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Abstract

Energy drinks are products that have gained popularity in recent years among people seeking
a quick energy boost. The ingredients they contain are intended to reduce the feeling of
fatigue, improve the body's performance and concentration. The consumption of energy
drinks raises controversy due to their potential negative impact on health, particularly on the
cardiovascular system. Thanks to the increased interest of scientists in this topic, many reports
of cardiovascular events related to the consumption of energy drinks have been created. This
article discusses the composition of energy drinks their association with arrhythmias,
hypertension, myocardial infarction, and coronary vasospasm., as well as examples of adverse
events that occurred after their consumption.While further research is necessary to fully
understand the long-term cardiovascular outcomes, this review highlights the importance of
public awareness and regulatory measures to mitigate potential health risks associated with
energy drink use.
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Introduction

Energy drinks first appeared on the market in 1960 in Europe and Asia [1]. Since then many
new companies have been established to produce this type of products and the market is
constantly growing. For example in the United States, from 2004 to 2009, the energy drink
market has seen growth of more than 240% [2]. Initially, the main consumers of energy drinks
were athletes, but as the products became more available, the group of consumers has
expanded. Currently, energy drinks are used largely by young adults and teenagers and first
consumption usually occurs prior to age 12 [31]. Studies show that energy drinks are
consumed by 30 to 50% of teenagers and young adults [3]. There is growing controversy
surrounding energy drinks, heightened recently by increasing reports of toxic effects—most
alarmingly involving cardiac arrhythmias, such as atrial fibrillation, and central nervous
system abnormalities, including seizures.[29]

Many energy drink producers rely on similar ingredients. According to the Food and Drug
Administration (FDA), energy drinks (EDs) are “a class of products in liquid form that
typically contains caffeine, with or without other added ingredients” [30]. The most common
ingredients are caffeine, taurine, carnitine, glucuronolactone, guarana, herbal extracts and B
vitamins [2,4]. Manufacturers mix different proportions of ingredients with different additives,
thanks to which they gain different taste values, vitamin combinations, and energy levels.

Caffeine has a similar chemical structure to adenosine, which allows it to bind to its receptors
The main effect of caffeine contained in energy drinks is to block adenosine receptors in the
brain, which makes it harder to fall asleep. Additionally, caffeine increases the secretion of
epinephrine, which may improve mental and physical performance [4,7]. What else, caffeine
increases heart rate and blood pressure. Energy drinks contain 70 to 200 mg of caffeine per
serving, while a cup of coffee contains 110 to 150 mg for drip coffee, 65 to 125 mg for
percolated coffee, and 40 to 80 mg for instant drinks [5]. After consuming 200 mg of caffeine,
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side effects such as insomnia, headaches, nervousness, nausea, tachycardia and arrhythmias
may occur [5,7,8].

Taurine is an amino acid found in the human body mainly in the retina and skeletal and
cardiac muscle . It is also a common component of the diet. Taurine affects neuromodulation,
cell membrane stability and modulation of intracellular calcium levels [4]. Few adverse
effects are attributed to the use of taurine, even at high doses, but there are reports of a link
between the effects of energy drinks containing caffeine and taurine and the deaths of athletes
in Europe [8].

Carnitine refers to a group of compounds—including L-carnitine, acetyl-L-carnitine, and
propionyl-L-carnitine—that are derived from amino acids. It occurs naturally in a variety of
foods and is also synthesized endogenously in the liver, kidneys, and brain from the amino
acids lysine and methionine. Carnitine plays a crucial role in energy metabolism, functioning
as an essential cofactor that facilitates the transport of long-chain fatty acids into the
mitochondria, where they are oxidized to produce adenosine triphosphate (ATP), the body’s
primary energy source.[30]

Guarana (Paullinia cupana) is a plant originating from central Amazon region [6]. Many
energy drinks contain guarana in combination with caffeine or separately [10]. 1 g of guarana
corresponds to 40 mg of caffeine (a cup of medium strength coffee) in terms of its stimulating
effect [10]. caffeine from guarana is released slower than the free compound, which is why it
has a longer stimulating effect [4].

Glucoronolactone occurs naturally in the human body and is produced in the liver as a result
of glucose metabolism. It participates in the removal of toxins, supporting the process of
excreting metabolic products; releasing hormones and other substances and in the
biosynthesis of vitamin C. It is thought to aid in preserving glycogen levels by blocking other
compounds from using up the muscle's glycogen stores and that is why it is added to energy
drinks [4,5,9].

B vitamins are a set of water-soluble vitamins that have key functions in the body, particularly
in the nervous system, metabolism, and energy production. B vitamins are a component of
many energy drinks. A typical can of 250 mL may contain 360% of the recommended daily
allowance (RDA) of B6, 120% of B12, and 120% of B3 (niacin) [4]. It is claimed that a
higher intake of B vitamins increases concentration, improves mental alertness and mood.
because B vitamins are water-soluble, their excess is excreted in the urine. The usefulness of
large amounts of B vitamins in energy drinks is not well rationalized [4,5,2].

Sugars also known as simple carbohydrates are one of the body’s primary sources of energy.
In energy drinks they are presented in processed form. Long term and excessive consumption
of simple sugars leads to carbohydrate metabolism and metabolic disorders like obesity and
insulin resistance as well as negatibe impact on the circulatory system[5].
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The growing popularity of energy drinks has been accompanied by an increase in emergency
department visits among young individuals experiencing a range of adverse health effects.
Energy drinks have been associated with harmful impacts on various organ systems. These
effects range from relatively mild symptoms—such as anxiety, gastrointestinal discomfort,
dehydration, nervousness, and rapid heart rate—to more serious complications, including
rhabdomyolysis, acute kidney injury (AKI), ventricular fibrillation, seizures, acute mania, and
stroke. In some cases, energy drink consumption has even been linked to fatalities.[30]

The aim of this review is to summarize current evidence on the cardiovascular risks
associated with energy drink consumption. Relevant publications were identified using
PubMed and Google Scholar databases, covering the period from 2008 to 2024.

Discussion

Numerous studies and clinical case reports have explored the impact of energy drink (ED)
consumption on cardiovascular function. The evidence consistently indicates that even short-
term intake can negatively influence cardiovascular parameters. For example, one randomized
controlled trial demonstrated a significant increase in systolic blood pressure one hour after
consuming energy drinks (from 116.9 ± 10.4 to 120.7 ± 10.7 mmHg) [11]. Additionally there
was observed a QTc prolongation (393.3 ± 20.6 to 400.8 ± 24.1 ms, P < 0.01) which indicates
a risk of arrhythmia [11] . Another study found a 73.6% increase in norepinephrine levels
after consuming an energy drink, compared with 30.9% in the placebo group [12] .

Elevated blood pressure has also been observed in younger populations. Oberhoffer FS et al
examined the effects of a single, bodyweight -adjusted dose of an energy drink on 24-hour
ambulatory blood pressure in healthy children and adolescents. The results showed that
energy drink consumption significantly increased both 24-hour systolic and diastolic blood
pressure compared to the placebo. Minors, particularly those with an increased cardiovascular
morbidity, should be discouraged from drinking EDs. Potentially, chronic ED consumption
might lead to greater cardiovascular risk. [21]

The study conducted by Svatikova A et al. involved 25 healthy participants (14 men, average
age 29) to assess the cardiovascular and metabolic effects of an energy drink compared to a
placebo. After consuming the energy drink, participants experienced significantly higher
increases in systolic (6.2% vs 3.1%), diastolic (6.8% vs 0%), and mean arterial pressure (6.4%
vs 1.0%) compared to placebo. Heart rate did not differ significantly between conditions.
These acute hemodynamic and adrenergic changes may predispose to increased
cardiovascular risk. This study was limited by a small sample size and the use of only one
energy drink. [22]

García A et al. investigated the acute effects of different commercially available energy
drinks on cardiovascular function, stress levels, and working memory in 80 healthy medical
students (average age 21.45 years, 62.5% male). Participants were assessed before and after
consuming either carbonated water (control) or one of three popular energy drinks (A,B and C)
containing similar caffeine levels but different compositions. The results showed that systolic
blood pressure significantly increased 30 minutes after consumption in groups A and C.
Group B showed a smaller increase in systolic blood pressure after one hour, a rise in diastolic
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pressure, and a shortening of the QTc interval. Heart rate increased in groups A and C.
Salivary cortisol levels rose in group B, while anxiety levels (STAI scores) decreased in group
C. These findings highlight that energy drinks can cause varied acute effects on
cardiovascular parameters, stress responses, and cognitive performance, depending on their
composition. Further research is needed to fully understand the short- and long-term health
implications. Greater awareness is necessary, particularly among young consumers such as
students, regarding the potential risks associated with energy drink consumption.[23]

Miles-Chan JL et al. investigated whether the cardiovascular effects of Red Bull (RB) are
solely due to its caffeine and sugar content. In a randomized, placebo-controlled crossover
trial with eight healthy young men, hemodynamic responses were measured continuously
following the intake of RB, sugar-free RB (sfRB), caffeine in water, or placebo. While RB,
sfRB, and caffeine all raised blood pressure by a similar amount (3–4 mmHg), only RB
significantly increased heart rate, stroke volume, cardiac output, double product, and
myocardial contractility, while reducing total peripheral resistance. In contrast, sfRB and
caffeine increased total peripheral resistance without affecting cardiac parameters. These
findings indicate that RB and caffeine produce similar blood pressure responses via different
hemodynamic mechanisms—cardiac versus vascular. The additional ingredients in RB do not
appear to modify these effects. [24]

The background for the randomized, double-masked, placebo-controlled, crossover study by
Shah SA et al. was the association between energy drinks and an increase in emergency room
visits and deaths. Scientists demonstrated that caffeinated energy drinks significantly prolong
the QTc interval and raise both brachial and central blood pressure following acute exposure.
Further investigation is warranted to determine whether an individual ingredient or a unique
combination is responsible for the observed electrophysiological and hemodynamic changes.
[20]

Conversely, a study conducted by Ragsdale, F. R. explored the effects of Red Bull® energy
drink on cardiovascular and neurological functions in college students. In a double-blind trial
comparing regular and low-calorie Red Bull® with matched placebos, no significant changes
in cardiovascular function or blood glucose were observed in any of the 68 participants during
a 2-hour observation period. However, a second experiment involving 21 participants (9
males, 12 females) who underwent a cold pressor test (CPT) before and after consuming Red
Bull® revealed a significant increase in blood glucose levels. Male participants showed a rise
in diastolic blood pressure during the CPT, which was mitigated after consuming Red Bull®.
No such blood pressure changes were observed in female participants. Additionally, Red
Bull® consumption significantly increased pain tolerance across all participants. These
findings suggest that Red Bull® may reduce cardiovascular responses to stress and enhance
pain tolerance. [25]

A growing body of case reports has also linked excessive ED consumption with serious
cardiovascular events such as myocardial infraction. For example, one report described a
patient who presented to the emergency department with chest pain that occurred four hours
after consuming an energy drink. Coronary angiography revealed a complete occlusion of the
left anterior descending (LAD) artery caused by a thrombus. This situation was linked to the
consumption of energy drinks, which may lead to increased platelet aggregation and
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endothelial dysfunction, promoting thrombus formation and increasing the risk of heart attack
[13] . In a separate report, a case was described of a 25-year-old man who experienced a heart
attack following a week of consuming between 7 and 9 energy drink cans each day. With each
can containing around 200 mg of caffeine, his daily intake ranged from 1,400 to 1,800 mg—
far surpassing the recommended maximum of 400 mg per day. The patient's ECG revealed
ST-segment depression in the precordial leads V2–V6, and a troponin I level of 32.22 µg/ml
was recorded, indicating the presence of acute coronary syndrome [14].

Solomin et al., in their case report, described a 26-year-old male who presented to the
emergency department with chest pain after consuming large quantities of energy drinks
(approximately 8–10 cans daily). His symptoms included chest pain radiating to the left arm
and jaw, numbness in the left arm, nausea, and sweating. An ECG revealed ST-segment
elevation, and cardiac catheterization showed a 100% occlusion of the left circumflex artery,
which was treated with a drug-eluting stent. The patient denied illicit drug use but was a
smoker and had an abnormal lipid profile. Following treatment, his condition stabilized, and
he agreed to stop both smoking and consuming energy drinks. This case highlights a potential
link between excessive energy drink consumption and acute coronary syndrome in young
adults. [26]

Gharacholou SM et al. reported a case involving a 27-year-old man with no prior medical
history presented with acute chest pain, shortness of breath, and diaphoresis, one hour after
symptom onset. He had a history of tobacco use and frequent energy drink consumption (4–5
cans within 12 hours) but no known cardiovascular risk factors apart from a family history.
ECG showed ST-segment elevation in the anterior leads, and elevated cardiac biomarkers
confirmed an acute anterior STEMI. Urgent coronary angiography revealed normal coronary
arteries without signs of obstruction. Echocardiography and cardiac MRI indicated apical
akinesis and delayed gadolinium enhancement. Despite treatment with nitrates and calcium
channel blockers, intermittent chest discomfort persisted. Functional coronary testing ruled
out both macrovascular and microvascular dysfunction, suggesting coronary vasospasm
possibly triggered by excessive energy drink intake. The patient was advised to discontinue
energy drink consumption. [28]

Another case report by Pallangyo P et al. presented a 28-year-old African man with an 8-hour
history of severe retrosternal chest pain, shortness of breath, and sweating, which began four
hours after consuming five cans of an energy drink containing caffeine, taurine, sugar, and
glucuronolactone. He reported a recent pattern of daily energy drink consumption (2–5 cans).
Despite being hemodynamically stable on admission and having no major cardiovascular risk
factors, his ECG showed significant ST-segment elevation in the anterolateral leads, and
elevated troponin and CK-MB levels confirmed a diagnosis of anterolateral STEMI.
Echocardiography revealed anterior wall hypokinesia with preserved systolic function. He
was treated with aspirin, clopidogrel, and atorvastatin. [27]
These cases highlight the potential for energy drinks to trigger serious cardiac events, even in
young adults without traditional cardiovascular risk factors.

Increasing concern has been raised in the literature about the possible cardiotoxic effects of
energy drinks. A case was reported of a 21-year-old man who developed severe bilateral heart
failure, possibly linked to excessive energy drink consumption. The patient had no notable
medical, familial, or social issues, aside from excessive energy drink consumption [16] .
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Another article describes the case of a 24-year-old man who consumed 3.4 to 4 liters of
energy drinks per day and presented to the emergency department due to worsening shortness
of breath. The physical exam showed the presence of orthopnea, crackles in both lungs, and
swelling in the lower legs. The ECG indicated a sinus rhythm with a heart rate of 110 bpm
and T-wave inversions in leads V4–V6. A chest X-ray revealed a dense shadow in the lower
region of the right lung, pointing to a pleural effusion likely related to heart failure.
Echocardiography showed a left ventricular ejection fraction of 25%, along with global
hypokinesia and enlargement of the left ventricle. Cardiac MRI confirmed both the dilation of
the left ventricle and impaired systolic function. The patient underwent diagnostic evaluation
to determine the underlying cause, and chronic diseases were ruled out, suggesting that the
consumption of energy drinks may lead to serious cardiovascular complications [16].

A case conducte by Di Rocco JR et al. involving a 14-year-old healthy boy highlights the
potential arrhythmogenic effects of energy drink consumption in adolescents. The patient
presented with palpitations two hours after a race and reported prior intake of highly
caffeinated beverages, including Red Bull™, in the days preceding the episode. His ECG
revealed narrow-complex atrial fibrillation with intermittent atrial flutter. Following
administration of a single dose of digoxin, he converted to normal sinus rhythm. Cardiac
evaluation showed no structural abnormalities, and follow-up was unremarkable. This case
underscores the possible role of energy drinks in triggering supraventricular arrhythmias even
in otherwise healthy pediatric individuals.

A case conducted by Nagajothi N et al, involving a 23-year-old woman with no prior medical
history demonstrated that the combined consumption of a caffeinated energy drink (GNC
Speed Shot) and a caffeinated soda (Mountain Dew) can provoke supraventricular tachycardia.
Shortly after intake, the patient presented with palpitations and chest tightness. Her
electrocardiogram revealed a narrow complex tachycardia with a ventricular rate of 219 bpm,
which was unresponsive to vagal maneuvers but successfully terminated with intravenous
adenosine, indicating atrioventricular nodal reentry tachycardia as the most likely mechanism.
This case illustrates how excessive caffeine intake—even in individuals without underlying
health conditions—can trigger potentially dangerous arrhythmias, emphasizing the need for
public awareness about the risks associated with combining multiple caffeine-containing
products. [32]

Nowadays sugar-free energy drink formulations that contain negligible kilocalories and
include sport supplements such as beta-alanine and L-citrulline are becoming increasingly
popular especially among young athletes. It could be a new threat disguised as a seemingly
healthy alternative. [19] The randomized, double-blind, placebo-controlled, crossover trial
conducted by Banks NF et al. investigated the acute effects of a non-caloric energy drink
compared to a traditional sugar-containing energy drink and a non-caloric placebo on exercise
performance and cardiovascular safety.The main findings indicate that acute consumption of
traditional, sugar energy drinks increases the respiratory exchange ratio (RER) and decreases
maximal fat oxidation (MFO) without affecting the anaerobic threshold, peak oxygen uptake,
or performance during a fatiguing isometric exercise bout. In contrast, non-sugar did not
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disrupt semi-fasted RER or MFO, but it enhanced impulse during isometric tasks relative to
placebo. Neither sugar nor non-sugar drinks had an impact on mood or leg blood flow. Both
drinks led to significant increases in resting systolic blood pressure (SBP) and heart rate,
likely resulting in elevated diastolic blood pressure (DBP) and rate-pressure product (RPP),
but did not affect ventricular repolarization or other indicators of cardiac electrical activity.
The long-term effects of habitual consumption of sugar-free versus traditional energy drinks
on cardiovascular and metabolic health remain unclear and need futher research. [19]

Furthermore, drinking large amounts of energy drinks—particularly when mixed with
alcohol—can potentially trigger atrial fibrillation. This is likely caused by the combined
effects of caffeine and other ingredients found in these drinks. Cases have been documented
in which young individuals experienced atrial fibrillation (AF) following the consumption of
energy drinks [17] . In Walia, R report, a case was described involving a young man who,
after consuming several energy drinks, experienced heart palpitations and was subsequently
diagnosed with paroxysmal ventricular tachycardia, ventricular bigeminy, and trigeminy [18].
Another case describes a 16-year-old boy with a history of ADHD, asthma, and allergies who
developed atrial fibrillation with rapid ventricular response after consuming a combination of
Red Bull™ and vodka. He presented with vomiting and intoxication but denied any cardiac or
respiratory symptoms. ECG revealed chaotic atrial tachycardia/atrial fibrillation. Despite
elevated blood alcohol levels, cardiac enzymes and imaging were unremarkable. After
supportive treatment with IV fluids, he spontaneously converted to sinus rhythm within 12
hours and remained asymptomatic at follow-up. This case suggests that the combination of
energy drinks, alcohol, and stimulant medications may increase the risk of arrhythmias in
adolescents with predisposing factors. Arrhythmias triggered by the excessive consumption of
energy drinks pose a risk of sudden cardiac arrest.

Findings from both clinical studies and case reports suggest that energy drinks, whether
consumed occasionally or habitually, may have a considerable impact on cardiovascular
health. Documented effects range from temporary increases in blood pressure and QTc
interval to serious, potentially fatal events, including arrhythmias, myocardial infarction, and
heart failure. These outcomes appear especially concerning in individuals with pre-existing
heart conditions, as well as in children and adolescents. Ongoing research is essential to
determine the long-term cardiovascular risks associated with energy drinks—both sugary and
sugar-free versions—and to better understand whether these effects stem from specific
ingredients or their combined action.

Conclusion

Available evidence suggest that the consumption of energy drinks may have a harmful impact
on the cardiovascular system, particularly when consumed in large quantities or over extended
periods. Numerous studies and case reports have documented increases in blood pressure,
QTc interval prolongation, arrhythmias, and even acute coronary syndromes in otherwise
healthy individuals. While some studies have not demonstrated significant effects, the
potential for serious cardiovascular complications remains a concern. Given the popularity of
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these beverages among adolescents and young adults, there is a clear need for increased
public education regarding their potential risks. Clinicians should consider energy drink
consumption as a possible contributing factor in patients presenting with unexplained
cardiovascular symptoms. In addition, policy measures such as improved labeling and
consumption guidelines may be warranted to reduce the risk of adverse events. Further
research is essential to clarify the long-term effects of energy drinks, the specific roles of their
various ingredients, and the risks associated with concurrent use of alcohol or intense physical
activity. Until such data are available, caution should be exercised, particularly among
individuals with known or suspected cardiovascular vulnerabilities.
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