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ABSTRACT
The direct clinical health effects of alcohol mixed with energy drinks (AmED) consumption are
largely unknown. Using data from a nationwide questionnaire, two groups were compared:
adolescents who consumed an energy drink at the event (EDC) and adolescents who did not (ED–).
Blood alcohol concentration (BAC), duration of loss of consciousness, mean age, sex ratio, and
habitual characteristics did not differ between the groups. In the EDC group, more adolescents had
lower education and drugs were used twice as often. Consumption of AmED with relatively low
doses of caffeine does not lead to higher BAC in Dutch adolescents presenting to the hospital with
alcohol intoxication.
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Introduction

In the past decade, the number of adolescents treated in
the department of pediatrics for alcohol-related prob-
lems in the Netherlands has risen. Most of these adoles-
cents were admitted to the hospital because of reduced
consciousness due to binge drinking (�4 or �5 alcoholic
beverages in a few hours for girls and boys, respectively;
Van der Lely, 2016; Van der Lely, Schreurs, Van Hoof, &
Van Dalen, 2016). Parallel to this development, an
increase in the consumption of energy drinks in Europe
and the United States has been seen among youngsters.
Energy drinks were first sold in 1987 by Red Bull� in
Austria, and their popularity in Europe and the rest of
the world has been rising ever since (Red Bull, 2017;
Reissig, Strain, & Griffiths, 2009; ). In the United States,
the number of visits to the emergency department
involving energy drinks doubled between 2007 and 2011
(Mattson, 2013). The consumption of alcohol mixed
with energy drinks (AmED) is gaining popularity as well
(O’Brien, McCoy, Rhodes, Wagoner, & Wolfson, 2008),
although the consumption of AmED in the Netherlands
has declined during recent years (Van Dorsselaer et al.,
2016). Adolescent AmED consumption has various neg-
ative consequences: adolescents consuming AmED are
heavier drinkers (Rossheim et al., 2016; Verster, Benson,
Johnson, Scholey, & Alford, 2015), show risk-taking
behavior (O’Brien et al., 2008), have a greater motivation
to drink alcohol (Marczinski, Fillmore, Henges, Ramsey,

& Young, 2013), and have greater odds of alcohol depen-
dence and greater hazardous drinking (Skewes, Decou, &
Gonzales, 2013; Verster et al., 2015). Furthermore, ado-
lescent AmED consumption has negative effects on brain
development (D�ıaz et al., 2016). Despite the extensive
research that has been previously conducted, the direct
clinical health effects of AmED consumption are largely
unknown. Therefore, the aim of this study was to exam-
ine these direct clinical health effects in adolescents who
presented to the pediatrics department with alcohol-
related problems.

Adolescent alcohol consumption, and especially irre-
sponsible consumption, leads to health damage in both
the short and long term. Short-term complications of
alcohol intoxication are reduced consciousness, hypo-
thermia, electrolyte disturbances, hypoglycemia, and
metabolic acidosis. However, these complications appear
to be mild in youngsters (Bouthoorn, Van der Ploeg,
Van Erkel, & Van der Lely, 2011). Nonmedical complica-
tions of alcohol intoxication in adolescents include acci-
dents, injuries, violence, and risk-taking sexual behavior
(Bonomo et al., 2001). Alcohol consumption in adoles-
cents (ages 10 to 24 years) is the main risk factor contrib-
uting to disability-adjusted life-years (Gore et al., 2011).

Long-term effects of adolescent alcohol consumption
are increased risk of developing cancer (Corrao,
Bagnardi, Zambon, & La Vecchia, 2004), alcohol-related
problems later in life (i.e., problematic alcohol use; Gross
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et al., 2016) and, most importantly in adolescence, brain
damage (Guerri & Pascual, 2010). During adolescence,
maturation of the brain occurs, mostly by forming new
connections, as well as by forming more stable connec-
tions within the brain. Drinking alcohol during adoles-
cence harms this maturation (i.e., smaller hippocampal
volume and abnormalities in the prefrontal cortex), lead-
ing to lifelong impairments, including memory dysfunc-
tion (Guerri & Pascual, 2010).

Not only does alcohol lead to negative health conse-
quences in adolescents but energy drinks may cause
health consequences as well (Koivusilta, Kuoppam€aki, &
Rimpel€a, 2016; Kristjansson, Sigfusdottir, Mann, &
James, 2014). In children who consume energy drinks,
there is a relation between complaints (headaches, stom-
achaches, sleeping problems, and low appetite) and
quantity of caffeine consumed (Kristjansson et al., 2014;
Koivusilta et al., 2016; Seifert, Schaechter, Hershorin, &
Lipshultz, 2011). There is a dose-response relationship
between the consumption of energy drinks in young ado-
lescents and a late bedtime (Koivusilta et al., 2016). Fur-
thermore, energy drink consumption is positively
correlated with hazardous alcohol consumption and
alcohol dependence (Arria et al., 2011; Emond, Gilbert-
Diamond, Tanski, & Sargent, 2014; Magnezi, Bergman,
Grinvald-Fogel, & Cohen, 2015). Adolescents who con-
sume energy drinks tend to be heavier drinkers and tend
to drink more alcohol later in life than adolescents who
do not consume energy drinks (Miyake & Marmorstein,
2015; Patrick, Evans-Polce, & Maggs, 2014).

Although energy drinks have been on the market
since 1987, the negative consequences of AmED were
not reported until the late 1990s (Ferreira et al., 2004;
Red Bull, 2017; Riesselmann, Rosenbaum, & Schneider,
1998;). Adolescents consume AmED for various reasons:
because they like the taste, to feel intoxicated, to feel
awake, out of curiosity, to consume more alcohol, to
reduce the side effects of alcohol, for social reasons, and
to hide the flavor of alcohol (Bonar et al., 2015; Magnezi
et al., 2015). AmED consumers seem to be heavier
drinkers than non-AmED consumers (Rossheim et al.,
2016; Verster et al., 2015). Consumption of AmED in
adolescents is associated with risk-taking behaviors: sex-
ual risks, injury, need for medical treatment (O’Brien
et al., 2008; Roemer & Stockwell, 2017), driving with too
high blood alcohol concentration (BAC), and riding with
an intoxicated driver (Roemer & Stockwell, 2017;
Woolsey et al., 2015). It is also associated with greater
odds of warnings, tickets and motor vehicle accidents,
drug use, and smoking (Martz, Patrick, & Schulenberg,
2015; Trapp et al., 2014). Furthermore, AmED consump-
tion may lead to greater motivation to consume alcohol
(Marczinski et al., 2013). Direct clinical health effects,

such as the relation between AmED consumption and
BAC, have rarely been examined, and only a small case
series has been published (Cleary, Levine, & Hoffman,
2012).

Long-term consequences of AmED consumption
include negative consequences of alcohol consumption,
symptoms of alcohol dependence, and greater hazardous
drinking (Skewes et al., 2013; Verster et al., 2015). In
adolescence, AmED consumption has negative effects on
brain development. It leads to neuronal death and dam-
age to the lipids and proteins in the hippocampus and
temporal cortex (D�ıaz et al., 2016). Since 2010, pre-
mixed AmED products are no longer available in the
United States due to pressure from the Food and Drug
Administration (FDA) on the manufacturers of these
beverages. The FDA concluded that there is no support
for the claim that the addition of caffeine to alcoholic
beverages is “generally recognized as safe” (U.S. Food
and Drug Administration, 2010). However, consumption
of AmED is inevitable because adolescents started mix-
ing energy drinks with alcohol themselves (Martz et al.,
2015).

Alcohol consumption and energy drink consumption
have both long-term and short-term negative effects on
adolescents. It is thought that the combination (AmED)
might be even worse. The negative effects of AmED are
known, but these effects are either consequences of the
result of AmED consumption (i.e., injuries as a result of
risk-taking behavior) or long-term effects (i.e., alcohol
dependence later in life). The direct clinical health effects
or consequences of AmED consumption are largely
unknown. Therefore, in this study, the relation between
AmED consumption and BAC is examined in adoles-
cents presenting to the pediatric department. Our
hypothesis was that BAC is higher in adolescents who
consume AmED because they tend to drink more and
longer and have greater motivation to drink alcohol.

Method

Data collection

Data were collected using the Dutch Pediatric Surveillance
System (NSCK) from January 1, 2014, to December 31,
2016. Every time an adolescent is admitted to the depart-
ment of pediatrics with a problem related to the consump-
tion of alcohol, the admission is reported to the NSCK by
the pediatric team. The next morning, the pediatrician
interviews the adolescent and his or her parents about the
drinking episode leading up to the hospital treatment,
drinking patterns, psychosocial problems, sexual problems,
and medication and drug use. This information is used to
complete a questionnaire, which is sent to the NSCK.
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Accordingly, all adolescents ages <18 years with a BAC of
>0 g/L are included in the surveillance system, which has
existed since 2006.

Additional information collected through the ques-
tionnaire includes general and demographic information,
medical information about intoxication, and treatment
characteristics and hospital information. Beginning in
2014, a new questionnaire was used, in which a question
about the co-use of energy drinks was added. The con-
sumption of energy drinks was the grouping variable.
Other variables of interest in this study were BAC (g/L),
gender, age at admission to the hospital, education level,
ethnicity, duration of reduced consciousness, hospital
stay, part of the day at admission, drug use, age of con-
suming first alcoholic beverage, smoking, and alcohol
consumption during the weekend.

Participants

Inclusion criteria for the current study were as follows:
� adolescents <18 years of age;
� admission to the hospital with BAC >0.0 g/L;
� reduced consciousness (other atypical causes for
hospital treatment, such as trauma or suicide, were
excluded from the current analyses);

� registration if an energy drink was consumed (yes/
no).

In total, 2,257 questionnaires were received. The use
of energy drinks was known in 615 patients. Of them,
523 matched the inclusion criteria and were included. A
total of 48 adolescents (9.2%) consumed energy drinks in
combination with large quantities of alcohol, and 475
adolescents (90.8%) did not.

Statistical analysis

The data were analyzed using IBM SPSS Statistics for
Windows, version 21. The normality of continuous data
was checked using the Shapiro-Wilk test. All continuous
data were distributed non-normally, so Mann-Whitney
U tests were performed to compare these data. The chi-
square test was used for the examination of the relations
between the nominal variables. P-values less than .05
were considered statistically significant.

Baseline characteristics

Two groups were created: adolescents who did (EDC;
N D 48, 9.2%) and adolescents who did not (ED–;
N D 475, 90.8%) consume energy drinks mixed with
alcohol or in addition to the consumption of alcohol
before hospitalization. The ratios of boys and girls were
comparable in both groups (Table 1; x2 (1, N D 519) D

1.652, p D .199). The mean age during admission did not
differ significantly between the groups (Table 1; u D
10586.0, z D ¡0.819, p D .413).

Results

Background characteristics

Education levels were divided into three categories: low
(VMBO/pre-vocational secondary school), middle-high
(HAVO/senior secondary education), and high (VWO/
university preparatory education). A significant differ-
ence between the groups was found (x2 (2, N D 387) D
6.370, p D .041): significantly more adolescents had
lower education in the EDC group than in the ED–
group (Table 2). There were more adolescents with a
non-Dutch nationality in the EDC group than in the
ED– group (21.3% versus 10.7%, respectively; Table 2),
and this difference was significant (x2 (1, N D 496) D
4.617, p D .032).

Intoxication and treatment characteristics

In this study, no significant difference in BAC between
the groups was observed (Table 3; u D 10481.5, z D
¡0.921, p D .357). Adolescents who consumed energy
drinks used drugs at the time of admission almost twice
as often (19.1% versus 10.0%). This difference was mar-
ginally significant (Table 3; x2 (1, N D 505)D 3.641, p D
.056). Hospital stay (u D 7415.0, z D ¡1.326, p D 0.185),
duration of reduced consciousness (u D 3587.5,
z D ¡0.916, p D .360), and part of the day of admission

Table 1. Baseline Characteristics.

EDC
(N D 48)

ED–
(N D 475)

Total
(N D 523)

(SD) (SD) (SD) p-value

Gender (%) .199a

Male 60.9 51.0 52.0
Female 39.1 49.0 48.0

Mean age at admission
(years)

15.56
(1.109)

15.42
(1.159)

15.43
(1.154)

.413b

aChi-square test; bMann-Whitney U test.

Table 2. Background Characteristics.

EDC
(N D 48)

ED–
(N D 475)

Total
(N D 523) p-value

Education level (%) .041�a

Low 65.7 43.5 45.5
Middle-high 17.1 29.5 28.4
High 17.1 27.0 26.1

Ethnicity (%) .032�a

Dutch 78.7 89.3 88.3
Non-Dutch 21.3 10.7 11.7

aChi-square test.
�D P-value.

JOURNAL OF CHILD & ADOLESCENT SUBSTANCE ABUSE 3



(x2 (3, N D 509) D 5.009, p D .165) were equal in both
groups (Table 3).

Habitual characteristics

No significant difference in habitual characteristics was
found: age of consuming first alcoholic beverage (u D
8081.5, z D ¡1.061, p D .289), smoking (x2 (1, N D 498)
D 0.198, p D .657), and alcohol consumption during the
weekend (u D 6166.0, z D ¡0.274, p D .784) were com-
parable in both groups (Table 4).

Discussion

To control for random distribution and equal distribu-
tion in both groups (adolescents who consumed energy
drinks [EDC] and adolescents who did not consume
energy drinks [ED–]), the baseline characteristics (gen-
der and mean age at admission) for both groups were
compared. The baseline characteristics did not differ sig-
nificantly, which means that both groups were compara-
ble. In an earlier study, a significant difference in
ethnicity for the consumption of energy drinks in the
Netherlands was observed (Van Dorsselaer et al., 2016).
In this study, this difference was significant as well: there
were more adolescents with non-Dutch ethnicity in the

EDC group than in the ED– group. Furthermore, there
were significantly more Dutch adolescents with a lower
education level who consumed AmED, a trend that was
also found in another Dutch study (Van Dorsselaer
et al., 2016). These findings confirm that the population
in this study is representative of the Dutch adolescent
population.

This study examined the relation between BAC and
AmED consumption for the first time; except for a
small case series, no other research has been performed
(Cleary et al., 2012). No significant difference in BAC
between both groups (EDC and ED–) was found, in
contrast to expectations. Common sense might lead to
the expectation that youngsters who consume energy
drinks have more energy and therefore a longer drink-
ing event, which causes higher BAC. However, this
seems to not be the case; possibly further qualitative
research should investigate this mechanism in-depth.
These qualitative studies could, for instance, consist of
drinking events, analyses after excessive drinking (time,
number of drinks, BAC), interviews, focus group ses-
sions, or critical incident approach studies with the tar-
get audiences. Hospital stay and duration of reduced
consciousness were comparable in both groups. Because
adolescents who consume energy drinks stay awake lon-
ger, consumption of AmED might lead to admission at

Table 3. Hospitalization Characteristics.

EDC (N D 48) (SD) ED– (N D 475) (SD) Total (N D 523) p-value

BAC (%, whole blood) 0.199 (0.478) 0.197 (0.511) 0.197 (0.508) .357a

Duration of reduced consciousness (hours) 2.74 (2.044) 3.15 (2.278) 3.11 (2.258) .360a

Hospital stay (days) 0.74 (0.423) 0.65 (0.314) 0.66 (0.325) .185a

Admission – part of the day (%) 6.5 2.4 .165b

Morning 4.3 3.2 2.8
Afternoon 37.0 28.3 3.3
Evening 52.2 66.1 29.1
Night 64.8

Drugs (%) .056b

Yes 19.1 10.0 10.9
Cannabis 8.5 6.1 6.3
Cocaine 2.1 0.7 0.8
XTC 0.0 0.4 0.4
GHB 6.4 0.2 0.8
Else 2.1 2.6 2.6
No 80.9 90.0 89.1

aMann-Whitney U test; bChi-square test.

Table 4. Habitual Characteristics.

EDC (N D 48) (SD) ED– (N D 475) (SD) Total (N D 523) p-value

Age of first alcoholic beverage (years) 14.67 (1.128) 14.43 (1.304) 14.45 (1.288) .289a

Smoking (%) .657b

Yes 14.6 17.1 16.9
No 85.4 82.9 83.1

Alcohol consumption during weekend 1.97 (3.251) 1.79 (2.993) 1.81 (3.016) .784a

aMann-Whitney U test; bchi-square test.
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a later time (Koivusilta et al., 2016). In this study, only
the part of the day (morning, afternoon, evening, night)
was used as a scale. No significant difference was found
in the part of the day at admission between the groups.
Because the exact time of admission is unknown, it can-
not be said whether adolescents who consumed AmED
presented at a later time than adolescents who con-
sumed alcohol only.

It is known that AmED consumption leads to drug
use and heavier drinking (Marczinski et al., 2013; Martz
et al., 2015; O’Brien et al., 2008; Rossheim et al., 2016;
Verster et al., 2015; Trapp et al., 2014). Adolescents who
consumed AmED used drugs at the time of admission
more often than adolescents who consumed alcohol
only. Although this difference was only marginally sig-
nificant (p D .056), adolescents in the EDC group used
drugs almost twice as often (19.1%) compared to adoles-
cents in the ED– group (10%). Specifically, cocaine (2.1%
versus 0.7%) and GHB (6.4% versus 0.2%) were used
more often in the EDC group than in the ED– group.
Both cocaine and GHB are illicit drugs in the Nether-
lands (Overheid.nl, 2017). Cocaine and GHB both have
various dangerous effects; negative effects of cocaine
include hyperthermia, cardiac arrhythmias and cardiac
infarctions, cerebrovascular accidents, and hypertension
(Goldstein, DesLauriers, & Burda, 2009). GHB can cause
short-term anterograde amnesia, sleepiness, drowsiness,
coma, bradycardia, and respiratory depression (Schep,
Knudsen, Slaughter, Allister Vale, & M�egarbane, 2012).
The combination of these drugs with alcohol is even
more concerning. This combination has negative effects
on both physical and mental health. The effects of drugs
such as amphetamines and cocaine are enhanced by
alcohol, and alcohol reduces some negative effects, such
as jitteriness (Marshall, 2006). In the Netherlands, drugs
are used more often by adolescents with lower education
(Van Dorsselaer et al., 2016). In this study, adolescents
with lower education consumed AmED more often.
Therefore, education level might be a confounding fac-
tor. This issue could be verified by controlling for educa-
tion level. However, after this variable was controlled for,
the subgroups were too small, so no valid conclusions
could be drawn. Further large-scale quantitative studies
should investigate this issue in more depth. Because the
youngsters who end up in the hospital are not a very big
group, future studies could explore youth behavior in an
earlier phase of the drinking event (e.g., just during
nights out).

AmED consumption leads to risk-taking behaviors
(sexual risks, injury, need for medical treatment, and rid-
ing with an intoxicated driver); however, these specific
risks could not be subtracted from the database used
(Martz et al., 2015; O’Brien et al., 2008). Instead,

differences in risk-taking behavior were tested by evalu-
ating age of consuming first alcoholic beverage, smoking,
and alcohol consumption during the weekend. Adoles-
cents who consumed AmED did not consume alcohol
more often during the weekend compared to adolescents
who consumed alcohol alone. However, in this study, no
data were available for alcohol consumption later in life.
No differences were observed in the age of consuming
first alcoholic beverage and smoking.

In the Netherlands, the quantity of caffeine in energy
drinks is approximately 320 mg/L, which is slightly lower
than the maximum permitted quantity of caffeine in the
Netherlands: 350 mg/L (Voedingscentrum, 2017). Vari-
ous Nordic countries have maximum permitted quanti-
ties that are even lower than that in the Netherlands
(Table 5; Meltzer et al., 2008; Thomson & Schiess, 2010).
Energy drinks in other countries, such as the United
States (Caffeine Informer, 2017), Australia, and New
Zealand (Australian Government, 2015; Thomson &
Schiess, 2010), contain much more caffeine (Table 5).

In addition to caffeine, energy drinks also contain tau-
rine, vitamins, sugar, and sweeteners. Furthermore, they
contain guarana, yerba mate, cocoa, and kola nut, which
all contain additional amounts of caffeine. The amount
of additional caffeine is not mentioned on the can, so the
total amount of caffeine may be even higher than listed
(Seifert et al., 2011). Earlier studies show there is a dose-
response effect in the consumption of energy drinks and
thus in the amount of caffeine taken; consumption of
higher quantities of energy drinks leads to more negative
effects, such as headache, late bedtime, and sleeping dis-
orders (Koivusilta et al., 2016; Kristjansson et al., 2014).

It is thought that the co-consumption of energy
drinks and alcohol masks the subjective intoxication.

Table 5. Caffeine Content in Various Countries.

Country
Maximum Caffeine

Content
Caffeine
Content

Netherlands
(Voedingscentrum, 2017)

350 mg/L »320 mg/L

United States (Caffeine
Informer, 2017)

No maximum 64.3–6147 mg/L

Australia & New Zealand
(Australian Government,
2015; Thomson & Schiess,
2010)

145–320 mg/La 145–320 mg/La

United Kingdom (Food
Standards Agency United
Kingdom, 2017)

No maximum 320–2667 mg/L

Finland (Meltzer et al., 2008;
Thomson & Schiess, 2010)

No maximum »320 mg/L

Norway, Denmark, Iceland,
Sweden(Meltzer et al.,
2008)

150 mg/L Up to 150 mg/L

aIn Australia and New Zealand, energy shots are sold as dietary supplements.
There is no maximum caffeine content for these supplements. Caffeine con-
tent in these shots can be as high as 4200 mg/L.
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Alcohol and caffeine have opposite effects on adenosine
and dopamine. Normally, during a drinking episode,
adenosine activity rises, which has sedative effects. These
effects can be inhibited by caffeine. Adenosine inhibits
dopamine activity, but because caffeine inhibits adeno-
sine activation, dopamine activation is no longer inhib-
ited. This effect leads to increased reward experience
from alcohol and thus more alcohol consumption
(Marczinski, 2014). However, a meta-analysis from 2014
showed that there was no significant difference in subjec-
tive intoxication after consuming alcohol alone or
AmED (Benson, Verster, Alford, & Scholey, 2014). But
when consuming high doses of caffeine (5.0 mg/kg for
females and 5.5 mg/kg for males), a significant difference
in subjective intoxication is seen (Heinz, de Wit, Lilje, &
Koivusilta, 2013).

Because energy drinks in other countries, such as the
United States, Australia, and New Zealand, often contain
more caffeine than energy drinks in the Netherlands, the
existence of dose-response relations between caffeine and
its negative effects and the effect of high doses of caffeine
on subjective intoxication and consumption of energy
drinks with high caffeine content might have additional,
worse effects on BAC and risk-taking behavior (i.e., smok-
ing or alcohol consumption during the weekend) than that
seen in this study, in which the hypothesis was mostly
based on American literature. Significant differences in
these parameters might be seen between adolescents con-
suming energy drinks with high doses of caffeine and ado-
lescents who consume alcohol only.

Limitations

The population size in the EDC group was relatively
small. Energy drink consumption was not registered in
all adolescents (approximately 55% in 2015 and 2016).
This proportion might be the effect of underestimation
of the negative effects of AmED among pediatricians. In
the Netherlands, drugs are more often used by adoles-
cents with lower education (Van Dorsselaer et al., 2016).
In this study, adolescents with lower education con-
sumed AmED more often. It cannot be said whether
education level is a confounding factor because the sub-
groups were too small to draw valid conclusions. It might
be useful to collect more data, so correction for education
level could be performed.

Conclusions

There was no significant difference in BAC between ado-
lescents who consumed energy drinks at admission and
adolescents who did not. Although the direct clinical
health effects such as BAC were comparable in both

groups, the consumption of AmED was concerning: ado-
lescents who consumed energy drinks used drugs at the
time of admission almost twice as often as adolescents
who consumed alcohol only. However, drugs are used
more often by adolescents with lower education levels. In
the EDC group, there were significantly more adoles-
cents with lower education levels. This variable might be
a confounding factor, but due to very small subgroups, it
was impossible to control for education level. The exami-
nation of the negative effects of illicit drug use was not in
the scope of this study, but pediatricians should be aware
of this issue.

Because the direct clinical health effects of energy
drinks with higher quantities of caffeine are unknown,
more research is needed. Consumption of these energy
drinks in combination with alcohol might lead to direct
negative clinical health effects, such as higher BAC.
Therefore, the maximum permitted quantity of caffeine
in the Netherlands should not be raised, and in other
countries, such as the United States, a maximum permit-
ted quantity should be introduced.
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