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Abstract

Background—Energy drink consumption, with or without concurrent alcohol use, is common
among young adults. This study sought to clarify risk for negative alcohol outcomes related to the
timing of energy drink use.

Methods—We interviewed a community sample of 481 young adults, aged 18-25, who drank
alcohol use in the last month. Past 30 day energy drink use was operationalized as no-use, use
without concurrent alcohol, and concurrent use of energy drinks with alcohol (“within a couple of
hours”). Negative alcohol outcomes included past 30 day binge-drinking, past 30 day alcohol use
disorder, and drinking-related consequences.

Results—Just over half (50.5%) reported no use of energy drinks,18.3% reported using energy
drinks without concurrent alcohol use, and 31.2% reported concurrent use of energy drinks and
alcohol. Relative to those who reported concurrent use of energy drinks with alcohol, and
controlling for background characteristics and frequency of alcohol consumption, those who didn’t
use energy drinks and those who used without concurrent alcohol use had significantly lower
binge-drinking, negative consequences, and rates of alcohol use disorder (p < .05 for all
outcomes). There were no significant differences between the no-use and energy drink without
concurrent alcohol groups on any alcohol-related measure (p > .10 for all outcomes).

Conclusions—Concurrent energy drink and alcohol use is associated with increased risk for
negative alcohol consequences in young adults. Clinicians providing care to young adults could
consider asking patients about concurrent energy drink and alcohol use as a way to begin a
conversation about risky alcohol consumption while addressing two substances commonly used by
this population.
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Introduction

Energy drinks (EDs), beverages marketed to increase energy that include caffeine and other
ingredients (i.e. Taurine, Niacin, Ginseng) and caffeine content, anywhere from 50mg to
over 500mg per can or bottle, are increasingly popular among emerging adults. Across a
diverse group of samples, at least monthly ED use has been estimated between 23-53% in
young adults, 18-25 years old?=4. ED sales worldwide are expected to surpass $52 billion by
2016°.

Young adults report diverse motivations for ED use including staying awake for school,
work, or driving, academic performance enhancement, and partying*6.7. ED users are more
likely to be male?82 while race and ethnicity findings have been mixed?19-12, ED use has
potential deleterious health effects, such as neurological and cardiac effects leading to
emergency department visits®, especially among certain vulnerable individuals, for example
those with underlying cardiac conditions, or those with situational stressors such as sleep
deprivation or elevated stress or anxiety. In addition, energy drink use is associated with
behaviors such as unsafe driving?19, illicit substance use?13:14, and sexual risk taking®®. To
date, most research on ED use and alcohol use has evaluated alcohol used concurrently with
energy drinks (AmED)316-18 or has not distinguished between ED use generally and
AmED specifically when evaluating negative alcohol use, such as alcohol dependence,
hazardous drinking, or alcohol quantity and negative consequences2:10:19,

Alcohol is often used concurrently with energy drinks (AmED), the two literally mixed
together or used in tandem with one another, within two hours as defined by the Substance
Abuse and Mental Health Services Administration2%, and results in risky alcohol
consumption and deleterious outcomes. It has been hypothesized that AmED reduces the
feeling of impairment from alcohol, likely due to increased feelings of stimulation?122 and
may increase desire for alcohol?3. A reduced perception of impairment is associated with
more risk behavior and increased harms21:24, These results suggest neurochemical and
pharmacological interactions, likely through the neurotransmitters adenosine and dopamine,
when alcohol is mixed with energy drinks2®. Other researchers suggest that any increased
risk of harm from AmED may be due to a link between caffeine (with or without
simultaneous alcohol use) and sensation-seeking®3:26. Regardless of the mechanism of
action, the regular, concurrent use of EDs and alcohol may produce greater alcohol-related
consequences than use of alcohol alone'8:25:27 although there is disagreement in the
literature as to the role of individual risk-taking characteristics when measuring negative
consequences from alcohol and AmED consumption28,

However the existing literature does not provide enough evidence on whether alcohol
consequences are associated with any ED use among young adults who drink regardless of
the timing of consumption, or specifically with concurrentuse of EDs with alcohol. Patrick
et al.,29 linked ED use to same day, event level alcohol consequences, but did not distinguish
between ED and AmED use. Other studies that analyzed alcohol outcomes by ED and
AMED use had conflicting results on the impact of ED use alone®30, Flotta et al.,30
evaluated the association of a number of risk behaviors with ED, AmED and alcohol only
use, including alcohol-related behaviors in a sample of adolescents, finding differential risk
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behaviors associated with different consumption types. Velazquez et al.,® found increasing
alcohol and AmED use for each additional past month ED use day in a survey of college
students.

The current study examines the association of negative alcohol consequences with ED use
and AmED use when these two consumption types are analyzed separately. The study
objective is to determine whether adverse alcohol outcomes are differentially related to
AmED use, ED use regardless of timing, and no-use of energy drinks in a group of young
adult drinkers. Although the risks of AmED have been documented, the risk of ED use alone
as it relates to alcohol outcomes has not been well documented. We hypothesized that those
who used AmED would have worse alcohol-related outcomes than those who did not use
ED or who used ED alone. It is important to understand the distinction as to help effectively
steer intervention efforts for at-risk young adults. If those who use AmED are most likely to
experience deleterious outcomes, prevention efforts should be targeted at those most at-risk
for concurrent use. If any ED use is with alcohol problems, education is needed for all young
adult consumers who drink

Study Design and Participants

Study participants were recruited between January 2012 and March 2015 for a parent
“health behaviors study” among emerging adults. Recruitment was completed using several
outlets, including targeting the Southern New England geographical area online through
Southern New England Craig’s List and Facebook advertising, and through advertisements
placed in local college newspapers, on public transportation, and on commercial radio.
Interested individuals called the study number or emailed the study address to receive a call
back and were given a 10-minute anonymous phone screen. The screen included questions
about basic demographics, substance use, sexual activity, mental health, and general health.
As previously described3132, eligible individuals were invited for an in-person interview at
the research site and offered compensation ($40) and free Sexually Transmitted Infection
testing.

Eligibility criteria for the parent study included being 18-25 years old, using alcohol or
marijuana in the last month, being heterosexually active in the last six months, not having
suicidal ideation in the past two weeks, and living within 30 minutes of the research site. Of
the 2,645 individuals screened by phone, 1,252 were ineligible. The remaining 1,393 eligible
persons were invited for an interview and 799 were either not interested (n=102 actively
refused; n=188 passively refused, i.e. said they would call back to schedule an appointment,
but never did), or did not keep a scheduled appointment (n=509).

Five hundred ninety four provided written informed consent (the study was approved by the
Institutional Review Board of the authors’ research institution) and completed a baseline
interview after which 24 persons were found to be ineligible (their baseline assessment data
did not meet study eligibility criteria) and 4 withdrew their participation. The final sample
consisted of five hundred sixty-six persons. This analysis was limited to those who were
current (past 30 day) alcohol users and included 481 persons.
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Demographics—~Participants were asked to provide demographic information, including
age, race/ethnicity, and school status. Participants gave their date of birth which was used to
determine participant age. Race and ethnicity were assessed using two separate questions,
the first querying ethnicity (Latino/Hispanic yes/no), and the second racial background.
School status was collected with the question “Are you currently in school?” Response
options were “Full time, part time, not in school.”

Energy Drink Use—The use of energy drinks was measured with two questions. The first
asked participants to indicate, “During the past 30 days, on how many days did you use
energy drinks (such as Red Bull, Amp, Rockstar, Full Throttle)?” Response options were on
a 0-30 day scale. The second question asked participants to indicate, “In the last 30 days
have you consumed energy drinks and alcohol within a couple of hours of each other?”
Response choices were on a 0 “Never” to 3 “Daily or Almost Daily” scale. We constructed a
3-category indicator coded no ED use, ED use but not concurrent with alcohol, and any
reported AmMED use in the past 30 days. Participants were coded no ED use if they answered
the first question “0 days”, ED only if they answered the first question >0 days and the
second question “never”, and AmED if the first question was >0 day and the second
question was > never.

Alcohol Measures—~Participants were asked to recall the 90 days prior to the interview
using the Timeline FollowBack method33, which is widely used for a variety of intervals and
is reliable and valid34:35, Participants indicated days in which they used alcohol and the
quantity of alcohol used on drinking days. We defined binge alcohol use as 4 or more drinks
for women, 5 or more for men, in a two-hour period. Summary measures based on the
Timeline FollowBack are expressed as rates of drinking days / 30 days. We analyzed only
the past 30 days of use to parallel the energy drink measure. Alcohol-related consequences
were measured using the Short Inventory of Problems (SIP)3, a fifteen-item measure of
alcohol-related negative consequences in the previous three months consisting of six
subscales, physical, interpersonal, intrapersonal, interpersonal, impulse control, and social
responsibility. The sum of each subscale is totaled to give a SIP total score. Response
options were on a 0 “Never” to 3 “Daily or Almost Daily” scale for items 1-6 and 0 “Not at
all” to 3 “Very Much” scale for items 7-16. Sample items from the SIP include “I have been
unhappy because of my drinking”, “My drinking has damaged my social life, popularity, or
reputation”, and “My drinking has gotten in the way of my growth as a person”. Internal
consistency coefficient alpha for SIP scale was .90. Current (past 90 days) alcohol use
disorder (AUD) was assessed using the Structured Clinical Interview for DSM-1V37 and
participants were classified as none, mild, moderate, or severe AUD according to DSM-V
criteria®. Age of initiation of alcohol use was assessed by asking “How old were you when
you had your first drink of alcohol (other than a few sips)?”

Analytical Methods

We report descriptive statistics to summarize the background characteristics of the full
sample and by ED use. We used F-tests for differences in means and  2-tests for differences
on categorical outcomes to evaluate bivariate outcomes. The Holm-Bonferroni method3° was
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used to control family-wise error rates when performing pairwise comparisons. Alcohol
disorder severity was analyzed as an ordered categorical outcome and p-values for the
pairwise comparisons were estimated with ordered logistic regression.

Adjusted associations between patterns of ED use and alcohol outcomes were analyzed in a
generalized linear model framework. Frequency of binge drinking was analyzed as a
proportion using the fractional logit model4? with robust standard errors. The SIP was
analyzed as a continuous outcome using OLS regression with robust standard errors. DSM-
V alcohol use disorder severity was an ordered categorical outcome and analyzed using
ordered logit regression with robust standard errors. All models included age, gender, race/
ethnicity, school status, age of alcohol initiation, and proportion of days using alcohol as
covariates. Early age of alcohol initiation has been associated with risky alcohol use®! and
thus was included as a covariate. Frequency of alcohol use was included as a covariate as
higher frequency of alcohol use is associated with greater alcohol related consequences and
AUD.

Participants averaged 21.3 (+ 2.1) years of age, 48.0% were male, 65.9% were non-Latino
White, 10.4% were African-American, 11.9% were Latino, and 11.9% were of other ethnic
or racial origins (Table 1). Subsequent analyses compared non-Latino Whites to all ethnic
and racial minorities. Two hundred thirty-six (49.1%) were full-time students, 12.1% were
part-time students, and 38.9% were not enrolled in school. The mean age at which
participants initiated alcohol use was 15.6 (+ 2.32, the mean rate (days / 30) of alcohol use
prior to baseline was 7.9 (x 5.5) days, and participants binged on an average of 3.8 (+ 4.2)
days. The mean score on the SIP was 6.3 ( 6.3). Two hundred eighty (58.2%) did not meet
DSM-V criteria for alcohol use disorder, 105 (21.8%), 68 (14.1%), and 28 (5.8%) met
criteria for mild, moderate, and severe AUD, respectively. Two hundred forty-three (50.5%)
reported no use of ED, 88 (18.3%) reported using ED but not concurrently with alcohol use,
and 150 (31.2%) reported AMED.

Statistically significant bivariate associations were observed between ED use and age,
gender, ethnicity, age of initiation alcohol use, frequency of alcohol use, frequency of binge
drinking, mean SIP scores, and AUD severity (Table 1). Based on the Holm-Bonferroni
corrected p-value, persons who reported no ED use were significantly older, less likely to be
male, and less likely to be non-Latino White than those who used AmED. Persons who used
AmED initiated alcohol use at a significantly younger age than persons who reported no ED
use. Compared to those who did not use energy drinks or who used them alone, persons who
used AmED had significantly higher mean rates of alcohol use, mean rates of binge
drinking, mean SIP scores, and more severe AUD. Differences between non-ED users and
those who used ED alone were not statistically significant and substantively small (Table 1).

Multivariate analysis yielded generally consistent results. Controlling for background
characteristics and frequency of alcohol consumption, binge drinking was significantly
lower for persons reporting no ED consumption (b = —0.49, z = -4.23, p < 0.001) and for
those reporting ED consumption without concurrent alcohol (b = -0.40,z=-2.51,p =
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0.012) than for persons reporting AmED (Table 2). Those using ED without concurrent
alcohol use did not differ significantly from those reporting no ED consumption with respect
to frequency of binge drinking.

Significant differences were also observed with respect to the SIP. Persons reporting ED use
without concurrent alcohol (b = -2.49, z = -3.25, p = 0.001) had significantly lower
adjusted mean SIP scores than those reporting AmED (Table 2). Persons who reported no
ED use tended to have lower adjusted mean SIP scores (b = —1.35, z = =1.93, p = .054) than
those who used AmED. Adjusted mean SIP scores for persons reporting no use of ED and
use of ED without concurrent alcohol use did not differ significantly.

A consistent pattern was observed when examining the association between ED use and
DSM-V alcohol use disorder severity (Table 2). Persons reporting no ED use (OR =0.54, z
= —2.64, p = 0.008) and persons reporting ED without concurrent alcohol use (OR = 0.45, z
=-2.91, p = 0.004) had significantly lower alcohol use disorder severity than those reporting
AmED. Differences between those not using ED and those using ED without concurrent use
of alcohol were not statistically significant.

Discussion

Young adults commonly use energy drinks, and of those who use EDs, many use them
concurrently with alcohol. In the current study, those who use energy drinks and alcohol
concurrently (AmED) had a greater constellation of alcohol problems, including alcohol
related problems, AUD, and binge drinking, than either persons who use energy drinks
without concurrent alcohol, or non-ED users. We found no significant differences between
ED users and non-ED users on any alcohol-related measures.

Although the extant literature®-13:42 describes negative alcohol consequences related to both
EDs and AmEDs, the current study found significant differences between these groups on all
negative alcohol outcomes. This is notably different than other studies, where any use of
EDs, regardless of its concurrent use with alcohol, was related to worse alcohol-related
consequences®2943, Our analysis revealed no substantive differences in alcohol-related
consequences between the EDs without concurrent alcohol and the no-use groups. Prior
AMED studies have linked AmED and negative alcohol outcomes*4, but many do not
include a group of ED users who do not engage in AmED, making it difficult to parse out
the risks associated with ED use in relation to the timing of alcohol use. Our findings are
supported by a study of adolescent drinkers that found negative alcohol outcomes in ED
users were largely mediated by AmED use®®. Event level data, specifically detailing the
timing of ED and alcohol consumption is an important next step. Patrick et al?%, began this
work linking ED use and event level alcohol consequences, but the current study shows the
timing of ED and alcohol use remains an important factor.

It has been reported that consuming energy drinks concurrently with alcohol increases
feelings of stimulation and increases a desire for alcohol?1:23 but does not reduce the
impairing effects of alcohol*®, although the evidence of AmMED’s impact on intoxication and
perception of intoxication is still mixed4748. However, other studies have found no “masking
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effect” of alcohol intoxication by EDs#90, calling into question the motivation for using
EDs while drinking. It is possible the reasons for ED use among those who use alcohol and
energy drinks concurrently and those who use energy drinks at different times from alcohol
are distinct. It seems likely that the intention with AmED is to be able to drink more or
longer without feeling impaired, which may increase alcohol-related risk. Alternatively,
there is emerging evidence that energy drinks and alcohol interact in unique ways in the
brain so as to increase craving for alcohol?3. Those who use EDs without concurrent alcohol
use may be drinking for the taste, to stay awake, or for other non-impairing reasons.

It is possible that the risks of ED usage, as they relate to alcohol outcomes, are a result of the
facilitation of risky drinking, thereby leading to worse drinking-related outcomes. This has
important implications for ED regulation and intervention as all ED use may be associated
with negative alcohol consequences. Physicians and mental health providers may wish to
question patients about their engagement in the riskier AmED use as opposed to asking
about ED use in general, especially as it relates to alcohol use. Alternatively, it may be
important to query about risk-taking behavior or sensation-seeking as it relates to caffeine
consumption to determine those most at risk3:26 for alcohol-related negative consequences.
Young adult patients may find a question asking whether they have ever mixed alcohol and
energy drinks to be a less threatening way to begin a conversation about hazardous drinking
and negative drinking consequences than a direct assessment of alcohol use; querying about
ED use more generally may not afford the same opportunities to assess risk.

This study had some limitations. First, our convenience sample included only young adults,
and our results may not generalize to adolescents and older adults. Second, a significant
proportion of those screened were either ineligible or did not complete a baseline interview
with rates similar to what we have found in others studies of this age group®L. Third, AUD in
our sample was high, however moderate and severe prevalence rates were similar to those
reported in a previous study which found 11-26% alcohol dependence among ED users*2.
DSM-1V dependence criteria and moderate and severe levels of DSM-V AUD are highly
concordant®2. Fourth, we did not have event level data, and therefore could not link AmED
and alcohol-related consequences directly. Fifth, our definition of concurrent use (“within a
couple of hours of each other”) does not necessarily equate to combining ED and alcohol at
the same sitting, but is the standard definition of AmED?0. Sixth, we did not assess ED or
AmED use motives, which would have been informative. Seventh, we only assessed recent
ED and AmED use (past 30 days). Future studies should explore differences in past year vs
recent users. Eighth, we did not have a measure of the frequency with which persons
consumed AmED, which would have been illustrative. Finally, while ED use without
concurrent alcohol use was not associated with negative alcohol consequences, caffeine-
related consequences were not assessed, so we have not established that drinking ED alone
is not problematic.

This study also had important strengths. We enrolled an ethnically diverse community
sample of young adults. We also enrolled a sample with a range of current educational
engagement, and found that school status was not associated with ED use or with alcohol
outcomes. Most research in this age group has been done exclusively among college
samples. Finally, participants reported ED and AmED use separately, allowing an evaluation
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of the risk of problematic alcohol outcomes associated with each, an important addition to
the literature that we believe is important for clinical discussion with young adults.

Although the extant research has been equivocal as to whether negative alcohol outcomes
are related to energy drink use in general, regardless of the timing of use or more specifically
related to the concurrent use of energy drinks and alcohol, the current study found
significantly greater alcohol-related risk associated with AmED. This important distinction
suggests that health care providers, community health centers, and general health screening
tools might target concurrent ED and alcohol use in an effort to identify and intervene on a
risk behavior with deleterious consequences to young adults. The elevated risk of AmED
also has important implications for caffeinated alcohol mixtures, which are no longer sold
pre-formulated but are popular among young adults, and easily obtained at local bars and
social gatherings.

Acknowledgments

This study was supported by the National Institute on Alcohol Abuse and Alcoholism (NIAAA) [grant number
R01AA020509]. Dr. Stein was a recipient of a National Institute on Drug Abuse (NIDA) Award [grant number K24
DA000512]. The NIAAA and NIDA had no further role in study design; in the collection, analysis and
interpretation of data; in the writing of the report; or in the decision to submit the paper for publication. This trial is
registered at clinicaltrials.gov; Clinical Trial # NCT01473719.

References

1. Reissig CJ, Strain EC, Griffiths RR. Caffeinated energy drinks--a growing problem. Drug Alcohol
Depend. 2009; 99(1-3):1-10. [PubMed: 18809264]

2. Arria AM, Bugbee BA, Caldeira KM, Vincent KB. Evidence and knowledge gaps for the association
between energy drink use and high-risk behaviors among adolescents and young adults. Nutr Rev.
2014; 72(Suppl 1):87-97. [PubMed: 25293548]

3. Brache K, Stockwell T. Drinking patterns and risk behaviors associated with combined alcohol and
energy drink consumption in college drinkers. Addict Behav. 2011; 36(12):1133-1140. [PubMed:
21840130]

4. Malinauskas BM, Aeby VG, Overton RF, Carpenter-Aeby T, Barber-Heidal K. A survey of energy
drink consumption patterns among college students. Nutrition journal. 2007; 6:35. [PubMed:
17974021]

5. [Accessed May, 2015] Global sports and energy drinks market is expected to reach $52 billion by
2016. Available at http://www.prnewswire.com/news-releases/marketsandmarkets-global-sports-
and-energy-drinks-market-is-expected-to-reach-52-billion-by-2016-132305493.html

6. Cotter BV, Jackson DA, Merchant RC, et al. Energy drink and other substance use among
adolescent and young adult emergency department patients. Pediatr Emerg Care. 2013; 29(10):
1091-1097. [PubMed: 24076613]

7. Marczinski CA. Alcohol mixed with energy drinks: consumption patterns and motivations for use in
U.S. college students. Int J Environ Res Public Health. 2011; 8(8):3232-3245. [PubMed: 21909303]

8. Ali F, Rehman H, Babayan Z, Stapleton D, Joshi DD. Energy drinks and their adverse health effects:
A systematic review of the current evidence. Postgrad Med. 2015; 127(3):308-322. [PubMed:
25560302]

9. Velazquez CE, Poulos NS, Latimer LA, Pasch KE. Associations between energy drink consumption
and alcohol use behaviors among college students. Drug Alcohol Depend. 2012; 123(1-3):167-172.
[PubMed: 22138539]

10. Spierer DK, Blanding N, Santella A. Energy drink consumption and associated health behaviors

among university students in an urban setting. J Community Health. 2014; 39(1):132-138.
[PubMed: 23959655]

Subst Abus. Author manuscript; available in PMC 2018 October 01.


http://www.prnewswire.com/news-releases/marketsandmarkets-global-sports-and-energy-drinks-market-is-expected-to-reach-52-billion-by-2016-132305493.html
http://www.prnewswire.com/news-releases/marketsandmarkets-global-sports-and-energy-drinks-market-is-expected-to-reach-52-billion-by-2016-132305493.html

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Caviness et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Page 9

Berger LK, Fendrich M, Chen HY, Arria AM, Cisler RA. Sociodemographic correlates of energy
drink consumption with and without alcohol: results of a community survey. Addict Behav. 2011;
36(5):516-519. [PubMed: 21276661]

Martz ME, Patrick ME, Schulenberg JE. Alcohol mixed with energy drink use among u.s. 12th-
grade students: prevalence, correlates, and associations with unsafe driving. J Adolesc Health.
2015; 56(5):557-563. [PubMed: 25907654]

Arria AM, Caldeira KM, Kasperski SJ, et al. Increased alcohol consumption, nonmedical
prescription drug use, and illicit drug use are associated with energy drink consumption among
college students. J Addict Med. 2010; 4(2):74-80. [PubMed: 20729975]

Woolsey CL, Williams RD Jr, Jacobson BH, et al. Increased Energy Drink Use as a Predictor of
Ilicit Prescription Stimulant Use. Subst Abus. 2015; 36(4):413-419. [PubMed: 25310138]
Miller KE. Alcohol Mixed with Energy Drink Use and Sexual Risk-Taking: Casual, Intoxicated,
and Unprotected Sex. Journal of caffeine research. 2012; 2(2):62-69. [PubMed: 24761266]

Woolsey CL, Williams RD Jr, Housman JM, Barry AE, Jacobson BH, Evans MW Jr. Combined
Use of Alcohol and Energy Drinks Increases Participation in High-Risk Drinking and Driving
Behaviors Among College Students. J Stud Alcohol Drugs. 2015; 76(4):615-619. [PubMed:
26098038]

Striley CW, Khan SR. Review of the energy drink literature from 2013: findings continue to
support most risk from mixing with alcohol. Curr Opin Psychiatry. 2014; 27(4):263-268.
[PubMed: 24852059]

O’Brien MC, McCoy TP, Rhodes SD, Wagoner A, Wolfson M. Caffeinated cocktails: energy drink
consumption, high-risk drinking, and alcohol-related consequences among college students. Acad
Emerg Med. 2008; 15(5):453-460. [PubMed: 18439201]

Skewes MC, Decou CR, Gonzalez VM. Energy drink use, problem drinking and drinking motives
in a diverse sample of Alaskan college students. International journal of circumpolar health.
2013:72.

Substance Abuse and Mental Health Services Administration. The NSDUH Report: Concurrent
Ilicit Drug and Alcohol Use. Rockville, MD: Office of Applied Studies; 2009.

Howland J, Rohsenow DJ. Risks of energy drinks mixed with alcohol. JAMA. 2013; 309(3):245—
246. [PubMed: 23330172]

Marczinski CA, Fillmore MT, Bardgett ME, Howard MA. Effects of energy drinks mixed with
alcohol on behavioral control: risks for college students consuming trendy cocktails. Alcohol Clin
Exp Res. 2011; 35(7):1282-1292. [PubMed: 21676002]

Marczinski CA. Can energy drinks increase the desire for more alcohol? Advances in nutrition.
2015; 6(1):96-101. [PubMed: 25593148]

Droste N, Tonner L, Zinkiewicz L, Pennay A, Lubman DI, Miller P. Combined alcohol and energy
drink use: motivations as predictors of consumption patterns, risk of alcohol dependence, and
experience of injury and aggression. Alcohol Clin Exp Res. 2014; 38(7):2087-2095. [PubMed:
24846819]

Marczinski CA, Fillmore MT. Energy drinks mixed with alcohol: what are the risks? Nutr Rev.
2014; 72(Suppl 1):98-107. [PubMed: 25293549]

Jones HA, Lejuez CW. Personality correlates of caffeine dependence: the role of sensation seeking,
impulsivity, and risk taking. Exp Clin Psychopharmacol. 2005; 13(3):259-266. [PubMed:
16173890]

Mallett KA, Scaglione N, Reavy R, Turrisi R. Longitudinal patterns of alcohol mixed with energy
drink use among college students and their associations with risky drinking and problems. J Stud
Alcohol Drugs. 2015; 76(3):389-396. [PubMed: 25978824]

Peacock A, Droste N, Pennay A, et al. Self-Reported Risk-Taking Behavior During Matched-
Frequency Sessions of Alcohol Versus Combined Alcohol and Energy Drinks Consumption: Does
Co-Ingestion Increase Risk-Taking? Alcohol Clin Exp Res. 2015

Patrick ME, Maggs JL. Energy drinks and alcohol: links to alcohol behaviors and consequences
across 56 days. J Adolesc Health. 2014; 54(4):454-459. [PubMed: 24309196]

Subst Abus. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Caviness et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 10

Flotta D, Mico R, Nobile CG, Pileggi C, Bianco A, Pavia M. Consumption of energy drinks,
alcohol, and alcohol-mixed energy drinks among Italian adolescents. Alcohol Clin Exp Res. 2014;
38(6):1654-1661. [PubMed: 24717140]

Caviness CM, Tzilos G, Anderson BJ, Stein MD. Synthetic Cannabinoids: Use and Predictors in a
Community Sample of Young Adults. Subst Abus. 2015; 36(3):368-373. [PubMed: 25222129]
Tzilos GK, Reddy MK, Caviness CM, Anderson BJ, Stein MD. Getting higher: co-occurring drug
use among marijuana-using emerging adults. J Addict Dis. 2014; 33(3):202-209. [PubMed:
25115183]

Sobell, L., Sobell, M. Timeline Followback User’s Guide: A Calendar Method for Assessing
Alcohol and Drug Use. Toronto, Ontario, Canada: Addiction Research Foundation; 1996.

Sobell MB, Sobell LC, Klajner F, Pavan D, Basian E. The reliability of a timeline method for
assessing normal drinker college students’ recent drinking history: utility for alcohol research.
Addict Behav. 1986; 11(2):149-161. [PubMed: 3739800]

Fals-Stewart W, O’Farrell TJ, Freitas TT, McFarlin SK, Rutigliano P. The timeline followback
reports of psychoactive substance use by drug-abusing patients: psychometric properties. J Consult
Clin Psychol. 2000; 68(1):134-144. [PubMed: 10710848]

Miller, W., Tonigan, J., Longabaugh, R. The Drinker Inventory of Consequences: an instrument for
assessing adverse consequence of alcohol abuse. Rockville, MD: National Institute on Alcohol and
Alcoholism; 1995. Project MATCH Monograph Series, Vol 4, DHHS Publication No. 95-3911
First, M., Spitzer, R., Williams, J., Gibbon, M. Structured clinical interview for DSM-IV - patient
version. New York, NY: NY State Psychiatric Institute; 1995.

American Psychological Association. Diagnostic and statistical manual of mental disorders. 5.
Washington, DC: 2013.

Holm S. A simple sequentially rejective multiple test procedure. Scand J Statist. 1979; 6:65-70.
Papke L, Wooldridge J. Econometric methods for fractional response variables with an application
to 401(Kk) plan participation rates. J Appl Econom. 1996; 11(6):619-632.

Buchmann AF, Schmid B, Blomeyer D, et al. Impact of age at first drink on vulnerability to
alcohol-related problems: testing the marker hypothesis in a prospective study of young adults. J
Psychiatr Res. 2009; 43(15):1205-1212. [PubMed: 19332346]

Arria AM, Caldeira KM, Kasperski SJ, Vincent KB, Griffiths RR, O’Grady KE. Energy drink
consumption and increased risk for alcohol dependence. Alcohol Clin Exp Res. 2011; 35(2):365—
375. [PubMed: 21073486]

Arria AM, Garnier-Dykstra LM, Caldeira KM, Vincent KB, O’Grady KE. Prescription analgesic
use among young adults: adherence to physician instructions and diversion. Pain Med. 2011,
12(6):898-903. [PubMed: 21539698]

McKetin R, Coen A, Kaye S. A comprehensive review of the effects of mixing caffeinated energy
drinks with alcohol. Drug Alcohol Depend. 2015; 151:15-30. [PubMed: 25861944]

Emond JA, Gilbert-Diamond D, Tanski SE, Sargent JD. Energy drink consumption and the risk of
alcohol use disorder among a national sample of adolescents and young adults. J Pediatr. 2014;
165(6):1194-1200. [PubMed: 25294603]

Ferreira SE, de Mello MT, Pompeia S, de Souza-Formigoni ML. Effects of energy drink ingestion
on alcohol intoxication. Alcohol Clin Exp Res. 2006; 30(4):598-605. [PubMed: 16573577]
Peacock A, Pennay A, Droste N, Bruno R, Lubman DI. ‘High’ risk? A systematic review of the
acute outcomes of mixing alcohol with energy drinks. Addiction. 2014; 109(10):1612-1633.
[PubMed: 24846217]

Peacock A, Cash C, Bruno R. Cognitive impairment following consumption of alcohol with and
without energy drinks. Alcohol Clin Exp Res. 2015; 39(4):733-742. [PubMed: 25833032]
Verster JC, Benjaminsen JM, van Lanen JH, van Stavel NM, Olivier B. Effects of mixing alcohol
with energy drink on objective and subjective intoxication: results from a Dutch on-premise study.
Psychopharmacology (Berl). 2015; 232(5):835-842. [PubMed: 25134501]

Ferreira SE, de Mello MT, Rossi MV, Souza-Formigoni ML. Does an energy drink modify the
effects of alcohol in a maximal effort test? Alcohol Clin Exp Res. 2004; 28(9):1408-1412.
[PubMed: 15365313]

Subst Abus. Author manuscript; available in PMC 2018 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Caviness et al. Page 11

51. Stein MD, Hagerty CE, Herman DS, Phipps MG, Anderson BJ. A brief marijuana intervention for
non-treatment-seeking young adult women. J Subst Abuse Treat. 2011; 40(2):189-198. [PubMed:
21185685]

52. Goldstein RB, Chou SP, Smith SM, et al. Nosologic Comparisons of DSM-1V and DSM-5 Alcohol
and Drug Use Disorders: Results From the National Epidemiologic Survey on Alcohol and Related
Conditions-111. J Stud Alcohol Drugs. 2015; 76(3):378-388. [PubMed: 25978823]

Subst Abus. Author manuscript; available in PMC 2018 October 01.



Page 12

Caviness et al.

"uoissaifias o1s160] pasapio Ag parewnise alam A1LIaAss Japlosip asn [oyodfe uo suostiedwod dnoib ussmiaq asimired 1oy senfen-d,
‘anjeA-d paj0ali0d 1U0LIaJUOgG-W]OH U0 pPaseq ‘|oyodje Y asn yulip AB1aua 1ua1inauod uey) Juaiaylp (5o > d) Apueaiyiubis auoje yuup >9m.cm_Q
‘anfen-d pajda.1lod 1uo.LIBUOg-WIOH UO Paseq ‘|oyodfe Yim asn yulip ABiaus Jualinouod ueyl Juatapip (o' > d) Apueaistubis asn suiip ABisua oZm

19pI0sIA SN [0Y09|V = ANV ‘SWa|go.d 40 Alolusnul Hoys = dIS

(%08) 2T (%00) 0 (%9°9) 9T (%8'3) 82 lapiosiq aienss
(%L°22) ve (%e01) 6 (%€°0T) 52 (%T¥T) 89 1ap1osiq a1eJapoiN
(T00>) 60°'1E (%€'L2) Tv (%9'12) 6T (%5'8T) G (%8'12) S0T Japiosia piIN
(%0'ZY) €9 q(%2'89) 09 p(%979) LST  (o7°85) 08Z 13pI0SIQ ON

2AIBnss anv A-INSa

(100'>) 2011 QB qBEY P 6r'Y 2(B6SF)I8S  (9z'97) 0g'9 dIs
(100>) zz'21 ©ry ¥ Lt's gr8ERITE pPLEF)00E  (gTyF)eLe 0g / pebuig skeq
(100>) 0€'8 (125 126 q(ees %) 159 pOSSFTSL  (epyg¥)egs 08 /9SN [0U0OlY sheq
(100>) 828 (0zzF) 0sT (627 9'sT 2(822F) 09T (c€2F)9ST  |0yoo|y pasn 1silg eby
(%2°9€) 5§ (%8'1€) 82 (%8'2v) vOT (%6°8¢) 8T 100Y2S U] 10N
N (%.2°0T) 9T (%z'01) 6 (%9°€T) €8 (%1°21) 85 a1 -Med
o) 1879 (%228) 6L (%0°89) TS (%9°€v) 90T (%T'6v) 962 awlL-|Ind
snJe1S |00Yds
(100") 96'6 (%0'2) TTT (9%5°02) 29 2(%E69) 71 (%66'59) LT€ alUM ourteT-UuoN
(00") 6101 (%0°95) 78 (%9°vS) 8 p(%L07) 66 (%0°8v) T€C (sren) Japuso
(010") v0'S (16T %) 6'02 (1z9 1T (0129612 (LozHeTe aby sresn

(=d);X10-4 (0ST =U) JoUod|V YlM (88 =U) Joyod]¥ MION  (Epg = U)SUON (8% = U) ajdwres

3ISN MNIHIA ADHINT

‘(%) U Jo (QSTF) sueal aJe sanjeA [19D pauioday "ABojodAL asn yulg AB1su3 Jo asn AgQ SewoaINQ SN [0Y0I|y pue SanssIdeey) punoibyoeg

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Subst Abus. Author manuscript; available in PMC 2018 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Caviness et al.

Table 2

Page 13

Generalized Linear Models Estimating the Adjusted Association Between Type of Energy Drink Use with
Frequency of Binge Drinking, The Short Inventory of Problems, and DSM-V Alcohol Use Disorder Severity

(n = 481).
Binge Frequency® SIpP AUD Severity®©
b (95% ClI) b (95%Cl) OR (95%CI)
Years Age -0.04 (~0.101; 0.021) 0.18 (-0.13; 0.49) 1.05 (0.95; 1.17)
Gender (Male) 0.26 *(0.05; 0.48) -0.88(-2.02;0.25)  0550™(0.34; 0.72)

Race/Ethnicity
African-American
Latino
Other
White [REF]

School Status
Full-Time
Part-Time
Not In School [REF]

Age First Used Alcohol

Frequency Alcohol Use

Frequency Binge Drinking

Energy Drink Use
None

Yes (Not with Alcohol)

Yes (With Alcohol) [REF]

0.37"7°(0.09; 0.66)
-0.03 (-0.42; 0.35)
0.07 (~0.30; 0.44)
[0.00]

0.10 (<0.15; 0.34)
0.09 (~0.27; 0.45)
[0.00]

-0.02 (~0.07; 0.24)

3.0377(2.26; 3.81)
d

-0.49**(-0.72; -0.26)

-0.40 ¥ (-0.71; -0.09)
[0.00]

0.98 (-1.41; 3.17)

-0.79 (-2.27; 0.69)
0.17 (-1.37; 1.70)
[0.00]

-0.06 (-1.34; 1.22)
-0.27 (-2.37; 1.83)
[0.00]

-0.14 (~0.40; 0.12)

2.45 (-1.13; 6.03)

11.99 ¥ (6.71; 11.27)

-1.35 (-2.71; 0.02)

-2.50 7 (-4.00; -0.98)
[0.00]

1.66 (0.85; 3.24)

1.40 (0.77; 2.55)
1.31(0.74; 2.32)
[1.00]

0.89 (0.57; 1.38)
0.59 (0.29; 1.19)
[1.00]

0.90 *(0.82; 0.99)

6.08 ™ (1.79; 20.59)
25.09 (4.25; 148.0)

0.54 ™7 (0.34; 0.85)

0.45*%(0.27; 0.77)
[1.00]

p <.05,

*:

*
p<.01

a . . . - ) . .
Proportion of TLFB days persons reported consuming = 4 (females) or = 5 (males) drinks. Coefficients, confidence interval estimates, and tests of
significance were estimated using the fractional logit model (38) with robust standard errors.

Short Inventory of Problems related to alcohol. Coefficients, confidence interval estimates, and tests of significance were estimated using OLS
regression with robust standard errors.

DSM-V alcohol use disorder was coded 0, no disorder, 1, mild disorder, 2, moderate disorder, and 3, severe disorder. Coefficients, confidence
interval estimates, and tests of significance were estimated using ordered logistic regression with robust standard errors.

dNot Applicable in the model predicting binge drinking.
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