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W N e

Abstract: In the last decades, there has been a huge increase in the consumption of both Energy
Drinks (EDs) and alcohol and, concurrently, these two trends generated the additional practice of
mixing ED with alcohol, known as Alcohol mixed with Energy Drink (AmED). One of the most
important group of AMED consumers is represented by young. Indeed, the study population of the
researches in this field are mainly represented by college students and the results evidence a great
range of negative consequences for health. The purpose of the systematic review was to explore the
prevalence of AmED consumption among undergraduate students, together with motivations to their
use, adverse effects and health-related behaviors associated to AmEDs use. The review was conducted
according to the PRISMA Statement and PubMed, Scopus and Web of Science were interrogated.
42 articles, published from 2008 to 2021, were included in the review. An overall prevalence rate
of 37% was estimated for AmEDs use in undergraduates, with geographical differences. Although
a decrease in consumption was observed throughout the studied period, a continuous monitoring
on this phenomenon is needed for identifying those risk groups that could develop risky behaviors
related to AmEDs consumption and provide them targeted educational interventions.

Keywords: energy drink; alcohol; undergraduates; adverse effects; health-related behaviors

1. Introduction

The consumption of Energy Drinks (EDs) is very popular because of their advertised
effects such as the increase of energy, concentration, athletic performance, metabolism and
stimulation of mental activity and alertness, which represent the main reasons to use these
beverages, other than liking the taste [1-4]. One of the most relevant group of consumers
is represented by students, which use EDs to overcome the high levels of stress related to
study commitments [5] and to get benefits in cognitive performance, concentration and
mood [6] as well as to stay awake and increase energy levels. After more than 20 years
since the debut of the first ED company, there has been a huge increase in their consump-
tion, complemented by an overall increase in alcohol intake [7], and concurrently these
two trends generated the additional practice of mixing ED with alcohol, which is known
as the consumption of Alcohol mixed with Energy Drink (AmED). Compared with alco-
hol alone, consuming AmED increases total alcohol consumption; one hypothesis which
justifies this increase is that the stimulant effects of caffeine, one of the main ingredients
of EDs, may counteract the depressant effects of alcohol [4]. Indeed, most of the research
comparing AmED consumers with alcohol only consumers reported higher levels of al-
cohol in AmED consumers respect to alcohol users. Usually, the target of these studies is
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the university students’ population [8], emphasizing how dangerous are alcohol-related
negative consequences and how susceptible is the undergraduate population. Alcohol
consumption among college students contributes to a range of negative alcohol-related
consequences; for example, in the United States each year, approximately 1825 deaths,
97,000 sexual assaults, and 600,000 injuries are alcohol-related [9]. In South Korea, around
10.8% of deaths among college students are attributed to alcohol, while more than 50%
of colleges experience alcohol-related problems like campus vandalism and violence by
intoxicated students [10]. The risks are even greater with the consumption of AmEDs,
which has been associated with increased odds of driving a car under their influence, being
hurt or injured, experiencing unwanted sexual contact, having unprotected sex, and using
drugs [11]. Then again, heavy consumption of AmEDs may lead to alcohol addiction, liver
diseases, and obesity or diabetes related with the high-caloric content of these drinks. The
caffeine content of EDs increases the need for more alcohol consumption, leading frequently
to alcohol intoxication [12], not to mention all other caffeine adverse effects, such as to
anxiety, irritability, restlessness, sleep disorders, gastrointestinal upsets, tremors, tachycar-
dia, and psychomotor agitation [13,14]. According to so many side effects, risky behaviors
and health outcomes, there is a need for an appropriate and detailed assessment of this
issue throughout scientific literature, to estimate consumption prevalence and to assess
the reasons for their use, the associated health-related behaviors and their adverse effects,
especially in high-risk groups such as university students. Moreover, several surveys have
been performed in different countries to evaluate alcohol-related impact, instead of a fair
amount for energy drinks related issues, but there are very few studies concerning AmED
consumption which go beyond the simple comparison between AmED and alcohol only.

The purpose of the present systematic review was to explore the prevalence of AmED
consumption among undergraduate students, analyzing the data coming from the available
literature on this topic. A meta-analysis was also performed on these data to estimate
the overall prevalence of undergraduates’ AmEDs use worldwide. Furthermore, adverse
effects and health-related behaviors associated to AmEDs consumption and motivations to
their use in this population group were also systematically analyzed.

2. Materials and Methods
2.1. Selection Protocol and Search Strategy

This systematic review was performed according to the Preferred Reporting Items for
Systematic Review and Meta-Analysis (PRISMA) guidelines [15]. The review protocol was
registered in PROSPERO (reference number CRD42(022328431).

The review question was framed using PICOS framework and the eligibility criteria
selected for the present systematic review are reported in Table 1. A university student was
considered as a student enrolled in a college or university. The range of age of university
students was 18-24 years. However, in some of the studies no age limits were used and
then also older students were added in the review.

Table 1. Eligibility criteria used in the article selection process based on the PICOS framework.

Eligibility Criteria
Population University students, independently by their gender and age
Intervention Consumption of AmEDs in everyday life
Comparison Age-, gender- and condition-matched control group (if present)

To explore the prevalence of AmED consumption; adverse effects and
Outcomes health-related behaviors associated to AmEDs consumption and
motivations to their use were also analyzed

Study design Cross-sectional studies

Three electronic databases (PubMed, Scopus and Web of Science) were questioned
using the following query string: “energy drink” AND “alcohol” OR “AmED” AND
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(“university students” OR “college students” OR “undergraduate*”). Table S1 shows the
detailed search strategy.

The search was performed from 20 to 31 May 2022 and was carried out by title, abstract,
and MeSH terms on PubMed or keywords on Scopus and Web of Science.

Table 2 shows the inclusion and exclusion criteria used in the selection process.

Table 2. Inclusion and exclusion criteria used in the article selection process.

Inclusion Criteria Exclusion Criteria
Articles reporting data about AmED specific Articles presenting studies that included individuals who were not university
consumption of university students, independently students or studies which regarded the consumption of other dietary
by their gender and age supplements than AmEDs or only EDs or alcohol alone or other substances

Articles presenting clinical trials, experimental studies, reviews,
Articles presenting cross-sectional studies meta-analysis, case studies, proceedings, qualitative studies, editorials,
commentary studies and any other type

Articles published in English language, from the

inception to 31 May 2022 Articles published in languages other than English

Titles and abstracts obtained from the databases were transmitted to the reference
software Zotero systematic review manager for the process of assessment. The subsequent
step was screening by title and abstract the potentially eligible studies, following the
inclusion criteria; the screening was performed by five authors (FG., C.P, EV.,, AD.G))
independently. Then, full texts were read independently by the consensus team (F.G., C.P,
EV., AD.G.) and disagreements about their inclusion were achieved by consensus among
the authors.

2.2. Data Extraction Process and Quality Assessment

A specific set of categories were chosen as the extracted data following consensus of
all authors: bibliographic information like author, year, country, sample size, study sub-
ject/population with age and gender; and AmED consumption estimate, associated health-
related behaviors, reason and adverse effects due to AmED consumption as outcomes.

The Newcastle-Ottawa Quality Assessment Scale—NOS—adapted for cross-sectional
studies was used for quality assessment. An overall quality rating was assigned to each
eligible article according to the number of criteria met as follows: Good Quality (all criteria
met, low risk of bias); Fair Quality (1 criteria not met or 2 criteria unclear, moderate risk of
bias); Poor Quality (2 or more criteria not met, high risk of bias). Five authors (F.G., C.P,
EV., AD.G.) independently assigned a score to each study, and disagreements were settled
by consensus among all the authors.

2.3. Statistical Analysis

Comprehensive Meta Analysis 4.0 (Biostat, Englewood, NJ, USA) was used for
meta-analysis and statistical elaborations. The prevalence of AmMED consumption and
95% CI were extracted for each study. The pooled estimation of prevalence was calcu-
lated using random-effects model for higher external validity of findings because are
included studies with different populations. According to previous studies [16,17], the
formula Logit = Ln(p/(1 — p)), where p represents the prevalence rate and Ln the natural
logarithm, was used to transform prevalence rate in its logarithmic form, and
V(Logit) =1/np + 1/n(1 — p), where V represents the variance, was used to transform
samples’ variance. The conversion is based on the formula p = eLogit/(eLogit + 1), with e
being the base of the natural logarithm.

In order to evaluate the heterogeneity of the selected studies, the I test and the classical
measure of heterogeneity Cochran’s Q (Hedges Q statistic) were used. The following
thresholds of I> were employed: <25% = low heterogeneity; <50% = moderate heterogeneity;
and >75% = high heterogeneity [18]. To assess the publication bias, the Egger’s test and
Funnel plot were employed [19]. Meta-regression and subgroup analyses were performed
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to evaluate the sources of heterogeneity [20-22]. For meta-regression analysis, sample
size, gender and age of participants, WHO Regions location (European Region, African
Region, Region of the Americas, South-East Asia Region, Eastern Mediterranean Region,
Western Pacific Region), years since publication and methodological quality of the studies
were considered as possible sources of heterogeneity; the time considered to assess AmED
consumption was also included into the meta-regression analysis by considering four
subgroups (Past week, Past 30-days, Past 60-days, Past 90-days and Past year). Three
articles [23-25] were excluded from the meta-analysis and meta-regression analyzes because
they did not report the prevalence rate of AmED consumption. Two other papers were
excluded because they involved the same cohort of participants [26].

3. Results
3.1. Article Selection

Figure 1 shows the steps of the article selection process used for the systematic review
following the PRISMA statement [15].

Identification of studies via databases and registers

—
Records identified from Records removed before screening
Al daubase-s (n=T714) Duplicate records removed (n = 157)
PubMed (n = 86) Records marked as ineligible by
S.copus (n=139) automation tools (n = 0)
Web of Science (n = 489) Records removed for other reasons
Registers (n = 0) (n=0)
—
P
Records screened . Records excluded
(n = 557) (n = 506)
Reports sought for retrieval .| Reports not retrieved
2 (n=0) "1 (n=0)
Reports sed for eligibiity
(,-.;51).“” #»| Repors excluded (n = 9)
- not spedific for AmED (n = 5)
not only university students (n = 1)
not pértain (n = 2)
other language (n = 1)
e/
T
Stwdies included in review
; (n=42)
-g Reports of induded studies
& (n=42)
|

Figure 1. PRISMA flowchart of search strategy.

On a total of 714 records found, 557 were screened for inclusion and 51 assessed for
eligibility. Five articles were excluded because not specific for AmED, one article because
the study population did not include only university students, two articles because they
were not pertinent, and one article because it was not in English. Finally, 42 articles met the
inclusion criteria and were included in the analysis (Tables 3 and 4).
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Table 3. Characteristics of the samples and main results related to Alcohol mixed with Energy Drinks (AmEDs) patterns of consumption in the selected studies.
Author Sample Size Quality
Year Age (Mean Value £ SD and/or Range) AmED Consumption Estimate Adverse Effects Assessment
Country Gender (%) (NOS)
) o 45% in the last month occasional use. 1-2 days:
Amlung et al,, 2013 273,200 £17 years; 73% Female, 5503 5 qave: 11%; 6-9 days: 5%; 10-14 days: 3%; NR Poor (4)
USA [27] 27% Male
15-19 days: 1%
Arria et al., 2016 1000; 22-25 years; 45% Male, 71% drank AmED and 85% drank ED alone; 56% More frequent drunk drivin Fair (5)
USA [28] 55% Female both styles 9 &
- . . o In the last year 65.2% consumed alcohol only, 59.9% . . . .
Bahadirli et al., 2017 2632;23.43 + 2.027 years; 51.2% Male, ED only, 48.9% AmED. 52.2% consumed AmED in Higher propenslty for sensation seeking and Fair (5)
Turkey [29] 48.8% Female impulsiveness
the last 30 days
Mean (SD) of 1.7 (2.2) AmED consumption days Impulsiveness, decrease in quality of work or
Benson et al., 2021 6881; 21.3 £ 2.6 years; 41.0% Male, per month The number of energy drinks mixed P .' quaiity ot w .
. o ] o school work, risky sexual behavior, difficult to Fair (5)
Australia [30] 59% Female with alcohol: one 250 mL can (57.8%), two cans limit amount of alcohol. overweight
(22.7%), three cans (9.2%), more than three 10.3% ’ &
Driven a car while under the influence (36.4%);
Berger et al., 2013 606; 21.5 + 1.7 years; 38.4% Male, o . been hurt or injured (16%); and experienced
USA [31] 61.6% Female 64.7% consumed AmED in the last year unwanted sexual contact as a result of Poor (4)
consuming alcohol (9.1%)
Bonar et al., 2017 560; 19.57 &= 1.75 years; 33% Male, 8a.47% Cons.umed AmE]? rarely, 10.0% AmED use Increase in smoking,
half the times they drink alcohol, 5.6% AmED . Good (7)
USA [32] 67% Female . . alcohol and drug use, symptoms of depression
every time they drink alcohol.
Brache and Stockwell 465; 24.03 &+ 6.7 years; 44% Male, 88% consumed alcohol and 26% consumed AmED They were more likely to have. r1cl.den h(?me
. with a driver who had been drinking, driven Good (7)
2011 Canada [33] 56% Female 39% in the last 30 days L. ..
home after drinking and been hurt or injured
Cecilia et al., 2016 479; 22.3 + 4.4 years; 36% Male, 65% consumed AmED and 27% are classified as Overweicht. sleep disorders. trait anxiet Poor (4)
Italy [34] 64% Female regular AmED users i, sieep ’ Y
Cobb et al., 2015 1174; 75.3% 18-19 years old; 35.5% Male, - © consumed AmED and 36% alcohol only in the .
USA [35] 64.5% Female last 30 days. Average days drinking NR Fair (5)
- e alcohol-caffeine per month 3.6 (SD 3.5)
de Haan et al., 2012 6002; 22.1 £ 2.6 years; 32.5% Male, 26% consumed AmED NR Poor (4)

Netherlands [36]

67.5% Female
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Table 3. Cont.

Author Sample Size Quality
Year Age (Mean Value £ SD and/or Range) AmED Consumption Estimate Adverse Effects Assessment
Country Gender (%) (NOS)
Driving unbelted (28.2%), driving at high speed
o o . (38.1%), having been fined for any reason
Eckschmidtet al. 2013 8672; 58.9% 25-34 years old; 40% Male, 744% consumed alcohol only and 25.6 /(.) AmED in (10.8%), having had arguments or fights while .
. o the last year. Frequency of alcohol use in the last . 00 o . N Fair (5)
Brazil [37] 60% Female car: dailv 56.5%. weekly 40.5% monthly 90.1% in traffic (9%), drinking and driving (24.6%),
yeat: Y ob o Yo YR driving after binge drinking (22.1%), riding
with an intoxicated driver (32.9%)
Driving while intoxicated, higher occasions of
Graczyk et al., 2020 422;18-26 years old; 41.23% Male, o . . L. . . . .
USA [38] 58.77% Female 21.8% consumed AmED in the last 2 months binge drinking, h1gher.alcohohc drinks per Poor (4)
occasion
Higher interpersonal consequences,
Haas et al., 2017 458; 19.30 + 1.86 years; 39.9% Male, o . engagement in risky behaviors, academic .
USA [39] 60.1% Female 65% consumed AmED in the last 2 weeks difficulties, impaired control while drinking, Fair (5)
more physiological dependency symptoms
Johnson et al., 2015 1873; 20.9 £ 2.20 years; 44.6% Male, o
UK [40] 55 4% Female 39.1% consumed AmED NR Poor (4)
Johnson et al., 2018 1873, 20.5 £ 2.00 years; 50.8% Male, o Driving while intoxicated, higher occasions of
UK [41] 49.2% Female 15.2% consumed AmED binge drinking and impulsiveness Poor (4)
Kensinger et al., 2014 540; 20.14 & 1.59 years; 35% Male,
USA [23] 65% Female NR NR Poor (4)
Kurtuncu and Kurt 2021 1202; 20.82 £ 1.86 years; 37.8% Male, 17.3% consumed AmED in the last year and 11.6% Hicher alcohol intake and impulsiveness Fair (5)
Turkey [42] 62.2% Female in the last 30 days & P
Lau-Barraco et al., 583; 19.84 & 1.69 years; 31% Male, 6% consumed 16 AmED, 5.2% 8 AmED, 23% NR Poor (4)
2013 USA [24] 69% Female 4 AmED and 65.9% less than one AmED weekly
Linden-Carmichael and 122;20.39 + 2.08 years; 26.2% Male, o Sexual risk behaviors, hangover, headache, sick
Lau-Barraco 2017 o 26% consumed AmED » Poor (4)
73.8% Female stomach, vomiting, less energy
USA [26]
Linden-Carmichael and o
Lau-Barraco 2017 122;20.39 4 2.08 years; 73.8% Female 26% consumed AmED Headache, sick stomach Poor (3)

USA [43]

26.2% Male
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Table 3. Cont.
Author Sample Size Quality
Year Age (Mean Value £ SD and/or Range) AmED Consumption Estimate Adverse Effects Assessment
Country Gender (%) (NOS)
Linden-Carmichael and o
Lau-Barraco 2018 122;20.39 £ 22'2823/@;;2’153'8 o Female 26% consumed AmED NR Poor (3)
USA [44] e
MacKillop et al., 2012 409; 20.13 + 1.88 years; 71% Female o o -
USA [45] 299 Male 62% consumed AmED, 48% in the last 30 days NR Poor (3)
11.8% (Moderate drinker, low proportion AmEDs);
Mallett et al., 2014 195; 21 + 0.27 years; 43% Female 70.5% (Moderate drinker, high proportion AmEDs); Headache. hangover. vomitin Poor (4)
USA [46] 57% Male 8.0% (Heavy drinker, low proportion AmEDs); s Nangover, &
97.8% (Heavy drinker, high proportion AmEDs)
Mallett et al., 2015 1710; 18.56 + 0.50 years; 57.7% Female o
USA [47] 42 3% Male 39.6% consumed AmED NR Poor (4)
Marczinski et al., 2011 706; 20.9 £ 5.3 years; 49.9% Female o o
USA [48] 50.1% Male 44.0% consumed AmED, 9.3% in the last 2 weeks NR Poor (2)
Marzell et al., 2014 386; 18 £ 0.45 years; 59% Female o . . .
USA [49] 41% Male 27% consumed AmED in the last 30 days Headache, sick stomach, memory loss Fair (6)
Miller et al., 2012 648; 20.14 years (range 18—40); o . .
USA [50] 47 5% Female 52.5% Male 29.3% consumed AmED in the last 30 days NR Fair (6)
Norberg et al., 2017 549; 19.21 + 1.46 years; 70% Female o . .. . .
Australia [51] 30% Male 42% consumed AmED in the last 90 days Dizziness, ill Fair (5)
O’Brien et al., 2008 4271; 20.4 & 2.8 years; 61% Female o . N . . .
USA [52] 39% Male 16.3% consumed AmED in the last 30 days Dizziness, fatigue, headache, trouble walking Fair (6)
Oh et al., 2019 South 4592; 50.8% Female 49.2% Male; age 22.0% of alcohol—gonsummg men and 13.4% of Depressive thoughts, suicidal thoughts, .
alcohol-consuming women reported AmED . Fair (5)
Korea [53] range not reported. 2o, suicidal attempt
consumption in the last year
Patrick et al., 2014 620; 19.49 £ 0.43 years; 51% Female 26% consumed AmED in the last 30 days and 29% NR Fair (6)
USA [54] 49% Male reported frequent use
Patrick et al., 2016 614; 19.5 4= 0.43 years, 18.0-21.75 years; 27% consumed AmED in the last 30 days NR Poor (3)

USA [55]

47% Male, 53% Female
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Table 3. Cont.
Author Sample Size Quality
Year Age (Mean Value £ SD and/or Range) AmED Consumption Estimate Adverse Effects Assessment
Country Gender (%) (NOS)
Price et al., 2010 72 ED users; 17-29 years; 43% Male, o o -
Canada [56] 57% Female 76% consumed AmED, 53% in the last week NR Poor (2)
733 alcohol consumers;
Sheel’gg Aet[;;.], 2016 20.21 + 3.56 years, 18-47 years; 7.87 AmEDs per week NR Poor (3)
32.4% Male, 67.6% Female
21.5% consumed AmED in the last year: 67.3%
.. . ) ) rarely, 15.9% once or twice a month, 11.2% once a
Sg;‘(’fflzié ngionch?;ia 81226' 51/31\742:1()_12211??;}1’;?;8 week, 4.7% 2 to 3 days a week; 72.9% 1-2 AmED in NR Poor (4)
& e PR a single session, 14.0% 34, 2.8% 5-6, 2.8% 7-8,
4.7% 9-10
Snipes and Benotsch, 704; 19.0 & 11.80 years; 40.1% Male, o . .
2013 USA [58] 59.9% Female 17.2% consumed AmED in the last 30 days NR Fair (5)
Snipes et al., 2014 757;1890 + 1.51 years, 18-25 years; 11.6% consumed AmED in the last 30 days, 9.7% in
31.2% Male, NR Poor (4)
USA [59] the last week
68.8% Female
Spangler et al., 2018 10,340; 92.4% 18 years, 7.6% > 18 years; o .
USA [60] 37.04% Male, 62.96% Female 29.4% consumed AmED in the last year NR Poor (3)
VelaqulllseZe[t()ﬁ., 2012 585; 18.7 years; 64% Male, 56% Female 14.9% consumed AmED in the last 30 days NR Fair (5)
Woolsev et al.. 2010 Sleep disturbance, nervousness and rapid
Ug N 62']’ 401; 19.8 years; 64.1 Male, 35.9% Female 37.4% consumed AmED in the last year heartbeat were more common in AmED than in Poor (3)
alcohol-only consumers
Wool%eg Ae t[gé.], 2015 355 alcohol users 30.1% consumed AmED in the last 30 days NR Poor (3)
Woolsey et al., 2015 549 alcohol users; 22.01 & 4.160; 48.8% consumed AmED in the last year, mainly NR Poor (4)
USA [64] 32.1% Male, 67.9% Female men (p < 0.001)

NR = Not Reported.
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Table 4. Health-related behaviors and motivation associated with Alcohol mixed with Energy Drinks (AmEDs) consumption in the selected studies.

Author
Year Associated Health-Related Behaviors Reason
Country
Greater levels of hazardous drinking above and beyond the influence of
Amlung et al,, 2013 USA [27] collateral risk factors such as impulsivity and demand for alcohol NR
. Heavier alcohol use, higher risk for drunk driving relative to individuals who
Arria etal., 2016 USA [28] consumed ED exclusively with alcohol (41.3% vs. 28.7%) NR
Bahadirli et al., 2017 Turkey [29] NR NR

Benson et al., 2021 Australia [30]

AMED consumers were significantly more often smokers and had higher
risk-taking scores

I like the taste, I wanted to drink something else, to get drunk, to
celebrate a special occasion, I received the drink from someone
else (and did not want to refuse it), it feels like it reduces the
negative effects of alcohol, because others drink it as well

Berger et al., 2013 USA [31] NR NR
13.4% were current smokers, problematic drug use was low and average
Bonar et al., 2017 USA [32] scores on the AUDIT-C were situated at proposed cut-offs for NR
hazardous drinking.
Brache and Stockwell 2011 Canada [33] Significant associations between the consumption of AmED and any NR

stimulant drug use (cocaine, crack-cocaine, amphetamines, and crystal meth)

Cecilia et al., 2016 Italy [34] NR To stay awake and to treat a hangover
Cobb et al., 2015 USA [35] NR To hide th.e flavor pf alcohol, to drink less fmd get (?1runk, only
mixer available, and stay alert while drinking
de Haan et al., 2012 Netherlands [36] NR NR
Eckschmidt et al., 2013 Brazil [37] NR NR
Common availability of AmED, taste and effects of drinking
Graczyk et al., 2020 USA [38] NR AmED (most believing that they can increase alertness, increase
energy, reduce sleepiness, and be able to consume more alcohol)
Haas et al., 2017 USA [39] NR NR
Johnson et al., 2015 UK [40] NR 66.5% for the taste, 35.2% to celebrate a special occasion, 45.6% to
get drunk
Johnson et al., 2018 UK [41] NR NR




Nutrients 2022, 14, 4985

10 of 19

Table 4. Cont.

Author
Year
Country

Associated Health-Related Behaviors

Reason

To forget your worries, because it helps to enjoy a party, because it
helps you when you feel depressed or nervous, to cheer you up
when you are in a bad mood, because you like the feeling, because

Kensinger et al., 2014 USA [23] NR it is exciting, to get high, because it makes social gatherings more
fun, to fit in with a group you like, because it improves parties and
celebrations, to forget about your problems, because it’s fun
Kurtuncu and Kurt 2021 Turkey [42] NR To make the party funnier (2.9%) and to increase the intake of
alcohol (2.5%)
The mean global positive change, enhanced sexual performance, physical and
social pleasure, relaxation and tension reduction, and arousal and power
Lau-Barraco etal,, 2013 USA [24] scores were significantly lower for the Low Alcohol/Low CAB class NR
compared to the High Alcohol/Low CAB class.
Linden-Carmichael and Lau-Barraco 2017
USA [26] NR NR
Linden-Carmichael and Lau-Barraco 2017 .
USA [43] Impulsivity NR
Linden-Carmichael and Lau-Barraco 2018 NR Social, enhancement, and coping motives were unrelated to
USA [44] AmED use
MacKillop et al., 2012 USA [45] NR Stay alert longer, more energy to party, get high or

“buzzed” quicker

Mallett et al., 2014 USA [46] Legal, academic and sexual consequences NR
Mallett et al., 2015 USA [47] NR NR
Marczinski et al., 2011 USA [48] NR To get drunk and reduce sedation compared to alcohol alone
Marzell et al., 2014 USA [49] Legal, academic and sexual consequences NR
Miller et al., 2012 USA [50] Sexual risk behaviors: casual sex, intoxicated sex and unprotected sex NR
Norberg et al., 2017 Australia [51] The feeling lively, happy, and having fun would be associated positively with NR
AmED
O'Brien et al., 2008 USA [52] Taking advantage of another sexually, riding with an intoxicated driver, being NR

physically hurt or injured, and requiring medical treatment
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Table 4. Cont.
Author
Year Associated Health-Related Behaviors Reason
Country
Missing class, engaging in unplanned sexual activity, having a hangover,
doing something you regret, getting behind in school work, arguing with

Oh et al., 2019 South Korea [53] . . L . . NR

friends, getting hurt or injured, damaging property, being sexually assaulted,

getting into trouble with campus or local police, requiring medical treatment

. Been in a car accident, had a minor injury, had a serious injury, been
Patrick etal., 2014 USA [54] hospitalized, had surgery or had problems with the police NR
Patrick et al., 2016 USA [55] Binge drinking emerged as a strong predictor of AmED use NR
Price et al., 2010 Canada [56] Individuals drank significantly more alcohol when it was co-administered NR
with EDs
Sheehan et al., 2016 USA [25] AmED use quantity was correlated leth alcohol use quantity, increase NR
of aggressiveness
Sljivo et al., 2029 Bosnia and NR Relaxation
Herzegovina [57]

AmEDs consumption was associated with marijuana, ecstasy and cocaine use

Snipes and Benotsch, 2013 USA [58] and with having unprotected sex, sex after having “too much to drink”, sex NR
after drug use and multiple sexual partners in the past 3 months
Snipes et al., 2014 USA [59] AmED consumption was a significant predictor of patterns of alcohol NR
dependence
Spangler et al., 2018 USA [60] AmED consumptlo.n was assoc1afced Wlth ever smokeless tobacco use and NR
cigarette smoking in the past 30 days

AmED consumption was associated with alcohol use NR

Velazquez et al., 2012 USA [61]

Woolsey et al., 2010 USA [62]

AmED users reported higher average days drinking per week, average
number of drinks per occasion, total binge drinking episodes in past year,
greatest number of drinks on one occasion, and total number of drinks than
alcohol-only consumers

To act aggressively, to be more alert, to feel stronger, to feel sober
up quicker and to drive a vehicle were more commonly reported
by AmED than by alcohol-only consumers

Woolsey et al., 2015 USA [63]

AmED users are more likely to drive after drinking, drive while knowingly
over the blood alcohol content driving limit and to ride with an
intoxicated driver

36% reported feeling more confident, 45% felt they could drink
more alcohol, 25% felt energy drinks reduce the negative effects of
alcohol, 20% felt energy drinks sober them up quicker, and 13%
felt that they were more capable to drive
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Table 4. Cont.

Author
Year Associated Health-Related Behaviors Reason
Country

AmED users reported more driving despite knowing they had too much
alcohol to drink, driving over the blood alcohol content driving limit, more
alcohol average drinks, days drinking (30 day), days drunk (30 day), heavy

episodic drinking (30 day), greatest number of drinks on one occasion (30

day), greatest number of drinks on one occasion (12 month), hours of
consumption per drinking occasion than alcohol-only users

Woolsey et al., 2015 USA [64] NR

NR = Not Reported.
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3.2. Characteristics of the Selected Studies

The included articles were published between 2008 and 2021 and performed in several
countries. All the studies included male and female subjects with a range of 18-34 years; the
sample size ranged from 72 [56] to 10,340 individuals [60]. The evaluation of ED consumption
frequency is based mainly on a monthly report [26,30,33,35,38,39,41,45,49,50,52,54,55,59,61,63],
less commonly on a yearly report [29,34,37,42,53,60,62,64] and on a weekly report in only
two studies [23,54]. Thirteen articles analyzed AmED consumption in comparison with the
consumption of alcohol alone [24,33-39,41,43,45,46,53] while four articles compared the
AmED consumption with EDs only [28,29,42,44].

As for the quality assessment, a total of 25 articles showed a poor quality rating,
which means with important limitations that could invalidate the results and high risk of
bias in general [23-27,31,34,36,38,40,41,43-48,55-58,60—-64]. A total of 15 assessed studies
reported a fair quality rating, with no known important limitation that could invalidate
the results and with a moderate or acceptable risk of bias [28-30,35,37,42,49-54,58,61] and
only two studies reported a good quality rating with all criteria met and a very low risk of
bias [32,33].

3.3. AmED Consumption Prevalence and Related Aspects

Among the selected studies, the prevalence of AmED users ranges from 25.6% [37]
to 84.4% [32]. Five articles considered the differences of consumption according to gen-
der [36,41,53,57,63], showing no significant differences with the exception of the study by
Woolsey et al. [64], which found a major intake in males.

The adverse effects related to AmED consumption were investigated in 20 out of
the 42 selected articles. Endanger themselves by driving [28,31,37-39,41], high propensity
for sensation seeking, impulsiveness, interpersonal consequences and having arguments
or fights [29,30,37,39,41,42] and headache or dizziness [43,46,49,51] were mainly reported
by participants. Other quite frequently reported adverse effects were difficulty to limit
the alcohol quantity or binge drinking [30,32,38,39,41], unwanted or particular sex behav-
iors [30,31,39,43], depression symptoms, anxiety, suicidal thoughts or attempts [32,34,53,62]
and sick stomach [26,43,46,49]. Other less reported adverse effects were been hurt or in-
jured [31,33], disturbance in sleep [34,62], decrease in quality of work or study [30,39], put
on weight [30,34] and memory loss [49].

Among the studies assessed, 23 analyzed the prevalence of health-related behav-
iors associated with AmED consumption. The most frequently reported behaviors were
hazardous drinking and heavier alcohol intake [25,27,28,32,55,56,58,61,62], drunk driving
while knowingly over the blood alcohol content driving limit and risk taking with fre-
quent injuries [43,53,54,63,64] and sexual risk-taking behaviors [46,49,50,52]. Other less
frequently reported behaviors were increased smoking habit [30,60], increased drug con-
sumption [33,56] and even a positive associated behavior reported such as happiness and
fun [24,51].

Only thirteen studies investigated reasons behind the AmED consumption, revealing
so many of them with a common thread: to get drunk [30,35,40,42,48,63], to reduce negative
effects of alcohol, to relax or to enjoy at parties [23,30,42,57,64], to hide the alcohol’s flavor
or reduce sedation of alcohol alone [35,48], to treat hangover [34,62,63]; other reasons
instead were more wider, such as to celebrate [23,30,40], for common availability [38], to
keep themselves awake and increase alertness [34,35,38,45,62] and finally because they
simply liked the taste [30,40].

3.4. Meta-Analysis and Meta-Regression Results

With regards to the meta-analysis results, the estimated overall prevalence of AmED
consumption (Figure 2) was 37% in undergraduate students (95% CI, the range of preva-
lence is 13-99%), with significant heterogeneity among studies (Q test: p < 0.001; I> = 99.4%).
Sensitive analysis did not substantially change the pooled prevalence of AMED consump-
tion, which resulted equal to 38% (95% CI: 13-99%) with the inclusion of Linden-Carmichael
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etal., 2017, 2018 [43,44], suggesting that no one single study had a disproportional impact
on overall prevalence.

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit  Z2-Value p-Value
Amlung et al. 2013 0.450000.39195 0.50944 -1.64950 0.09904 -
Arria et al. 2016 0.56000 0.52904 0.59050 3.78555 0.00015 -
Bahadirli et al. 2017 0.490000.47093 0.50910 -1.02599 0.30490 L
Benson et al. 2021 0.320000.30908 0.33112 -29.16722 0.00000 | |
Berger etal. 2013 0.750000.71397 0.78287 11.71066 0.00000 -
Bonar etal. 2017 0.32000 0.28266 0.35980 -8.32077 0.00000 -
Brache and Stockwell 2011 0.88000 0.84719 0.90654 13.96180 0.00000 -
Cecilia etal. 2016 0.380000.33759 0.42432 -5.20057 0.00000 -
Cobb et al. 2015 0.36000 0.33302 0.38789 -9.46277 0.00000 -
de Haan et al. 2012 0.21000 0.19988 0.22049 -41.80831 0.00000 |
Eckschmidtet al. 2013 0.70000 0.69027 0.70956 36.15808 0.00000 | |
Graczyk et al. 2020 0.430000.38354 0.47773 -2.86647 0.00415 -
Haas et al. 2017 0.998910.98284 0.99993 4.82062 0.00000
Johnson et al. 2015 0.390000.36815 0.41230 -9.44228 0.00000 -
Johnson et al. 2018 0.130000.11551 0.14600 -27.66769 0.00000 [ ]
Kurtuncu and Kurt 2021 0.17000 0.14981 0.19230 -20.64985 0.00000 -
Linden-Carmichael 2017 0.33000 0.25246 0.41804 -3.67808 0.00023 —ll—
MacKillop et al. 2012 0.620000.57197 0.66579 4.80557 0.00000 -
Mallett et al. 2014 0.997450.96058 0.99984 4.21513 0.00002 -
Mallett et al. 2015 0.400000.37702 0.42343 -8.21405 0.00000 -
Marczinski et al. 2011 0.440000.40377 0.47688 -3.18077 0.00147 L]
Marzell et al. 2014 0.270000.22805 0.31650 -8.67552 0.00000 -
Miller et al. 2012 0.30000 0.26594 0.33642 -9.88401 0.00000 -
Norberg et al. 2017 0.420000.37936 0.46175 -3.73270 0.00019 L]
O'Brien et al. 2008 0.16000 0.14954 0.17104 -40.64866 0.00000 ]
Ohetal. 2019 0.35000 0.33633 0.36392 -20.00828 0.00000 |
Patrick et al. 2014 0.26000 0.22698 0.29598 -11.42397 0.00000 -
Patrick et al. 2016 0.27000 0.23635 0.30652 -10.94173 0.00000 -
Price etal. 2010 0.220000.13904 0.33003 -4.44881 0.00001
Sljivo et al. 2020 0.210000.18335 0.23938 -15.37774 0.00000 -
Shipes and Benotsch 2013 0.37000 0.14402 0.19957 -15.80341 0.00000 -
Snipes et al. 2014 0.120000.09871 0.14514 -17.81406 0.00000 -
Spangler et al. 2018 0.29000 0.28133 0.29882 -41.31405 0.00000 | |
Velazquez et al. 2012 0.15000 0.12330 0.18129 -14.98072 0.00000 -
Woolsey et al. 2010 0.370000.32411 0.41836 -5.14555 0.00000 -
Woolsey et al. 2015a 0.30000 0.25459 0.34971 -7.31577 0.00000 -
Woolsey et al. 2015b 0.49000 0.44835 0.53179 -0.46858 0.63937 -
Overall (1"2=99.4%, p=0.00) 0.36836 0.36432 0.37243 -60.67340 0.00000 |
-1.00 0.50 0.00 0.50 1.00
PREVALENCE

Figure 2. Forest plot for the prevalence of AMED consumption in students [27-43,45-65].

A visual inspection of funnel plot suggested no publication biases in the present study
(p = 0.001) (Figure S1).

To investigate the role of the study characteristics in influencing the heterogeneity of
the global prevalence of AmED consumption, a meta-regression analysis was performed
considering sample size, gender, age, publication year, time to which AmED consumption
was referred to, methodological quality of the study and WHO region in which the study
was performed. The results showed that the prevalence of AmED consumption was
independent by the amount of females in the sample (p = 0.750), mean age (p = 0.140),
time of AmED consumption (p = 0.240), or methodological quality (p = 0.250). Instead,
the prevalence of AmED consumption in the world slightly showed a decrease with the
increase of the year of publication (p < 0.05). According to the meta-regression analysis,
the study location showed a slight action of moderation (Q = 3.19, df = 2, p < 0.05). The
prevalence of AMED consumption was 73% in AMR Region, 19% in EUR, 8% in WPR.

4. Discussion

Mixing Alcohol with Energy Drinks is a common practice among young people and a
great concern for public health because it can be associated with several adverse effects and
other risky habits, such as binge drinking and alcohol dependence [4,7,8,28,65]. To explore
the prevalence of AmED consumption and motivations to their use among undergraduate
students, the available literature from 2008 to 2021 was analyzed in this review. The
results showed that the estimated overall prevalence of AmED consumption was 37% in
the populations studied, with a great variability and a significant heterogeneity among
the studies.

Among the possible factors influencing the heterogeneity of the global prevalence of
AmED consumption arose the study location, with AMR and EUR regions showing the
major prevalence. However, it should be noted that the data reported by the National
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Institute on Drug Abuse at The National Institutes of Health in USA showed a substantial
decline in lifetime alcohol use among youths from 1991 to 2017 [64]. These data are in
agreement with the observation that the year of publication is negatively correlated with
the prevalence of AmED consumption, and recent studies reported a lower prevalence
of AmED among the undergraduate students compared to older ones. Probably, the
campaigns implemented to contrast addictions had influence also on the consumption of
AmED [64]. However, the overall prevalence of AmED consumption worldwide is still
not negligible, especially considering that the studied consumers are young. Besides, the
AmED consumption can determine the increase of other risk factors, as hazardous drinking,
defined by WHO as a pattern of alcohol consumption that increases the risk of harmful
consequences for the user or others [65], and heavier alcohol intake and consequently
drunk driving [25-28,32,53-56,58,61-64], sexual risk-taking behavior, smoking and drug
consumption [24,30,33,46,49-52,58], which can be threatening for health and life.

In addition, participants have reported several adverse effects such as high propensity
for sensation seeking, impulsiveness, interpersonal consequences and having arguments or
fights and headache or dizziness. Other frequently reported adverse effects were difficulty
to limit the alcohol quantity or binge drinking. Particularly, binge drinking is defined as
consuming 5 or more drinks on an occasion for men or 4 or more drinks on an occasion for
women [66]. It is a harmful risk behavior related with serious injuries and several diseases
and with an increased risk of alcohol use disorder [67].

Moreover, it should be considered that the quarantines occurred during the COVID-
19 pandemic had significantly changed alcohol use in many countries, shifting places of
consumption from bars and restaurants to home, mainly thanks to a widely increasing e-
commerce. As reported by the Organisation for Economic Co-operation and Development,
alcohol sales increased by 3% to 5% in Germany, the United Kingdom and the United States
in 2020 compared to 2019 [68]. Even though many individuals reported a decrease or no
change in their consumption behaviors during the lockdowns, there has been an increase
in frequency and quantity of alcohol use, especially among women, parents of young
children, people with higher income and those with anxiety and depressive symptoms
in many countries. Some of the problems associated with harmful alcohol consumption
and risky behavior such as binge drinking were intensified by the pandemic, even though
the long-term impacts of COVID-19 on alcohol consumption are not completely known so
far [68,69]. Therefore, it is possible that the pandemic and related control measures have
exacerbated even the use of AmEDs, especially among specific population groups, leading
to different prevalence rates.

For these reasons, it is essential to understand the consumption motivations and also
the possible consequences of AmEDs use, in order to structure new health programs to coun-
teract this phenomenon. AmEDs consumption seems to be related with neuroendocrine-
independent brain stress systems, that influence drinking behavior in a dynamic and
complex manner [70,71]. Thus, just like the excessive alcohol use as a common response
to stress is caused by several triggers, including psychological motivations, as boredom,
disruption to routines, distress, also the AmED consumption can be triggered by these
reasons [72,73]. However, also physiological causes, such as nutritional deficiencies, dehy-
dration, hormonal changes or the activation of reward-related brain areas, can determine
their consumption [74]. Among the examined studies only thirteen investigated the reasons
behind the AmED consumption, revealing several common threads beyond to get drunk:
to reduce negative effects of alcohol, to relax or to enjoy at parties [23,30,42,57,63] to hide
the alcohol’s flavor or reduce sedation of alcohol alone [35,48] to treat hangover [34,62,63].
A non-negligible percentage of university students consume AmEDs to hide the flavor of
alcohol, to drink more and feel less drunk and this data is in line with the literature [48,52].
Indeed, energy drinks may alter the effects of alcohol through the inhibition of dopamine
transmission [75,76]. This aspect is a concern and underlines the tight association between
AmEDs and alcohol use.
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There are several limitations to our analysis. First of all, the data in each selected study
were obtained by self-report survey and recall bias may have interfered with obtaining
reliable information. In addition, the heterogeneity of recall period and measures of
consumption frequency may represent other biases. Above all, the quality of the majority
of the studies was not good, which affect the validity of our findings. However, this
review offers a systematic picture of AmEDs consumption and related aspects worldwide,
together with the strength of a meta-analytic analysis. In order to reduce the effects
of articles” heterogeneity, the meta-regression analysis was controlled for sample size,
geographical location, year of publication, time chosen for reporting AmEDs consumption
and methodological quality of the studies, together with gender and age of participants.
Notwithstanding the reported variability, it seems that only the time of publication and the
study location had a slight effect on the results.

5. Conclusions

Our findings show that a global prevalence rate of 37% is estimated for AmEDs use
in undergraduates, with geographical differences. Although a decrease in consumption
was observed throughout the period in which the selected studies were published, a
continuous monitoring on this phenomenon is needed in order to identify those risk groups
that could develop risky behaviors related to AmEDs consumption and provide them
targeted educational interventions. The creation of ad hoc surveillance systems could help
healthcare systems in controlling the risks possibly related with AmEDs use.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu14234985/s1, Figure S1: Funnel Plot Results related to the global
prevalence of AmED consumption among undergraduates; Table S1: Detailed search strategy.
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