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Background: Energy drinks contain a wide variety of ingredients including cafteine, for which
there have been conflicting reports regarding its effects on intraocular pressure (IOP) and blood
pressure. The aim of this study was to investigate the acute effects of an energy drink (Red Bull®)
on the IOP and blood pressure of healthy young adults.

Methods: Thirty healthy university students of either gender, aged 18-30 (mean 23.20 +2.81)
years were randomly selected to participate in this study. The subjects were randomly divided
into two groups (experimental and control) and were asked to abstain from caffeine for 48 hours
prior to and during the study. Baseline IOP and blood pressure were measured. The experi-
mental group (n = 15) consumed one can of the energy drink (containing 85 mg of caffeine in
250 mL) and measurements were repeated at 30, 60, and 90 minutes, while the control group
drank 250 mL of water and were tested over the same time period.

Results: When compared with baseline, a significant decrease (P < 0.05) in mean IOP at 60
and 90 minutes was observed in the experimental group. There was no corresponding change
in systolic or diastolic blood pressure.

Conclusion: Our results suggest that energy drinks (ie, Red Bull) produce a significant reduction
in IOP but have no effect on blood pressure. These findings may be interpreted as reflecting the
effect of the combination of caffeine and taurine in the Red Bull energy drink. This effect may
result from the known hypotensive effect of taurine, and warrants further study.
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Introduction

Energy drinks (eg, Power Horse®, Red Bull®, and Rox®) are caffeinated beverages
designed primarily to increase the consumer’s physical endurance. Companies that
market these products usually target young adults. A survey of energy drink consump-
tion by young people revealed that 51% reported consuming at least one energy drink
per month.!

These beverages contain many ingredients, including caffeine (80-500 mg) and
an amino acid derivative called taurine (1000-2000 mg). Sugar, vitamins, and other
nutritional supplements may also be included.? Researchers have studied caffeine
and taurine, and shown that they are the most physiologically active ingredients in
energy drinks.?

It should be noted that, although energy drinks have been sold worldwide for more
than a decade, only a few published studies have examined their effects on health and
well-being. Steinke and Lanfear* investigated the effects of energy drink consumption
on hemodynamic and electrocardiogram (ECG) parameters in healthy young adults,
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and reported a significantly increased heart rate and blood
pressure within 4 hours. On the first day, baseline measure-
ments of blood pressure, heart rate, and ECG were taken. The
participants then drank two cans of an energy drink containing
caffeine 80 mg and taurine 1000 mg. Blood pressure, heart
rate, and ECG measurements were repeated at 30 minutes,
and at hours 1, 2, 3, and 4 after consumption. This continued
for the next 5 days, then the same procedures used on the first
day were repeated on day 7. Within 4 hours of energy drink
consumption, maximum systolic blood pressure increased by
7.9% on day 1 and by 9.6% on day 7, and within 2 hours of
energy drink consumption, diastolic blood pressure increased
by 7% and 7.8% on days 1 and 7, respectively. It was also
found that heart rate increased by 7.8% on day 1 and by 1%
on day 7. No significant ECG changes were observed.

In another study, the influence of a multicomponent
energy drink and its individual ingredients on the heart was
compared. Red Bull containing both taurine and caffeine,
a similar drink containing caffeine but no taurine, and a
placebo drink without taurine or caffeine, were ingested by
subjects in a double-blind, crossover study. Stroke volume
was significantly increased in the Red Bull group, along
with an increase in the diastolic intake velocity (related to
ventricular function of the heart). The same observation was
made in the caffeine group, but without any increase in the
diastolic intake velocity, indicating that the combination of
taurine and caffeine produced a different result from that of
the individual ingredients.?

So far, no data are available for the effect of energy drinks
on IOP. However, many of the ingredients have been studied
individually. Caffeine (a methylxanthine derivative) has been
shown to influence IOP levels in subjects without® and with
glaucoma.” With few exceptions,® ! most studies *7!'!* show
that caffeine ingestion from drinks such as coffee causes a
transient increase in IOP of approximately =2 mmHg over
a 2-hour period, whereas ingestion of similar drinks without
caffeine causes negligible changes in IOP%"!? In addition
to its effect on IOP, caffeine has been reported to increase
blood pressure in some®!“but not all reports.”!> The changes
in blood pressure occur within 30 minutes, peak in 1-2 hours,
and may persist for more than 4 hours.'

On the other hand, taurine (a 2-aminoethane sulfuric
acid) has been reported to have hypotensive activity. In a
double-blind study, 19 patients with borderline hyperten-
sion received a taurine 6 mg supplement or placebo daily
for 7 days. Systolic blood pressure in the 10 taurine-treated
patients decreased by an average of 9 mmHg compared with
a2 mmHg decrease in the nine patients treated with placebo,

and diastolic blood pressure in the taurine-treated patients
decreased by an average of 4 mmHg compared with | mmHg
in the placebo-treated patients. The study showed that taurine
relaxes blood vessels by enhancing production of endorphin,
resulting in lowered blood pressure.!’

Taurine has also been shown to influence IOP levels. The
mixture of taurine and timolol 0.5% achieved a significant
decrease in IOP (3.2 mmHg) in rabbits 24 hours after
instillation.'® In addition, Chen et al'’ investigating the abil-
ity of taurine or taurine-like substances to prevent and treat
retinal ganglion cell damage in glaucoma, demonstrated
that taurine has the potential to protect retinal ganglion cells
against hypoxic damage in vivo by preventing mitochondrial
dysfunction.

Primary open-angle glaucoma is a major cause of blind-
ness worldwide.? It is characterized by progressive optic nerve
deterioration ultimately leading to blindness if untreated.
Little is known of its etiology, but an important established
risk factor for the development and progression of primary
open-angle glaucoma?'**is elevated IOP. Elevated blood pres-
sure is the single most important predictor of hypertension.
Hypertension is an important public health problem world-
wide, and one of the leading causes of disability or death, due
to stroke, heart attack, and kidney failure.?

Because the Sub-Saharan Africans are more predisposed
to glaucoma?2"and hypertension,?®?’ and because these condi-
tions may be modulated by lifestyle factors, efforts to identify
activities that may influence IOP and blood pressure levels
may be promising in developing primary prevention strategies
for these conditions.!* We therefore carried out this study to
determine the acute effect of drinking a can of Red Bull, which
includes taurine and caffeine, on IOP and blood pressure.

Methods

Participants

The participants for the study were students from the Uni-
versity of Cape Coast in Ghana. They were selected at random
as the first 50 patients who answered a letter asking if they
would volunteer to participate in a study. Thirty students of
either gender, aged 18-30 years, were entered into the study.
The subjects were randomly divided into two groups. There
were 15 subjects (seven females and eight males) in the
experimental group and 15 subjects (seven females and eight
males) in the control group. The mean age in the experi-
mental and control group was 23.47 + 3.16 years and
23.00 + 2.54 years, respectively. After fully explaining the
purpose of the study, written informed consent was obtained
from the subjects. In order to be eligible to participate
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in the study, subjects also had to meet a set of inclusion
criteria obtained by a complete ophthalmic examination
and a questionnaire, ie, absence of any ocular disease,
IOP < 22 mmHg, blood pressure < 120/80 mmHg, absence
of systemic diseases (including hypertension, diabetes, or
vascular disease), evidence of abstinence from caffeine or
caffeine beverages, and abstinence from use of any systemic
drugs and/or alcohol. Any subject who stated that they had
a family or personal history of glaucoma was excluded.

Instruments

IOP was measured by Goldmann applanation tonometry,
and brachial artery systemic blood pressure was assessed by
automated sphygmomanometry (Tycos Wall sphygmoma-
nometer, Welch Allyn, Skaneateles Falls, NY).

Procedure

The study protocol was approved by the Department of
Optometry, University of Cape Coast, Ghana. The study
was conducted according to the tenets of the Declaration of
Helsinki regarding scientific research on human subjects.
Subjects abstained from caffeine for 48 hours prior to and
during the study. Baseline IOP, and systolic and diastolic
blood pressures were measured. The experimental group
consumed one can of Red Bull (equivalent to 85 mg caffeine
in 250 mL beverage). IOP and blood pressure measurements
were repeated 30, 60, and 90 minutes after ingestion. As a
control, 15 of the subjects were required to consume 250 mL
of water, and IOP was measured over the same period.

All participants had a best corrected visual acuity of 6/9
or better in both eyes and had no ocular pathology. Using
a Goldmann applanation tonometer, [OP was measured for
the right eye only between noon and 2 pm to minimize the
influence of diurnal variations in IOP** A group of three
consecutive readings with variation of less than 3 mmHg
was considered to be an acceptable result and averaged for
analysis. One member of the investigative team administered
the treatment. This information was not revealed to the exam-
iner measuring the IOP until the end of the investigation. [OP
was measured at specific time intervals. The interval between
each time period was used to weigh subjects. The scale was
calibrated to zero before use.

Sequential examination of arterial blood pressure was
also performed at the same time intervals. Three consecu-
tive blood pressure readings, separated by at least 5-minute
intervals, were obtained from both arms, with participants in
a seated position. The higher mean value in either arm was
used in the analysis.

Statistical analysis

The results for all subjects at each time point, for each group,
were combined and presented as the means (+standard
deviation), to allow for statistical comparison. The absence of
any difference between all the measured variables was tested
for using the independent #-test. The pre-test and post-test
data were analyzed using a paired-sample #-test. An alpha
level of 0.05 was used to determine statistical significance
using the SPSS program for Windows, (v 16; SPSS Inc,
Chicago, IL).

Results

We found a high correlation between the measured outcomes
for the right and left eye (Pearson’s correlation coefficient;
r=0.87 [data not presented]), indicating a symmetry in data
collected from both eyes independently. Therefore, the
analyses which follow are limited to the right eye. The mean
values and standard deviations of all the measured variables
in the pre-tests and post-tests are shown in Tables 1, 2, and 3.
There was no significant difference (independent sample
t-test, P < 0.05) between the experimental and control group
with respect to baseline parameters of age, weight, IOP,
systolic blood pressure, and diastolic blood pressure, although
the mean IOP of the control group was proportionally higher
than in the experimental group.

Intraocular pressure changes

An IOP increase of =2 mmHg was only observed in two
subjects. Eleven subjects had a decrease in IOP of =2 mmHg,
while there was no change in IOP in four subjects.

Control group

An IOP increase of | mmHg was observed in three subjects
at 30 minutes after ingestion of 250 mL of water and this
was sustained for 60 minutes. With the exception of four

Table | Descriptive statistics (mean * standard deviation) for the measured variables of the two groups

Group Age (years) Weight (kg) Baseline 30 minutes 60 minutes 90 minutes
Experimental 2347 +3.16 60.67 + 8.0 14.60 £ 2.50 14.00 £2.24 13.07 £2.58 12.87 +2.59
Control 23.00 +2.54 63.47 + 12.67 15.87 £+ 3.40 15.67 £3.75 15.40 + 3.48 15.67 +3.52
P-value 0.612 0.475 0.255 0.151 0.46 0.19
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Table 2 Mean (tstandard deviation) of systolic blood pressure (mmHg) for each group, at each time point

Group Baseline 30 minutes 60 minutes 90 minutes
Experimental 107.33 £ 9.61 106.67 £ 11.75 107.33 + 12.33 107.33 £ 13.87
Control 110.00 + 8.45 108.67 +8.34 106.67 + 9.00 108.67 + 9.90
P-value 0.426 0.595 0.866 0.764

subjects who had a decrease in IOP of 1 mmHg and one
subject who had an IOP decrease of 4 mmHg, there was no
change in IOP observed in the seven subjects of the control
group post ingestion.

Experimental group

Figure 1 and Tables 4 and 5 present the results for analyses
of the pre-test and post-test data by the paired samples -test.
Ingestion of Red Bull Energy produced an immediate and
sustained reduction in IOP in both eyes. Compared with
baseline, mean IOP for the experimental group decreased
significantly at 60 and 90 minutes (by 1.53 £ 1.96 mmHg and
1.73 £ 1.90 mmHg, respectively, P < 0.05). Repeated mea-
surement of IOP in the 15 control subjects did not produce
any significant change in IOP from baseline at any of the time
points measured (two-tailed, paired #-test, P > 0.05).

Blood pressure

The results of the paired samples #-test to determine the effect
of Red Bull on systolic blood pressure and diastolic pressure
are presented in Tables 6-9.

Subgroup analysis

After consumption of the energy drink, a diastolic blood
pressure increase of =2 mmHg was observed in six subjects,
four subjects had a decrease in diastolic blood pressure
of <2 mmHg, while no change was observed in five subjects.
A systolic blood pressure increase of =2 mmHg was observed
in five subjects after consumption of the energy drink, while
three subjects had a decrease in systolic blood pressure, but
this was less than 2 mmHg. There was no apparent change
in systolic blood pressure in seven subjects.

Group analysis
After consumption of the energy drink, there was a non-
significant (P = 0.72) mean increase in diastolic blood

pressure from baseline at 30 minutes, and at 90 minutes
from baseline there was a borderline significant increase
(P=0.054) in diastolic blood pressure. There was no statisti-
cally significant difference from baseline in systolic blood
pressure at 30 minutes (P = 0.719), 60 minutes (P = 1.00),
and 90 minutes (P = 1.00). For the controls, a significant
decrease in mean systolic blood pressure from baseline was
observed at 60 minutes but not at 30 minutes. No significant
change in diastolic blood pressure was detected at any of the
time points. Figures 2 and 3 present the graphs for mean
changes in systolic blood pressure and diastolic blood pres-
sure, respectively, for the experimental and control groups.

Discussion

Energy drinks are beverages frequently purported to improve
cognitive function and concentration. However, because they
contain high amounts of caffeine, which have been shown
to influence IOP and blood pressure levels, we examined its
effect on these parameters in normal subjects.

Available evidence suggests that caffeinated bever-
ages have different effects on IOP in different groups of
individuals. For patients with glaucoma or ocular hyperten-
sion, IOP increased significantly,'!'> while in normal subjects,
IOP either increased, sometimes transiently,®”'"'* or no
change in IOP was found.®1%3132 Chandrasekaran et al’ found
no relationship between IOP and coffee intake in normal
subjects. Adams and Brubaker®' investigated the effect of
orally administered coffee (containing caffeine 400 mg) on
aqueous humor flow in healthy human subjects, and found
that caffeine consumption had no effect on aqueous humor
formation. In addition, they reported that they did not observe
any statistically significant difference in IOP measured before
and after coffee intake. In another study, Ozkan et al*? found
no significant increase in mean IOP in healthy volunteers
after oral administration of caffeine 300 mg. In contrast, a
study by Ajayi and Ukwade,® which included only Nigerian

Table 3 Mean (tstandard deviation) of diastolic blood pressure (mmHg) for each group, at each time point

Group Baseline 30 minutes 60 minutes 90 minutes
Experimental 70.00 +9.26 70.67 +7.99 70.67 +7.07 7400 £ 11.21
Control 71.33+10.60 72.00 +7.75 71.33 £ 6.40 7200 +7.75
P-value 0.716 0.646 0.788 0.574
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Figure | Intraocular pressure in experimental and control groups.

subjects, reported a significant transient mean IOP increase
of 4 mmHg after coffee intake in normal subjects.

Our findings did not support any of the earlier findings
because IOP decreased significantly in the experimental
group compared with the control group at 60 and 90 minutes
after ingestion of Red Bull. Nevertheless, our finding is simi-
lar to that of Kang et al,'°who reported an inverse association
between consumption of an average-sized cup of tea and the
risk of primary open-angle glaucoma in a prospective cohort
study of 79,120 women and 42,050 normal subjects.

The two main active ingredients in Red Bull energy drink
are caffeine and taurine. The hypotensive effects of taurine on
blood pressure!” and IOP'* have already been demonstrated.
However, it would appear that most studies have focused
mainly on the ergogenic effects of energy drinks, thus hardly
any study in the existing literature has examined the effects
on IOP of these compounds combined in an energy drink. On
the other hand, with regard to the controversial reports about
the effects of caffeine on IOP, it is unclear whether the com-
bination of caffeine and taurine in energy drinks will have
a hypotensive or hypertensive effect on IOP. Theoretically,
our results can be considered as a possible way to explain
the dominant hypotensive effect on IOP of taurine over caf-
feine when they are combined together. Unfortunately we
did not investigate this phenomenon. Furthermore, because
this was the first study to examine the effects of an energy
drink on IOP, these results must be interpreted cautiously
and confirmed by future studies.

We did not find any significant changes in either systolic
blood pressure or diastolic blood pressure after consumption of
the energy drink. However, there was a significant reduction in
mean systolic blood pressure in control subjects at 60 minutes.
This finding is noteworthy, given the controversy concerning
the effect of drinking water on blood pressure. The effect of
energy drinks on blood pressure is also controversial. It was
reported in one study that consumption of an energy drink
increases blood pressure,* but no change in blood pressure was
found in another study,’ which is the same as for our study. We
found that, although systolic blood pressure fluctuated slightly
and the diastolic pressure rose monotonically by 4 mmHg at
90 minutes, these findings were not statistically significant.
Given that we have found no increase in IOP and correspond-
ing blood pressure after the ingestion of a caffeinated energy
drink, our results indirectly corroborate those of Ajayi and
Ukwade,* suggesting that an increase in blood pressure due to
ingestion of caffeine may contribute to the increase in IOP. In
their investigation, they found that the blood pressure increase
occurs much earlier than the IOP increase.

The mechanism by which caffeine may influence IOP is
also controversial. One investigator proposed that caffeine,
as a phosphodiesterase inhibitor, may increase intracellular
cyclic AMP,* stimulating the production of aqueous humor
by the ciliary body. Conversely, another investigator hypoth-
esized that caffeine may reduce outflow by decreasing the
tone of smooth muscles via adenosine receptor blockade,
leading to closure of trabecular pores in the aqueous outflow
path.® However, Kurata et al,** using beagle dogs, showed
that caffeine increases IOP, possibly by increasing aqueous
humor formation, and not by inhibiting aqueous drainage
through the trabecular meshwork. Nonetheless, Adams and
Brubaker?! reported no significant difference in aqueous
flow measured hourly for up to 4 hours after administration
of caffeine. Our results do not argue directly for or against
any of these proposed mechanisms. We can only assume that
there was an interaction between the activities of caffeine and
taurine in the energy drink to cause a significant reduction
in IOP. These findings could stimulate further research on
this subject.

Table 4 Paired sample t-test for measured right eye intraocular pressure (mmHg) of experimental group

Paired intervals Mean change in IOP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | IOP-IOP, 0.60 1.24 0.32 1.87 0.82

Pair 2 IOP-IOP | 1.53 1.96 0.51 3.031 0.009*

Pair 3 IOP-IOP, 1.73 1.90 0.50 3.52 0.003*

Note: *Statistically significant at an alpha level of 0.05.

Abbreviation: IOP, intraocular pressure.
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Table 5 Paired sample t-test for measured right eye intraocular pressure (mmHg) of control group

Paired intervals Mean change in IOP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | IOP-IOP, 0.20 1.42 0.37 0.54 0.60

Pair 2 IOP-IOP | 0.47 1.46 0.38 1.24 0.235

Pair 3 IOP-IOP_| 0.20 1.78 0.46 0.44 0.670

Abbreviation: |OP, intraocular pressure.

Table 6 Paired sample t-test for left eye IOP of experimental group

Paired intervals Mean change in IOP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | IOP~IOP, 0.60 1.40 0.36 1.66 0.120

Pair 2 IOP-IOP, | 1.00 1.70 0.44 230 0.038*

Pair 3 IOP-IOP_, 1.40 |.84 0.48 2.94 0.011*

Note: *Significant at a level of 0.05.

Table 7 Paired t-test to determine the effect of Red Bull® energy drinks on systolic pressure (mmHg) of control group

Paired intervals Mean change in SBP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | SBP~SBP, 1.33 5.15 1.33 1.00 0.33

Pair 2 SBP ~SBP 333 4.88 1.26 2.65 0.02*

Pair 3 SBP~SBP_ 1.33 743 1.92 0.70 0.50

Note: *Statistically significant at an alpha level of 0.05.
Abbreviation: SBP, systolic blood pressure.

Table 8 Paired t-test to determine the effect of Red Bull® energy drinks on diastolic blood pressure (mmHg) of the experimental

group

Paired intervals Mean change in DBP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | DBP~DBP, —-0.67 7.04 1.82 —0.37 0.72

Pair 2 DBP ~DBP, —-0.67 4.58 1.18 0.56 0.58

Pair 3 DBP ~DBP,| —4.00 7.37 1.90 -2.10 0.054

Abbreviation: DBP, diastolic blood pressure.

Table 9 Paired t-test to determine the effect of Red Bull® energy drink on diastolic blood pressure (mmHg) of control group

Paired intervals Mean change in DBP Standard deviation Standard error of mean t-test P-value
(two-tailed)

Pair | DBP~DBP, —-0.67 7.04 1.82 -0.37 0.72

Pair 2 DBP -DBP,| -0.00 9.26 2.39 —0.00 1.00

Pair 3 DBP ~DBP,| -0.67 9.61 2.48 -0.27 0.79

Abbreviation: DBP, diastolic blood pressure.
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Figure 2 Systolic blood pressure in experimental and control groups.

Although controversial, the expected mild IOP effect of
drinking water was not apparent in our study, and would
suggest two possible causes. Either our tonometric procedure
incorrectly assessed the IOP, or the small fluid challenge
volume of 250 mL used as a control, coupled with inherent
biological factors which we were unable to account for,
influenced our results. In considering the first possibility, we
examined the IOP outcomes for each subject. A group of
three consecutive readings with a variation of less than
3 mmHg was considered acceptable and averaged for
analysis. We found that, in almost all cases, there was a
reproducible trend of IOP results in each eye and a similar
trend in both eyes (Pearson’s correlation coefficient, r =0.87),
thus justifying the validity and reliability of our tonometric
procedure. Goldmann applanation tonometry has an intra
observer reliability of 1.7 mmHg and an inter observer
variability of 0.4 mmHg.>* However, its accuracy can be
affected by other inherent biological factors, such as corneal
biomechanics and axial length,**” which we were not able
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Figure 3 Diastolic blood pressure in experimental and control groups.
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