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Cardiovascular and Cerebrovascular Response to
RedBull® Energy Drink Intake in Young Adults

ABSTRACT

Background: Energy drinks contain caffeine, taurine, sucrose, vitamins, and other amino
acids. The dosage of these varies depending on the drink chosen. Several studies on
energy drinks have been carried out, but the results obtained are still inconsistent as well
as therisk associated with consumption. This study analyzed the cardio- and cerebrovas-
cular responses after consumption of an energy drink — RedBull® — under standardized
pre- and post-ingestion conditions and its impact on the cardiovascular and cerebrovas-
cular system.

Methods: A sample of 30 healthy young adult females was recruited and subjected to 3
moments of evaluation: at baseline, 30 minutes after ingesting the energy drink, and 60
minutes after ingesting it according to a non-randomized pre—post intervention study
design.

Results: It is found that over time there are significant changes in peak systolic velocity
(P=.006) and endodiastolic velocity (P < .001) of common carotid artery, peak systolic
velocity (P=.007), and endodiastolic velocity (P < .001) of internal carotid artery, peak
systolic velocity (P=.004), end endodiastolic velocity (P=.013) of the external carotid
artery, endodiastolic velocity (P=.042) of the middle cerebral artery, cardiac output
(P=.004), and heartrate (P <.001).

Conclusions: After the consumption of Redbull®, there was a decrease in the velocities of
the carotid arteries and the middle cerebral artery as well as a decrease in cardiac output
accompanied by adecrease in heartrate and aslight, although not significant, increasein
systolic and diastolic blood pressures. However, itis still unclear which pathophysiological
mechanisms are responsible for these changes.

Keywords: Energy drink, carotid arteries, middle cerebral artery, peak systolic velocity,
endodiastolic velocity

INTRODUCTION

Energy drinks contain caffeine, taurine, sucrose, vitamins, and other amino acids’,
and their dosage varies depending on the beverage chosen. These drinks are clas-
sified by the Food and Drug Administration and other regulatory authorities as
food supplements and not as food, so in many countries there is no limit imposed
on the maximum content of caffeine used or of other ingredients.?

Caffeine is believed to be the active ingredient in energy drinks and is primarily
responsible for the observed post-ingestion effects. At the physiological level,
caffeine is characterized as an adenosine receptor antagonist, and thus a cen-
tral nervous system stimulant, as well as a phosphodiesterase inhibitor. Caffeine
is believed to increase exercise endurance and improve cognition and mood when
the individual is fatigued or in sleep deprivation. In contrast, caffeine has both
chronotropic andinotropic effects, soit can cause coronary and cerebral vasocon-
striction, smooth muscle relaxation, electrolyte changes, and a decrease ininsulin
sensitivity, and it even has a ventilatory effect and promotes an increase in heart
rate (HR), peripheral vascular resistance,® and blood pressure.*

Endothelial cells release vasodilator substances, such as nitric oxide (NO), pros-
tacyclin, endothelium-derived hyperpolarizing factor, and vasoconstrictor sub-
stances, namely angiotensin Il, thromboxane B2, and endothelin-1.# As mentioned
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above, caffeine is an adenosine receptor antagonist.®
Adenosine has a vasodilatory effect, which is mediated by
inducing NO release from endothelial cells via the adenosine
A2 receptor. Since caffeine acts as an antagonist of adenos-
ine 2A receptors, it leads to a decrease in NO production,
resulting in endothelial dysfunction, thus breaking down
hemostasis and causing vasoconstriction and increased
peripheral vascular resistance. In contrast, caffeine has also
the ability to increase NO through Al adenosine receptors
and inhibitors, increasing endothelial function. The dosage
of caffeine seems to be the predominant factor in choos-
ing which pathway is used. The increase in NO may also be
induced by the increase in calcium, resulting from its release
from the sarcoplasmic reticulum by its relationship with
adenosine receptors. Caffeine is also a phosphodiesterase
inhibitor, causes the accumulation of cyclic adenosine mono-
phosphate, and leads to anincrease in free calcium and con-
sequently a decrease in intracellular calcium. Low calcium
levels lead to an inhibition of protein kinase phosphoryla-
tion and, as a result of this inhibition, changes occur in the
actin—myosininteraction, and thisis one of the pathways for
the development of arrhythmias.* Endothelial dysfunction
may also increase the risk of thrombosis, inflammation, and
reduction of coronary flow by the loss of ability to regulate
vascular resistances.®

The other component of energy drinks that has been previ-
ously mentioned is taurine, an amino acid abundant in the
central nervous system that actsin neuronal growth and pro-
tection, cellular metabolism, osmoregulation, and glycolysis,
and whose effectsrefer to areductionin blood pressure and,
to a increase in stroke volume by suppressing sympathetic
nervous stimulation , and influencing calcium stores in car-
diac muscle.**

Regarding sucrose, which results from the combination of
glucose and fructose, the dose in energy drinks is believed
to be able to affect the cardiovascular system, providing an
increase in HR, increasing cardiac output and having a con-
troversial action on peripheral vascular resistances: glucose
decreases peripheral vascular resistances while fructose
tends to increase them. A physiological justification for the
occurrence of such changesisthat afteringestion, thereisan
increase in blood glucose inducing a rapid increase in plasma
insulin; the increase in insulin concentration causes cardiac

HIGHLIGHTS

e Energy drinks are classified as food supplements, so
there is no limit imposed on the maximum content of
caffeine used or of otheringredients.

e A sample of 30 healthy young adult females was
recruited and subjected to 3 moments of evaluation: at
baseline, 30 minutes after ingesting the energy drink,
and 60 minutes after.

e After the consumption of 250 mL of Redbull®, there was
a decrease in carotid and middle cerebral artery veloci-
ties as well as a decrease in cardiac output associated
with a decrease in heartrate and aslightincrease.
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stimulation, consequently increasing cardiac output. The
differential impact of vascular resistance through increased
sympathetic activation may be an important mechanism to
explain the observed disparity in blood pressure response.®*

Nowadays, we are confronted with a substantial increase
in the consumption of these drinks, especially by young
adults,™*” who are influenced by the alleged beneficial
effects presented by the energy drink brands, whose infor-
mation conveyed by them refers to increased performance,
cognition,* as well as reaction speed, level of vigilance,
metabolism, and general well-being.!

Despite the beneficial effects cited by these identities, sev-
eral adverse effects have been described following con-
sumption of these drinks, such as tachycardia, insomnia, and
headache.??

Regarding the hemodynamic parameters, aliterature review
indicatesthattheresults of differentstudies were notalways
coherent. In some investigations, the consumption of energy
drinks does not cause changes in frequency, systolic,’®" and
diastolic™ blood pressures. In addition , the prolonged con-
sumption of taurine, may be followed by a reduction in the
risk of developing coronary artery disease, or even an altera-
tion in the anticonvulsant and epileptogenic properties.* By
contrast, some investigations found a statistically significant
effect on HR and blood pressure.’™

Therefore, as the results obtained are not always consistent
and the risk associated with consumption is still uncertain,**
itbecomes very important to carry out more studies.

The purpose of this study was to investigate the cardiovas-
cular and cerebrovascular responses after the consumption
of an energy drink — RedBull® — under standardized condi-
tions of pre- and post-ingestion and itsimpact on the cardio-
vascular and cerebrovascular system.

METHODS

The study was designed as a prospective study and was per-
formed in accordance with the ethical standards and princi-
plesreferredtointhe Declaration of Helsinki. All participants
were informed and clarified about the study procedures and
signed an informed consent describing the objectives and
work methods. The research project was accepted by the
Ethics Committee of the Polytechnic Institute of Coimbra
(no. 101 CEPC2/2020). Confidentiality and anonymity of the
data collected were ensured, as they were collected for sci-
entific purposes, without any cost or compensation to the
participants.

Subjects

A population of 30 healthy young female adults aged
between 18 and 22 years old was defined. Exclusion criteria
were defined based on methodological information found
in other articles"?*°2"® and defined as: body mass index (BMI)
above 299 kg/m?, individuals with cardiovascular diseases,
namely arterial hypertension, and/or metabolic diseases
such as diabetes mellitus and regular consumption of energy
drinks; high competition athletes were also excluded from
the study as well as pregnant women.
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All participants were informed and clarified about the study
procedures and signed an informed consent describing the
objectives and work methods. Confidentiality and anonym-
ity of the data collected were ensured, as they were collected
for scientific purposes, without any cost or compensation to
the participants.

Study Protocol

Participants were asked not to consume any caffeine deriva-
tive in the 24 hours before the study was conducted as well
as not to smoke during that same period. (1) Each partici-
pant was submitted to 3 evaluation times: at baseline (T0),
30 minutes after ingestion of the energy drink (T1), and 60
minutes post-ingestion according to a non-randomized
pre—post intervention study design (T2). The sample was
obtained in a controlled environment, at a stable tempera-
ture between 22°C and 24°C. The entire collection process
was performed by the same operator, and the measurement
sites were standardized.

A questionnaire was conducted to collect the following
data: age, anthropometric data, presence or absence of car-
diovascular and/or metabolic disease (hypertension and/or
diabetes mellitus), whether they use dietary supplements,
whether they consume energy drinks and how regularly, if
they take oral contraceptives, if they practice sports regu-
larly, excluding high competition sports, if they are smokers,
and if they are pregnant.

Data collection was performed with the participant in the
supine position. A 5-minute rest period was given before the
data collection; subsequently, the systolic diastolic blood
pressure (SBP) and diastolic blood pressure (DBP) was mea-
sured at the level of the right brachial artery, and the HR was
also obtained. This measurement was performed 3 times
with a Riester and Ri-ChampionN® model device (automatic
oscillometric measurement).

At the ultrasound level, we standardized the data collec-
tion in the left side of each participant and used a GE Vivid
T8® ultrasound scanner with a 6-12 MHz linear probe for the
carotid study and a 3S MHz probe for the transcranial study;
all the recording was performed with conventional electro-
cardiographic monitoring.

The participants consumed 250 mL of RedBull® at room tem-
perature; a 250 mL can is composed of the following ingre-
dients: water, sucrose, glucose, acidifier (citric acid), carbon
dioxide, taurine (100 mg), acidity regulators (sodium carbon-
ates, magnesium carbonates), caffeine (80 mg), flavors,
colorings (plain caramel, riboflavins), and vitamins—20 mg
niacin (vitamin B3), 5 mg pantothenic acid (vitamin B5), 2 mg
vitamin B6, and 2 pg vitamin B12. As energy value, it has 195
kJ/A6 Kcal per 100 mL (487 kJ/116 kcal per 250 mL).

Data Analysis

Values of the time elapsed between two secessive R-waves
of the QRS signal on the electrocardiogram (RR-Interval-
variance), SBP, DBP, systolicdiameter (SD), diastolicdiameter
(DD), peak systolic velocity (PSV), and endodiastolic velocity
(EDV) were measured as described above. HR was calculated
from the appropriate RRinterval. The mean arterial pressure
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(MAP)was calculated from DBP and SBP as follows: MAP =1/3
(SBP +2DBP) mm Hg. Pulse pressure (PP) was calculated as
(SBP — DBP) mm Hg. Arterial distensibility coefficient was
calculated as 2x (SD — DD)/(DD x PP)."" Compliance was cal-
culatedasax DD x (SD —DD)/2PP mm?mmHg™, by derivation
of Reneman'’s formula.' Cerebrovascular resistance index
(CVRI) was calculated as (PSV — EDV)/PSV.' Stiffness index
was derived from log (SBP/DBP)/(SD — DD) x DD." Estimated
cardiac output (CO.;) was computed by the formula of
Liliestrand and Zander™ as the product of PP/(SBP + DBP) and
HR. All CO; values were then multiplied by a constant (k) to
obtain COg;_,p, Values.” Body mass index was calculated as
the ratio of weight to height squared kg m=.

Statistical Analysis

Categorical variables were described by frequency and per-
centage and continuous variables by mean and SD. Shapiro—
Wilk test was used to confirm the distribution of continuous
variables. Levene test was used to verify the homogeneity
of variances. ANOVA test for repeated samples was used to
evaluate the behavior of continuous variables with normal
distribution in the 3 collection phases. The Greenhouse—
Geisser correction was applied whenever sphericity was
violated, and the Bonferroni test was used for multiple com-
parisons. For the variables whose distribution did not follow
a normal distribution, the Friedman test was used. P-values
lower than .05 were considered as significant. Statistical
analysis was performed by using software IBM SPSS°® v.27
(National Opinion Research Center, Chicago, Ill, USA) and
GraphPad Prism v. 6.04 (La Jolla, San Diego, Calif, USA).

RESULTS

We studied 30 young females with a mean age of 19.96 + 113
years and a BMI of 21.27 + 2.60 kg m™2. About 26.67% prac-
ticed physical exercise with some, 6.67% had smoking habits,
and 60% were taking oral contraceptives, and only 1 partici-
pant took food supplements (iron).

Systolic blood pressure showed mean values + SD of 118.03
+ 1.39 mm Hg, 119.33 + 1.81 mm Hg, and 118.60 + 1.79 mm Hg
at baseline, 30 minutes post-intake, and 60 minutes post-
intake, respectively, as well as DBP values of 74.20 + 1.24 mm
Hg, 74.47 + 119 mm Hg, 76.03 + 1.39 mm Hg at baseline, 30
minutes post-intake, and 60 minutes post-intake, respec-
tively. The HR shows values of 81.47 + 2.48 bpm, 75.87 +2.24
bpmand 74.33+2.19 bpm at baseline, 30 minutes post-inges-
tion, and 60 minutes post-ingestion, respectively.

Table 1shows the mean values and SD of each variable ana-
lyzed in the sample, as well as their significance values dur-
ing the evaluation. It was found that over time there are
significant changes in PSV (P=.006) and EDV (P < .001) of
the common carotid artery (CCA), PSV (P=.007) and EDV
(P < .001) of the internal carotid artery (ICA), PSV (P=.004)
and EDV (P=.013) of the external carotid artery (ECA),
EDV (P=.042) in the middle cerebral artery (MCA), CO.
apy (P=.004), and HR (P < .001). Post-hoc tests revealed
statistically significant decreases from TO to T1in the HR
(A=—69%; P=.021), PSV (A=-89%; P=.004) and EDV
(A=-16.4%; P=.001) in the CCA, EDV (A=-13.96% ; P=.007)

21 —
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Table 1. Evolution of the Parameters Analyzed in the Group
Through the Evaluation of the Energy Drink Ingestion

PARAMETERS 70 71 T2 P

Common carotid artery

Systolic diameter, 5720+ 5693+ 5690 + .870

mm 3.79 391 4.23

Diastolic diameter, 5093 + 5097 + 50.87 + 980

mm 291 3.08 4.29

Peak systolic 99.67+ 9075+ 9296 + .006

velocity, cm.s™ 2.63 214 2.85

Endodiastolic 2268+ 1896+ 18.45 + <.001

velocity, cm.s™ 0.78 0.65™ 0.60%""%

p 1.89 + 219+ 2.04+0.27 107
017 0.29

Internal carotid artery

Peak systolic 8599+ 79.48+ 7621+ .007

velocity, cm.s™ 2.66 3.02 2.72"%

Endodiastolic 28.09+ 2417+ 22.35+ <.001

velocity, cm.s™ 113 0.84™ 0.977%""%

External carotid artery

Peak systolic 7476 + 6703+ 6696 + .004

velocity, cm.s™ 2.65 2.517 2.46%7"

Endodiastolic 11.28 + 9.20 + 10.72 + .013

velocity, cm.s™ 4.60 3.39" 3.72¢

Middle cerebral artery

Peak systolic 9753+ 9327+ 9211+£3.59 .256

velocity, cm.s™ 3.24 3.08

Endodiastolic 4296+ 39.44 + 39.24 + .042

velocity, cm.s™ 1.63 171 1.80"

pulse pressure, mm 4383+ 4487+ 4257+114 .086

Hg 090 099

Mean arterial 88.81+ 8942+ 90.22 + .325

pressure, mm Hg 1.22 1.35 1.43

cardiac output 18.46 + 17.58 + 16.28 + .004
0.46 0.61 0.61""

Compliance mm?. 11.49 + 10.69 + 11.33 + .407

mm Hg ™ 4.04 419 4.60

pistensibility 0.018+ 0.016 0.018 + 496
0.06 0.01 0.01

Cerebrovascular 0.56 + 0.58+ 0.58+0.01 .088

resistance index 0.09 0.01

Systolic blood 118.03+ 119.33+ 118.60 + .644

pressure, mm Hg 1.39 1.81 1.78

Diastolic blood 7420+ 7447+ 76.03 + 162

pressure, mm Hg 1.23 119 1.39

Heartrate, bpm 81.47 + 75.87 + 74.33 + <.001
2.48 2.24° 2,19

TO, baseline assessment. T1, assessment 30 minutes after ingestion of
energy drink. T2, assessment 60 minutes after ingestion of energy
drink. TO-T1: *P < .05, P < .01; TO-T2: P < .05, "":P < .01, """P < .007;
T1-T2:£P < .05.

in the ICA, PSV (A=-10.3%; P=.016) and EDV (A=-18.4%;
P=.026)inthe ECA,MCAEDV (A=-8.2%; P=.047),and from
T1toT2inECAEDV (A=16.5%; P=.031). The variables HR (A=
—8.8%; P <.001), EDV of the CCA (A= —-18.7%; P < .001), ICA
(A=-20.4%; P < .001) and MCA (A=-8.7%; P=.032), PSV of
the ICA (A=-11.4%; P=.011), ECA (A= —10.4%; P < .001), and
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CO¢srppy (A=-11.8%; P=.002) show statistically significant
decreases from TO to T2.

DISCUSSION

Despite the vastliterature that exists aboutthe consumption
of energy drink, and its potential effects on the cardiovas-
cular system, there is no consensus on the results achieved,
as well as the impact that energy drinks have on the cardio-
vascular and cerebrovascular level. Although there are stud-
ies where the cerebral blood flow was observed, there were
none using the analysis and study of carotid arteries and
their velocities by echo-Doppler.

In the study that was performed, there was a significant
decrease in the HR parameter (P < .001); however, no sta-
tistically significant changes were found in SBP (P=.644),
DBP (P=.162), PP (P=.086), and MAP (P=.325). These results
are partially in agreement with the study by Nowak et al™®
in which no significant changes in SBP were recorded. In
this study, contrary to the values we obtained, there was
a significant increase in DBP and no significant changes in
HR. Nevertheless, the results regarding these parameters
are contradictory: in a study by Grasser et al.” there was a
decrease in HR and an increase in SBP and DBP; however, in
astudy by Miles-Chan et al.” there was asignificantincrease
in HR, as well asin MAP, SBP, and DBP. It still seems uncertain
how energy drink affects blood pressure parameters and
HR. At the pathophysiological level, the decrease in HR can
be explained by some mechanisms,? namely Marey's reflex,
or baroreflex,?® where the decrease in HR is due to a com-
pensatory response to increased blood pressure, or by direct
stimulation of the vagus nerve through the caffeine present
in energy drink.2?'In our study, we recorded a slight increase
in SBP from the first to the second assessment (118.03 + 1.39
vs. 119.33 + 1.81), but this value is not statistically significant,
so we cannot conclude precisely whether the baroreflexis a
plausible justification for the results obtained. Nevertheless,
the vagus nerve, X cranial pair, when stimulated is respon-
sible for regulating HR, blood pressure and vascular resis-
tances®*? could appear to be a better predictor of HR
response to energy drinkingestion; however, caffeine acts as
an antagonist of Al and A2 adenosine receptors and conse-
quently would cause anincrease in HR and blood pressure.*
Another possibility is the action of taurine rather than caf-
feine, since taurine can cause the suppression of the sympa-
thetic nervous system and influence the calcium channels
in the cardiac muscle® or the simultaneous action of these 2
ingredients as well as sucrose. In our study, the HR decreases
significantly, 6.9% in acute phase and 8.8% in late phase,
leaving it unclear what mechanism is responsible for this
decrease. It is also important to mention that in the study by
Nowak et al.” 750 mL of energy drink was consumed and, in
our study, only 250 mL was consumed; so the discrepancy in
the amount of drinkingested may justify the different values
obtained. Similarly, in the study by Grasser et al' only 355 mL
of energy drink was consumed, and the HR results obtained
support the data we obtained.

Liliestrand and Zander™ proposed a formula to calculate
the stroke volume by evaluating the blood pressure, and
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consequently, from it, we could obtain the cardiac output by
multiplying the value obtained in the expression by the HR.
Different studies have shown that the proposed formula can
provide the correct cardiac output data.””® This expression
does not allow obtaining absolute values and quantitatively
characterize the cardiac output since the values obtained
are not comparable with values obtained by the methods
used today; however, it allows understanding the variation
of cardiac output throughout the evaluation, and further-
more, in 1of the studies, when a constant was added, k, that
allowed converting the values, it showed that the results
obtained by the original expression and by the expression
with the constant were identical.” In our study, the results
pointto a decreasein cardiac output over time, showing sta-
tistically significant decrease of 11.8% from TO to T2, which
contradicts the results presented by Grasser et al.” Miles-
Chan et al.”? and Yamakoshi et al.?* who obtained anincrease
in cardiac output. A possible explanation for the results
obtained is due not only to the different amount of drink
ingested, but also to the changes in HR, which influence, in
a directly proportional way, cardiac output. Cardiac output
canbe calculated by multiplying the stroke volume by the HR;
since there was a decrease in HR, there was consequently a
decrease in the cardiac output. However, this decrease may
be due to the decrease in velocities since these are directly
proportional to the flow and inversely proportional to the
surface area of the tube. It seems uncertain which pathway
acts first on the other.

After an analysis of the variables obtained by carotid and
transcranial ultrasound study, we can conclude that, in an
acute phase, there was a significant decrease in the peak
systolic velocity and EDV of the CCA (8.9% and 16.4%, respec-
tively) and ECA (10.3% and 18.4%, respectively) and in the
EDVs of the ICA (13.96%) and MCA (8.2%). Although not sig-
nificant, the PSV of the ICA decreases by 7.6% between eval-
uations, as does the MCA, which decreases by 4.4%.

At the late phase level, we can state that there was a sta-
tistically significant decrease in CCA (18.7%), ICA (20.4%),
and MCA (8.7%) EDVs, as well as ICA (11.4%) and ECA (10.4%)
peak systolic velocities. Although not significant, there was
a decline of 6.7% in PSV of the CCA, as well in ECA with a
decline of 5.0% and 5.6% in the MCA.

Throughthestudyofthemechanicsof fluids, the flow velocity
can be calculated by the expression V= Q/(nR?), so the veloc-
ity varies directly proportionally with the flow and inversely
with the radius of the tube. In the acute phase, which does
not show significance values and in the late phase, where it
shows a statistically significant alteration, the cardiac out-
put decreases, which may justify the decrease in velocities,
since the decrease in cardiac output, by the expression men-
tioned above, decreases the velocities. However, the oppo-
site may be true, and it remains uncertain. By Ohm'’s law, we
know that the flow can be obtained by dividing the differ-
ence between pressures by the resistance, where the dif-
ference between pressures varies directly with the flow and
resistances vary inversely proportionally. On the other hand,
according to Poiseuille’s law, flow can also be obtained by
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the following expression Q=[(SBP — DBP) x R*]/8VC, with R
being the tube radius, V the blood viscosity, and C the tube
length. Thus, a decrease in flow rate may be due essentially
to a decrease in pressure differences or a decrease in radius.
When assessing the SD and DD of the CCA, we did not obtain
statistically significant changes; the values of the CCA SD
went from 57.20 + 3.79 mm to 56.93 + 3.91 mm and the CCA
DD from 5093 + 291 mm to 50.97 + 3.08 mm. However, it is
known thatsmallchangesinthe diameter of avessel canlead
to large changes in flow conduction capacity. On the other
hand, the difference between pressures, PP, is influenced by
the injection volume of the heart and vascular distensibil-
ity, and in the acute phase it increases slightly from 43.83 +
090 mm Hg to 44.86 + 0.99 mm Hg, and in the late phase it
decreases from 43.83 + 0.90 mm Hg to 42.57 + 114 mm Hg, so
the decrease in output may be due to the decrease in radius
as well as the increase in the resistances.

Chuang et al® concluded that flow velocities have a prog-
nostic value in cardiovascular disease, namely low values of
EDV are associated with an increased risk of cardiovascular
disease; however, carotid artery diameters do not appear to
be predictors of it.

Caffeine, presentinenergydrinks, is,asmentioned above, an
adenosine receptor antagonist. Adenosine has a vasodila-
tory effect since itinduces the release of NO from endothe-
lial cells. Caffeine caninfluence the vasculature in 2 different
ways; however, in our study, due to the significant decrease
in endodastolic velocities in all arteries observed, we believe
that caffeine acted as an antagonist of the adenosine Al, at
inhibitory receptors, causing a release of NO, thus leading to
vasodilation and consequent decrease in velocities studied,
causing changes in hemostasis.®

This endothelial dysfunction caused by caffeine consump-
tion may be even more significant when it comes in contact
with other ingredients, namely taurine and sucrose, since
taurine has the ability to suppress the sympathetic nervous
system and influences calcium channels,* while sucrose has
a disparate behavior on vascular resistances, since glucose
decreases peripheral vascular resistances and fructose
increases.** Mills et al* concluded with their study that caf-
feine consumption influences the biodisponibility of NO, a
vasodilator, causing an increase in endothelium-dependen
t dilation. In contrast, Molnar et al? states that it is not caf-
feine that promotes increased endothelial function since, in
their study, for 2 drinks with the same amount of caffeine,
the energy drink potentiated vascular changes while caf-
feine alone did not significantly influence endothelial func-
tion. Miles-Chan et al? raised the hypothesis that the energy
drink directly affects the myocardium and caffeine alone
affects the vasculature, obtaining divergent responses in
relation to systemic vascular resistances, in which the energy
drink has diminished them. In our study, the most significant
changes we obtained were in the EDVs, leading us to believe
that there is a significant relaxation of the artery, causing,
consequently, vasodilation. With the decrease in blood flow
velocities and the decrease in flow itself, we can hypoth-
esize that these results are a compensatory response to the
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increase in peripheral vascular resistances. The interaction
between the ingredients of energy drinks seems to be the
main explanation for these changes, and future studies will
be necessary to find out which of these ingredients has a
more predominantrolein the effects that energy drinks have
atthe cardiovascular level.

The cerebrovascular analysis of the MCA velocities shows a
noticeable decrease in the velocities throughout the evalu-
ation, with a significant decrease in the EDV, 8.2% in acute
phase and 8.7% in late phase, and a slight increase in the
CVRI, 3.6% in both phases; thisincrease may be due to a more
significant decrease in the EDV compared to the PSV (4.4%
in acute phase and 5.6% in late phase). One of the mecha-
nisms that may be responsible for this vasodilation, in addi-
tion to the increased bioavailability of NO, is an increase
in the concentration of CO, at the brain, since it acts as a
vasodilator at the cerebrovascular level.?®?? In the study by
Grasser et al.” cerebral blood flow velocity also decreased
after energy drink consumption and anincrease in CVRI was
also observed; however, after energy drink consumption, end
tidal CO, decreased so it is suggestive that the decrease in
velocity and increase in CVRI are due to the variationsin CO,
levels. The decreasesin MCA velocities seem to question the
beneficial effects presented by energy drink marketers, such
as reaction speed and level of vigilance," so even during our
study, some participants reported the same symptom, i.e.,
sleepiness.

Study Limitations

This study has some limitations. One of the most important
limitations of the present study is the lack of an adequate
control group with a placebo drink. Another limitation was
the sample size and follow-up times of the study which were
not sufficiently long for the analysis of the systemic and car-
diological effects of the Redbull drink. Therefore, it would be
important to increase the number of subjects as well as the
long-term follow-up period to improve the power of future
studies. Finally, the same-sex sample is also a limitation of
our study.

CONCLUSIONS

In conclusion, our results showed that after consumption of
Redbull®, an energy drink, there was a decrease in carotid
and middle cerebral artery velocities, as well as a decrease
in cardiac output associated with a decrease in HR and a
slight increase, even if not significantly, in systolic and DBP.
However, itisimportantto carry out further studies to clarify
which pathophysiological mechanisms are responsible for
these changes. It would also be interesting to study each
ingredient in energy drinks in the future, in order to find out
which one has the greatestimpact on the cardiovascular and
cerebrovascular system.
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