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Cardiovascular and ride time-to-exhaustion effects
of an energy drink
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Abstract

Background: Currently, there are few studies on the cardiovascular and fatigue effects of commercially available
energy drinks. This study investigated the effects of Monster energy drink (Monster Beverage Corporation, Corona,
California), on resting heart rate (HR), heart rate variability (HRV), ride time-to-exhaustion, peak exercise HR, respiratory
exchange ratio (RER), and peak rating of perceived exertion (RPE).

Methods: The study used a double-blind, randomized, placebo controlled, crossover design. After an 8-hr fast, 15 subjects
consumed Monster Energy Drink (ED standardized to 2.0 mg * kg-1 caffeine) or a flavor-matched placebo preexercise.
Resting HR and HRV were determined. After an initial submaximal workload for 30 minutes, subjects completed 10 min
at 80% ventilatory threshold (VT) and rode until volitional fatigue at 100% VT.

Results: Resting HR was significantly different (ED: 65+/−10 bpm vs. placebo: 58+/−8 bpm, p = 0.02), but resting HRV
was not different between the energy drink and placebo trials. Ride time-to-exhaustion was not significantly different
between trials (ED: 45.5+/− 9.8 vs. placebo: 43.8+/−9.3 min, p = 0.62). No difference in peak RPE (ED: 9.1 +/− 0.5 vs.
placebo: 9.0 +/− 0.8, p = 1.00) nor peak HR (ED: 177 +/− 11 vs. placebo: 175 +/− 12, p = 0.73) was seen. The RER at 30%
of VT was significantly different (ED: 0.94 +/− 0.06 vs. placebo: 0.91 +/− 0.05, p = 0.046), but no difference between the
two conditions were seen at the other intensities.

Conclusion: Although preexercise ingestion of the energy drink does increase resting HR there was no alteration in
HRV parameters. Ride time-to-exhaustion was not enhanced.
Background
After a multivitamin, energy drinks (ED) are the most
popular dietary supplement in the young adult popula-
tion [1,2]. Despite their popularity, sparse data exists to
support the efficacy and cardiovascular effects, especially
in younger adults, which is the target audience [3]. In a
small meta-analysis, Shah et al. [4] found that subjects
had a 10 mm Hg increase in systolic blood pressure. The
main ingredients in most commercially available energy
drinks are carbohydrates, B vitamins, caffeine, taurine,
herbs, and flavorings.
Caffeine and carbohydrates taken separately have been

previously shown to increase exercise duration and
capacity [5-9]. A limited number of published studies on
preexercise ingestion of energy drinks, however have
produced mixed results [10-15]. Some studies showed
positive effects such as increased cycling time-trial
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performance [10], increased bench-press muscle endur-
ance [11], decreased sprint times [13], and increased
exercise time at 65-75% of maximum heart rate (HR) on
a cycle ergometer [12]. Other studies though [11,14,15],
have failed to show any beneficial effect.
Currently there are little data on the cardiovascular ef-

fects of energy drinks [16,17]. In addition to caffeine the
amino acid taurine, a common energy drink ingredient,
is theorized to have potential cardiac effects [18,19].
Bichler and colleagues [20] investigated the combination
of caffeine and taurine vs. a placebo and found it actually
caused a significant decline in heart rate.
The purpose of this study was to investigate a preexer-

cise ingestion of Monster energy drink (Monster Beverage
Corporation, Corona, California) on resting HR and HR
variability in addition to ride time-to-exhaustion (TTE) in
recreationally active young adults. We hypothesize that
resting HR and HR variability preexercise will be altered
and the ride TTE will be increased after the subjects
consume the energy drink (ED standardized to 2.0 mg per
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kilogram of body mass of caffeine) compared to a taste-
matched placebo.

Methods
Participants
There were 15 recreationally active subjects (8 male and
7 female). They averaged (mean ± SD) 25.5 ± 4.1 years of
age (men 24.1 ± 2.7, women 27.1 ± 5.0), weighed an aver-
age of 77.9 ± 18.4 kg (men 86.7 ± 17.6, women 67.9 ±
4.4), had an average body mass index of 25.1 ± 4.0 kg/m2

(men 26.6 ± 3.6, women 23.4 ± 3.8), with an average per-
cent body fat of 22.3 ± 8.4% (men 18.0 ± 7.4, women 27.3 ±
6.7), and had an average peak oxygen uptake of 39.5 ±
7.0 ml • kg–1 • min–1 (men 41.3 ± 3.0, women 37.6 ± 9.7).
Prior to testing, all participants were informed of the

study details and procedures including all the potential
risks. Participants completed the Physical Activity Readi-
ness Questionnaire which assess their health history [21]
and were excluded if they had any significant injury or ill-
ness in the previous two weeks. The protocol, informed
consent, and related documentation were reviewed by the
University of Minnesota Institutional Review Board for
approval before the study started and conducted in
accordance with their requirements.

Preliminary testing
Subjects were asked to make three visits to the Labora-
tory of Integrative Human Physiology (LIHP) on non-
consecutive days. The three trips consisted of an initial
peak aerobic capacity test and two ride time-to-
exhaustion tests, all performed on a stationary electron-
ically braked cycle ergometer (Lode Corival, Groningen,
The Netherlands). Subjects were instructed to fast for a
minimum of 8 hours previous to all exercise tests, to
avoid any caffeine for 48 hours prior, and to not partici-
pate in exercise during the previous 24 hours. The 48
hour withdrawal of caffeine was considered adequate
given the half-life of caffeine is about 4–6 hours [22]. An
overnight fast was done to minimize any effect of the
previous meal on respiratory exchange ratio (RER) [23-25].
Subjects were instructed to not change their diet or exer-
cise during the study.
Prior to the first exercise assessment, height and

weight were measured using a wall-mounted stadiometer
(Ayrton Stadiometer, Model S100, Prior Lake, MN) and
digital weight scale (Model 5002, Scale-Tronix Inc.,
Wheaton, IL). Each measurement was done three times
and the mean recorded. Body mass index was calculated
as the body weight (kg) divided by height squared (m2).
Air displacement plethysmography (Bod Pod® Life Mea-
surement Inc., Concord, CA) was used to obtain initial
visit body fat percentages. Subjects were instructed to sit
still and breathe normally while the body volume mea-
surement was conducted. Thoracic gas volume was
estimated according to the methods described by Dempster
and Aitkens [26]. Body fat percentage was calculated by
computer software using the Siri equation and the collected
data [27].
Heart rate was collected prior to exercise to further

characterize resting cardiovascular parameters via heart
rate variability (HRV) analysis. Participants were prepped
for electrode placement for measurement of HR via a 3-
lead electrocardiograph (ECG). The ECG (Lead II) was
continuously recorded via an automated tonometer (Colin
Pilot 7000; Colin Medical Instruments Corp., San Antonio,
TX). Participants were asked to pace their breathing at
0.25 Hz (approximately 15 breaths per min) using a
computer metronome (Crystal Metronome 1.4.4, MIL
software & Matthew Lloyd) cadence. Participants were
instructed to lay flat on their backs on a cushioned bed for
10 minutes to ensure that a resting state was attained.
After the initial rest period, participants continued to lie
relaxed for an additional 10 minutes to record resting
ECG measures.
Following resting measures of HR, subjects were fitted

with headgear and mouthpiece for collection of expired
air by a calibrated open-circuit spirometry metabolic
cart (CPX-D, MedGraphics Corporation, St. Paul, MN).
Then subjects were fitted with a HR monitor (Polar,
Polar Electro Oy, Finland) placed around their chest at
the level of the xiphoid process to ensure a quality heart
rate signal. Seat and handlebar height were recorded and
were replicated for subsequent experimental trials. After
warm-up on the bicycle ergometer for 5 minutes at 25
Watts, subjects were asked to complete a progressive
resistance exercise test. Subjects rode at a cadence of
60–90 rpm against an increasing resistance of 50 Watts
every 2 minutes until volitional exhaustion. Rating of
perceived exertion (RPE) was obtained at the end of each
stage using the 10-point Borg category scale [28]. All
subjects met at least two of the following criteria to be
considered a maximal test: 1) increase in VO2 between
the last 2 stages of less than half the expected increase,
2) RER ≥ 1.10, or 3) RPE ≥ 9 on the Borg 1–10 scale. An-
alyzed gas samples were used to determine peak aerobic
capacity (VO2 peak) and the ventilatory threshold (VT)
by the Dmax method [29].

Experimental design
This study used a randomized, double-blind, placebo
controlled, crossover design. Subjects were randomized
for preexercise intake with the ED or placebo and re-
ceived the opposite treatment a minimum of 7 days later
(see Table 1 for ingredients). Regular version Monster
ED was standardized at 2.0 mg per kilogram of body
mass (mg · kgBM-1) of caffeine and the placebo was pre-
pared from noncaffeinated diet Mountain Dew and
lemon juice by a lab staff member. Both drinks were



Table 1 Monster energy drink ingredients

Ingredient Amount
(per kg body mass)

Carbohydrate 0.65 mg kgBM-1

Cafeine 2 mg kgBM-1

Taurine 25 mg kgBM-1

Pana-ginseng 5 mg kgBM-1

Vitamin C 1.5 mg kgBM-1

Ribiflavin 0.04 mg kgBM-1

Niacin 0.50 mg kgBM-1

Vitamin B6 0.05 mg kgBM-1

Vitamin B12 0.15 mg kgBM-1
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served in a dark, opaque container and consumed 60
minutes before testing started. The beverage was con-
sumed within a 10-minute period from the time it was
received. The mean total beverage volume was 467 ±
109 mL (about one 16 oz can). Resting HR data were
obtained as explained above followed by exercise. After
a minimum of 7 days from preliminary testing, subjects
returned to LIHP for their initial energy drink trial. They
observed the same pre-testing criteria with respect to
fasting, caffeine, and exercise. All testing was performed
in a climate controlled environment between 6:00 to
8:00 am at a minimum of 1 week apart. Participants
were informed that they would receive either an energy
drink or a taste-matched placebo before experimental
testing and a small amount of water (75 mL total) at the
15 minute and 30 minute mark during exercise. Partici-
pants were instructed to not discuss the characteristics
of the beverages with other participants and were asked
at the end of the experimental trial which beverage they
received.

Experimental protocol
After a minimum of 7 days from preliminary testing,
subjects returned to LIHP for their initial energy drink
trial. They were fitted with headgear and mouthpiece for
collection of ventilation, oxygen consumption (VO2),
carbon dioxide production (VCO2), and RER on a
breath-by-breath basis. They were also fitted with a HR
monitor as described above. After a 5 minute warm up
on a bicycle ergometer at 25 Watts, subjects pedaled at
a workload corresponding to 30% of their pre-determined
VT for 15 minutes, then pedaled at a workload corre-
sponding to 60% of their VT for an additional 15 minutes.
For the ride TTE portion, subjects continued to pedal

at 80% of their VT for 10 minutes and then an additional
10 minutes at a workload equal to 100% of VT until vol-
itional fatigue. The total time ride TTE was recorded.
Heart rate and RPE were recorded every 2 minutes during
exercise. Constant verbal encouragement by the same
tester was given to the subjects during each trial to elicit a
maximal effort.
The second drink trial was conducted a minimum of 7

days afterwards. Subjects received the opposite assigned
preexercise drink from their first exercise trial. The cycle
ergometer test protocol and data collection methods
remained the same.

Heart rate variability data analyses
Lead II ECG data for HRV preexercise was collected as
described above and were digitally recorded continu-
ously using a desktop computer with WinDaq Pro data
collection software (DATAQ Instruments Inc., Akron,
OH). The signal was sampled at 500 Hz throughout all
testing. The WinDaq Pro software allowed for instantan-
eous analog to digital conversion of the ECG signal with
recordings stored for latter off-line analysis (Kubios
Heart Rate Variability software version 2.0 beta 3; Bio-
signal Analysis and Medical Imaging Group, Kuopio,
Finland). Standard time domain parameters [the root
mean square of successive differences (RMSSD), the
standard deviation of all NN (normal RR) intervals
(SDNN) and the percentage of successive NN intervals
differing >50 ms (pNN50)] and frequency domain pa-
rameters [low frequency power (LF, (0.04 − 0.15 Hz)),
high frequency power (HF, (0.15 − 0.4 Hz)) and the ratio
of LF/HF] in addition to mean resting HR were calcu-
lated. All analysis was performed according to the stan-
dards set by the Task Force of the European Society of
Cardiology and the North American Society of Pacing
and Electrophysiology [30]. The time points from 2 to 8
minutes of the last 10 minute resting period were uti-
lized for calculation of all resting HRV variables. Each 5-
minute segment was manually reviewed for ectopic beats
or arrhythmias. Segments containing such alterations of
normal electrophysiological function were excluded from
analysis.
The power spectral density of the RR interval data was

calculated using a fast-Fourier transform for the fre-
quency domain parameters. This was based on Welch’s
periodogram method to reduce noise in the estimated
power spectra with a sampling rate of 4 Hz, and a window
width of 256 seconds with an overlap of 50%, correspond-
ing to 128 seconds. Paced breathing was performed to
reduce the potential confounding effects of respiratory
variation on HRV measures [31].

Statistical analyses
Beat-by-beat resting HR data was analyzed using Kubios
Heart Rate Variability software to obtain the mean HR,
time domain, frequency domain, and sample entropy
scores for both the supplement and placebo trial. They
were compared via a two sample Student’s t test. Exer-
cise ride TTE, HR during exercise, and RPE were also



Figure 1 Respiratory exchange ratio vs. exercise intensity as a
percentage of ventilatory threshold (% of VT) for energy drink
and placebo conditions. Values are mean ± standard deviation.
Only 30% of VT intensity was different from experimental vs. placebo
(*p < 0.046).
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analyzed using a two sample Student’s t test. Differences
were considered significant at p < 0.05. Data are expressed
as mean ± SD and were analyzed using SPSS software
(version 13.0; SPSS, Inc., Chicago, IL) and Prism® Graph-
pad Software version 6.0 (Graphpad Software, Inc., San
Diego, CA).

Results
Preliminary testing
A total of 16 participants completed the study, but one
was excluded from the analysis due to heavy exercise
prior to testing. Resting HR was significantly higher
following the ED than the placebo (ED: 65 ± 10 bpm vs.
placebo: 58 ± 8 bpm, p = 0.02). Heart rate variability as
calculated via RMSSD, SDNN, pNN50, HF power, LF
power, LF/HF ratio, and sample entropy however were
not significantly different (see Table 2).

Experimental testing
Exercise TTE between the ED and the placebo condition
was not statistically different between trials (ED: 45.5 ±
9.8 vs. placebo: 43.8 ± 9.3 min p = 0.62). There was no
significant difference in peak RPE (ED: 9.1 ± 0.5 vs. pla-
cebo: 9.0 ± 0.8, p = 1.00) or peak HR (ED: 177 ± 11 bpm
vs. placebo: 175 ± 12 bpm, p = 0.73) during exercise in
either the supplement or placebo condition. The RER at
60% VT (ED: 0.99 ± 0.05 vs. placebo: 0.98 ± 0.05, p =0.60),
80% of VT (ED: 1.02 ± 0.07 vs. placebo: 1.03 ± 0.07, p =
0.51), and 100% of VT (ED: 1.04 ± 0.09 vs. placebo: 1.04 ±
0.08, p = 0.62) were not significantly different between the
two conditions (Figure 1). The RER at 30% of VT however
was significantly higher following the ingestion of ED vs.
the placebo (0.94 ± 0.06 vs. 0.91 ± 0.05, p = 0.046). There
were no side effects reported from the exercise testing,
ED, or placebo. Only one subject dropped out after the
initial baseline. At the completion of the experimental
trial, six subjects correctly identified the order of ED vs.
placebo, four did not, and five were not sure.
Table 2 Comparison of resting heart rate variability
parameters under energy drink and placebo conditions

Parameter Energy drink Placebo p-value

RMSSD (ms) 76.1 (46.0) 83.7 (54.5) 0.33

SDNN (ms) 94.1 (34.3) 102.0 (51.9) 0.28

pNN50 (%) 38.8 (24.7) 38.8 (21.2) 1.00

LF (ms2) 1319 (756) 2295 (2593) 0.12

HF (ms2) 4047 (4569) 4235 (5317) 0.79

LF/HF ratio 0.93 (1.15) 0.91 (0.93) 0.90

SampEn 1.33 (0.37) 1.44 (0.37) 0.22

Data are presented as mean (standard deviation). RMSSD - root-mean square
differences of successive R-R intervals, SDNN- standard deviation of normal-to-
normal intervals, pNN50 percentage of successive NN intervals differing
>50 ms, LF - low frequency, HF - high frequency, LF/HF ratio low frequency to
high frequency ratio (no units), SampEn - Sample Entropy (no units).
Discussion
This was the first study to investigate preexercise inges-
tion of the ED Monster in relation to ride TTE and
cardiovascular parameters. Cardiovascular parameters at
rest did show an increase in HR after consuming the
ED, but there were no changes in any HRV parameters.
Ride TTE during cycle ergometery testing, peak RPE,
and peak HR during exercise were not different between
the two conditions. The RER measurements during each
intensity were not different between the two conditions,
except for the RER at 30% of VT where the placebo
condition was lower.

Exercise effects
The main finding in this study is consistent with data by
Candow et al. [14] who conducted a high-intensity run
TTE study in young adults (VO2max of 45.5 ± 6.3 ml • kg–1 •
min–1) using a double-blind, crossover, repeated-measures
method. They showed no increase in run time or change in
RPE with the energy drink Red Bull given preexercise.
However, Ivy et al. [10] did see an improvement with preex-
ercise Red Bull. Their study also used a double-blind, ran-
domized, crossover design, but was conducted in athletes
with a higher VO2max (54.9 ± 2.3 ml • kg–1 • min–1) and
employed a time trial format. Kazemi et al. [32] demon-
strated that Phantom and Dragon energy drinks also signifi-
cantly increased TTE vs. placebo by 9.3% and 6.5%
respectively during a Bruce treadmill test.

Caffeine
One reason for the lack of increased ride time was pos-
sibly the lower dose of caffeine standardized at 2 mg ·
kgBM-1. The recent International Society of Sports Nutri-
tion (ISSN) position stand on energy drinks [33] con-
cluded that although they contain a number of nutrients,
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the primary ergogenic nutrients appear to be carbohydrate
and/or caffeine. The exact mechanism of how caffeine
works is still debated, but it is believed to primarily function
by acting as an adenosine receptor antagonist, increasing
release of free fatty acids, and increasing calcium release
and uptake [34]. The track record of positive effects of
caffeine is quite good and most studies showed an improve-
ment in exercise capacity in the range of 3–13 mg · kgBM-1

[9,33,35-40], although Cox et al. [41] did show a decreased
time during a time trial performance undertaken at the end
of a prolonged cycling bout with a low dose at approxi-
mately 1.5 mg · kgBM-1. Denadai, et al. [39] used a dose of
around 3 mg · kgBM-1 and showed that in untrained sub-
jects who exercised below their anaerobic threshold, caf-
feine increased ride TTE and reduced perceived exertion.
Further enhancement in performance does not result when
caffeine is consumed in higher dosages (≥ 9 mg · kgBM-1).
This study used a standardized dose of 2.0 mg · kgBM-1,

which is on the lower end for a dose to increase ride TTE.
Subjects had to consume the entire ED amount prior to
testing, therefore a higher amount may have resulted in
gastrointestinal issues due to the increased level of fluid.
Subjects were fasted and asked to abstain from caffeine
for 48 hours prior to testing, but no other diet controls
were applied to make it as applicable to free living subjects
as possible.

Rating of perceived exertion
In the current study, there was no significant difference
between peak RPEs when supplementing with an ED or
placebo. A meta-analysis in 2005 [42] on caffeine found
that it reduced RPE during exercise by 5.6%. Our results
are in agreement with Candow et al. [14] and Ivy et al.
[10] who did not show any difference in RPE during a
high-intensity run time-to-exhaustion and a simulated
cycling time trial, respectively.

Heart rate
Surprisingly, there are little data on the effects of energy
drinks on heart rate. No difference was found for peak
HR during exercise in this study, but resting HR was
higher under the ED condition. Willoughby et al. [16]
found HR was unaffected one hour after 50 young adults
consumed one 250 ml (8 oz) can of sugar-free Red Bull
(approximately 80 mg of caffeine). Steinke et al. [17]
however demonstrated that HR was reduced 30 minutes
after subjects consumed 75 mg of caffeine. Bichler and
colleagues [20] studied a combination of caffeine and
taurine, two common ingredients in energy drinks,
which resulted in a significant decline in HR.

Heart rate variability
Heart rate variability may serve as a method to further
investigate the cardiac effects of these drinks as it allows
quantification of sympathovagal balance [43,44]. Some
subjects may be more sensitive to energy drinks result-
ing in a more sympathetic response, thus altered HRV.
In this study, we did not find any difference in time do-
main, frequency domain, or sample entropy HRV ana-
lysis. Since their inception, energy drinks have been
suspected of leading to an increased risk of cardiac is-
sues [45]. A recent review on energy drinks [46] regard-
ing safety concluded that there is not enough data
currently to allow a definitive dietary recommendation
to be made regarding safe levels of ED consumption,
and recommended caution. The ISSN Position Stand
[33] stated that indiscriminant use of energy drinks,
especially if more than one serving per day, may lead to
adverse events and harmful side effects.
The only other study on HRV and energy drinks done

by Wiklund et al. [47] showed a decreased LF/HF ratio
and a tendency to increased HF power (increased vagal
modulation). The dose used was high as subjects con-
sumed 3 cans of Red Bull, which represents a dose of
3000 mg of taurine and 240 mg of caffeine after an over-
night fast. They also measured RR intervals for the HRV
analysis at 30 minutes after the intake of the ED compared
to the 60 minute timeframe here. These differences may
account for the variance in the results obtained.
As mentioned, the two ingredients in energy drinks

that could affect HRV are taurine and caffeine. Taurine
has been shown to moderate the flow of cations, especially
calcium, across the cell membranes, thus protecting the
heart muscle from both high and low concentrations
[18,19]. Caffeine is known to increase vagal autonomic
nerve activity in resting subjects [48,49]. Ingestion of caf-
feine preexercise has also been associated with exagger-
ated vagal withdrawal during post-exercise recovery
because of higher baseline level of vagal activity before
exercise [49]. However, Rauh et al. [50] did not find any
significant differences in respective HRV parameters (HR,
RMSSD, SDNN, pNN50, LF, HF and LF/HF) conducted at
rest 30, 60, and 90 minutes after 100 and 200 mg caffeine
doses were taken and compared to a placebo. They
concluded that caffeine at a dose up to 200 mg does not
influence HRV [50].

Conclusion
In conclusion, the results of this present study indicate
that consuming Monster ED increases resting HR, but
does not increase ride time-to-exhaustion. The ED did
not have an impact on parasympathetic and sympathetic
balance at rest via HRV analysis. RER was higher after
the ED demonstrating a greater reliance on glucose dur-
ing exercise, but this was only seen at the lowest inten-
sity. The ED did not change the perception of exercise
intensity as measured by peak RPE. Future research
should compare the effects of regular energy drinks at
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various caffeine dosages during a ride time-to-exhaustion
and a time trial format.
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