffeine and heavy caffeine consumption
can lead to such adverse effects as agitation/jitteriness, insomnia, tachy-
cardia, and muscle tremors (Reissig et al., 2009; Arria and O'Brien,
2011). Monitoring has proven difficult, however, as many ED products
are marketed as conventional foods, which do not require reports of se-
rious adverse events to the FDA.

EDs are particularly popular among college students, with about
two-thirds (65.5%) reporting ED use (e.g., Arria et al., 2011). ED use
has been linked to heavier drinking, use of illicit and prescription
drugs and other risk behaviors (e.g., Arria et al., 2011). Furthermore,

college students who consume EDs combined with alcohol are more
likely to use marijuana, meet criteria for alcohol dependence, and en-
gage in other hazardous behaviors (Arria et al., 2010, 2011). EDmarket-
ing efforts often focus on young people, and ED consumption has
increased among adolescents (Harris and Munsell, 2015; Pennington
et al., 2010), with 30 to 50% of teens reporting ED use (Seifert et al.,
2011). With increased use has come increased problems, and adoles-
cents make up a significant portion of those negatively impacted by
heavy caffeine use. In 2011, nearly 1500 energy-drink-related emergen-
cy department visits by individuals aged 12 to 17 were reported
(SAMHSA, 2013). In Canada, ED use in adolescents has been linked to al-
cohol, tobacco and other drug use, as well as sensation-seeking and re-
cent traumatic brain injury (TBI) (Hamilton et al., 2013; Ilie et al., 2015).

Despite increasing prevalence of ED use among adolescents, research
has been sparse, with ED use often defined in broad terms (any use, life-
time) that may lack the specificity needed to better understand correla-
tions between ED, other substance use and adverse consequences
(Striley andKhan, 2014). Adolescent vulnerability for drug use and prob-
lems makes them an important target for substance abuse prevention
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efforts. The present study examined associations between ED and other
substance use in a sample of 8th, 10th and 12th graders. Specifically,
we compared rates of alcohol, tobacco and other drug use across 3 ED
consumption groups. We hypothesized that rates of alcohol, tobacco,
and other drug use would be highest among the moderate/heavy ED
users, followed by light ED users, and finally non-ED users.

2. Method

2.1. Participants

Participants were N = 3743 students attending 8th, 10th, or 12th
grade in one suburban, central Virginia public school system participat-
ing in the 2012 Prevention Needs Assessment Survey (representing
over three-fourths (78%) of students in the school district).

2.2. Procedure

Parents of eligible participants were informed about the dates and
purpose of the survey via an email. Assurances were given that students
and individual schools would not be identified. A waiver of documenta-
tion of parental approval was used with passive consent procedures to
obtain parental permission for students to complete the survey. On
the day of administration, the survey was sent out to randomly selected
8th, 10th, and 12th grade classrooms and all students in attendance
whose parents did not opt them out of participation were invited to
complete the 45-minute, anonymous, paper-and-pencil survey during
the school day. Prior to survey administration, students were reminded
that the survey was anonymous and participation was voluntary.

Survey content focused on school experiences, peer interactions,
family influences, community environment, risky behaviors, and sub-
stance use, including ED, alcohol, tobacco, and other drugs. The survey
was developed by an organization dedicated to community-based pre-
vention activities. Prior to administration, survey content was reviewed
and approved by the school board, as well as the central Virginia school
system and Institutional Review Board.

2.3. Measures

Measures included demographic, ED, alcohol, tobacco, and other
drug use variables from the anonymous survey. The ED use item, “On
how many occasions (if any) have you had an energy drink
(e.g., Monster, Red Bull) during the past 30 days?” (with response op-
tions: 0, 1–2, 3–5, 6–9, 10–19, 20–39, and 40+) was used to categorize
students into one of three past month ED use groups: non-users (0
times, N = 1693; 57%), light ED users (1–5 times, N = 905; 30.5%),
and moderate/heavy ED users (6 or more times, N = 374; 12.6%). For
all other substances (see Table 1), participants were labelled “users” if
they reported using that particular substance 1 ormore times (lifetime).

2.4. Data analysis

Demographic (grade and gender) and other substance use datawere
compared across the 3 ED use groups using chi-square analyses. Then,
logistic regression was used to predict alcohol, tobacco, and other
drug use across the three ED use groups. Repeated contrasts were per-
formed for the ED use variable, comparing non-ED users to light ED
users, moderate/heavy ED users to non-users, and light ED users to
moderate/heavy users. All analyses were carried out using SPSS version
21. For all reported analyses, Bonferroni corrections were applied to re-
ported p-values and confidence intervals to adjust for themultiple com-
parisons and maintain an overall 0.05 family-wise error rate. Items left
blank or with multiple responses were excluded from analyses involv-
ing that specific item.

3. Results

3.1. Sample demographics

The sample included N = 1447 (38.7%) 8th graders, N = 1225
(32.7%) 10th graders, and N = 1071 (28.6%) 12th graders. Mean age
was 15.4 years (SD=1.7) and 48.3% were female. The sample was pre-
dominantly White (59%), followed by African American (33.2%), His-
panic (10.9%), Native American (5.8%), and Asian (5.3%).

3.2. ED use by grade and gender

3.2.1. Any ED use (lifetime)
The percent of adolescents who consumed EDs at least once in-

creased from 64.5% in 8th grade to 73.5% in 10th grade, and 77.4% in
12th grade (p b 0.01). There were no gender differences, with nearly
three-fourths of both males and females reporting ED use (70.2% vs
71.4%, respectively; NS).

3.2.2. Any ED use (past month)
The percent of adolescents who consumed EDs at least once in the

past month did not differ by age/grade level (45.5% vs 40.5% vs 41.8%,
respectively; p = 0.06). However, males were more likely to report
past month use than females (45.0% vs 41%, respectively; p = 0.03).

3.2.3. Moderate/heavy ED use (past month)
Moderate/heavy ED use rates also did not vary significantly between

8th, 10th, and 12th graders (13.2%, 11.3%, and 13%, respectively; NS).
However, males were more likely to report moderate/heavy ED use
than females (14.0% vs 11.1%; p = 0.02). Also, male 12th graders were
more likely to report moderate/heavy ED use (18.3%) than male 10th
and 8th graders (10.4% and 13.5%, respectively; p b 0.01). No such rela-
tionship was found for females (p = 0.07).

Table 1
Alcohol, tobacco, and other drug use by ED use group in one Central Virginia public school system in 2012.

Other substance use (Lifetime) Overall rate (%) Moderate/heavy ED use (6+ times) (%) Light ED use (1–5 times) (%) Non-ED Use (%) χ2 Value (adjusted p-value)a

Alcohol 43.6% 63.0% 55.9% 32.9% 159.17 (b0.001)
Cigarettes 28.1% 52.1% 34.0% 19.2% 186.92 (b0.001)
Marijuana 28.7% 48.4% 34.6% 20.0% 148.45 (b0.001)
LSD 5.1% 14.3% 5.3% 3.0% 78.04 (b0.001)
Cocaine 2.7% 9.3% 3.1% 1.1% 78.01 (b0.001)
Inhalants 11.5% 23.6% 14.5% 7.3% 89.97 (b0.001)
Methamphetamine 1.4% 5.5% 1.3% 0.5% 56.18 (b0.001)
Amphetamines 10.0% 20.1% 13.4% 5.7% 87.84 (b0.001)
Sedatives 8.1% 21.7% 8.0% 5.0% 114.38 (b0.001)
Tranquilizers 4.9% 13.5% 5.7% 2.5% 80.02 (b0.001)
Prescription Narcotics 7.8% 17.3% 10.2% 4.3% 81.99 (b0.001)
Heroin 1.1% 5.0% 1.0% 0.4% 53.83 (b0.001)
Ecstasy 3.5% 8.5% 5.4% 1.8% 47.60 (b0.001)

a Bonferroni correction applied.
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