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Role of Energy Supplements in Enhancing Sports Performance: Current Evidence and Future Perspectives


ABSTRACT
In sports nutrition, energy supplements refer to dietary products such as gels, drinks, bars, or powders developed to deliver rapid or sustained energy, maintain electrolyte balance, and promote recovery, thereby enhancing athletic output and overall performance efficiency. Energy supplements fall under the ergogenic and macronutrient-based category of sports nutrition. They primarily supply carbohydrates, proteins, and fats as energy sources, along with micronutrients (vitamins and minerals) and bioactive compounds such as caffeine, taurine, carnitine, and ginseng that enhance energy metabolism, endurance, and recovery. They provide rapid energy, maintain hydration, delay fatigue, and support metabolic, neuromuscular, and cognitive functions. Despite their benefits, challenges such as inconsistent nutrient content, variable individual responses, and safety concerns highlight the need for quality control and evidence-based use. Supplement combinations such as carbohydrate–protein or carbohydrate–electrolyte mixtures have shown notable benefits in improving power and recovery, particularly in team sports. However, significant research gaps remain, especially regarding female athletes and sport-specific responses. Additionally, some studies report safety concerns and adverse effects, emphasizing the need for careful evaluation and evidence-based use of supplements. Future strategies should focus on personalized supplementation, innovative delivery systems, micronutrient monitoring, and athlete education to optimize performance, reduce fatigue, and ensure long-term health.
Keywords: Energy supplements, ergogenic, athletic performance, health.
1. INTRODUCTION
Sports nutrition is a continually evolving discipline aimed at optimizing the health and performance of both recreationally active individuals and competitive athletes. Developing a personalized sports nutrition plan based on individual goals and physiological needs forms the foundation of optimal athletic performance (Kerksick et al., 2018). In this context, sports nutrition can be defined as the application of nutritional science to develop dietary strategies that meet the metabolic demands of physical activity, support recovery, enhance performance, and promote long-term health (Fink and Mikesky, 2017). Evidence suggests that a well-structured diet enables athletes to perform at their peak by ensuring adequate energy, nutrient, and fluid intake (Abdullah et al., 2022). Adhering to such a plan enhances hydration, immune function, concentration, and stamina, allowing for improved training capacity and endurance (Vitale and Getzin, 2019). According to sports nutritionists, maintaining a balanced diet is critical for sustaining energy levels before, during, and after exercise, as well as for promoting recovery and preventing fatigue (Arenas-Jal et al., 2020; Ravindra et al., 2020). Proper nutrition also contributes to maintaining muscle strength, resilience, and endurance throughout athletic performance and recovery (Potgieter, 2013). Moreover, ongoing research in sports nutrition continues to expand the understanding of exercise physiology and provides the evidence base for current best practice recommendations (Burke et al., 2018). This review discusses the current role of energy supplements in sports performance and highlights future directions for their effective and safe use. 
Carbohydrate (CHO) sports drinks were first introduced in the 1960s–70s to address dehydration and energy depletion in athletes, followed shortly by CHO gels, which are portable, rapidly absorbed, and provide precise energy doses for both sports’ performance and hypoglycaemia management (Baur and Saunders, 2021; Juvenile Diabetes Research Foundation, 2022; Mayo Clinic, 2024). However, research shows frequent discrepancies between product labels and actual nutrient composition, with protein and energy values often outside acceptable ranges (Aly et al., 2023; Zapata-Muriel et al., 2022). Similar inconsistencies have been reported in supplements such as ecdysterone, fish oils, vitamin D, selenium, and ephedra (Ambrosio et al., 2020; Albert et al., 2015; LeBlanc et al., 2013; Veatch et al., 2005; Gurley et al., 2000). Although regulations permit ±20% variation in nutrient content (Center for Food Safety and Applied Nutrition, 2024), many products exceed this margin. Anecdotal reports further raise concerns about CHO gels, including fluctuating energy, reduced satiety, and mismatched texture and taste (Burgess and Ohm, 2024), underscoring the need for stricter regulation and scientific evaluation.
1.1 Role of energy supplements
Table no. 1: Dietary supplements content and examples
	Dietary
Supplements
	Content
	Examples

	Energy gel 
	Carbohydrate with or without minerals, amino acids, vitamins 
	Carb-BOOM gel, GU carbohydrate gel, Power gel etc. 

	Energy drink 
	Carbohydrate or protein 
	Ocean energy drink or water; Sting, Red bull and Hell energy drink etc. 

	Energy bar 
	Carbohydrate or protein 
	Phab, Rite bite, Max protein and On the run energy bar etc. 

	Powder 
	Electrolytes eg. Na, K etc. 
	Fast and up, Hydralyte, E- Hydration etc.

	Capsule/ Tablets 
	Vitamins, minerals, amino 
acids etc. 
	Nature life, Fast and up, H and C capsules etc. 

	Effervescent Tablet 
	Vitamin C, caffeine etc. 
	L-Glutathione, Effervescent tablet-
multivitamin etc. 

	Gummies 
	Biotin, multivitamin, omega-3 etc. 
	Man matters (omega-3), 	True vitals 
(multivitamin), Bodywise (biotin) etc. 

	Transdermal Patch 
	Scopolamine, 	nitroglycerin, clonidine, estradiol etc. 
	Pure science (Vit. 	B12), Nutripacth 
(Antioxidant), Cipla (Nicotex) etc. 


 
Protein supports muscle repair, recovery, and growth after training. Endurance and strength athletes need higher protein, especially during intense or new training phases. Adequate intake is easily met through varied diets including meat, eggs, and dairy, but athletes with restricted or poorly planned diets (e.g., low-fat or vegetarian) risk deficiency. Regular strenuous exercise may increase the need for certain vitamins and minerals, but supplementation is unnecessary if a nutrient-rich diet is maintained. Supplements are recommended only during energy restriction, travel, or limited food availability. Protein requirements rise with intense training (1.4–2.0 g/kg/day), and supplements help meet these needs, although excess intake offers no added benefits. Essential amino acids (EAAs) and branched-chain amino acids (BCAAs), especially leucine, promote protein synthesis, recovery, and fatigue delay. Creatine monohydrate (0.3 g/kg/day loading, then 3–5 g/day) effectively enhances high-intensity performance and muscle mass with proven safety. Caffeine, a natural stimulant found in coffee, tea, and energy drinks, improves endurance, power, and fat metabolism at doses of 3–6 mg/kg taken before exercise, though excessive intake may cause side effects such as palpitations or insomnia. (Kreider et al.,2010; Antonio et al., 2008; Paddon-Jones et al., 2004).
Electrolytes such as potassium, sodium, magnesium, calcium, and phosphorus are vital for muscle, heart, and nervous system function. A well-balanced diet rich in vitamins, minerals, functional compounds, and sufficient water serves as a safe and effective means to support optimal athletic performance. During periods of intense physical activity, such a diet ensures adequate energy, macronutrients, protein for tissue repair, glycogen replenishment, essential fatty acids, and fat-soluble vitamins (Gammone et al., 2014). Key micronutrients include B vitamins, vitamins D, C, and E, iron, calcium, magnesium, zinc, selenium, and beta-carotene, many of which mitigate exercise-induced oxidative stress (Iannello and Belfiore, 2013; Nielsen, 2006). Deficiencies, especially in vegetarian or vegan athletes, can impair performance, oxygen delivery, and bone integrity (Ogan and Pritchett, 2013; Peeling et al., 2009; Brownlie et al., 2004). Energy gels, containing carbohydrates, electrolytes, and sometimes caffeine, provide rapid energy, support hydration, delay fatigue, and enhance endurance when used strategically during prolonged exercise.
Sports foods such as sports drinks, bars, gels, ready-to-drink supplements (RTDs), and meal replacement powders (MRPs) provide convenient options to meet athletes’ specific nutritional needs. These products, often fortified with vitamins and minerals, support energy supply, hydration, and recovery when used appropriately. Sports drinks deliver balanced carbohydrates and electrolytes for rehydration and refuelling, while sports bars offer easily digestible carbohydrates and proteins for pre- or post-exercise nutrition. Sports gels provide concentrated, rapidly absorbed carbohydrates for endurance performance, and RTDs or MRPs supply balanced nutrients for recovery and muscle repair. However, they should complement not replace a well-balanced diet (Negro, 2013). Sports drinks are categorized into three types based on their electrolyte and carbohydrate content: isotonic (4–8% electrolytes), hypotonic (6% electrolytes, 2% carbohydrates), and hypertonic (32% carbohydrates, 4% electrolytes). Isotonic drinks are ideal for regular intensive training, while hypertonic drinks are recommended for extreme physical exertion to rapidly restore energy reserves (Diel and Khanferyan, 2018). Other supplements like creatine, beta-alanine, and nitrate-rich products (e.g., beetroot juice) enhance strength, delay fatigue, and improve endurance. Effective use depends on timing, individual tolerance, sport type, intensity, and environmental conditions, helping to sustain performance, reduce fatigue, and accelerate recovery.
2. LITERATURE REVIEW: CURRENT EVIDENCE
 Alsunni (2015) said that energy drink consumption has risen sharply in recent decades, especially among adolescents and young adults. Although marketed to boost energy and performance, scientific evidence supporting these claims is limited. Studies report both potential benefits for physical performance and adverse health effects, raising safety concerns. Until independent research confirms their safety, stricter regulation of energy drink marketing, particularly to adolescents, is recommended. Similarly, Bell (2023) reported that adolescent athletes, particularly those participating in team sports, often do not meet recommended dietary intake levels. In an observational study involving 58 adolescent volleyball players and 58 age-matched nonathletic controls, athletes demonstrated higher energy expenditure and greater consumption of various food groups, macronutrients, and micronutrients. Although protein intake exceeded recommended levels across all groups, total energy intake accounted for only 60% of estimated requirements in athletes and 74% in nonathletes. Male athletes exhibited the lowest relative energy balance, and supplement use was notably more prevalent among athletes. Thus, despite higher energy intake compared to controls, adolescent volleyball players remained in an overall state of energy deficiency.
 Vitamins and minerals are essential for metabolic, neural, and muscular functions, influencing energy production, DNA synthesis, oxygen transport, and neurotransmission. This review focuses on B vitamins, vitamin C, iron, magnesium, and zinc, highlighting their molecular roles and linking deficiencies to cognitive impairments, psychological disturbances, and fatigue. A low-dose energy supplement (55 mg caffeine) was tested in a double-blind, placebo-controlled study (N = 47) using resting-state EEG. Results showed it reversed fatigue-related brain activity in the high-theta/low-alpha band (6.5–10.5 Hz) 90 minutes post-ingestion, particularly in eyes-closed EEG, despite minimal behavioural effects. This suggests even small caffeine doses can influence neural activity (Maciejewska and Moczarska, 2023). Fatigue and low energy in the absence of disease may stem from vitamin and mineral deficiencies. While elderly and pregnant individuals are known at-risk groups, young adults especially physically active women with demanding lifestyles and poor dietary habits also show inadequate micronutrient intake. Supplementation can correct deficiencies if taken consistently. Carbohydrate (CHO) gels enhance endurance by supplying energy, preserving glycogen, and stimulating the central nervous system. Analysis of eight popular gels showed that most contained less energy than labelled, while CHO content was generally accurate. Spring Energy products had major discrepancies, with up to 71% less energy and 72% less CHO, raising concerns for performance, clinical use, and labelling accuracy (Tiller et al, 2024).
Vitamin D supplementation is increasingly common among both athletes and the general population due to widespread deficiencies. Athletes who train indoors, live at high latitudes, or have darker skin are at greater risk of inadequate vitamin D synthesis, as factors like clothing, sunscreen use, training schedules, and seasonal variation reduce sun exposure. Supplementation may offer ergogenic benefits for those deficient, with studies linking adequate vitamin D levels to improved muscle strength, power, and reduced stress fracture risk when combined with calcium (Powers et al, 2011). The ACSM advises that athletes meeting energy needs through a balanced diet generally do not require additional supplementation. However, supplementation may be necessary for individuals with restricted diets, illnesses, injuries, or specific conditions, particularly vegetarians who may need vitamin B12, iron, calcium, vitamin D, riboflavin, and zinc. Certain vitamins, such as E, C, niacin, and folic acid, may also provide additional health benefits (Rodriquez et al, 2012). Energy bars are an excellent source of natural sugars and proteins, offering a nutritionally balanced option to support athletic performance. Beyond providing quick energy, their protein content contributes to muscle development and tissue repair (Aljaloud et al., 2020). Magnesium is essential for neuromuscular, cardiovascular, and metabolic functions, and deficiency common among active individuals can impair performance (Bohl and Volpe, 2002). Beverage formulations using hydrocolloids like pectin improve the stability and acceptability of caffeine-enriched drinks (Cardozo et al., 2017). Iron status is crucial for endurance performance, with intravenous supplementation more effectively increasing ferritin levels and improving VO₂ max and fatigue resistance compared to oral supplementation (Garvican et al., 2014).
3. MATERIAL AND METHODS
[bookmark: _Hlk210638886]This study employs a literature review approach to Role of Energy Supplements in Enhancing Sports Performance: Current Evidence and Future Perspectives. The literature search was carried out using reputable scientific databases, including Google Scholar, ResearchGate, and ScienceDirect. Keywords such as energy supplements, electrolytes, athletic performance, and health were used to identify relevant studies. 
4. FUTURE PERSPECTIVES
Energy supplements are increasingly important for optimizing athletic performance, supporting recovery, and maintaining overall health. Carbohydrates, proteins, amino acids, caffeine, creatine, electrolytes, vitamins, and minerals play critical roles in energy metabolism, endurance, strength, cognitive function, and injury prevention. Despite their benefits, challenges remain, including inconsistencies between label claims and actual nutrient content, variable effectiveness among individuals, and limited research on some newer compounds. These issues highlight the need for improved quality control, stricter regulation, and standardized labelling to ensure safety and efficacy.
Future developments should focus on personalized supplementation strategies that consider an athlete’s physiology, sport type, training intensity, and environmental conditions. Tailoring supplement use can optimize energy availability, delay fatigue, enhance recovery, and reduce the risk of deficiencies or overuse. Innovative delivery systems, such as transdermal patches, functional bars, stable beverage formulations, and low-dose stimulants, offer opportunities to improve nutrient absorption, maintain bioavailability, and increase convenience during training and competition. Monitoring micronutrient status will also be a key area of focus. Ensuring adequate intake of vitamins, minerals, and antioxidants supports energy production, muscle function, bone health, immune regulation, and protection against oxidative stress. This is particularly important for athletes with high training loads or dietary restrictions, as deficiencies can impair performance, increase fatigue, and raise injury risk.
Strategically combining ergogenic compounds, such as caffeine with carbohydrates or nitrate-rich supplements, represents another avenue for enhancing performance. Research on optimal timing, dosing, and synergistic effects can help maximize benefits while minimizing potential side effects. Low-dose stimulants that influence neural activity and fatigue perception may also play a role in supporting cognitive function during intense training and competition. Education will be essential to maximize the benefits of supplementation. Athletes, coaches, and support staff should be informed about proper dosage, timing, safety considerations, and evidence-based strategies to ensure effective use. Combined with innovation, regulation, and personalized approaches, this knowledge will allow energy supplements to safely enhance endurance, strength, cognitive performance, and long-term athlete health. Advances in sports genomics, nutrigenomics, and digital monitoring are enabling more precise and personalized energy supplementation. Genetic insights can guide nutrient choices based on individual metabolism, while nutrigenomics reveals how nutrients influence gene expression to optimize performance and recovery. Real-time data from wearables and monitoring devices allow dynamic adjustment of supplementation, enhancing effectiveness and safety. Together, these approaches support a precision nutrition strategy tailored to each athlete’s unique needs.
Beyond sports genomics, nutrigenomics, and digital monitoring, several advanced tools are increasingly used to optimize sports nutrition and energy supplementation. Metabolomics platforms analyze metabolites in blood, urine, or sweat to monitor energy use, recovery, and nutrient needs in real time. Gut microbiome profiling provides insights into individual microbiota composition, helping tailor diets and supplements for improved digestion and nutrient absorption. Wearable physiological sensors track heart rate variability, oxygen saturation, and muscle activity, while continuous glucose monitors (CGMs) optimize carbohydrate intake based on real-time blood glucose data. Hydration and electrolyte sensors assess fluid balance, and 3D body composition scanners measure muscle, fat, and bone density to guide nutrition planning. Additionally, smart nutrition apps integrate dietary tracking, exercise metrics, and AI-based recommendations to provide personalized supplement strategies. Overall, the future of energy supplementation is expected to evolve through a holistic approach that emphasizes personalization, technological innovation, strict regulatory standards, and comprehensive education, thereby ensuring sustained support for optimal performance and overall health.
CONCLUSION
In conclusion, energy supplements are integral to modern sports nutrition, enhancing athletic performance, supporting recovery, and helping athletes meet elevated energy and nutrient demands. When used appropriately, alongside a balanced diet and individualized nutrition strategies, they can improve endurance, reduce fatigue, and optimize training adaptations. Advances in precision nutrition, including genomics, nutrigenomics, and digital monitoring, enable supplementation to be tailored to each athlete’s unique physiological and metabolic profile, maximizing benefits while minimizing risks. The effectiveness of these supplements depends on proper formulation, accurate labelling, individualized use, and timing relative to training and competition. Despite their advantages, challenges such as nutrient inconsistencies, variable individual responses, and potential safety concerns underscore the need for stricter regulation, quality control, and evidence-based guidance. Moving forward, the integration of personalized strategies, innovative delivery systems, micronutrient monitoring, and athlete education will be essential to ensure that energy supplements safely and effectively support performance, reduce fatigue, and promote long-term health.
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