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It has been suggested that consuming alcohol mixed with energy drink (AMED) may increase total alcohol consumption. Aims of this systematic
review and meta-analysis were (i) to compare alcohol consumption of AMED consumers with alcohol only (AO) consumers (between-group
comparisons), and (ii) to examine if alcohol consumption of AMED consumers differs on AMED and AO occasions (within-subject compari-
sons). A literature search identified fourteen studies. Meta-analyses of between-group comparisons of N=5212 AMED consumers and
N=12568 AO consumers revealed that on a typical single drinking episode AMED consumers drink significantly more alcohol than AO
consumers (p=0.0001, ES=0.536, 95%ClI: 0.349 to 0.724). Meta-analyses of within-subject comparisons among N=2871 AMED consumers
revealed no significant difference in overall alcohol consumption on a typical drinking episode between AMED and AO occasions (p =0.465,
ES=-0.052, 95%CI: —0.192 to 0.088). In conclusion, between-group comparisons suggest that heavy alcohol consumption is one of the several
phenotypical differences between AMED and AO consumers. Within-subject comparisons revealed, however, that AMED consumption does not
increase the total amount of alcohol consumed on a single drinking episode. © 2016 The Authors. Human Psychopharmacology: Clinical and

Experimental Published by John Wiley & Sons Ltd.
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INTRODUCTION

There is controversy as to whether, compared with
alcohol alone, consuming alcohol mixed with energy
drink (AMED) increases total alcohol consumption
(Verster et al. 2012). One hypothesis is that the stimu-
lant effects of caffeine, one of the main ingredients of
energy drinks, may counteract the depressant effects of
alcohol. If this hypothesis is correct, it would be of
concern as excessive alcohol consumption and its nega-
tive consequences are a serious health issue, particularly
among adolescents and young adults.

An important cause of this controversy is the fact
that different methodological approaches have been
used to study the possible relationship between energy
drink and alcohol consumption. One approach is to ap-
ply between-group comparisons. Using this approach,
alcohol consumption of AMED users is compared to
alcohol consumption of those who never mix alcohol
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with energy drinks, i.e. consume alcohol only (AO).
Because AMED users do not mix energy drinks with
alcohol on all drinking occasions (e.g., de Haan
2012), an alternative, and arguably more powerful,
approach is to apply within-subject comparisons.
Using this approach, alcohol consumption of AMED
consumers is examined by comparing total alcohol
consumption on occasions when they consume
AMED, with occasions when they consume AO.

Between-group comparisons may show that AMED
consumers consume more or less alcohol than AO con-
sumers. However, this analysis provides no evidence of
the underlying cause(s) for the observed difference in
alcohol consumption patterns. Any difference may be
related to co-consumption of energy drink; on the other
hand various other ‘trait’ or ‘phenotypic’ differences in
personality and behaviors between the groups may con-
tribute to the observed difference in amounts of alcohol
consumed. In other words, by using between-group
comparisons many differences can be identified but no
information is obtained as to why these differences are
present.
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Within-subject comparisons among AMED con-
sumers comparing AMED and AO occasions may be
more appropriate to look at the impact of co-
consumption of energy drinks. As the same individuals’
behavior is evaluated on AMED and AO occasions, it
can be argued that the only difference between the occa-
sions is the co-consumption of energy drinks. By defini-
tion stable personality traits will not differ between these
occasions. The within-subjects approach is therefore
regularly favored in crossover studies. However, it can
also be applied in surveys or interviews where partici-
pants retrospectively report on occasions in which they
engage in different behaviors (in this case consuming
AMED and consuming AO).

The aim of this systematic review is to draw on the
extant literature to examine whether co-consumption
of energy drink has an impact on total alcohol
consumption during single drinking occasions.
Given the different methodological approaches,
separate meta-analyses will be presented of studies
applying between-group comparisons and those ap-
plying within-subject comparisons.

METHODS

A literature search was conducted (2 March 2015) on
PubMed, PsycINFO, and Embase using the key words
“energy drink” and “alcohol”. The search yielded 908
hits (313 PubMed, 268 Embase, 232 PsycINFO). After
removing 95 duplicate items, the initial data base in-
cluded 813 publications. To be included, studies and
surveys had to be conducted in healthy volunteers
and present (i) between-group comparisons comparing
AMED consumers with AO consumers or (ii) within-
subject comparisons among AMED consumers..

The meta-analyses were performed using Compre-
hensive Meta-analysis (Biostat Inc., Englewood, NJ)
as described by Borenstein and Rothstein (1999).
Studies were included if the mean, standard deviation,
and sample size were reported, or other outcome mea-
sures that could be used to calculate effect sizes (ES).
The ES and corresponding 95% confidence interval
(CI) were computed for each of the AMED versus AO
comparisons. If the 95% CI did not include zero, the
ES was considered statistically significant (p < 0.05).
Homogeneity/heterogeneity analyses were performed
to determine if each individual ES had the same distri-
bution as the combined overall ES. In a homogenous
distribution, the dispersion of ES around their mean
is not greater than that expected from sampling error
alone. If the Q statistic resulting from this analysis is
not significant (p > 0.05), a homogenous distribution
can be assumed and a fixed effects model to perform
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the meta-analysis is justified. However, if the Q statis-
tic is significant (p < 0.05), variation in ES is greater
than would be expected from subject-level sampling
error alone, and a random effects model is applied
correcting for additional variation between the studies
(Lipsey and Wilson, 2000).

Meta-analyses were performed separately for studies
applying a between-group design and studies applying a
within-subject design, for (i) the typical number of alco-
holic drinks, and (ii) the maximum number of alcoholic
drinks consumed in a single drinking occasion.

RESULTS

Fourteen studies were identified that examined alcohol
consumption of AMED consumers. The studies were
either surveys (N=10), interviews (N=1), or on-
premise interviews (N=3), and were conducted in
Australia (N=5), The Netherlands (N=3), USA
(N=3), Canada (N=2), and Brazil (N=1). The major-
ity of participants were university and college students,
aged 18 to 30years old. The studies collected data on
the typical amount of alcoholic drinks consumed in a
single episode, usually during the last 30days or past
12 months. Some studies also recorded the maximum
number of alcoholic drinks consumed in a single epi-
sode during that period. The characteristics of each
study are summarized in Table 1.

For the meta analyses, studies were included only if
they applied a between-group and/or within-subject
comparison of (i) the typical number of alcoholic
drinks, and (ii) the maximum number of alcoholic
drinks consumed in a single drinking occasion. There-
fore, not all studies presented in Table 1 could be in-
cluded. For example, Penning et al. (2011) did not
examine alcohol consumption for a regular drinking
episode but surveyed participants about their latest
heavy drinking occasion that resulted in a hangover.
As this drinking occasion cannot be regarded as repre-
sentative for a typical (average) drinking episode, data
from this study was omitted from the meta-analysis.
The on-premise studies by Lubman et al. (2014) and
Verster et al. (2015) did include questions about alco-
hol consumption on the night of the interview. It is
however not sure whether the night of the interview
can be viewed as a typical drinking episode. Therefore,
data from these studies were also omitted from the
meta-analyses. Data from the other 11 studies were
included in the meta-analyses.

Between-group comparisons

Nine studies provided data on typical alcohol con-
sumption on a single drinking episode of AMED
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consumers in comparison to AO consumers and con-
ducted between-group comparisons (O’Brien et al.
2008, Woolsey et al. 2010, Brache and Stockwell
2011, De Haan et al. 2012, Eckschmidt et al. 2013,
Lubman et al. 2013a, Lubman et al. 2013b, Trapp
et al. 2014, Woolsey et al. 2015).

In total, alcohol intake of 5212 AMED consumers
was compared to that of 12568 AO consumers. The
results of these between-group comparisons were com-
bined in a meta-analysis (see Figure 1).

The results of the meta-analysis confirm that AMED
consumers drink significantly more alcohol than AO
consumers on a typical drinking occasion (p=0.0001,
ES=0.536, 95%CI: 0.349 to 0.724).

Five studies also provided between-group data on
the maximum number of alcoholic drinks consumed
on a single episode (O’Brien et al. 2008, Woolsey
et al. 2010, Brache and Stockwell 2011, De Haan
et al. 2012, Woolsey et al. 2015). In total, maxi-
mum alcohol intake on a single episode of 2302
AMED consumers was compared with that of
6022 AO consumers. The meta-analysis of these
data revealed that AMED consumers reported a sig-
nificantly higher maximum number of alcoholic
drinks consumed on a single episode when com-
pared to AO consumers (p=0.0001, ES=0.673,
95%CI: 0.464 to 0.882) (Figure 2).

Within-subject comparisons

Seven studies used a within-subject comparison among
AMED consumers to compare alcohol consumption on
a typical AMED and a typical AO occasion (Price
et al. 2010, Woolsey et al. 2010, Brache and Stockwell
2011, Peacock et al. 2012, De Haan et al. 2012, Lubman
et al. 2013a, Lubman et al. 2013b). In total, alcohol in-
take of 2871 AMED consumers was analyzed, compar-
ing alcohol consumption on AMED occasions with AO

J. C. VERSTER et al.

occasions. Results from the meta-analysis are shown in
Figure 3.

The meta-analysis revealed no significant difference
in overall alcohol consumption on typical drinking oc-
casions between AMED and AO occasions (p=0.465,
ES=-0.052, 95%CI: —0.192 to 0.088).

Three studies also provided data on the maximum
number of alcoholic drinks consumed on a single
episode (Woolsey et al. 2010, De Haan et al
2012, Lubman et al. 2013a). In total, data from
2.011 AMED consumers were analyzed. The meta-
analysis revealed that the maximum number of
drinks on AMED occasions was significantly lower
than on AQO occasions (p=0.0001, ES=-0.742,
95%CI: —1.015 to —0.468) (Figure 4).

Omitted studies

When including the three omitted studies (Penning
et al. 2011, Lubman et al. 2014, Verster et al.
2015) no relevant changes were seen in the overall
outcome of the meta-analyses. Again, the meta-
analysis of between-group comparisons revealed
that AMED consumers on a typical drinking occa-
sion consume significantly more alcohol than AO
consumers (p=0.0001, ES=0.453, 95%CI=0.289
to 0.617). The meta-analysis of within-subject com-
parisons amongst AMED consumers revealed no
significant difference in the amount of alcohol con-
sumed on a typical AMED and AO occasion
(p=0.380, ES=—-0.055, 95%CI=—-0.179 to 0.068).
The studies provided no data on the maximum num-
ber of alcoholic drinks consumed.

DISCUSSION

Studies using between-group comparisons show that
AMED consumers drink significantly more alcohol

Between-group comparisons (AMED versus AO consumers): typical number of alcoholic drinks
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Between-group comparisons (AMED versus AO consumers): maximum number of alcoholic drinks
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Figure 2. Meta-analysis of between-group comparisons of the maximum number of alcoholic drinks on a single episode of alcohol mixed with energy drink
(AMED) and alcohol only (AO) consumers

than people who consume AO. However, within- 2013) smoke (De Haan et al. 2012), and engage in high
subject comparisons show that AMED consumers risk taking behavior (Woolsey et al. 2010, Brache and
drink the same typical amount of alcohol on AMED Stockwell 2011, De Haan et al. 2012, Eckschmidt et al.

occasions as they do on AO occasions. Taken together, 2013, Snipes and Benotsch 2013). Examples for more
these analyses suggest that there are phenotypical dif- frequently seen risk taking behaviors amongst AMED
ferences between AMED consumers and AO con- consumers are having unprotected sex or being en-
sumers. One of these differences is that AMED gaged in other sexual risk taking behaviors (Miller
consumers drink significantly more alcohol in general. 2012, Berger et al. 2013, Snipes and Benotsch 2013),
They do this, however, irrespective of whether alcohol and driving while intoxicated (O’Brien et al. 2008,
is mixed with energy drink or not. Woolsey et al. 2010, Woolsey et al. 2015). The ob-

served differences between AMED and AO consumers
underline that the groups differ in many aspects from
ences betweeq AMED consumers and AQ consumers each other. One of these differences is the fact that
mn dem ographlcs (e.g., gender and age), pe rsonahty, AMED consumers drink more alcohol. It has been sug-
and risk-taking p roﬁLes has already been ra1§ed previ- gested that these differences between AMED and AO
ously as an explanation for the observed differences consumers may be caused by underlying personality
l;(e)tlwéeetll dANéED and hA}? consuin(elrsh (Vzrlf/}eErDet al. characteristics that might differ between the groups,

). Indeed, research has revealed that con- for instance levels of risk-taking behavior (Verster

sumers were significantly more often Caucasian et al. 2012). Recent research su . .
. . pports this hypothesis
(Berlgeéoelt 331' 20% 1)’]%/ oung (Berlge;g{ lal. é? 11, Wellls by showing that level of risk taking behavior is an in-
;E)la 2 W 11) ’ me; 62(()1§rgEe rketha . g ’1 2()eln 3g e}E al. dependent predictor of binge drinking per se, even af-
» wells et al. », Sekschmidt et al. ) have ter controlling for demographics and lifestyle factors

301102wer incomel a?d lfdlilcatign le\1/e120(1C3heng eh al. (De Haan et al. 2015). In other words, consumption
), were single (Eckschmidt et al. ), use illicit f AMED ;i £ 1 ’f havioral
drugs (De Haan et al. 2012, Snipes and Benotsch © is one of a cluster of behaviora

The notion that there are various phenotypical differ-

Within-subject comparisons (AMED versus AQ occasions): typical number of alcoholic drinks
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Figure 3. Meta-analysis of within subject-comparisons examining the typical number of alcoholic drinks on alcohol mixed with energy drink (AMED) versus
alcohol only (AO) occasions
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Figure 4. Meta-analysis of within-subject comparisons examining the maximum number of alcoholic drinks on alcohol mixed with energy drink (AMED)

versus alcohol only (AO) occasions

manifestations of an underlying phenotype which ap-
pears to also include a higher risk-taking personality.

Between-group comparisons show that phenotypical
differences exist between the groups (e.g., differences
in alcohol consumption), but do not provide information
on why the observed differences exist. Within-subject
comparisons among AMED consumers suggest that
there is no causal relationship between consuming
energy drinks and increased alcohol consumption. By
using within-subject comparisons these differences
between AMED and AO consumers do not contribute
to the study outcome, as two drinking occasions of the
same subjects are compared of which the only difference
is whether or not energy drinks are co-consumed. The
meta-analyses of these data reveal that co-consumption
of energy drinks has no significant influence on to-
tal alcohol consumption on a typical single drinking
occasion.

There are several limitations to our research that
should be addressed. First, it can be argued that recall
bias may have interfered with obtaining reliable survey
data. Not all studies used the same recall period (see
Table 1), and it may be that last week recall is easier
and more reliable than last year recall. However, when
applying a within-subject design, there is no reason to
assume that participants will recall consumption char-
acteristics differently between AMED or alcohol-only
occasions, with the caveat that AMED occasions tend
to be less frequent. Moreover, to recall “typical use”
it is not necessary to recall each individual drinking
occasion. It is an estimated average of number of
drinks by the subjects. Hence, the frequency of the oc-
casions is less important. The maximum number of al-
coholic drinks are consumed on a single occasion. As
this occasion is not a regular drinking day, it is likely
that this day is recalled relatively well (for example,
because it was a birthday or special party night). To
avoid the possibility of recall bias entirely, prospective
study designs with recordings while drinking or next
day consumption recordings may be a solution.

© 2016 The Authors. Human Psychopharmacology: Clinical and Experimental

Published by John Wiley & Sons Ltd

The included studies used different ways to question
participants about their typical and maximum alcohol
and energy drink consumption. Some studies used
standardized and validated questionnaires such as the
Quick Drinking Screen (e.g., Woolsey et al 2010, De
Haan et al. 2012), whereas other composed their own
questions. Most studies did not report if questions were
taken from validated scales or designed by the re-
searchers. In future research, it may be best to use stan-
dardized questions (e.g., the Quick Drinking Screen),
and have a standard recall period (e.g. past 30days).

Most studies did not report on how AMED con-
sumption was defined and whether they only included
people that actually mixed alcohol with energy drink
or also included people who consumed energy drink
(not mixed) in between of consuming AO drinks. As
caffeine has a relative long half-life, and the drinks
do mix in the stomach, this is important to take into
account. From the publications and surveys examined,
this was clearly taken into account by only two studies
(Woolsey et al. 2010, de Haan et al. 2012). Both stud-
ies defined co-consumption as consuming energy
drinks or other non-alcoholic beverages either 2h
before or 2h after drinking alcohol, representing a
relatively conservative definition of ‘mixing’. It is
important to implement clear definitions of mixing
in future research.

Regarding the generalizability of the results, it
should be mentioned that most studies were conducted
among students or young adults aged 18 to 30years
old. Although these represent a big segment of energy
drink consumers, other age groups were not investi-
gated. Nevertheless, the studies revealed similar find-
ings across the world in surveys conducted in USA,
Europe, and Australia, suggesting that the outcome of
the meta-analyses is representative for this age group.

Finally, regarding the possible influence of industry
funding on the studies included in the meta-analysis,
it should be noted that only 1 out of the 10 studies that
were included in the meta-analyses was supported by

Hum. Psychopharmacol Clin Exp 2016; 31: 2-10
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industry (De Haan et al. 2012). All other studies were
funded by government or universities with authors that
have no relationship with energy drink industry.

Although our analyses show that mixing alcohol
with energy drink does not lead to increased alcohol
consumption, the data do indicate that both AMED
and AO consumers drink much more alcohol than
is generally recommended as safe. This pattern of
heavy drinking is consistent across drinking occa-
sions, irrespective of whether alcohol is consumed
by itself, mixed with energy drinks, or mixed with
other nonalcoholic beverages such as cola or tonic
(Verster et al. 2014). Future research might there-
fore usefully focus on excessive alcohol consump-
tion per se, given that the group of AO consumers
(70.7% of the whole sample) is substantially larger
than the group of AMED consumers (29.3%). As
discussed above, several papers suggest that person-
ality aspects such as a high risk taking profile may
be related to increased alcohol consumption. Identi-
fying the personality characteristics that result in
increased alcohol consumption may be an important
goal for future research, as this may help to screen
for individuals at risk for excessive alcohol
consumption.

Taken together, between-group comparisons suggest
that overall alcohol consumption is one of the many
phenotypical differences between AMED and AO con-
sumers. Within-subject comparisons amongst AMED
consumers reveal, however, that mixing alcohol with
energy drink has no significant impact on total alcohol
consumption on a typical single drinking occasion.
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