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Abstract

:

The purpose of this paper is to review the specialized literature to highlight the effects produced by energy drinks in terms of skin health. To carry out this review, we consulted previous articles with descriptive cross-sectional designs, case series, and individual case reports published between 2000 and 2023. Therefore, while caffeine acute consumption among adults can have beneficial effects, in children, it can cause health problems like overnight breaks, headaches, and dulled cognition since their organs are still developing and their endocrine system is not yet stable. Despite the antioxidant and neuroprotective effects of caffeine from energy drinks, their excessive consumption among adolescents can cause disorders like high systolic blood pressure, agitation, nausea, anxiety, osteoporosis, heart palpitations, poor sleep quality, and stomach ulcers. Among athletes, taurine supplementation has been proven to improve exercise capacity in cold weather conditions. Also, vigilance, attention, and reaction time were all improved by caffeine consumption. Caffeine administration in low doses caused a risk of cardiovascular disease. It was effective in treating migraines in children, but raised systolic blood pressure, and contributed to skin healing in adolescents. On the other side, taurine prevents obesity among children, causes positive effects on oxidative stress and inflammation in adolescents, helps shield the skin from damaging oxidative stress among students, and impacts exercise capacity in athletes. Significant increases in serum levels of uric acid, creatinine, BUN, ALT, and ALP caused by chronic intake of EDs indicated different degrees of injury to the kidneys and liver. Furthermore, the effects on the cardiovascular system could be worse if taurine and caffeine are combined. Caffeine alone does not significantly decrease sleep as much as a taurine/high caffeine ratio. On the other hand, a low ratio does.
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1. Introduction


Energy drinks (EDs) are known to be beverages which firstly debuted in Austria, in 1987, and then in North America during 1997. Their composition mainly contains carbohydrates, vitamins, minerals, and most importantly, caffeine and taurine [1]. They have gained popularity, especially among the youth and people who have stressful jobs and need energy to achieve their tasks. In this context, it is important to mention that skin cells are susceptible to senescence brought on by oxidative stress, which can result in aberrant aging or illnesses associated with aging. Consequently, methods that might reduce the senescence brought on by oxidative stress should protect the skin from injury and have the potential to treat skin problems in medical situations.



Caffeine is one of the most often taken drugs by professional athletes, since it is believed that it has the ability to improve mental activity and focus. Another important ingredient is taurine, which, even though it is produced by the liver and kidneys, is known to modulate calcium release and, during exercise, can contribute to calcium homeostasis, fat metabolism, and exercise performance [2]. Some studies have shown that caffeine can reduce levels of anxiety and depression, and taurine could enhance voluntary alcohol intake and preference in rats and, long-term, can lead to substantial decreases in rats’ brain weight and an increase in body weight [3,4].



Also, caffeine is utilized as an active ingredient in anticellulite cosmetic treatments because it inhibits the excessive accumulation of fat within cells. This alkaloid inhibits phosphodiesterase activity, which promotes the degradation of fats during lipolysis. Thus, high antioxidant capacities are present in caffeine. It slows down the skin’s photoaging process and aids in protecting cells from UV light [5]. Based on the activation of A2AR/SIRT3/AMPK-mediated autophagy, caffeine protects the skin from oxidative stress-induced senescence. The results suggest that caffeine may have a protective effect against skin problems [6].



Also, high concentrations of taurine can be observed in the skin and are thought to be crucial for regulating moisture homeostasis. The development of wrinkles caused by ultraviolet B radiation diminished after administering taurine orally for eight weeks. Additionally, pre-established wrinkles lowered in a dose-dependent manner after four weeks of oral taurine supplementation. Regarding the decrease in epidermal taurine levels caused by UVB exposure, dietary taurine supplementation somewhat increased the epidermal content. Taurine may provide antiaging benefits to the skin because of its osmoregulatory function [7]. Even so, consuming taurine can decrease platelet aggregation by 30–70%, suggesting a potential cardioprotective action [8].



It is shown that the natural β-glucuronidase (βG) inhibitor D-glucaro-1,4-lactone (1,4-GL) and its synthetic precursors, such as 2,5-di-O-acetyl-D-1,4-glucaro-6,3-dilactone (DADGL), detoxify chemical carcinogens that require glucuronidation and block chemically induced experimental tumorigenesis, partly through the suppression of cell proliferation and inhibition of the enzyme βG [9,10].



Other studies showed that EDs promote faster healing of soft tissue wounds. This benefit might be caused by enhanced collagen deposition, re-epithelialization, and the development of new blood vessels in the wound. The hypothesis that the high-nutrient contents in EDs could aid in wound healing served as the driving force for these investigations [11].



As for ED intake in humans, their consumption became popular in the last decade amongst young adults, students, sportsmen, and even children. Up to 28% of 12- to 14-year-olds, 31% of 12- to 17-year-olds, and 34% of 18- to 24-year-olds have been reported to consume EDs, a study has shown. Among college students, a survey stated that 51% used to ingest more than one ED among 496 participants [12]. The lack of pharmacological tolerance in adolescents results in caffeine intoxication susceptibility and, in high doses, causes harmful effects on the developing brain and cardiovascular system [13]. Overall, ED effectiveness in the case of sports depends on different factors, such as the sport type or the body’s response, and long-lasting sport activities benefit the most [14].



Short-term consumption has beneficial impacts. The long-term administration of EDs has generated a series of debates in the scientific world, with invisible repercussions in the political world. These debates stem from the fact that there is still no correct labeling of these drinks due to controversial data from the studies so far [15]. Behavioral changes, such as addiction are eventually developed, due to the fact that caffeine is considered a drug [16]. Some consequences of its acute or chronic use may lead to acute organ inflammation, autoimmune disorders, and even dermatitis [17].



Combining taurine with caffeine may exacerbate the effects on the cardiovascular system. This is concerning because caffeine alone can raise blood pressure and heart rate. At the same time, it is beneficial that numerous animal studies have looked at the effects of this compound mixture on various behavioral parameters, as people also consume taurine and caffeine together. Kimura et al. [18] used male ddY mice (age not specified) to investigate the combined effects of taurine and caffeine on locomotor activity. In comparison to control and caffeine-only treated mice, animals administered 400 mg/kg taurine and 2 mg/kg caffeine exhibited markedly increased activity. Two distinct effects that differ based on the taurine-to-caffeine ratio can be observed in flies that are treated with both caffeine and taurine. A high taurine/caffeine ratio stimulates sleep, but a low ratio more strongly suppresses sleep than a comparable dose of caffeine alone [19]. According to available research, neuroprotection may be provided by caffeine and/or taurine when taken at the proper dosage and under the right conditions. Rodent animal models are useful in elucidating the differences in effects related to the ingestion of taurine, caffeine, and alcohol, both separately and in combination, as human lifestyles vary considerably and study results may become compromised [20]. However, ED consumption mixed with alcohol is quite common among the college population, which can provide a route to many cardiovascular affections, such as coronary vasospasm and even sudden cardiac death [8].



Furthermore, there are very few studies on the effects of these drinks on the skin. Recently, more and more young people have problems with their skin, especially as a result of the lifestyle that they have adopted, but also due to the stress that they are constantly subjected to. Among them, there is a close connection between self-esteem and physical appearance, in particular the health of the skin [21]. The purpose of this paper is to review the specialized literature to highlight the effects produced by EDs in terms of skin health.




2. Materials and Methods


We consider case reports/studies and case series involving human subjects with medical reports that can provide useful knowledge for systematic reviews in the context associated with particular events, including acute intoxication or preliminary reports of legal substances. As a result, studies with descriptive cross-sectional designs, case series, and individual case reports were among the types of observational study designs that were taken into consideration for this review. We acquired the research and critically evaluated it after performing a thorough search of the literature. Studies that need ethical permission, including interventional research involving humans or animals, must specify the ethical approval code and the body that granted it. To find peer-reviewed articles published between 2000 and 2023, a web search was carried out using PubMed, Google Scholar, Science Direct, and ProQuest search platforms. The search terms used in the title, abstract, and keywords of the articles included ED, Red Bull, caffeine, niacin, taurine, skin effects, arrhythmia, brain failure, kidney damage, death, and digestive problems. To locate objective information, online search platforms like Google were also utilized. To find additional appropriate studies, the reference lists of all of the papers that were collected were also examined.



Original research articles in humans, original research articles in animals, and case reports/series were among the eligibility criteria. These papers underwent a thorough evaluation that considered the primary goals of the review. Also, reviews and mini-reviews were utilized to identify any omitted articles. The current paper only included papers written in English. For each case, the age and gender of the participants, the ED brand (some brands were unknown), the primary pathology, the type of incident, and when it started were all collected. The chosen studies were divided into short-term and long-term studies, which in turn were divided into children, adolescents, students, athletes, and animals.




3. Short-Term Studies on Children


As aforementioned, short-term studies have proven to have beneficial effects, but in adults. The effects may not be as good in children, whose bodies and organs are in growth. Also, their endocrine system is not stable/constant at this age. According to Ellison et al. [22], children aged 6 to 10 consumed caffeine, on average, for eight days out of ten. Additionally, individuals aged 7 to 8 reported consuming up to 16 mg of caffeine per day, while those aged 9 to 10 reported consuming 24 mg, and those aged 5 to 18 reported consuming 37.4 mg. Caffeine withdrawal symptoms closely resemble intoxication symptoms. Conversely, the data suggest that caffeine may be advised for young people with specific conditions (ADHD and apnea of prematurity), but it is not advised for children in good health, particularly when taken in high or moderate amounts that may alter physiological processes [23].



Also, caffeine consumption was linked to a potentially lower risk of cardiovascular disease, mortality, and cancers of the breast, colon, endometrial, and prostate. Studies conducted in the short term have demonstrated a correlation between increased coffee consumption and improved cognitive test scores [24]. In a study involving 9- to 11-year-olds who consumed low amounts of caffeine (12 mg/day) and chronic amounts (109 mg/day), habitual caffeine users reported a reversal of withdrawal symptoms at 50 mg of caffeine after an overnight break (e.g., headaches and dulled cognition) (Table 1).



There were no reported differences in the cognitive performance, alertness, or incidence of headaches in children who did not regularly consume caffeine [32]. Caffeine intake may be rising among consumers, based on the recent boom of innovative goods containing the stimulant. Furthermore, there seems to be a push toward marketing consumable caffeine goods to younger demographics, maybe to encourage product usage and get children “hooked” on the drug at a younger age [33]. Because of its antioxidant and anti-inflammatory properties, caffeine may be beneficial for eczema patients [34].



Additionally, dietary supplements containing taurine can help prevent and treat obesity, cardiovascular disease, and disorders associated with aging. They can also inhibit the growth of tumors, enhance the health of bones and the skin, prevent and treat neurological disorders, and increase wellbeing in children, adults, and newborns [35]. It is important to know that numerous biological actions are mediated by taurine, including antioxidation, ion transport modulation, membrane stabilization, osmoregulation, neurotransmission modulation, bile acid conjugation, hypolipidemia, antiplatelet activity, and fetal development modification. Consistent with this, taurine produces endothelium-dependent and -independent relaxant effects in isolated vascular tissue preparations [36] (Table 2).




4. Short-Term Studies on Adolescents


The effects produced by EDs in adolescents can be even more serious compared to adults because their endocrine system is not yet fully stable. In a study that involved questioning teenagers about the amount and time of ED consumption, out of the 375 teenagers that completed the survey, 206 (55%), including 91 males (44.4%) and females (55.6%), wrote that they drank EDs. During the trial phase of this research, it was discovered that the majority of participants’ systolic blood pressure (SBP) raised noticeably in the short time after consuming EDs [26].



Healthy individuals without diseases or metabolic disorders typically do not experience adverse reactions from a single dosage of caffeine (200 mg or less) [43]. Caffeine intoxication, on the other hand, can result from a dose greater than 300 mg taken all at once in adults (Table 1). This condition’s symptoms are mostly linked to caffeine’s stimulating effects [44]. The negative effects of caffeine use in teenagers are not well understood [45].



According to factors including gender, age, weight, and individual susceptibilities, various doses of caffeine can have different negative effects on individuals [46]. Concern over the rising intake of caffeinated foods and beverages, such as coffee, EDs, tea, and chocolate products, has been increasing, especially among teenagers [47]. Sweetened beverages such as EDs and coffee are the main sources of caffeine consumption for teenagers, with a daily intake of the stimulant dropping under the currently recommended maximum tolerable levels for adolescents (2.5 mg/kg body weight/day or 100–175 mg/day with bodyweight 40–70 kg) [48]. However, other researchers have found that teenagers who consume excessive amounts of caffeine have been linked to a multitude of negative health effects, including anxiety, agitation, nausea, heart palpitations, poor sleep, osteoporosis, and stomach ulcers [49].



On the one hand, caffeine, being an antioxidant, counteracts the damaging effects of oxidative stress and oxidative–antioxidant imbalances on adolescents, just as it does on adults. In addition to protecting against oxidative stress and damage to neuronal cells, caffeine also has a neuroprotective effect on neurodegenerative processes by reducing free radical production. Caffeine can also reduce UV-induced harm to the skin and improve the body’s natural process of reducing reactive oxygen species (ROS), preserving skin cells from the damaging effects of solar radiation [38].



On the other hand, caffeine and taurine can both cause natriuresis and diuresis in rats and humans. Their diuretic effects may complement one another even though they operate through distinct cellular pathways. Given that both compounds are included in several commercially accessible EDs, this is of great importance [40]. Research indicates that caffeine affects the kidneys by preventing the proximal and distal tubules from reabsorbing sodium, which increases the excretion of solutes and, in turn, the excretion of free water [50]. Skin that is too dry is obviously dehydrated since it has lost a lot of moisture. Dryness, increased visibility of small wrinkles, and itching are indicators of dehydrated skin. Very dry skin has cracks in its epidermis. This makes it possible for bacteria to enter and cause an infection on the skin [51]. According to results from an important German study, individuals with dry skin may experience allergic skin reactions or irritated skin [52] (Table 2).




5. Short-Term Studies on Students


In most studies, ED effects are attributed to the main components. Thus, it was observed that caffeine acute ingestion can have beneficial effects on short-term maximal performance by promoting muscle fat oxidation and better glycogen sparing capacity [53]. A meta-analysis research also supported the notion that caffeine intake can increase both peak and mean power output during the Wingate test [54]. In a comprehensive review of 21 published meta-analyses, it was shown that caffeine ingestion improves various aspects of exercise performance, including muscle strength, endurance, anaerobic power, and aerobic endurance [55]. These effects may be attributed to increased Ca2+ release from the sarcoplasmic reticulum and alterations in neuromuscular transmission caused by caffeine [56]. Additionally, caffeine has been shown to enhance Ca2+ release and improve motor unit recruitment by inhibiting the action of adenosine on the central nervous system in animal studies [57]. The increase in blood glucose levels before and after exercise may also contribute to the improvement in short-term maximal performance [58] (Table 2).



There was a study that investigated the effects of Fearless and Predator EDs on various health markers in male volunteers, aged between 18 and 30 years old. Alcohol consumers and smokers were excluded from this study. The findings revealed that there were no significant differences in mean SBP and diastolic blood pressure (DBP) among the groups. The mean pulse rate showed a significant decrease in Fearless ED consumers after one month of consumption. In terms of body mass index (BMI), there was a significant decrease in the mean BMI among Predator ED consumers after two weeks of intake, compared to their initial value. Similarly, Fearless ED consumers showed a significant decrease in mean BMI after one month of consumption. Regarding plasma glucose levels, both groups showed a significant increase after two weeks of consumption compared to their baseline values. Predator ED consumers had a further increase in plasma glucose levels after one month of consumption. There were no significant differences in mean serum triglyceride and apolipoprotein A-I levels among the groups. However, both Fearless and Predator ED consumers exhibited a significant decrease in mean serum apolipoprotein B (ApoB) levels after two weeks of consumption. Fearless ED consumers had a significantly lower mean ApoB compared to Predator ED consumers after one month of consumption. The study suggests that short-term consumption of Fearless and Predator EDs may lead to decreased pulse rate, BMI, and ApoB levels. However, it also indicates an increase in plasma glucose levels [41].



To control vascular resistance and blood flow in tissues and vital organs, microcirculation is essential. The skin’s microvascular network has gained popularity as a model for researching microvascular function because it is readily accessible. Through the use of physiological and pharmacological threats, including caffeine, that selectively target vascular signaling pathways, cutaneous microcirculation can be studied non-invasively [59]. For example, iontophoresis of acetylcholine (Ach) can be used to study endothelium-dependent microvascular responses. The release of acetylcholine can be stimulated by caffeine. It is commonly used in conjunction with iontophoresis of sodium nitroprusside (SNP) as an endothelium-independent control. The skin condition known as post-occlusive reactive hyperemia (PORH) can be utilized to investigate the role of sensory nerves and hyperpolarizing processes. Significantly, the reproducibility of microvascular assessment in the skin has been further enhanced by the recent development of image-based blood flow measurement techniques [60].




6. Short-Term Studies on Athletes


EDs can boost energy, improve alertness, and promote wakefulness when performing high-intensity physical exercise, and for this reason, they have become one of the substances most commonly consumed by athletes and other practitioners of physical activity. According to Froiland et al. [61], some 72.9% of U.S. college athletes are ED consumers. Hahn et al. [62] also described a significant reduction in perceived fatigue during repeated sprinting, and Wesnes et al. [63] demonstrated significant improvements in the attentional capacity, vigilance, and numeric and spatial working memory of healthy young adults after ingesting caffeine-containing EDs. It was hypothesized that the ergogenic effects of caffeine-containing EDs on short-term maximal performance and reaction times would be related to positive changes in both psychological factors (mood state, RPE, and affective load) and physiological parameters (blood pressure and blood glucose) [53]. A study by Alford et al. [37] investigated the cognitive effects of EDs and found that caffeine can improve alertness and cognitive performance [37]. As we mentioned previously, caffeine is a psychoactive compound and it can increase resistance and reduce effort during physical activities. Another study found that caffeine intake improved cycling performance [64]. Different EDs may have diuretic effects due to increased caffeine content, potentially leading to increased urine production and dehydration. Also, ED consumption can cause an increase in diuresis and electrolyte imbalance [40].



Caffeine is well-known for its acute stimulant effects. A study by McLellan et al. [65] demonstrated that a moderate dose of caffeine can enhance alertness and cognitive performance. Alertness, vigilance, attention, and reaction time all improve after low (about 40 mg or 0.5 mg kg−1) to moderate (approximately 300 mg or 4 mg kg−1) caffeine dosages. However, effects on memory and higher order executive functions, such as judgment and decision making, are less consistent. After dosages greater than around 200 mg (~3 mg kg−1), effects on physical performance are observed on a wide range of physical performance metrics, including time to exhaustion, time trials, muscle strength and endurance, and high-intensity sprints typical of team sports [65] (Table 2). It has been demonstrated that caffeine improves physical performance by lowering perceived effort and raising endurance. An overview of the acute effects of caffeine on exercise performance has shown that ingestion of caffeine should be made before the competition. Powerlifters should think about consuming caffeine only before their most intense training sessions as this would help maximize the benefits of acute caffeine ingestion during competition and likely eliminate the attenuation of the effects associated with chronic caffeine ingestion [39].



Acute taurine supplementation has been shown to impact exercise capacity in cold weather conditions. Taurine impacts were observed through vascular and metabolic pathways, but in the end, exercise performance remained unaltered [42]. When given one dose of taurine before physical activity, healthy, well-trained men’s running times and cycling performances were barely affected [66,67].




7. Short-Term Studies on Animals


ED administration can lead to a significantly increased glycemia level, tripled glycogen content in the liver, and even a significant rise in serum AST, ALT, and LDH activities [68]. In another study conducted on trained and untrained animals, a decrease in glucose concentration was noted. Moreover, both in trained and untrained animal subjects, a massive increase in glycogen concentration in the heart was noticed [69]. Additional research has demonstrated that acute taurine therapy decreases voluntarily consumed alcohol, inhibits anxiogenic-like behaviors associated with alcohol withdrawal in rats, and increases the positive reinforcement effect of dopamine on the reward pathway [4]. Research has shown that rats treated with EDs experienced no changes in locomotion but had improved attention, memory, and increased oxidative imbalance. During recognition memory tests, the combination of taurine and caffeine found in EDs had an improving effect on short-term memory. The brain’s antioxidant system is modulated by increasing the concentration of glutathione, reducing lipid peroxidation, and increasing the activity of antioxidant enzymes [70].



According to Sudakov et al. [71], the impact of caffeine use depends on the genetic susceptibility to the drug as well as environmental elements, such as social isolation. Anxiety only rose in low-anxious rats kept in comfortable environments following chronic caffeine use, while short-term caffeine consumption had a more noticeable effect on high-anxious rats, especially those placed individually [71].



Further, a short-term study conducted on mice under alcohol only or alcohol mixed with ED treatments has shown increased microglial recruitment. Also, consistent with earlier research, the group treated only with alcohol showed significantly higher levels of cerebral capillary dysfunction and astroglial cell activation, as expected. However, the effects were significantly reduced in the group treated with alcohol in combination with EDs. Pro- and anti-inflammatory cytokines did not significantly differ in mice given only EDs or alcohol mixed with EDs. Thus, the acute negative effects of alcohol on cerebral capillary integrity and astrogliosis may be paradoxically diminished by taking an ED that is high in taurine and caffeine and contains B vitamins [72]. Adolescent mice that were given EDs in addition to alcohol saw a substantially slower rate of loss of their righting reflex compared to mice that were simply given alcohol. Teenage mice’s motor impairment and ataxia were prolonged when they were exposed to alcohol and EDs together [73].




8. Long-Term Studies on Children


Long-term research, however, revealed that coffee has long been associated with migraines, both as a trigger and a treatment. Patients with headaches frequently use caffeine-containing headache medications, either on their own or in conjunction with other therapies [74]. Combinations of caffeine and analgesic medications, such as ibuprofen, acetaminophen, and acetylsalicylic acid, demonstrated significantly better efficacy in treating patients with TTH or migraines when compared to analgesic medication alone. Excessive caffeine intake is known to cause tachycardia, tremors, elevated blood pressure, and in the worst situations, abrupt death [75]. Caffeine consumption has been shown to have detrimental effects on the neurological and cardiovascular systems in children and adolescents, which can lead to physical dependence and addiction. Although many of them acknowledge unpleasant side effects like weakness, shivering, headache, tachycardia, insomnia, tremors, or depression, EDs are widely used among the youth, adolescents, and even children [14] (Table 3).



Another long-term effect of caffeine on children is related to skin. An innovative non-invasive biomarker of advanced glycation end products (AGEs) and other fluorophores in the skin is the measurement of skin intrinsic fluorescence (SIF). Skin fluorescence has been demonstrated to be strongly correlated with cardiovascular disease mortality and/or subclinical atherosclerosis in the general population, in individuals with type 1 and type 2 diabetes, in individuals with renal failure, and in individuals [76]. All biological membranes are easily crossed by caffeine, which is why it has been linked in epidemiological and animal studies to the prevention of UVB-induced skin cancer. Ingested caffeine also acts as a sunscreen on the skin. Both SIF1LED 375 nm [0.6, 0.2] and SIF14LED 456 nm [0.4, 0.8], which detect unique compounds at each end of the spectrum as well as common fluorophores like AGEs, were linked to caffeine [77]. Caffeine did in fact demonstrate fluorescent qualities with excitation/emission wavelengths in the UV range 311/363 nm14; however, SIF1LED 375 nm [0.6, 0.2], the lowest excitation LED investigated in the DCCT/EDIC and the EDC investigation, could not reach this level [77]. The impairment of vascular reactivity, intimal thickening, arteriosclerosis, endothelial apoptosis, oxidative stress, and inflammation, which are primarily associated with diabetes and, to a lesser extent, with obesity, hypertension, and nicotine-induced vascular adverse events, were also ameliorated by oral taurine administration [36]. On the other hand, some authors considered that one important negative long-term effect of excessive taurine intake might be its potential involvement in the pathophysiology of acute renal failure by inducing tubular necrosis [78]. Different data indicated that continuous taurine supplementation significantly reduces the severity of delayed onset muscle soreness induced by elbow eccentric exercise in healthy young men [79] (Table 3).





 





Table 3. Long-term beneficial effects of caffeine and taurine.






Table 3. Long-term beneficial effects of caffeine and taurine.





	
Compound

	
Children

	
Adolescents

	
Students

	
Athletes

	
References






	
Caffeine

	
Effective in treating patients with TTH or migraines

	
Barrier healing

	
Higher corrected QT interval

	
Improves alertness and cognitive performance

	
[37,75,80,81]




	
Prevents UVB-induced skin cancer

	
Promotes wound healing

	
Therapeutic impact on renal cancer

	
Enhancesendurance

	
[77,82,83,84]




	
Taurine

	
Decreases blood pressure and ise antiarrhythmic

	
Positive effects on oxidative stress and inflammation

	
Helps shield the skin from damaging oxidative stress

	
May reduce tissue damage

	
[85,86,87]










9. Long-Term Studies on Adolescents


Adolescence is the time when being attractive becomes important. While a good part of the desire for a distinct personal identity is represented by heightened narcissism in teens, developing a positive self-image is not an easy task. The media’s unrealistic expectations and internal conflicts intensify the problems faced by teenagers. Adolescents look to dermatologists as reliable information sources, believing that these professionals can improve their skin through good hygiene and skin care products [88]. EDs’ high caffeine content may cause sleep disturbances. Adequate sleep is crucial for skin health, and disruptions in sleep can contribute to issues like dark circles, puffiness, and a tired complexion [89]. Growth hormones are among the several hormones and neurotransmitters whose release peaks during sleep. Anger, as well as issues with memory and thinking, are brought on by sleep deprivation. Additionally, it negatively affects our skin and other bodily functions [90]. There was a considerable increase in TEWL (trans-epidermal water loss) among those who slept poorly. Compared to bad sleepers, good sleepers noticed 30% better barrier healing. Those who slept well recovered from erythema considerably better 24 h after being exposed to UV radiation. When compared to bad sleepers, good sleepers also reported feeling far better about their physical appearance and attractiveness [80] (Table 4).



According to Nawrot et al. [91], caffeine consumption is one of the dietary habits that is formed in childhood and typically carries over into adulthood [91]. Dietary behaviors have been associated with the risk of numerous non-communicable diseases [92]. Teenagers can, however, gain a healthy status if they have sufficient knowledge and comprehension of dietary guidelines and nutrient intake [93]. According to Grosso et al., children and young adolescents who have better nutritional knowing may change their eating patterns. Consuming caffeine has implications on behavior, physiology, and self-perception, when part of a dietary routine. Few studies have examined the effects of caffeine on children’s and teenagers’ health, despite the drug’s use everywhere [94].





 





Table 4. Long-term adverse effects of caffeine and taurine.






Table 4. Long-term adverse effects of caffeine and taurine.





	
Compound

	
Children

	
Adolescents

	
Students

	
Athletes

	
References






	
Caffeine

	
Detrimental effects on the neurological and cardiovascular systems

	
Affects the skin and other bodily functions

	
Increases systolic blood pressure

	
Increases the risk of heart problems

	
[14,90,95,96]




	
Migraines

	
Obesity and dental enamel degradation

	
-

	
Weakened bone health

	
[74,96,97]




	
Taurine

	
Acute renal failure

	
Can induce coronary vasospasm

	
Gastrointestinal discomfort, including nausea or diarrhea

	
-

	
[78,98,99]




	
Tubular necrosis

	
Slows down cellular senescence

	
Liver and renal dysfunctions

	
-

	
[78,99,100]









Obesity and dental enamel degradation brought on by EDs’ acidity are two additional health risks associated with their chronic use (Table 3). According to a previous study’s findings, teenagers who routinely drink EDs run a higher risk of developing mental health issues, especially if they also consume junk food. Additionally, there was a substantial difference in the likelihood of mental health issues between users who used the product moderately and often. As a result, it is important to closely monitor how many EDs are consumed, and teenagers who routinely drink EDs should receive teaching materials about their harmful consequences [97]. Adolescent ED users’ increased risk-taking behaviors, impaired driving, and increased use of other illicit substances have all been linked to the co-ingestion of caffeine and ethanol. Compared to drinking alcohol alone, several studies have shown that combining alcohol with EDs results in different subjective states, such as reduced reported intoxication, increased excitation, and a stronger impulse to drink [101] (Table 4).



Among its many functions in humans, taurine is a natural metabolite that helps control neuronal excitability, stabilize membranes, produce bile salts, and detoxify some xenobiotics. Humans are thought to consume an average of 40–400 mg of taurine daily. Certain EDs have more than ten times the suggested daily amount of taurine for a normal individual [102]. Like caffeine, taurine can induce coronary vasospasm by altering the intracellular calcium concentration in smooth muscles [98]. The majority of hazardous incidents induced by the consumption of EDs are associated with taurine, guarana, and caffeine. It is unknown how excessive and long-term consumption of additional compounds, both alone and together with caffeine, will affect a person’s body immediately and over time [103]. Reduced DNA damage, attenuated inflammation, inhibited mitochondrial dysfunction, protection against telomerase insufficiency, and slowed down cellular senescence are all effects of taurine [100]. In addition to promoting collagen production in osteoblast-like UMR-106 cells, taurine has also been shown to promote wound healing in mice by upregulating skin collagen synthesis. The observations aforementioned indicate that taurine can affect the extracellular matrix (ECM), which includes collagen, in the skin. The underlying mechanisms of taurine’s numerous stated benefits for skin function remain unclear [104]. Furthermore, the activities of caspase-1 and NF-κB were significantly inhibited by taurine [105]. Since taurine’s anti-inflammatory properties have gained considerable interest, collagen sponges and taurine are being combined as a biopharmaceutical to promote tissue growth and wound healing [82]. Moreover, data from clinical trials demonstrate that taurine has positive effects on oxidative stress and inflammation 56 days after supplementation by significantly reducing malondialdehyde and protein C reactive levels [85].



ED addiction has lately been associated with fatality in Canada and the US in the youth [106]. The amount of caffeine ingested varies based on the population categories and the most popular drink types [107]. Regulations and prospective prohibitions on the sale and use of these beverages may alter people’s habits of ED intake and foster favorable views in their thoughts. This analysis provides a thorough overview of the many factors surrounding the use of EDs, cardiovascular concerns, danger in the younger population, and the regulations that need to be put in place [108]. There have been reports that externally supplied artificial taurine may aggravate cardiac conditions and raise blood pressure [12].




10. Long-Term Studies on Students


It turned out that individuals who consumed EDs had a significantly higher corrected QT interval and SBP two hours after consumption compared to those who consumed caffeine from other sources, such as coffee [81]. In terms of safety, the Food and Drug Administration (FDA) mandates comprehensive investigation for all new drugs that affect the QT/QT c interval. However, since the primary ingredient in EDs is caffeine, further investigation is required. Although there is no evidence of significant short-term consequences from the daily consumption of EDs over a few weeks, long-term daily use may potentially be associated with cardiovascular issues like arrhythmias [81]. Caffeine can also cause apoptosis via a variety of pathways, including those that are dependent on and independent of p-53, phosphatase and tensin homolog, PI3K/protein kinase B (AKT), and the mTOR pathway [95]. It is believed to have a therapeutic impact on renal cancer due to its ability to bind to glucose-6-phosphate dehydrogenase (G6PDH), considered a biomarker and possible therapeutic target for this kind of cancer, as shown in [83]. Research indicates that the use of coffee lowers biomarkers associated with inflammation, hence postponing weariness and enhancing endurance abilities. In the vastus lateralis muscle of mice given lipopolysaccharide (LPS)-induced inflammation, this study investigated the effects of caffeine administration on the expression of genes associated with oxidative metabolism, inflammatory processes, and adenosine receptors [109].



Because of caffeine’s strong biological activity and capacity to pass through the skin barrier, its application in cosmetics is growing. Caffeine is utilized as an active ingredient in anticellulite cosmetic treatments because it inhibits the excessive buildup of fat within cells (Figure 1). This alkaloid inhibits phosphodiesterase activity, which promotes the breakdown of fats during lipolysis. Caffeine slows down the skin’s photoaging process and aids in shielding cells from UV light. Additionally, caffeine included in cosmetics promotes blood flow to the skin and inhibits 5-α-reductase activity, which in turn promotes hair growth [5] (Figure 1). Another beneficial effect was highlighted by Li et al. [6], whose experiments showed that caffeine protects the skin from senescence induced by oxidative stress [6].



Similar to caffeine, taurine is an antioxidant, and this compound helps shield the skin from damaging oxidative stress. This may offer antiaging benefits and improve the health of the skin [86]. From a more comprehensive macro perspective, taurine supports the immune system by acting as an antioxidant and an anti-inflammatory agent. At the microscopic level, it controls the balance of electrolytes and minerals in cells [110]. Neutrophil taurine concentrations in psoriasis patients were shown to be lower than in normal participants, indicating that taurine plays a part in the body’s defense against skin inflammation [104] (Figure 1). However, taurine has shown promise in mitigating obesity-related inflammation. Research involving obese women who were administered taurine for eight weeks demonstrated increased levels of adiponectin (a hormone involved in regulating glucose levels and fatty acid breakdown) and a reduction in inflammatory biomarkers and lipid peroxidation. These findings highlight the potential role of taurine supplementation in reducing obesity-related inflammation, thereby potentially reducing the development of coronary artery disease [111]. High doses of taurine may cause gastrointestinal discomfort, including nausea or diarrhea. Long-term supplementation has been associated with liver and renal dysfunction [99].




11. Long-Term Studies on Athletes


Prolonged consumption may increase the risk of heart problems. Some EDs contain phosphoric acid, which may leach calcium from bones, potentially leading to weakened bone health [96]. EDs may have diuretic effects, potentially leading to dehydration when consumed in excess. Dehydration can have a negative impact on athletic performance and overall health. EDs might cause sleep disturbances due to their high caffeine content. Athletes require adequate and high-quality sleep for recovery and performance, so long-term sleep disturbances can be detrimental [112]. Regular consumption of EDs can lead to caffeine addiction. Over time, individuals may develop a tolerance, requiring increasing amounts of caffeine to achieve the same stimulating effects. This can lead to a cycle of increasing consumption and potential withdrawal symptoms [113]. Caffeine has also been applied therapeutically and is currently a part of many over-the-counter (OTC) and prescription medication products [2]. A study by Alford et al. [37] investigated the cognitive effects of EDs and found that caffeine, a common ingredient, can improve alertness and cognitive performance [37]. For physical performance, it has been shown to enhance endurance and reduce perceived effort during physical activities. A study by Astorino et al. [84] found that caffeine intake improved cycling performance [84]. Additionally, caffeine mobilizes intracellular calcium stores and changes the way in which the body metabolizes fat and carbohydrates by stimulating lipolysis, which is caused by the inhibition of phosphodiesterase enzymes. It can also inhibit several of the key factors that contribute to the development of cancer, including cellular senescence and resistance to cell death [114] (Table 3).



Taurine, a sulfur-containing non-proteinogenic β-amino acid, is one of the body’s numerous antioxidants and has been demonstrated to have a unique role as a crucial natural regulator of the antioxidant defense networks. According to the examination of current data, only a small number of mammals with rather high (>15–20 mM) taurine concentrations may be predicted to benefit directly from taurine’s antioxidant impact, which is caused by the protein’s ability to scavenge free radicals [115].



Because of its capacity to preserve the normal electron transport chain, upregulate antioxidant responses, maintain glutathione reserves, promote membrane integrity, reduce inflammation, and prevent calcium buildup, taurine is also considered a cytoprotective chemical [116] (Figure 1). Nitric oxide (NO), tumor necrosis factor (TNF)-α, interleukin (IL)-6, IL-8, IL-12, macrophage inflammatory protein-2 (MIP-2), and monocyte chemo-attractant protein (MCP)-1 and -2 are examples of inflammatory mediators that are inhibited by Tau Cl (taurine chloramine) [117]. Therefore, it can be utilized as a physiologically non-toxic biomolecule to prevent cellular damage brought on by chronic inflammatory illness circumstances, given its capacity to control the overproduction of NO and TNF-α [118]. Taurine’s anti-inflammatory qualities may reduce tissue damage, but pathogen removal would be hampered by a potential lack of antimicrobial action coupled with an increase in macrophage and polymorphonuclear leukocyte (PMN) pro-inflammatory activity [87]. While there is not any proof that using taurine alongside other drugs can have negative consequences, there might be a connection between taurine supplementation and different cytochrome P450 systems that are in charge of hepatic drug metabolism. In particular, taurine blocks the activity of cytochrome P450 2E1, a highly conserved xenobiotic-metabolizing P450 that breaks down over 70 substrates, including some widely used anesthetics, analgesics, antidepressants, antibacterials, and antiepileptics [119].




12. Long-Term Studies on Animals


Long-term consumption can cause biochemical and ultrastructural alterations in the heart muscles, such as increased glucose and glycogen concentrations in the myocardium and significantly decreased cholesterol concentration [120]. Also, it may lead even to respiratory acidosis in rats due to damaged fibers in the striated muscles [121]. Other changes that were observed in animal models were relative to similar weights of organs, and even weight gain, after an exposure of three months to EDs. Also, regarding water consumption, irritability, piloerection, and behavior, there were no signs of change. Also, a decrease in the concentration of sperm was remarked [122]. Unfortunately, other findings revealed the fact that long-term intake of EDs can produce the opposite effects regarding brain weight, probably due to the neurotoxic effects of EDs on brain cells [123]. Various kidney and liver damage was demonstrated by the substantial increases in serum levels of uric acid, creatinine, BUN, ALT, and ALP that were brought on by EDs. Raised hepatic enzyme levels in the blood are a good way to observe if toxic substances have damaged the liver. Rats treated with caffeinated EDs have shown significant elevations in serum AST, ALT, and ALP, according to reports. Rats given an ED either by itself or in conjunction with alcohol were shown to have greater serum levels of AST, ALT, ALP, and total bilirubin than the untreated controls [124].



Surprisingly, according to the study by Qasim L. [125], there were no significant differences in the index of body and organ weight for mice, but histopathological study of the liver showed the infiltration and accumulation of inflammatory cells in the liver parenchyma with hepatocyte necrosis, where some of the necrosis was replaced by red blood cells and inflammatory cells. The kidneys were restricted only to red blood cells and inflammatory cell aggregation within renal tubules, which indicated vacuolar degeneration. Also, taurine’s reaction with other active ingredients of EDs could have led to the infiltration of leucocytes through the hepatocytes and ischemia of the myocardial by inducing coronary vasospasm. An elevation in sera levels of the GOT, ALP, and GPT enzymes was also observed in the mice that consumed EDs [125]. Another study involving mice compared different control groups, including control mice that were given water; the animals kept on EDs for 13 weeks displayed a declining trend in their SBP. In the ED-administered mice, diastolic and mean arterial pressures were significantly reduced. Systolic pressure in the sugar-free ED-treated mice was significantly lower than in the control group. Comparing the diastolic and mean arterial pressures to the control group, similar substantial reductions were seen [126].



The effect of caffeine on animal subjects, such as rats, showed abnormal microscopic findings: increased keratinization and disorganization of the epidermal cells, and epidermal and dermal atrophy, which leads to a reduction in skin thickness and may be a risk factor for inducing skin atrophy [127]. Increased collagen synthesis was observed in subjects who received caffeine and its daily consumption affects full-thickness skin graft healing [128]. Also, it was demonstrated that taurine reduces oxygen radicals, promotes angiogenesis and collagen synthesis, and inhibits neutrophil infiltration in the muscle flaps during ischemia and reperfusion. The main outcome is that taurine significantly improves muscle survival [129].




13. Conclusions and Future Perspectives


EDs, as was previously indicated, are beneficial in the short term, but this varies greatly depending on the age range. Children’s and teenagers’ ED consumption effects were not the same compared to adults. After short-term caffeine consumption, it was observed that the systolic pressure increased in these age groups. Also, the youth who drink too much coffee have been connected to a host of detrimental health outcomes, such as poor sleep, anxiety, agitation, nausea, and stomach ulcers. We only paid attention to the two primary compounds, taurine and caffeine, as is clear from the preceding subsections. The effects that they may have on skin health were observed, which is crucial for the groups that they target. Long-term use and large doses of EDs have been shown to have the opposite effects. This was demonstrated by the positive effects of the two components when taken independently over an extended time and in tiny dosages, which makes it intriguing. Chronic taurine intake (daily recommended doses) in adolescents was associated with reduced DNA damage, attenuated inflammation, prevented mitochondrial dysfunction, protection against telomerase deficiency, and slowed down cellular senescence. Due to its ability to prevent excessive fat accumulation within cells, caffeine is an active ingredient in cosmetic treatments aimed to reduce the appearance of cellulite in students. The combination of both does not have the same effect; however, they probably do individually. Significant increases in serum levels of uric acid, creatinine, BUN, ALT, and ALP caused by chronic intake of EDs indicated different degrees of injury to the kidneys and liver. Elevated circulatory levels of the liver’s enzymes can be an excellent indicator of liver damage caused by the two main compounds. There have been substantial increases in blood AST, ALT, and ALP in rats treated with caffeinated EDs. It has been demonstrated that rats administered EDs alone or in combination with alcohol had higher serum levels of AST, ALT, ALP, and total bilirubin than the untreated controls. It was observed that there has been minimal research on the impact of EDs on the skin.



Therefore, more studies are needed regarding the short- and long-term effects of EDs on skin physiology. Also, there is a need to examine the separate effects of the main compounds, caffeine and taurine, on human skin.
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