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Abstract: The consumption of energy drinks (EDs) is increasing globally while the evidence and
concern about the potential health risks are also growing. Caffeine (generally 32 mg/100 mL)
together with a wide variety of other active components such as taurine (usually 4000 mg/L) and
D-glucuronolactone (generally 2400 mg/L) are the main ingredients of EDs. This study aims to assess
the exposures to caffeine, taurine and D-glucuronolactone from EDs in various consumption scenarios
and consumer profiles and to characterize the risks by evaluating caffeine and taurine intakes with
their reference values and by calculating the margin of safety (MOS) for D-glucuronolactone. While
the exposure assessment results showed that caffeine intakes from EDs ranged from 80 to 160 mg
(1.144 mg/kg b.w.) for the considered scenarios, the risk characterization estimated some risks that
could be managed with consumption recommendations such as limiting EDs in 40, 60 and 80 kg b.w.
consumers to 175, 262.5 and 350 mL, respectively, to prevent sleep disturbances and to 375, 562.5
and 750 mL to prevent general caffeine adverse health risks, respectively. Dietary exposure to D-
glucuronolactone from EDs ranged from 600 to 1200 mg (7.5-30 mg/kg b.w.). As D-glucuronolactone
MOS > 100 is only observed when EDs consumption is limited to 250 mL, for individuals weighing
above 60 kg, some risks were observed in some of the studied scenarios. A taurine exposure from EDs
varied from 1000 to 2000 mg (12.5-50 mg/kg b.w.) and consumptions over 500 mL were estimated to
generate intakes above the reference value. In conclusion, the management of these risks requires a
European legal framework for EDs with maximum limits for the active components, volume size
limitations and labeling improvements along with the development of education and awareness
programs and risk communication actions in collaboration with the industry and society.
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risk management
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1. Introduction

The energy drinks (EDs) market is estimated to be 1% of the non-alcoholic drinks
market and this may be attributed to the well-thought-out design process in the food
industry. The consumption of EDs has considerably increased worldwide [1-11], especially
among male adolescents and young adults. The European FoodEx2 classification classifies
EDs in the non-alcoholic functional drinks category [12].

EDs consumption was estimated to be at 30% in European adults (18-65 years; 16%
corresponding to chronic consumers) and at 68% in European adolescents (10-18 years;
10% classified as chronic consumers). Almost 12% of all adult Europeans (13.3% of “young
adults”) described themselves as regular consumers, drinking EDs 4-5 times a week or
more and consuming a mean average volume of 4-5 L/month [13]. The Spanish Survey on
Drug Use in Secondary Schools (ESTUDES) estimates the prevalence of EDs use among
students at 50.7% and 39% for young males and females, respectively [14].

Recent studies report that, during the COVID-19 pandemic, not only has the frequency
of the consumption of EDs increased but also the amount ingested, which was probably
due in part to the need to cope with stress, boredom and the desire to improve attention
when using screens and playing video games [15,16].

There is a global growing concern about the potential risks and the existing low-risk
perception associated with these drinks [2,9,10,17-19]. In general, the evidence correlates
EDs with a significant increase in the odds of insomnia (and jitteriness/activeness) [11],
anxiety, depression, impulsivity and poor academic performance, among others. While
frequent Eds consumption generates stimulation (nervous and cardiovascular), hyperten-
sion, bone density loss, osteoporosis, low psychological, physical, educational and overall
well-being, among other consequences [2,11,20,21], acute Eds consumption not only gen-
erates a caffeine overdose but has also been identified as an indicator of the use/abuse
of other psychoactive substances (tobacco, sedatives, cannabis, cocaine and ecstasy) and
risky behaviors [1,14,17,22-24]. The combined consumption of EDs with alcoholic drinks is
known to generate, among other effects, a decreased sense of drunkenness [17], and this
has been a growing cause of concern since more than half of young European consumers
said they occasionally consumed EDs mixed with alcohol [13].

Despite the variety of ingredients, most EDs share the same composition of caffeine,
taurine and D-glucuronolactone in varying proportions, along with other minor com-
ponents such as B vitamins and L-carnitine that increase their attractiveness, especially
among young consumers [25,26]. While the European Food Safety Authority (EFSA)
found that forty-nine of the fifty-three EDs distributed in Europe contained taurine in
their formula [13], the French Agence Nationale de Sécurité Sanitaire de I’alimentation, de
I'environnement et du travail (ANSES) reported that only 103 out of 126 of the EDs mar-
keted in France showed a complete list of ingredients on the packaging and, of these, only
52% contained taurine [27]. Additionally, 33% of the EDs on the French market contained
D-glucuronolactone and 59% of the EDs did not state the amount on the labeling [27].

The caffeine content in EDs usually ranges between 15 and 55 mg/100 mL [28],
although the most common concentration is 32 mg/100 mL. A standard EDs formula
usually contains 2400 mg/L of D-glucuronolactone and 4000 mg/L of taurine [26,28,29].
Nevertheless, the mean average taurine content in EDs has progressively increased since
the first commercialized formulations [30]. While ANSES reported a mean taurine content
(mg/L) of 3800 [27], EFSA reported 3412 [29] and Health Canada reported a mean average
of 4000 (range: 40-8000 mg/L) [31]. The mean D-glucuronolactone content (mg/L) was
1700 (range: 240-2400) but according to Health Canada, the D-glucuronolactone content
may be up to 4800 [31].

Caffeine (1,3,7-trimethylxanthine) generates multisystemic effects not only in the
central nervous system (CNS) but also in the respiratory, renal, endocrine, urinary, muscu-
loskeletal and cardiovascular systems [32-34]. Caffeine, in the CNS, behaves as an antago-
nist of adenosine A1, A2A and A2B receptors, producing a mild excitatory effect [35-37].
Caffeine increases natriuresis and diuresis by an interaction with the Al receptor [28]
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and inhibits phosphodiesterase, causing a smooth muscle relaxation [35,38,39]. A positive
chronotropic and inotropic effect has been described at a cardiovascular level, as well as
arrhythmias, tachycardias and an increase in blood pressure and heart rate [26,32,40]. In
addition, caffeine is known for its potential to cause moderate physical dependence and
tolerance. The EFSA associates intakes (mg/caffeine/kg b.w./day) of three with general
effects (cardiovascular and hematological, neurological and psycho-behavioral) and of 1.4
with sleep disturbances (sleep onset latency and shorter duration) [35]. However, the Nor-
wegian Scientific Committee for Food Safety [28] recently concluded that the benchmark of
3 mg caffeine/kg b.w./day may not necessarily protect against certain cardiac ailments.
In any case, according to EFSA, general consumers (70 kg b.w.) should keep their caffeine
ingestion under 400 mg/day [35].

The provision of information to consumers in Europe [41] includes labeling require-
ments for beverages with a high caffeine content (>150 mg/L), such as displaying “High
caffeine content. Not recommended for children or pregnant or breastfeeding women” along with
the caffeine amount in mg/100 mL. It is worth mentioning that some European brands [42]
include “Consume Moderately” or similar wording on their labels and others follow a volun-
tary code where labels are committed to not promoting the combined use with alcoholic
beverages [42,43].

One of the most recent risk communication actions on EDs has been promoted and
executed by the Spanish Agency of Food Safety and Nutrition (AESAN) in 2022 [44]. As a
risk management action, the AESAN, following a 2021 risk assessment scientific report [26],
published a document in 2022 with recommendations on the consumption of EDs [44].
These recommendations remind athletes that EDs are not designed for rehydration and
should not replace hydration and the recovery of metabolites by the conventional means
such as water or, where appropriate, through isotonic drinks. They also say that the regular
consumption of caffeine (100 mg/day) may cause a moderate physical dependence and
tolerance, that an excessive caffeine consumption may have negative physiological effects
and that EDs should not be combined with alcoholic beverages [44]. The AESAN has also
recommended avoiding their consumption in case of children, adolescents, pregnant and
breastfeeding women, people with hypertension, cardiovascular problems or with sleep
disorders [44]. Finally, the AESAN risk communication campaign points out that EDs with
sugars may contribute to exceeding the daily intake recommendations of simple sugars
(the WHO recommendation: 50 g/day) since 250 mL of EDs may contain between 27.5 and
30 g of sugars and 500 mL of EDs between 55 and 60 g of sugars.

Although the dietary exposure to D-glucuronolactone is generally estimated to be low
(1-2 mg/day) [29,36], the detection of unspecified renal lesions (renal papilla inflammation)
in rats during the hazard identification of D-glucuronolactone raised concerns about the
safety of including this ingredient in EDs [45]. The lowest no-observed-adverse-effect level
(NOAEL) for these nephrotoxic effects was initially set at 300 mg/kg b.w./day, but based
on the subsequent histopathological findings regarding renal inflammation, the NOAEL
was finally set at 1000 mg/kg b.w./day [29].

Taurine (2-aminoethanesulfonic acid) is found in high concentrations in cardiac muscle
and the CNS, although its levels decrease significantly with age. Taurine, unlike caffeine,
behaves as an inhibitory neuromodulator. Its antioxidant and anti-inflammatory properties
suggest its participation in several biological processes (the stabilization of the plasma
membrane and bile salts, osmoregulation, calcium metabolism, skeletal muscle function-
ality and correct neuronal activity, among others) [46—48], but few studies have related
dietary exposure with cardiovascular and neurological effects [49-52]. There are several
dietary sources of taurine [36,46] that contribute to the estimated daily taurine intake
(10-400 mg/day) [30] but, depending on the type of diet, the dietary intake may be lower
(20-200 mg/day) [53]. In the case of omnivorous diets, the daily intake is estimated to
be at 58 mg of taurine/day [29]. Based on the taurine hazard characterization, the EFSA
established a daily reference intake of 1400 mg taurine/day for a 70 kg b.w. individual [29].
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A taurine supplementation has been associated with a potential protective activity in
aging brains and direct beneficial effects during nervous system toxicity episodes [54-57],
but the EFSA states that a taurine dietary intake does not increase the taurine levels in
the brain, ruling out the possibility of a stimulant effect on the CNS [29]. Therefore, a
taurine supplementation may not be necessary in healthy consumers. Although Health
Canada reported that acute taurine oral toxicity is low [58], and excess taurine may generate
cognitive and behavioral effects in young adults [59].

Because an exposure to D-glucuronolactone and taurine has raised safety concerns,
especially in high and chronic consumption scenarios [60], individual initiatives have
been launched in different countries, such as Germany and Denmark [61], promoting the
standardization of EDs with maximum caffeine levels at 32 mg/100 mL; taurine levels at
4000 mg/L; and glucuronolactone contents at 2400 mg/L [62].

Given this background, the objectives of the present assessment were to estimate
the dietary exposures to caffeine, D-glucuronolactone and taurine derived from EDs in
various consumption scenarios and for various consumer profiles, to characterize the
potential health risks and to suggest some recommendations for risk management and
communication.

2. Materials and Methods

The dietary exposure assessment (estimated daily intake, EDI) (1) of the three compo-
nents under study was conducted by studying different volumes of ED containers marketed
around the world (250, 333 and 500 mL) and the standard levels of caffeine (32 mg/100 mL),
taurine (4000 mg/L) and D-glucuronolactone (2400 mg/L) in the above-mentioned com-
mercial presentations. In addition, three consumption scenarios (250, 333 and 500 mL/day)
and three consumer profiles based on body weight (40, 60 and 80 kg) were evaluated.

EDI = C of caffeine/D-gluconolactone/taurine (mg/L) - V of ED (L) e8]

C: concentration; V: volume.

A 1000 mL (1 L) consumption scenario was not considered as it was considered to be
unusual among general consumers even though, according to Zucconi et al., 11% of all
adult and 12% of all adolescent consumers of EDs were excessive consumers ingesting at
least 1 L in a single ingestion [13].

The risk characterization for caffeine and taurine was performed by evaluating the
caffeine and taurine estimated daily intakes (EDIs) with the established reference intakes
for caffeine (intake > 1.4 mg/kg b.w./day leads to sleep disturbances; intake > 3 mg/kg
b.w./day causes general adverse effects (cardiovascular and hematological, neurological
and psycho-behavioral effects) [35] and taurine (1400 mg/day) [29].

In regard to D-glucuronolactone, the risk characterization was performed by calculat-
ing the margin of safety (MOS) using the no observed adverse effect level (NOAEL) and
the estimated daily intake (EDI) (2) [63].

NOAEL (mg/kg of body weight/day)

MOS = EDI (mg/kg of body weight/day)

2

An acceptable value of the MOS for a NOAEL-based assessment extrapolated from an
animal study is >100 (factor 10 for an extrapolation from animals to humans and a factor
10 for interindividual variation in humans). The D-gluconolactone NOAEL is set by EFSA
at 1000 mg/kg b.w./day [29].

3. Results and Discussion
3.1. Caffeine: Exposure Assessment and Risk Characterization from EDs

Energy drinks are generally marketed worldwide in three standard volumes (250, 333
and 500 mL) and the most common caffeine content is 32 mg/100 mL. Considering these
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data, the estimated daily caffeine intakes for the three consumer profiles (40, 60 and 80 kg
body weight) under evaluation are shown in Table 1.

Table 1. Caffeine: dietary exposure assessment and risk characterization when consuming 250, 333
and 500 mL of 32 mg caffeine /100 mL EDs.

Volume of ED ingested (mL)

250 mL 333 mL 500 mL
Total caffeine intake (mg)
80 mg 107 mg 160 mg
Caffeine intake per kg of body weight (mg/kg b.w.)
Body weight: 40 kg 2 2.7 4
Sleep disorders X X X
General adverse ) } X
effects on health
Body weight: 60 kg 1.3 1.8 2.6
Sleep disorders - X X
General adverse ) } )
effects on health
Body Weight: 80 kg 1.14 1.3 2
Sleep disorders - - X

General adverse
effects on health

X: caffeine intake is associated with health risks (either sleep disorders or general adverse effects); -: caffeine
intake is not associated with the characterized risk (neither sleep disorders nor general adverse effects).

The caffeine estimated daily intakes (EDIs) from EDs ranged from 80 mg when 250 mL
are consumed to 160 mg when 500 mL are ingested. These results are higher than those
previously reported by Zucconi et al. and the Norwegian Ungkost 3 study [13,28]. Accord-
ing to Zucconi et al., the daily caffeine exposure was estimated at 22.4 mg (0.32 mg/kg
b.w.) for adult European consumers and at 48.3 mg (0.7 mg/kg b.w.) for high chronic
consumers. Likewise, a daily caffeine exposure was estimated at 23.5 mg (0.38 mg/kg
b.w.) in European adolescents (10-18 years), increasing to 75.08 mg (1.18 mg/kg b.w.) in
chronic high adolescent consumers [13]. In 2015, the mean average daily caffeine intakes
in adults were estimated again, after observing a wide variability among EU Member
States, obtaining a caffeine intake of 37-319 mg [35]. More recently the Norwegian Ungkost
3 study estimated the dietary caffeine exposure from Eds at 36.8 mg caffeine/day [28].

For a 40 kg person, daily caffeine intakes are estimated to be 2, 2.7 and 4 mg/kg b.w.
when consuming 250, 333 and 500 mL, respectively. In the risk characterization, considering
the limit values established by the EFSA for sleep disorders (1.4 mg/kg b.w./day), the
authors conclude that any consumption equal to or higher than 250 mL will expose the
consumer to the risk of sleep disorders. Similarly, intakes of 500 mL will expose the 40 kg
b.w. consumer to levels over the 3 mg caffeine/kg b.w./day that the EFSA has correlated
not only with sleeping disturbances but also with general adverse health effects [35].

For a 60 kg individual, a daily caffeine intake is estimated to reach 1.3, 1.8 and
2.6 mg/kg b.w. after consuming 250, 333 and 500 mL of EDs, respectively. Based on the
EFSA health-based limit of 1.4 mg/kg b.w./day for sleep disorders, the risk characterization
suggests limiting the consumption of EDs to 250 mL to avoid the risk of sleep disorders.
However, the risk characterization concludes that any EDs consumption below 500 mL will
keep one’s caffeine intake below 3 mg caffeine/kg b.w./day, thereby avoiding the overall
adverse health effects [35].
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In the highest body weight scenario considered (80 kg), the daily estimated caffeine
intakes are 1.14, 1.3 and 2 mg/kg b.w. after consuming 250, 333 and 500 mL of EDs,
respectively. Based on the health-based limit of 1.4 mg/kg b.w./day for sleep disturbances,
the risk characterization suggests limiting the consumption of EDs to 333 mL to avoid the
risk of sleep disturbances. No overall adverse health effects are expected for any of the
three consumption scenarios.

ED consumers undoubtedly have a total caffeine intake that exceeds that observed for
non-EDs consumers [7]. As previously established by Ruiz and Scherr, Zucconi et al. and
Ungkost 3 (Norwegian Ungkost 3 Study), the results here show a trend of an increased di-
etary caffeine exposure due to the increasing consumption of EDs [13,23,28]. Nevertheless,
as reviewed by Verster and Koenig, caffeine intake is generally below the recommended
levels [64]. However, the authors suggest enhancing the use of these consumption rec-
ommendations based on the upper intake limits proposed by the EFSA in the education,
communication and management of the risks associated with EDs. All stakeholders should
also be encouraged to contribute by applying education and communication strategies to
minimize the risks associated with caffeine and to promote the moderate consumption of
EDs considering the diversity of the consumers.

Table 2 suggests different ED consumption limits according to the different body
weight profiles considered in this assessment. To prevent sleep disorders, the consumption
of EDs should be limited to 175, 262.5 and 350 mL in consumers of a 40, 60 and 80 kg body
weight, respectively. To prevent general adverse health effects, Eds formulated with 32 mg
caffeine/100 mL should be limited to 375, 562.5 and 750 mL in consumers of a 40, 60 and
80 kg body weight, respectively.

Table 2. Maximum quantities of 32 mg caffeine/100 mL EDs to be consumed (ml) to prevent risks
(sleep disturbances and/or general effects on health) derived from the caffeine content.

Body Weight (kg)

40

60 80 40 60 80

Maximum quantity (ml) of EDs to be consumed to keep daily intake <1.4 mg
caffeine/kg b.w. and avoid sleep disorders

Maximum quantity (ml) of EDs to be consumed to keep intake daily <3 mg
caffeine/kg b.w. and avoid general adverse effects

175 mL

262.5 mL 350 mL 375 mL 562.5 mL 750 mL

3.2. D-glucuronolactone: Exposure Assessment and Risk Characterization from EDs

Table 3 shows the estimated dietary intakes (EDI) of D-glucuronolactone from EDs
formulated with 2400 mg/L. For the risk characterization of the dietary exposure to D-
glucuronolactone from EDs, the margins of safety (MOS) were estimated considering the
NOAEL of 1000 mg/kg b.w./day [29]. As mentioned above, an acceptable value of the
MOS for an NOAEL-based assessment extrapolated from an animal study is >100.

Table 3. EDs formulated with 2400 mg D-glucuronolactone/L: exposure assessment and risk characterization.

Consumption Scenarios

EDs consumption (mL) 250 333 500
D-glucuronolactone intake (mg/day) 600 800 1200
D-glucuronolactone
Body weight (bw) Intake by b.w.
(mg/kg b.w.)
40kg 15.0 20 30.0
60 kg 10.0 13.3 20.0
80 kg 7.5 10.0 15.0
Body g o) D fucunclacuns
40kg 66.7 50 33.3
60 kg 100 75 50
80 kg 133.3 100 66.7
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A dietary exposure to D-glucuronolactone from EDs ranges from 600 to 1200 mg de-
pending on the volume of EDs with 2400 mg D-glucuronolactone /1 consumed (250-500 mL).
Considering the different body weight profiles proposed (40, 60 and 80 kg), a dietary expo-
sure to D-glucuronolactone from EDs is estimated to vary from 7.5 to 30 mg/kg b.w.

Although the results here are higher than those previously reported for European
populations by Zucconi et al.: adolescent (100.14 mg/day = 1.65 mg/kg b.w./day), adult
(125.95 mg/day = 1.78 mg/kg b.w./day), chronic high adolescent EDs consumers
(311.6 mg/day = 4.9 mg/kg b.w./day) and chronic high EDs consumers (268.84 mg/day =
3.9 mg/kg b.w./day). The results here are similar to those estimated for acute Span-
ish consumers by Zucconi et al.: adult 906.32 mg/day (12.87 mg/kg b.w./day) and
143 mg/day (2.02 mg/kg b.w./day) in acute and chronic use of EDs, respectively; adoles-
cents 551.49 mg/day (9.56 mg/kg b.w./day); and 74.50 mg/day (1.27 mg/kg b.w./day) in
an acute and chronic consumption, respectively [13]. It is not possible to compare the re-
sults of the present study with those published by the Norwegian Food Safety Agency [65]
as this Agency estimated the mean average intake from Eds considering a 240 mg/L
D-glucuronolactone content.

The risk characterization performed in the present study by estimating the margin of
safety (MOS) suggests that the consumption of a high volume of EDs (up to 500 mL) reduces
the MOS. Individuals weighing 60 and 80 kg would only present an MOS >100 when their
consumption of Eds with 2400 mg of D-glucuronolactone/1 is limited to 250 mL, although
in the latter case this is also observed when their consumption is 333 mL in 80 kg individuals.
These results do not support the EFSA statement based on the NOAEL established for the
toxicological effects of D-glucuronolactone (1000 mg/kg b.w./day) which reported that
dietary exposures at the levels present in EDs are not a health concern for a person of a
60 kg body weight, even when the chronic consumption of EDs is high (350 mL/day) [29].
Finally, an MOS <100 was estimated in all three consumption scenarios (250, 333 and
500 mL) for those individuals with low body weights (around 40 kg) so the health risks
from the exposure to the D-glucuronolactone contents in EDs might be expected.

3.3. Taurine: Exposure Assessment and Risk Characterization from EDs

Considering a mean taurine content in EDs of 4000 mg/L, Table 4 shows the estimated
taurine exposure under three EDs consumption scenarios (250, 333 and 500 mL) and
three body weights (40, 60 and 80 kg b.w.). Along with a taurine exposure, the risk is
characterized considering the reference EFSA intake for taurine set at 1400 mg/day [29,66].

Table 4. 4000 mg taurine/1 EDs: exposure assessment (EDI).

EDs Consumption Scenarios

EDs volume (mL) 250 333 500
Taurine Intake (mg/day) 1000 1332 2000
Referer?coedjigﬁzg(}; él;i)galr)lilv day) Taurine Estimated Dietary Intake (EDI) per b.w.
[29] (mg/kg b.w./day)
40 kg
(35 mg/kg b.w./day) 25 33.3 50.0
60 kg
(23.3 mg/kg b.w./day) 167 222 333
80 kg
(17.5 mg/kg b.w./day) 12.5 16.7 25

A taurine exposure from EDs varies from 1000 to 2000 mg depending on the vol-
ume of the EDs consumed. The acute taurine exposure estimated in the assessment
here (2000 mg/day) is similar to the acute taurine exposure previously assessed for the
European population (1851 mg/day and 1809 mg/day for adults and adolescents, re-
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spectively) [13]. However, the intake estimates are higher than those previously reported
for chronic consumers [13] not only for adult Europeans (271.9 mg/day (3.82 mg/kg
b.w./day)-585.8 mg/day (8.49 mg/kg b.w./day)) but also for adolescents (283.9 mg tau-
rine/day (4.6 mg/kg b.w./day)-924.3 mg taurine/day (14.5 mg/kg b.w./day)). The results
are also higher than the mean daily taurine intakes estimated by the ANSES, 181 mg/day
(3.02 mg/kg b.w./day; b.w. = 60 kg) for all consumers, 429 mg/day (7.5 mg/kg b.w./day;
b.w. = 60 kg) for regular users; and 714 mg/day (53.57 mg/kg b.w./day; b.w. = 60 kg) for
chronic users (P90)). The data here are at least five times higher than those reported by the
EFSA for adults for Spain in 2013, where a daily taurine exposure from the consumption of
EDs was estimated at 290 mg and 149 mg in adults and adolescents, respectively [13]. A
possible explanation for this growing dietary exposure from EDs is, as mentioned above,
the progressively increasing taurine content in EDs since the first commercialized formula-
tions [30].

According to the present study, a daily EDs ingestion of 500 mL exposes the consumer
to a daily dietary intake of 2000 mg of taurine, which exceeds the EFSA daily recommen-
dation of 1400 mg taurine [29]. Considering the different body weight profiles and Eds as
the only dietary source of taurine, the assessment here estimates that the taurine exposure
from EDs varies between 12.5 mg/kg b.w./day for 80 kg and 50 mg/kg b.w./day for 40 kg.

Considering EDs as the only dietary source of taurine, the following risk characteriza-
tion was assessed:

In 40 kg b.w. individuals, while the 250 and 333 mL consumption scenarios keep the
taurine intake from EDs below the reference value established by the EFSA (35 mg/kg
b.w/day), consuming 500 mL will expose the individual to intakes above the reference
intake, posing a health risk that may require management and communication measures,
such as those proposed above for caffeine.

In 60 kg b.w. individuals, the estimated dietary intake (EDI) ranges from 16.7 to
33.3 mg/kg b.w. Therefore, the 250 and 333 mL consumption scenarios will ensure that
the consumer keeps the taurine intake below the 23.3 mg/kg b.w./day considered as the
reference value.

In 80 kg b.w. consumers, the estimated dietary intake (EDI) when consuming 250 and
333 mL of EDs would be below the reference value of 17.5 mg/kg b.w./day and no risks
are to be expected. However, as before, a 500 mL consumption will expose the consumer to
exceeding the reference value and suffer the associated health risks.

Health Canada’s health risk assessment concluded that two ED units (250 mL) could
be safely consumed each day without negative health effects [58] because the acute oral
toxicity of taurine is considered to be relatively low.

The results here are similar to those previously reported by the VKM taurine risk
assessment from Eds and food supplements [65]. According to this agency, the dietary
intakes in the chronic Eds intake model were all below the reference value and it was
unlikely that a chronic taurine intake could cause adverse health effects. However, the
abovementioned agency considered that a chronic high taurine intake from EDs could
lead to health risks in young children (3 to <10 years) but not to children (10 to 14 years),
adolescents (14 to <18 years) or adults [65].

Finally, it is worth mentioning that the uncertainty of the possible effects of a joint
taurine and caffeine intake remains unclear, and this may influence a risk assessment as
there is a lack of knowledge about the risks of a long-term chronic exposure.

3.4. Risk Management

The management of the risks derived from the dietary exposure to these three EDs
active components would be strengthened if there was a legal framework for EDs at a
European level with the setting of maximum limits for the active components and their
possible combinations. The consumption of EDs and the results on health require a more
detailed analysis and follow-up as consumption patterns and risk minimization depend on
multiple factors, among which sociodemographic factors stand out [4,19]. Different authors
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and agencies highlight the need to regulate EDs, to limit and moderate their consumption
in children and adolescents, to promote the communication of recommendations and risks
associated with their consumption, among others [3,6,17,26,65].

The following recommendations stand out among the different strategies proposed to
minimize the health risks associated with EDs: limiting and regulating direct marketing [6,17],
raising awareness campaigns such as the one promoted by the AESAN in 2022 [44,67],
educational programs on the risks of combining alcohol and energy drinks [1,67,68], having
awareness and communication campaigns adapted to different genders and ages [69] and
the promotion of the follow-up/monitoring of consumption trends [26,67].

Furthermore, in terms of risk management, the authors suggest following the quadru-
ple helix model to enhance an active collaboration between risk managers and regulators
with the industry and the community in order to optimize labeling, portion sizes and risk
communication, among others. The volume of ED containers varies, reaching up to 500 mL
in some cases, but Energy Drinks Europe (EDE) has committed, in its Code of Practice, to
the production and marketing of containers with a net content of 250 mL as the main selling
proposition [42]. Moving forward with this initiative and limiting/regulating the volume
of marketed ED containers to a maximum of 333 mL would be an effective management
action to minimize the risks associated with high intakes of EDs.

4. Conclusions

The growing concern for assessing the health risks associated with the consumption
of EDs and the dietary exposure to their active components has led to the commitment of
academia, government, industry and society to increase awareness, knowledge and moni-
toring. It is undoubtedly necessary to advance in the establishment of a legal framework
for EDs in Europe that includes the setting of maximum contents of active ingredients, to
monitor the dietary exposures to all the active components and not exclusively caffeine and
to improve the information to consumers in collaboration with the industry and society
at large.

Regarding labeling, there is much room for improvement, such as indicating the
content of each of the ingredients, especially those that may pose a health risk, such as
D-glucuronolactone and taurine. Smaller volume packaging should be encouraged because
limiting this would contribute to moderating the exposure to the different active compo-
nents. Furthermore, as stated in the report of the Scientific Committee of the AESAN [26],
compliance with the industry’s commitment to marketing packages containing no more
than 250 mL is recommended to minimize exposure to the different active ingredients,
some of which are psychoactive, and as well as studying the possibility of stopping the
marketing of 500 mL packages.

Consumer recommendations on EDs should be included in risk communication and
educational campaigns to increase public awareness and risk perception. EDs advertising
and marketing should also be regulated.
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