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Abstract

In recent years, the consumption of energy drinks has increased significantly
worldwide, particularly among young people, students, athletes, and individuals
engaged in intellectual work. These beverages contain caffeine, taurine, guarana,
ginseng, sugar, and various vitamins, all of which exert considerable physiological
effects on the central nervous system and the cardiovascular system. The short-
term effects of energy drinks include increased alertness, reduced fatigue, and
temporary improvements in both physical and cognitive performance. However,
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excessive or regular consumption may lead to adverse cardiovascular outcomes
such as increased heart rate, elevated arterial blood pressure, cardiac arrhythmias,
alterations in wvascular tone, and increased workload on the heart.
The findings emphasize the importance of consuming energy drinks in moderation
and highlight the need to strengthen preventive measures, particularly among
young people and individuals with pre-existing cardiovascular disorders.
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Relevance of the Topic

Today, energy drinks have become one of the most widely consumed
commercial beverages across the world. They are marketed as products that reduce
fatigue, enhance alertness, improve work performance, and increase physical
endurance. Their popularity has grown rapidly, especially among students,
athletes, night-shift workers, and young adults. As the market continues to expand
and advertising becomes increasingly influential, energy drinks have become an
integral part of modern daily life.
The principal active ingredient in energy drinks is caffeine. A single serving
typically contains between 80 and 300 mg of caffeine, although some products may
contain even higher amounts. In addition, energy drinks commonly include
taurine, guarana extract, ginseng, L-carnitine, glucuronolactone, B-complex
vitamins, and high concentrations of sugar. The combined effects of these
ingredients induce complex physiological responses within the human body.
The cardiovascular system is one of the most essential functional systems of the
human body. The rhythmic activity of the heart, the elasticity of blood vessels, the
maintenance of normal arterial blood pressure, and adequate oxygen delivery to
tissues are all crucial for sustaining normal physiological function.

Any stimulant substance can directly or indirectly influence the function of the
cardiovascular system. Therefore, investigating the effects of energy drinks on the
cardiovascular system has become one of the most important areas of modern
medicine and physiology.

Epidemiological studies conducted over the past decades have demonstrated
that individuals who regularly consume energy drinks may experience arterial
hypertension, increased heart rate, premature cardiac contractions (extrasystoles),
supraventricular and ventricular arrhythmias, prolongation of the QT interval, and
alterations in myocardial function. Moreover, several clinical case reports have
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documented acute cardiac arrhythmias and even myocardial infarction in
otherwise healthy individuals following the excessive consumption of energy
drinks.

The physiological effects of energy drinks are not solely attributable to
caffeine. Taurine influences calcium homeostasis within cardiac muscle cells, while
guarana serves as an additional source of caffeine. Ginseng and other herbal
extracts may further stimulate the sympathetic nervous system. Consequently,
these ingredients may exert synergistic effects, leading to unexpected physiological
changes in the cardiovascular system.

Because younger individuals are generally more sensitive to stimulant
substances, the uncontrolled consumption of energy drinks has become a
significant public health concern, particularly among adolescents and university
students. Energy drinks are frequently consumed during examination periods,
before athletic activities, or while staying awake for prolonged periods. Under such
circumstances, high doses of caffeine may result in excessive stimulation of cardiac
activity.

Furthermore, the concomitant consumption of energy drinks and alcoholic
beverages represents another major concern in contemporary medicine. While
alcohol acts as a central nervous system depressant, energy drinks exert stimulant
effects. As a result, the subjective sensation of intoxication may be reduced,
whereas the cardiovascular system is exposed to substantially increased
physiological stress.

The World Health Organization (WHO), together with numerous
international cardiology societies, emphasizes that the consumption of energy
drinks should be restricted, particularly among children, pregnant women,
individuals with pre-existing cardiovascular diseases, and patients with arterial
hypertension. In addition, several countries have introduced legislation restricting
the sale of energy drinks to minors.

In conclusion, the growing popularity of energy drinks, the combination of
biologically active ingredients they contain, and the potential adverse physiological
effects on the cardiovascular system underscore the scientific and clinical
importance of this topic. The present study aims to analyze the mechanisms
through which energy drinks affect the cardiovascular system from a physiological
perspective, identify associated risk factors, and develop evidence-based
preventive recommendations.

Research Aim

The primary aim of this study is to analyze the effects of biologically active
components found in energy drinks—particularly caffeine, taurine, guarana,
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ginseng, sugar, and other ingredients—on the physiology of the cardiovascular
system based on contemporary scientific evidence. The study focuses on the
mechanisms through which these beverages influence cardiac function, vascular
tone, arterial blood pressure, heart rhythm, electrophysiological processes, and
hemodynamic parameters.

As the consumption of energy drinks continues to increase worldwide,
especially among young people and university students, scientifically evaluating
their beneficial and adverse effects on the human body, particularly on the
cardiovascular system, has become an important public health issue. Since the
cardiovascular system is responsible for supplying oxygen and nutrients to all
tissues and organs, any alteration in its normal function may have a direct impact
on overall health.

Caffeine activates the central nervous system by blocking adenosine receptors,
thereby stimulating the sympathetic nervous system and increasing the release of
catecholamines. As a consequence, heart rate increases, myocardial contractility is
enhanced, and arterial blood pressure may rise. Therefore, one of the major
objectives of this study is to provide a comprehensive analysis of the mechanisms
through which caffeine affects cardiovascular physiology.

Taurine plays an important role in regulating calcium ion homeostasis within
cardiac muscle cells. Although several studies have reported beneficial effects of
taurine on cardiac function, its interaction with the high doses of caffeine
commonly present in energy drinks remains controversial. Accordingly, this study
also evaluates the potential synergistic effects of these compounds.

Furthermore, the study aims to review the scientific evidence regarding the
potential development of arterial hypertension, tachycardia, premature cardiac
contractions (extrasystoles), supraventricular and ventricular arrhythmias, QT
interval prolongation, endothelial dysfunction, and myocardial ischemia associated
with the regular consumption of energy drinks.

Another important objective of this study is to identify populations at
increased risk from energy drink consumption. In particular, children, adolescents,
university students, professional athletes, pregnant women, and individuals with
pre-existing cardiovascular diseases may experience more pronounced adverse
effects than healthy adults. Therefore, the development of preventive
recommendations for these vulnerable groups constitutes another major objective
of the research.

In addition, this study evaluates the physiological and pathological changes
associated with the combined consumption of energy drinks and alcoholic
beverages or other stimulant substances. Such combinations may substantially
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increase cardiovascular workload and contribute to the development of serious
cardiovascular complications.

Based on the findings of this research, the study seeks to develop evidence-
based recommendations for the safe consumption of energy drinks, promote
healthy lifestyle practices, and contribute to the improvement of preventive
strategies aimed at reducing the burden of cardiovascular diseases.

Research Objectives

To achieve the aim of the study, the following objectives were established:

- To analyze the chemical composition and biologically active components of
energy drinks based on current scientific literature.

- To investigate the mechanisms through which caffeine affects cardiac muscle
physiology and vascular function.

- To evaluate the effects of taurine, guarana, ginseng, and other biologically
active ingredients on cardiac function.

- To analyze the effects of energy drinks on arterial blood pressure based on
published scientific studies.

- To investigate changes in heart rhythm and electrocardiographic (ECG)
parameters associated with energy drink consumption.

- To evaluate alterations in hemodynamic parameters, including stroke
volume and cardiac output.

- To identify the potential risk of cardiovascular diseases associated with the
regular consumption of energy drinks.

- To analyze the patterns and characteristics of energy drink consumption

among young people and athletes.
- To assess the effects of the combined consumption of energy drinks and alcohol
on the cardiovascular system.
- To summarize the findings of international scientific studies and develop
evidence-based practical recommendations.
Research Object

The object of this study is the physiological and functional changes that occur in the
cardiovascular system as a result of energy drink consumption.

The subject of this study is the biologically active components of energy drinks and

their effects on heart rate, arterial blood pressure, cardiac rhythm, vascular tone,
electrophysiological parameters, and hemodynamic indices.
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Scientific Significance of the Study

The findings of this study contribute to a deeper understanding of the effects of
energy drinks on the cardiovascular system. The obtained data are expected to
have both scientific and practical significance in the fields of medicine, physiology,
sports medicine, and preventive medicine. Furthermore, the results may contribute
to improving public health policies regarding energy drink consumption,
strengthening preventive measures among young people, and reducing the risk of
cardiovascular diseases through evidence-based recommendations.

Results and Discussion
The effects of energy drinks on the cardiovascular system have become one of the
most important areas of research in modern medicine and physiology in recent
years. Clinical and experimental studies conducted in different countries have
demonstrated that both short-term and long-term consumption of these beverages
can produce significant functional changes in cardiac activity. In particular, energy
drinks containing high concentrations of caffeine, taurine, guarana, and sugar
stimulate myocardial activity and impose an additional workload on the
cardiovascular system.
According to the scientific literature reviewed, plasma caffeine concentrations
typically reach their peak within 30-60 minutes after the consumption of an energy
drink. During this period, the sympathetic nervous system is activated, leading to
increased secretion of adrenaline and noradrenaline from the adrenal glands.
Consequently, heart rate increases, myocardial contractility is enhanced, and
myocardial oxygen demand rises significantly.
Clinical observations in healthy volunteers have shown that following the
consumption of energy drinks, systolic arterial blood pressure increases by an
average of 5-10 mmHg, while diastolic blood pressure rises by approximately 3-7
mmHg. In some individuals, these increases are even greater. Such elevations in
blood pressure may have particularly detrimental effects in individuals who are
predisposed to arterial hypertension.

An increase in heart rate is one of the most frequently reported physiological effects
of energy drink consumption. Numerous studies have demonstrated an increase of
approximately 10-20 beats per minute following intake. Tachycardia increases the
body's oxygen demand and places additional metabolic stress on the myocardium.
If this condition occurs repeatedly over time, compensatory structural and
functional  changes  may  develop  within the  cardiac  muscle.
Electrocardiographic (ECG) studies indicate that excessive consumption of energy
drinks may be associated with prolongation of the QT interval, sinus tachycardia,
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supraventricular premature contractions (extrasystoles), and ventricular
arrhythmias in certain individuals. QT interval prolongation reduces the electrical
stability of the heart and increases the risk of developing potentially life-
threatening arrhythmias.
Caffeine, the principal active ingredient in energy drinks, acts by blocking
adenosine receptors. Under normal physiological conditions, adenosine slows the
heart rate and promotes vasodilation. Blockade of adenosine receptors accelerates
cardiac activity, induces vasoconstriction, and increases peripheral vascular
resistance. Consequently, arterial blood pressure rises, and the workload imposed
on the heart increases.
The physiological effects of taurine are more complex. Under normal conditions,
taurine participates in the regulation of intracellular calcium homeostasis in cardiac
muscle cells and may exhibit antioxidant properties. However, when consumed
together with high doses of caffeine, as is common in energy drinks, taurine may
potentiate the overall stimulatory effects. Several experimental studies have
suggested that this combination may enhance myocardial contractility and
contribute to alterations in cardiac rhythm.
Guarana is a natural source of caffeine, and the caffeine it contains is metabolized
more slowly than caffeine consumed alone. As a result, the stimulant effects of
energy drinks may persist for a longer period after consumption. Consequently, the
cardiovascular system remains in a heightened functional state for an extended
duration, increasing physiological stress on the heart and blood vessels.
Research has also demonstrated that consuming energy drinks before physical
exercise further increases heart rate. During exercise, the sympathetic nervous
system is naturally activated to meet the body's increased metabolic demands.
Energy drinks amplify this physiological response, resulting in a marked increase
in cardiovascular workload.

This effect is particularly important in professional athletes and individuals
engaged in strenuous physical labor, where excessive cardiac stress may increase
the risk of adverse cardiovascular events and therefore warrants careful
consideration.

Epidemiological studies conducted among young people have shown that
students and adolescents who consume energy drinks several times per week are
more likely to experience increased heart rate, insomnia, anxiety, elevated arterial
blood pressure, and impaired concentration. If these functional alterations persist
over an extended period, they may contribute to the future development of
cardiovascular diseases.
The high sugar content of energy drinks also exerts indirect adverse effects on the
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cardiovascular system. Regular consumption of excessive amounts of sugar
increases the risk of insulin resistance, metabolic syndrome, obesity, and type 2
diabetes mellitus. These conditions are well-established risk factors for
atherosclerosis, ischemic  heart disease, and arterial hypertension.

Endothelial dysfunction has also been identified as one of the major adverse effects
associated with energy drink consumption. The endothelium consists of the cells
lining the inner surface of blood vessels and plays a crucial role in producing nitric
oxide, the principal physiological mediator responsible for vasodilation. Excessive
consumption of energy drinks may impair endothelial function and reduce
vascular elasticity. Consequently, these changes create favorable conditions for the
development of hypertension and atherosclerosis.
The scientific literature consistently identifies the combined consumption of energy
drinks and alcohol as a significant cardiovascular risk factor. While alcohol
depresses the central nervous system, energy drinks exert stimulant effects. As a
result, individuals may perceive themselves to be less intoxicated despite being
under the influence of alcohol, whereas the cardiovascular system remains under
considerable physiological stress. This combination may increase the risk of severe
cardiac arrhythmias, acute myocardial infarction, and even sudden cardiac death.
Analysis of the available evidence indicates that occasional and moderate
consumption of energy drinks by healthy individuals generally results in transient
physiological effects. However, excessive or habitual consumption may reduce the
adaptive capacity of the cardiovascular system and increase the likelihood of
developing pathological cardiovascular changes.
Conclusion

This study analyzed the effects of energy drinks on the physiology of the
cardiovascular system based on contemporary scientific literature. The findings
indicate that the principal biologically active ingredients of energy drinks—
including caffeine, taurine, guarana, ginseng, and high concentrations of sugar —
have significant effects on the human body, particularly on the cardiovascular
system. By stimulating the central nervous system, these substances increase
sympathetic nervous system activity, resulting in an elevated heart rate, increased
arterial blood pressure, and greater myocardial oxygen demand.
The analysis demonstrated that the physiological changes observed in healthy
individuals who consume energy drinks occasionally and in moderate amounts are
generally transient and are effectively compensated by normal physiological
mechanisms. However, regular or excessive consumption may impose excessive
stress on the cardiovascular system, thereby increasing the risk of cardiac
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arrhythmias, arterial hypertension, endothelial dysfunction, and other pathological
cardiovascular conditions.
The reviewed scientific evidence further indicates that caffeine is the component
responsible for the most pronounced cardiovascular effects. By blocking adenosine
receptors, caffeine accelerates heart rate, enhances myocardial contractility, and
alters vascular tone. Although taurine and several other ingredients may exhibit
beneficial physiological properties under certain conditions, their combined
consumption with high doses of caffeine may potentiate the overall stimulatory
effects on the cardiovascular system.

The findings also suggest that adolescents, university students, athletes, and
individuals with pre-existing cardiovascular risk factors are particularly susceptible
to the adverse effects of energy drinks. Consumption of these beverages before
strenuous physical exercise or in combination with alcoholic beverages
substantially increases the risk of serious cardiovascular complications. Under such
circumstances, tachycardia, cardiac arrhythmias, myocardial ischemia, and, in rare
cases, sudden cardiac death may occur.
The high sugar content of many energy drinks may also contribute to the long-term
development of metabolic syndrome, obesity, insulin resistance, and type 2
diabetes mellitus. These metabolic disorders are well-established risk factors for
cardiovascular diseases. Therefore, the adverse health effects of energy drinks are
associated not only with their direct impact on cardiac function but also with their
influence on metabolic homeostasis.
The results of this study highlight the importance of improving public awareness
regarding the safe consumption of energy drinks and strengthening preventive
health education, particularly among young people. Educational campaigns
addressing the health effects of energy drinks should be regularly implemented in
schools,  higher  education institutions, and sports organizations.
Furthermore, energy drink consumption is not recommended for individuals with
cardiovascular diseases, arterial hypertension, congenital heart defects, or cardiac
arrhythmias. Pregnant women, breastfeeding mothers, and children and
adolescents under the age of 18 should also avoid consuming these beverages.
In conclusion, although energy drinks may temporarily enhance alertness and
improve physical and cognitive performance, their regular and uncontrolled
consumption may adversely affect cardiovascular physiology. Therefore, moderate
consumption, adherence to a healthy lifestyle, and greater emphasis on the
prevention of cardiovascular diseases are essential for maintaining optimal
cardiovascular health.
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