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Abstract

Introduction and purpose

Consumption of energy drinks has become popular all over the world. Energy drinks are non-

alcoholic beverages that contain large amounts of caffeine, sugar, and substances like

vitamins, taurine, ginseng, creatine, and guarana. The aim of our research is to present the

latest data on impact of energy drinks on health of children, adolescents, and young adults.

Description of the state of knowledge

Regular consumption of energy drinks is associated with numerous adverse health effects.

The main areas of impact are the cardiovascular system and the nervous system. High

concentrations of caffeine - the main ingredient in energy drinks can lead to increased heart

rate, increased blood pressure and heart rhythm disorders. Consuming energy drinks leads to

hypertension and increased cardiovascular risk. In addition, energy drinks can cause sleep

disorders, anxiety and hyperactivity. Energy drinks are characterized by a high sugar content,

which promotes obesity, type 2 diabetes and tooth decay.

Materials and methods

Systematic literature review was conducted using PubMed and Google Scholar databases to

obtain most accurate and recent results. The key words included ,,energy

drinks”, ,,children”, ,,health”,,cardiovascular system” and ,,caffeine.”
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Conclusions

This review provides further evidence that consumption of energy drinks by children and

adolescents is associated with many adverse effects for physical and mental health. Mainly

predisposed systems are cardiovascular and nervous. Further research is needed, with

emphasis on maintaining ethics, to determine long-term effects of Energy Drinks use in these

populations.

Keywords: energy drinks; children; health; cardiovascular system; caffeine

Introduction and Purpose

Energy drinks are non-alcoholic beverages containing caffeine, simple sugars and vitamins, as

well as stimulants such as guarana, taurine, ginseng or creatine. The level of vitamins often

exceeds the recommended daily intake several times (1–4). They are advertised as products

that increase physical fitness, reduce fatigue and improve mental awareness (5,6) Energy

drinks are particularly popular among adolescents and young adults. According to research

conducted in Poland in 2023, the highest consumption of energy drinks among all respondents

was observed in the case of adolescents (10–18 years old) (68%), and in particular in the

subgroup of 15–18 years old (73%). Among adults (18–65 years old), the prevalence of

consumption was 30% (up to 53% among "young adults" (18–29 years old)), and 18% among

children (3–10 years old), mainly in the subgroup of 6–10 years old (19%). (7) While energy

drinks promise benefits such as increased alertness and energy levels, growing evidence

points to their potential negative health effects, particularly among young consumers who are

more physiologically sensitive to its ingredients. (5,8) In Poland, these concerns have led to

legislative action. Since January 1, 2024, sale of energy drinks to persons under 18 years of

age is prohibited due to the amendment to the Public Health Act. This legislation also

prohibits sale of energy drinks in educational institutions and through vending machines. In

addition, manufacturers and importers are required to label these drinks “Energizing Drink” or

“Energy Drink.” Violations of these regulations can result in fines of up to 200,000PLN ,

highlighting the government's commitment to reduce risks associated with these products. (9)

Lithuania and Latvia have also introduced a sales ban of energy drinks for children under 18
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years of age. (10) Health risks associated with energy drinks are multifaceted. Reports suggest

negative effects on the circulatory, nervous, digestive systems and metabolism in general.

Fatalities due to abuse also have been reported. A particular threat is consumption of energy

drinks in combination with alcohol. (5,11) Despite these risks, energy drink consumption

among young people remains high worldwide, which is due to aggressive marketing strategies

that target this demographic group with promises of better academic and sports performance.

(12,13)   However, as the proactive measures of Poland, Lithuania and Latvia show,

legislative intervention can play a key role in protecting vulnerable populations from these

threats.

Our aim was to review scientific evidence to determine the impact of energy drink

consumption on the health and well-being of children, adolescents and young adults,

as well as motivations lying underneath decisions to consume them.

Materials and Methods

Systematic literature review was conducted using PubMed and Google Scholar databases. The

key words included “energy drinks”, “children”, “health”, “cardiovascular system” and

“caffeine”. The search covered studies published between 2008 and 2024, with a special focus

on peer-reviewed articles, randomized controlled trials, systematic reviews and meta-analyses.

The latest guidelines of the World Health Organization, data from government websites and

reference to the Journal of Laws 2023 item 1718 were also included.

Analysis of the Literature

Caffeine

Caffeine acts as an adenosine receptor antagonist, which can increase heart rate, blood

pressure, and cardiac contractility (13,14) , and its chronic consumption may lead to

arrhythmia, hypertension, and increased cardiovascular risk. (5,15) In children and

adolescents, caffeine can cause sleep disturbances, anxiety, hyperactivity, and cognitive

impairment. (11,16) Large doses can cause caffeine intoxication, manifested by anxiety and

irritability. (14,16) Safe intake thresholds are not well established among children and

adolescents, but adverse effects have been observed at doses as low as 3 mg/kg body weight.

(14) As can be seen, excess of this common substance can be associated with hazardous

health effects.
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Taurine

Taurine is an amino acid that supports cardiovascular function and neurotransmission. It is

often combined with caffeine in energy drinks to increase alertness and performance. (8,17)

Unfortunately, it also has its drawbacks. Limited evidence suggests that excessive

consumption of taurine in energy drinks may contribute to neuropsychiatric disorders -

seizures, impaired cognitive function, and excessive sleepiness. Taurine also potentiates the

effects of caffeine. (5,16) There have also been isolated cases of inducing kidney failure. (8)

Sugar

Energy drinks contain a large amount of monosaccharides, which contributes to the

development of obesity, type 2 diabetes and metabolic syndrome. (12,13)   An increase in

blood glucose levels causes temporary increase in energy, which is usually followed by

fatigue and reduced alertness. (16) Excessive use of monosaccharides also contributes to

development of tooth decay. (5,17)

Guarana

Guarana is used in energy drinks to prolong its stimulating effect. It increases alertness and

reduces fatigue. (5,16) Excessive consumption can lead to side effects such as insomnia,

nervousness and excessive strain of cardiovascular system. (15)

Ginseng

Ginseng is widely known for its adaptogenic properties - it helps body fight stress and

improves overall physical performance. (5,16) However, excessive consumption can lead to

headaches, gastrointestinal upset, and sleep disorders. (16) It is often combined with caffeine,

taurine, and other stimulants in energy drinks to increase the body's performance. However,

the synergistic effects can increase side effects such as muscle tremors and heart palpitations.

(5,17)

Vitamins

Energy drinks often contain B vitamins (e.g. B3, B6, B12) and sometimes vitamins C and E.

Most vitamins in energy drinks are supplied in amounts that exceed the daily norm of

consumption, which can lead to an overdose. (5,14) An overdose of B vitamins can be

associated with dizziness, weakness, and hyperactivity, while an excess of vitamin C

increases risk of kidney stones.
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Effects of Energy Drink Consumption on Individual Systems

Effects of Energy Drinks on the Cardiovascular System

Energy drink consumption is associated with a significant increase in both systolic blood

pressure (SBP) and diastolic blood pressure (DBP). An increase in SBP of up to 5.23 mmHg

and DBP of 3.29 mmHg has been shown in children and adolescents after consuming energy

drinks compared to placebo. (18,19) These effects are more pronounced in people with

chronic hypertension or other cardiovascular diseases. (20,21)

Although caffeine can cause tachycardia, some studies have noted a paradoxical decrease in

heart rate after consuming an energy drink. This is most likely due to a compensatory reaction

of parasympathetic nervous system. (22,23) Evidence suggest that chronic and excessive

consumption of energy drinks among adolescents is associated with an increased risk of first

and second stage of hypertension. However, pre-existing cardiovascular diseases, such as

arrhythmias, may be exacerbated. (2,8,22) Consumption of energy drinks, especially in

combination with high doses of caffeine and guarana, can lead to development of ventricular

and supraventricular arrhythmias. This is most often associated with a prolongation of the

QTc interval, which increases risk of life-threatening cardiac events, such as torsade de

pointes, which in turn can lead to ventricular fibrillation. (17,19, 21) Studies also indicate that

frequent consumption of energy drinks can lead to structural changes in heart chambers and

arteries. One of side effects is a decrease in left ventricular efficiency, which is particularly

common in younger populations. (22) In addition, there is increased arterial stiffness, which

occurs as a result of decreased carotid artery load and development of higher pulse wave

velocity. Decreased vascular elasticity may be a precursor to cardiovascular disease. (23)

Children and adolescents with pre-existing conditions, such as obesity, diabetes, or congenital

heart disease, are particularly susceptible to the cardiovascular effects of energy drinks. These

populations may be more likely to experience adverse effects. (22) Energy drinks are a

significant contributor to emergency department appointments, particularly among

adolescents. Juveniles typically present with chest pain, palpitations, or severe, life-

threatening arrhythmias. (21,23,24) Consuming energy drinks before or during physical

activity exacerbates cardiovascular stress, especially among untrained adolescents. (19,21)

Teenagers seeking new experiences often mix energy drinks with alcohol, which increases the

risk of cardiovascular events and alcohol-related injuries because the stimulants mask the
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depressant effects of alcohol, leading children to drink more alcohol. (26) Chronic and long-

term consumption of energy drinks by young people may lead to the development of

hypertension and atherosclerosis due to persistent arterial stiffness and endothelial

dysfunction. (18,20) Cardiovascular system of children appears to be more vulnerable to

adverse effects than cardiovascular system of adults.

Effects of Energy Drinks on the Nervous System

As previously mentioned, caffeine is a stimulant of central nervous system (CNS). Increases

alertness and reduces fatigue by blocking adenosine receptors in brain. This action increases

dopamine and noradrenaline levels, contributing to a temporary improvement in concentration

and increased energy. (19,25) Excessive caffeine consumption can overstimulate CNS,

which can lead to feelings of anxiety, fear, and in extreme cases even seizures. (27,28)

Repeated high consumption can disrupt amount of neurotransmitters in CNS, which can

impair neuroplasticity and decision-making skills. (21,23)

Taurine in energy drinks acts as a neuromodulator - it improves cognitive functions in

appropriate doses. However, excessive taurine consumption can disrupt the balance of

neurotransmitters, affecting mood and behavior disorders, as well as reduced concentration.

(1,17,22,29)

Energy drink consumption is strongly associated with increased anxiety and mood disorders,

particularly in adolescents. These effects are more pronounced when children consume the

drink during periods of high stress. (26,28)  Teenagers who frequently consume energy

drinks also show increased symptoms of depression, potentially due to caffeine’s effects on

serotonin pathways. (15,21)

Children and adolescents with pre-existing mental health problems are more likely to

experience worsened symptoms, including increased aggression and risky behaviors. (28,30)

Hypotheses suggest that these behaviors result from overstimulation of the nervous system.

(18) Energy drinks disrupt circadian rhythms and reduce sleep quality due to their high

caffeine content. These disorders are particularly evident in young adults who report insomnia

and difficulty falling asleep. (25,28) In contrast, chronic sleep disorders can impair memory

consolidation and learning. Teens who regularly consume energy drinks report higher rates of

insomnia and fatigue, which negatively impact academic performance and mental health. (20–

24) Regular consumption can lead to addiction, especially in younger consumers. Withdrawal

symptoms include headaches, irritability, and decreased cognitive performance. Children are

at most risk because their central nervous system is still developing. (2,27) Special caution
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should be exercised by those taking ADHD medications, as the stimulants in energy drinks

can interact with them, leading to exacerbation of fear and other symptoms . (1,28)

Effects of Energy Drinks on the Digestive System

Consuming energy drinks can irritate lining of stomach and provoke acid reflux. Energy

drinks contain significant amounts of caffeine, which increases stomach acid secretion, which

irritates lining of stomach. This leads to symptoms such as acid reflux, heartburn, and gastritis.

(13,28) Younger people, especially teenagers with a more fragile stomach lining, are more

likely to experience these symptoms. (17,26) High levels of added sugars in energy drinks can

disrupt balance of gut microbiota. This dysbiosis has been linked to increased gastrointestinal

discomfort, bloating, and long-term risks such as inflammatory bowel disease. (13,29) Teens

who regularly consume sugary drinks have a higher incidence of digestive problems.

Additionally, drinking energy drinks can easily lead to a calorie surplus, which can lead to

obesity and metabolic syndrome. (17) Other side effects of consuming energy drinks include

gastrointestinal disorders, such as vomiting and nausea. (26,31) Energy drinks often contain

high-fructose syrups, which, when consumed in excess, overload the liver's metabolic

capacity. This can lead to nonalcoholic fatty liver disease (NAFLD). (27,31) Long-term use of

energy drinks is associated with a higher risk of developing stomach and intestinal ulcers due

to their high acid content combined with irritants such as caffeine and sugar. This is especially

concerning for teenagers whose digestive systems are yet to develop. (28) Children and

adolescents who consume these drinks are at greater risk of developing early symptoms of

liver dysfunction due to fat accumulation. (29,32) The previously mentioned mixing of energy

drinks with alcohol is particularly dangerous. A study was conducted on rats, which showed

that exposure to these two beverages led to an increase in the lipid peroxidation parameter

malondialdehyde (MDA) - marker of liver damage. In the case of combining the energy drink

with alcohol, the MDA parameter was significantly higher than in the case of ethanol alone or

compared to the control group. The animals developed lobular inflammation with moderate

inflammation. (33)

Effects of Energy Drinks on the Excretory System

A case of a 17-year-old boy was described whom excessive consumption of an energy drink

was associated with alcohol. Energy drinks contain a large amount of taurine, which is

probably 95% metabolized in the kidneys. Presumed function of taurine is to modify renal

blood flow. Excessive consumption of taurine can cause renal tubular necrosis, leading to
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acute renal failure. As mentioned earlier, excessive consumption of energy drinks can lead to

hypertension, carbohydrate metabolism disorders, and obesity. These are predisposing factors

of development of chronic renal failure. (8,34)

Motivation for consuming energy drinks and consumption patterns

One of the reasons why young people reach for energy drinks is aggressive marketing

strategies of corporations, which promise higher levels of energy, alertness and concentration.

Taste, brand loyalty and effects experienced also ensure the popularity of these products in

discount stores. Another cause is low level of education about the harmfulness of energy

drinks consumption. (10,13) Studies have noted that boys reach for energy drinks more often

than girls. There is also a tendency that low parental education, single parenthood, higher

"pocket money", consumption of energy drinks by friends and living in rural areas are

associated with higher energy drink consumption. It has also been noted that young people

who reached for energy drinks are more likely going to reach for alcohol and cigarettes. They

were also more prone to impulsive and illegal behavior. (10)

Conclusions

This literature review shows that energy drinks have an adverse effect on health, especially of

children and adolescents. The most predisposed systems are the circulatory and nervous

system. Consuming energy drinks is more dangerous when combined with alcohol or

consumed by people with existing chronic diseases. Education about adverse effects of its use

is very important and insufficiently widespread. It turns out how important it is for the State to

take legislative action, as has happened in Poland, which is most likely to significantly reduce

the consumption of energy drinks by children and adolescents.

Further research is needed to determine the long-term effects of frequent consumption of

energy drinks by young people and its impact on the population of chronically ill patients.
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