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ABSTRACT. Objective: The present study is a systematic review of the
literature examining the relationship between alcohol mixed with energy
drinks (AmED) and injury. The study provides a summary and critical
analysis of the current literature. Method: The review was conducted
using PRISMA guidelines for systematic reviews. Studies included in
the review were those that quantified the relationship between AmED use
and injury risk relative to alcohol only. Records were considered along
the following theme areas: controlled for drinking behaviors, controlled
for impulsivity or risk-taking propensity, examined sex differences, and
self-reported injury outcomes for (a) AmED versus alcohol consumers
and (b) AmED versus alcohol sessions. Results: The results support the

association between AmED and increased risk of injury; however, sub-
stantial variability in harm outcomes and methodology makes it difficult
to determine the extent of this risk. Conclusions: There is significant
need for further examination of the role of AmED use in the risk of in-
jury. A better understanding of the relationship between AmED use and
injury and of the potential underlying mechanisms is crucial for inform-
ing effective preventive intervention strategies. This review can be used
to inform the public and health practitioners of the risks associated with
AmED use. Further, translating this knowledge to policy makers could
inform regulations on the availability of AmED, with the goal of reduc-
ing injury-related outcomes. (J. Stud. Alcohol Drugs, 78, 000-000, 2017)

HERE HAS BEEN A TREND in recent years toward

increased use of alcohol mixed with energy drinks
(AmED) across North America (Howland et al., 2011).
AmED refers to the combining of energy drinks with alco-
hol, either by hand or in pre-mixed beverages sold in liquor
stores. There is evidence of increased risk of both intentional
and unintentional injury following AmED use (O’Brien et
al., 2008). Injury refers to physical harm or damage to a
body, caused unintentionally (e.g., falling, tripping, motor
vehicle accident) or intentionally (e.g., violence, suicide).
It has been estimated that the number of emergency depart-
ment visits involving energy drinks nearly doubled between
2007 and 2011, with 13%—16% of these admissions related
to AmED use (Center for Behavioral Health Statistics and
Quality, 2013). Following several fatal incidents reported in
the media involving alcoholic energy drinks, there have been
calls from Health Canada and others for more research in
this area (Health Canada, 2011; Schmidt, 2011).

The increase in risk of injury related to AmED use is
thought to be due to both increased alcohol consumption
and a diminished sense of perceived intoxication (Howland
et al,, 2011). Some researchers have theorized that the
stimulant effects of energy drinks may work to attenuate the
depressant effects of alcohol, thereby masking the physi-
ological and psychological sedative experiences (Ferreira
et al, 2006; Marczinski et al., 2011). This masking of the
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sedative effects may result in consumers underestimating
their level of intoxication, which has been theorized to lead
to more hazardous drinking practices, increased risk-taking,
and poorer risk assessment (Brache & Stockwell, 2011; Fer-
reira et al., 2006). Such behavioral changes caused by AmED
consumption are all associated with a higher likelihood of
the consumer incurring an injury (Room et al., 2005; World
Health Organization, 2009)

However, there have been mixed findings regarding the
ability for energy drinks to attenuate the negative effects of
alcohol, with impairment of some psychomotor functions
but not others (Marczinski & Fillmore, 2006). In addition,
some research suggests that AmED use may produce subjec-
tive effects, such as a reduction in subjects’ perception of
intoxication, without reducing blood alcohol level or related
psychomotor deficits (Ferreira et al., 2006). Therefore, some
negative effects of alcohol intoxication may be attenuated
when mixed with caffeinated drinks, but overall impairment
still exists.

To the best of our knowledge, the present study is the
first systematic review of published research on AmED use
and risk of injury. With many countries currently determin-
ing the level of need and suitability of policy responses to
energy drinks and AmED use, it is crucial that we begin
to integrate and further our understanding of the current
literature. Although our primary objective of this article is
to review evidence for whether AmED use compared with
alcohol use alone is associated with increased injury risk, we
also investigate specific variables that have been indicated as
risk factors for alcohol-related injuries.

In particular, risk-taking tendency and binge drinking
have been associated with a higher risk of experiencing
alcohol-related consequences (Brache & Stockwell, 2011;



Igra & Irwin, 1996); therefore, these variables may also be
associated with a higher likelihood of experiencing nega-
tive outcomes following AmED consumption. Individuals
scoring higher in sensation seeking might show preference
for the “awake drunk” state of AmED use and, therefore,
may be more likely to engage in AmED use (O’Brien et
al., 2013).

Research also indicates that individuals who tend to con-
sume more alcohol or engage in more binge drinking may
be more likely to engage in risky drinking behaviors and
have greater opportunity to experience harms related to risky
drinking behaviors (Brache & Stockwell, 2011; O’Brien et
al., 2013). Therefore, controlling for such factors becomes
important when trying to isolate the effects of AmED use on
AmED-related injury. As such, the current article examines
whether the literature on AmED use and injury has identified
any associations that may parallel the findings of alcohol-
related injury research. Last, the article explores whether
there are any sex differences underlying this association, as
some studies suggest that sex differences exist in the risk
relationship between alcohol use and injury (McLeod et al.,
1999; Nordstrom et al., 2001).

Method
Search strategy

An appendix that accompanies the online version of this
article details the study selection and data extraction process
(Appendix 1), and the research protocol is registered on
PROSPERO (Roemer et al., 2016). Studies were identified
by author A.R. via EBSCO and Pubmed (last search 15 Feb-
ruary 2016). Each energy drink-related search term (“energy
drink*”; “Red Bull””) was combined with all alcohol search
terms (“alcohol®”; “drinking®”) in conjunction with the
following: “injury*”; “harm*”; “adverse effect™”; “adverse
outcome*”’; “risk*”; or “accident®*.” An additional search
term of “caffeinated* alcohol” was included in the search.
All duplicates were removed and the first author (A.R.)
completed initial eligibility screening based on publication
criteria. Content assessment based on title and abstract was
performed by the first author. The assessment was not blind,
with full-text review when necessary. A secondary reviewer
examined selected articles and randomly reviewed excluded
articles for accuracy and consistency in search strategy.

Publication criteria

Studies were restricted to those that quantified the risk
relationship between combining alcohol and energy drinks
with the risk of an injury-related outcome of some kind.
Animal studies, case studies, qualitative studies, reviews,
methodology articles, and commentaries were excluded.
Peer-reviewed journal articles published in English between
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January 1981 and January 2016 with the search terms in the
title or abstract were included.

Content criteria

Because the primary objective of the review was to ex-
amine the association between AmED use and injury rela-
tive to alcohol alone, articles were included if they reported
comparisons of AmED versus alcohol consumers or AmED
versus alcohol consumption with regard to the incidence
of an intentional or unintentional harm or injury outcome.
AmED use refers to combining energy drinks with alcohol,
either by hand or in pre-mixed beverages. Alcohol combined
with energy drinks by hand was defined as either combining
both beverages into a single beverage to consume simultane-
ously or consuming both beverages consecutively within the
same drinking session.

Articles were included only if they specifically measured
the occurrence of being either intentionally or unintention-
ally hurt or injured. Studies that examined other, or broader,
alcohol-related outcomes (e.g., sleep, academic difficulties)
or risk-taking behaviors only (e.g., driving under the influ-
ence) were excluded.

Data extraction and analysis

A data extraction sheet was used to extract information
on study design, sample characteristics, primary measures,
method of administration, covariates, and outcomes. A
second researcher reviewed the data extraction for quality
assurance. The reviewers were not blind to the publication
details. Although no studies were removed based on quality
assessment, study quality was considered in the synthesis
of the results. Specifically, included articles were coded for
whether they controlled for drinking behaviors, controlled
for personality traits of impulsivity or risk-taking propen-
sity, examined sex differences, and used self-reported injury
outcomes both for (a) AmED versus alcohol consumers and
(b) AmED verus alcohol sessions. Although we considered
running a meta-analysis because this is often the next step
following a systematic review, it was decided that, with such
a small sample size and the large degree of heterogeneity in
measures and outcomes, this would not be meaningful.

Results
Sample for synthesis

A total of 323 articles were retrieved after duplicates
were removed (Figure 1). Thirteen studies were included in
the final sample following exclusion (Table 1). For ease of
identifying the included studies and reporting results, each
study was assigned a number. The numbers in brackets in
the following refer to the number of the study as per Table
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570 records
identified through
database searching

|

323 records after
duplicates
removed

323 records
screened

199 records excluded:

28: no measure of injury/harm outcome
25: measure consumption patterns/
sociodemographic correlates of use only
3: case report

33: no measure of alcohol

28: no measure of energy drinks

19: commentaries

18: periodicals

19: reviews

3: non—peer-reviewed articles

3: qualitative studies

13: non-English articles

6: animal studies

1: methodological article

!

124 articles
assessed for
eligibility

A 4

13 studies included
in qualitative and

111 full texts excluded:

54: did not include either alcohol only or AmED
use as predictor for risk of injury

19: measure associated with alcohol
consumption/drinking behaviors only

8: measure associated with risk-taking behaviors
patterns/sociodemographic correlates of use only
3: experimental studies measuring
physiological/behavioral/cognitive effects

6: measure other adverse outcomes (i.c., sleep,
academic, cognitive difficulties)

4: measure expectancies of effects or motivations
for use only

9: report on patterns and correlates of use

7: no experimental design or quantitative study of
relationship between AmED use and injury

quantitative 1: grouped illicit drug use with AmED so could not
synthesis isolate effects
Figure 1. Search strategy for selection of studies. AmED = alcohol mixed with energy drinks.

1. The majority of studies were from the United States (n
= 8), two were Canadian, one was from Australia, one had
samples from Australia and New Zealand, and one was
from Taiwan. Six studies sampled college or university stu-
dents, three used general population samples [8, 9, 12], two
used high school students [1, 6], one used manual workers
[4], and one used active military personnel [7]. All were
cross-sectional studies, of which three used within-subject
designs [2, 8, 9] and the remainder a between-subjects
design.

Definition of injury/harm, alcohol, and alcohol mixed with
energy drinks use

All 13 studies reported risk estimates for AmED use
and an injury or harm outcome. Although all but two
articles measured the presence of harm or injury as a di-
chotomous outcome, there was variability in the definition
of the injury or harm outcome: Six studies defined the
outcome as the occurrence of being hurt or injured [2, 4,
5, 8, 9, 10], three measured the occurrence of being hurt
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or injured requiring medical treatment [3, 12, 13], one
measured the frequency of motor vehicle accidents [1], one
defined the outcome as a work-related injury or disease [4],
one specified the outcome as traumatic brain injury [6], an-
other study specifically measured suicide and self-harm be-
haviors [7], and another measured the frequency of sexual
victimization [11].

In addition, varying methodologies were used to assess
both alcohol and AmED use. The time frame for report-
ing past AmED use ranged from past 30 days to past 12
months, whereas the time frame for self-reported incidence
of injury or harm ranged from past 30 days to lifetime.
Many of the studies maintained consistency between the
recall period of AmED use and incidence of injury or
harm; however, six of the studies had different time frames
for measuring these variables [4, 5, 7, 11, 12, 13]. In addi-
tion, eight of the studies asked only about injury or harm
that had occurred while consuming or following the con-
sumption of alcohol. Of the remaining studies, there was
no specification that the injury or harm outcome being
measured had to be alcohol related. More specifically, one
study asked about injury only during AmED sessions [5],
one about injury or disease because of work [4], one fo-
cused on the occurrence of traumatic brain injuries [6], one
asked about past-year suicidality [7], and one examined
lifetime report of sexual victimization [11].

With regard to measuring AmED use, seven articles mea-
sured the frequency of use [1, 2, 3, 5, 6, 7, 12], three studies
measured quantity and frequency of use [8, 9, 10], one mea-
sured quantity of use only [11], and two defined AmED users
as those self-reporting AmED consumption at least once in
a specified period [4, 13]. Furthermore, 10 studies defined
AmED use as simultaneous use [1, 2, 3, 4, 5, 6, 7, 10, 11,
13], whereas three studies measured simultaneous and sub-
sequent use [8, 9, 12]. Last, only two studies [8, 9] used a
standard drink method to measure the amount of alcohol and
energy drinks consumed. In both studies a standard drink of
alcohol was considered approximately 10 g and a standard
energy drink was defined as one 250-ml can containing ap-
proximately 80 mg of caffeine.

AmED use and risk of injury

Of 13 studies, 10 indicated support for an association
between increased risk of injury and AmED use, whereas
three found no support for such a relationship [2, 9, 10].
No consistent differences in the type of injury or harm
outcome measured, methods, or sample characteristics were
observed between the 10 positive studies and the 3 negative
studies. However, two of the three negative studies used
quantity—frequency measures of alcohol and AmEd use and
were within-subject comparisons [9, 10]. Study 9 found that
although participants reported more alcohol and energy drink
consumption during AmED sessions relative to alcohol-only
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sessions and typical energy drink use, the risk of injury
or harm was lower during AmED sessions compared with
alcohol sessions. Similarly, Study 10 found that AmED us-
ers typically consumed less alcohol during AmED sessions
compared with alcohol sessions; however, no significant
differences were found between AmED and alcohol-only
sessions in the risk of injury.

The similar methodologies of these two studies are of
note, as within-subjects research asks a different question
than between-subjects research. In particular, the former
examines whether the same individual is at higher risk for
injury after AmED use relative to alcohol, which allows for
tentative inference of causation. In contrast, between-sub-
jects research examines whether individuals who consume
AmED are more risky than those who consume only alcohol,
which does not allow for any inference of causation.

The contrast between the findings from these two studies
and the reported trend of increased risk of harm or injury
following AmED use may be explained by such differences
in methodology. However, in Study 8, the authors argued
that because the relative frequency of AmED use is less
than alcohol-only use, there are fewer opportunities for risk
behaviors and injuries to occur. Therefore, to accurately
compare the risks associated with both patterns of drinking,
the differences in the frequency of these occasions need to
be considered. Using a matched-frequency design, partial
support was found for increased risk following AmED
consumption. The results indicated lower odds of engaging
in risk behaviors in AmED sessions relative to alcohol ses-
sions. However, greater average energy drink consumption
during AmED sessions relative to average energy drink
consumption was associated with an increased likelihood of
being physically hurt or injured compared with alcohol-only
sessions. The authors concluded that higher levels of energy
drink consumption might be associated with a higher risk
of injury even after controlling for alcohol intake and risk
taking.

The third study [2] reporting no support for increased risk
of injury with AmED use was distinct in that the analyses
compared three types of drinkers: nonhazardous drinkers,
hazardous drinkers, and hazardous drinkers who engaged
in AmED use. The authors argued that hazardous drinking
is a significant risk factor for experiencing alcohol-related
harm; therefore, comparing alcohol-related harms across
these three categories of drinkers could help determine the
extent to which AmED use is associated with injury or harm
while controlling for this pattern of alcohol use. The results
indicated that nonhazardous drinkers were significantly less
likely to report being injured or hurt, whereas no differences
were reported between hazardous drinkers and hazardous
drinkers who engaged in AmED use. These findings suggest
that individuals who are more likely to engage in risky drink-
ing behaviors are at a higher risk for alcohol-related harm
regardless of AmED use.
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Risk-taking tendency and other individual characteristics

Three of the studies pointed to the importance of consid-
ering risk-taking tendency [5] or sensation seeking [13], as
well as risk-taking behaviors during alcohol-only sessions
[8], when examining the association between AmED and
injury. The results of Study 13 indicated that AmED users
scored higher in sensation seeking. After we controlled for
this variable, AmED use was still related to a higher risk of
injury; however, this association was stronger among indi-
viduals with higher scores in sensation seeking. Similarly,
Study 5 found that AmED use was associated with higher
risk-taking tendency, but the relationship between AmED
use and injury remained significant after controlling for this
variable. Last, the results of Study 8 indicated that amount
of variance accounted for in the relationship between AmED
and injury increased by about 45% following the inclusion of
risk-taking behavior during alcohol sessions. Taken together,
the results suggest that although risk-taking is an important
factor in predicting AmEd-related injury, AmED use appears
to contribute to the risk of injury over and above such dispo-
sitional characteristics.

Drinking behaviors and other covariates

The majority of studies controlled for binge drinking [1],
alcohol consumption [5, 7, 8, 9, 13], or both [3, 4]. A pat-
tern emerged across several studies indicating that AmED
users tend to report higher levels of alcohol consumption
and binge drinking than non-AmED users. In addition, the
results suggested that more alcohol was typically consumed
during AmED sessions relative to either alcohol-only ses-
sions or average alcohol consumption. All but one of the
eight studies that controlled for alcohol use or binge drinking
still found a higher risk of injury following AmED use [9].
In summary, the results suggest that higher levels of alcohol
consumption during AmED use as well as AmED use itself
may both contribute independently to the higher likelihood
of injury or harm.

There were two other control variables included in three
of the publications that were notable. Two of the studies
controlled for other substance/drug use [1, 11], and one
study considered other caffeine use [12]. Because drug use
has been found to be a significant predictor for experiencing
alcohol-related harms (O’Brien et al., 2008), and stimulant
use could have similar effects to caffeine when mixed with
alcohol, controlling for drug use seems crucial. Both stud-
ies controlling for this variable still found an association
between AmED use and injury or harm. With regard to
caffeine use, the authors of Study 12 argued that alcohol is
often mixed with caffeinated soft drinks and the consump-
tion of these beverages may have similar effects as energy
drinks. Therefore, to isolate any effects of AmED use, it is
crucial to control for the potential effects of other caffein-

ated beverages. In their study, they compared AmED use
with “traditional” forms of mixing alcohol and caffeinated
beverages (i.e., soda). The results of their study indicated
that AmED use was associated with a higher risk of injury
compared with traditional forms of caffeinated alcoholic
beverages and noncaffeinated alcoholic beverage use.

Last, only one study [11] examined sex differences in the
relationship between AmED use and risk of injury or harm.
Study 11 found that AmED consumption was associated
with a higher likelihood of sexual victimization only among
men, whereas alcohol use on its own was associated with
a higher risk of sexual victimization only among women.
No other examination of sex differences in the relationship
between AmED use and risk of injury was found in the in-
cluded publications. However, one study reported that men
were overall at a higher risk for injury [1], and two studies
reported that men were more likely to consume AmED [11,
13].

Discussion

Overall, the results from the systematic review suggest
support for a relationship between increased risk of injury
and AmED use; however, several limitations in the current
literature were noted. First, all of the studies were cross-
sectional and no consideration was given to the temporal
occurrence of injury relative to AmED use. As such, no
firm conclusion regarding causality between AmED use and
injury can be drawn.

In addition, some studies did not differentiate between
injuries occurring in alcohol-only sessions relative to AmED
sessions, making a comparison of the risk of injury between
alcohol and AmED use impossible. Although there is strong
evidence to support the association between AmED use and
risk of injury, future research assessing the temporal relation-
ship between AmED use and injury is needed to determine
the causal pathways between AmED consumption and injury.
For example, emergency department studies provide oppor-
tunity to obtain information on the timing and context of in-
juries and any substance use that occurred before the injury.
Crossover acute dosing and real-time assessment studies
may also be useful to further understand the pharmacologi-
cal effects of AmED and allow for assessment of risk-taking
behaviors in situ.

Last, the majority of studies were case-control designs,
and previous research suggests that methodological varia-
tions assessing alcohol and injury have resulted in a wide
variety of risk estimates (Maclure, 1991; Ye et al., 2010).
Therefore, future research should explore other methodologi-
cal designs (e.g. case-crossover) to examine whether injury
risk estimates vary for AmED use.

Another limitation relates to the widely varying defini-
tions and measures of the injury/harm outcome, alcohol
use, and the recall time frames used. The practice of using



frequency-only measures limits the ability to confidently
determine relationships between use and outcomes, as the
quantity of alcohol consumed is important in understanding
alcohol-related harms (Rehm, 1998). Furthermore, without
the use of a standard drink measure, the amount of ethanol
consumed is unknown—again, making it difficult to draw
conclusions about the dose-response relationship between
alcohol use and outcomes.

Similarly, no standard drink measures have been de-
veloped for energy drinks or caffeinated beverages, and
only two studies measured the actual amount of caffeine
consumed during drinking sessions. Energy drinks can vary
significantly in their contents, which makes having a stan-
dard drink measure or objective measure of caffeine essential
in this research. Furthermore, no study considered the ratio
of alcoholic beverage to energy drink consumption during
AmED sessions (i.e., one energy drink per alcoholic drink
vs. one energy drink for every three alcoholic drinks). Last,
only one study included other caffeinated beverages in its
analysis (Kponee et al., 2014). The practice of mixing alco-
hol with caffeinated sodas is common, and yet little research
has compared the use of AmED to these other caffeinated
beverages. As such, the lack of standardized measuring for
AmED use and caffeine consumption makes comparisons
across individuals and studies difficult; in addition, it identi-
fies a significant gap in the literature with regard to the risk
of injury related to AmED use compared with other caffeine
consumption. Nonetheless, the research points to increased
risk of harm and injury following AmED use, and future
research addressing these limitations could further elucidate
this relationship.

Other drug use also was a variable that was largely ig-
nored in the current literature. Previous research suggests
that there is a synergistic effect between stimulant use (i.e.,
cocaine) and alcohol use, such that the combined use of
these substances results in a much higher risk of injury
relative to the use of the substances on their own (Brache
& Stockwell, 2011; O’Brien et al., 2008). Research also
indicates that individuals higher in risk-taking tendency are
more likely to use stimulant drugs (Chambers et al., 2003),
a finding that parallels the relationship between risk-taking
tendency and AmED use (Brache & Stockwell, 2011). Thus,
individuals consuming AmED may be more likely to use
other substances; therefore, differentiating the impact of
either of these substances on the likelihood of injuries would
be difficult without proper measurement. Controlling for
other substance use, particularly stimulant use, is another
crucial factor in delineating the relationship between AmED
use and the risk of injury. In summary, future research using
standardized drink measures and controlling for other caf-
feine consumption and substance use is needed to fill this
current gap in the literature.

In addition to being a predictor for AmED and other drug
use, impulsivity or risk-taking tendency was identified within
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the literature as a potentially important explanatory factor in
the relationship between AmED use and injury. Although the
results remain mixed in terms of whether impulsivity or risk
taking may moderate the relationship between AmED use
and injury risk, there is enough evidence to warrant further
exploration. Future research is needed to further explore the
role of risk-taking tendency in both the likelihood of AmED
use and the relationship between AmED use and injury.

Last, one of the secondary goals of the present study was
to examine whether any sex differences exist in the relation-
ship between AmED use and injury. Only one study specifi-
cally reported on this difference, with the results suggesting
some support for sex differences (Snipes et al., 2014). How-
ever, it is difficult to draw such a conclusion with the limited
research. Given that previous research provides some support
for sex differences in the dose-response relationship between
alcohol use and injury (McLeod et al., 1999; Stockwell et
al., 2002), future research is needed to determine whether
this association also exists between AmED use and injury.

The present study is, to our knowledge, the first system-
atic review of published research on AmED use and risk of
injury. The research provides some support for the associa-
tion between AmED use and increased risk of injury, but the
substantial variability in harm outcomes and methodology
makes it difficult to determine the extent of this risk. Future
research is needed to expand on the current knowledge and
respond to the limitations existing within the literature.
Increased knowledge and understanding of the relationship
between AmED use and injury could be crucial in inform-
ing both the public and public health policy. The importance
of and urgency for further restrictions on alcoholic energy
drinks are partly related to the extent of evidence that they
increase risk of injury or harm. Although some policies have
already been put in place to limit the sale and availability
of these beverages, further understanding of AmED-related
risks could facilitate the development of intervention and
prevention practices.
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