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Role of Sports Nutrition in Enhancing Athletic Performance and Post-
Pandemic Health: A Comprehensive Review

Durgesh Shekhawat
Abstract

Sports nutrition has become an integral component of modern athletic training, contributing
significantly to performance enhancement, recovery, injury prevention, and long-term health.
Appropriate nutritional strategies enable athletes to meet the increased physiological demands of
training and competition by ensuring adequate energy availability, optimizing muscle function,
supporting metabolic adaptations, and accelerating recovery. The unprecedented COVID-19
pandemic highlighted the importance of nutrition beyond performance by emphasizing its critical
role in immune competence, inflammation control, and rehabilitation following illness.
Consequently, sports nutrition has evolved from a performance-oriented discipline to a
comprehensive approach encompassing immune resilience, personalized nutrition, gut health,
hydration, recovery optimization, and sustainable athlete development.

This review synthesizes current scientific evidence regarding the physiological principles of sports
nutrition and their application in enhancing athletic performance during the post-pandemic era.
The review discusses athletes' energy requirements, the role of macronutrients and micronutrients,
hydration strategies, nutrient timing, recovery nutrition, immune-supportive dietary practices,
evidence-based supplementation, and recent advances in personalized nutrition. Furthermore, the
paper examines the nutritional challenges encountered by athletes during the COVID-19 pandemic
and the subsequent paradigm shift toward holistic athlete care. Emerging concepts including
precision nutrition, digital dietary monitoring, wearable technologies, microbiome-based
interventions, and sustainable nutrition practices are also highlighted.

The available evidence consistently demonstrates that scientifically designed nutritional
interventions significantly improve endurance, muscular strength, power, cognitive function,
recovery, immune health, and overall athletic performance while reducing the risk of illness,
fatigue, and sports-related injuries. Individualized nutrition plans integrated with structured
training programs and healthy lifestyle behaviours are therefore essential for maximizing
competitive performance and promoting long-term health. Future research should focus on
precision nutrition, nutrigenomics, artificial intelligence-assisted dietary planning, and
longitudinal investigations examining individualized nutritional interventions across different
sporting disciplines.

Keywords: Sports nutrition; Athletic performance; Recovery nutrition; Hydration;
Macronutrients; Micronutrients; Immune function; Personalized nutrition; COVID-19; Athletes.
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1. Introduction

Athletic performance is influenced by multiple interrelated factors including genetics, training,
psychological preparedness, recovery strategies, environmental conditions, and nutritional status.
Among these determinants, nutrition has emerged as one of the most influential and modifiable
factors affecting both competitive success and long-term athlete health. Modern sports nutrition
extends beyond simply meeting daily dietary requirements; it integrates evidence-based nutritional
interventions designed to optimize physiological adaptations, improve exercise performance,
accelerate recovery, reduce injury risk, and maintain overall well-being throughout an athlete's
career.

The physiological demands of competitive sports substantially increase energy expenditure and
nutrient requirements compared with those of sedentary individuals. The magnitude of these
requirements varies according to sport-specific characteristics, training intensity, duration of
exercise, age, sex, body composition, environmental conditions, and competition schedules.
Consequently, individualized nutritional planning has become an essential component of athlete
management. Appropriate dietary strategies ensure adequate energy availability while supporting
muscle protein synthesis, glycogen replenishment, hormonal regulation, immune competence, and
tissue repair.

Carbohydrates, proteins, and fats constitute the primary macronutrients required for athletic
performance. Carbohydrates remain the principal fuel source during moderate- and high-intensity
exercise because they maintain blood glucose concentrations and preserve muscle glycogen stores.
Adequate protein intake promotes muscle protein synthesis, facilitates recovery from exercise-
induced muscle damage, supports lean body mass, and enhances physiological adaptation to
training. Dietary fats provide a concentrated energy source during prolonged exercise while
contributing to endocrine function, cellular integrity, and the absorption of fat-soluble vitamins. In
addition to macronutrients, micronutrients such as iron, calcium, magnesium, zinc, selenium, and
vitamins D, B-complex, C, and E are indispensable for oxygen transport, bone metabolism,
antioxidant defence, immune regulation, and energy production.

Hydration represents another critical aspect of sports nutrition. Even mild dehydration can impair
cardiovascular efficiency, thermoregulation, neuromuscular coordination, cognitive function, and
exercise performance. Evidence-based hydration protocols before, during, and after exercise are
therefore fundamental for maintaining optimal physiological function and minimizing
performance decline, particularly during prolonged endurance events or competition in hot and
humid environments.

Recent advances in sports nutrition have shifted emphasis from generalized dietary
recommendations toward precision nutrition. Contemporary nutritional strategies incorporate
individualized assessment of metabolic responses, body composition, genetic characteristics, gut
microbiota, training load, recovery status, and environmental conditions. Technological
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innovations including wearable monitoring devices, continuous glucose monitoring systems,
digital dietary assessment platforms, metabolomics, and nutrigenomics have further strengthened
personalized nutrition planning, allowing practitioners to deliver highly targeted dietary
interventions that improve performance while supporting long-term health.

The COVID-19 pandemic represented a major challenge for athletes worldwide. Restrictions on
training, cancellation of competitions, prolonged social isolation, and reduced access to sports
medicine services adversely affected physical conditioning, psychological well-being, and
nutritional practices. Many athletes experienced reductions in aerobic capacity, muscular strength,
and overall fitness, accompanied by increased stress, anxiety, sleep disturbances, and altered
dietary behaviours. Furthermore, athletes recovering from COVID-19 frequently experienced
prolonged fatigue, respiratory dysfunction, muscle weakness, and delayed return to competition.
These challenges highlighted the importance of comprehensive nutritional support not only for
athletic performance but also for immune resilience, inflammation control, rehabilitation, and
long-term recovery.

In the post-pandemic era, sports nutrition has evolved into a multidisciplinary discipline that
integrates exercise physiology, clinical nutrition, immunology, psychology, and digital health
technologies. The focus has expanded beyond maximizing performance to encompass immune
health, mental well-being, sustainable dietary practices, personalized supplementation, and athlete
longevity. Evidence increasingly supports the role of scientifically planned nutrition in improving
exercise capacity, facilitating recovery, reducing injury risk, maintaining immune function, and
promoting lifelong health.

This review aims to critically synthesize current scientific evidence regarding the role of sports
nutrition in enhancing athletic performance and supporting post-pandemic health. Particular
emphasis is placed on athletes' energy requirements, macro- and micronutrient recommendations,
hydration strategies, nutrient timing, recovery nutrition, immune-supportive dietary interventions,
evidence-based supplementation, personalized nutrition, and emerging developments that are
shaping the future of sports nutrition research and practice.

2. Physiological Basis of Sports Nutrition and Athletes' Energy Requirements
2.1 Physiological Basis of Sports Nutrition

Sports nutrition is an interdisciplinary field that integrates principles of nutrition, exercise
physiology, biochemistry, and metabolism to enhance athletic performance, accelerate recovery,
and promote long-term health. During exercise, the human body undergoes a series of
physiological adaptations that substantially increase energy expenditure, oxygen consumption,
substrate utilization, and fluid loss. These adaptations necessitate carefully planned nutritional
strategies to maintain metabolic homeostasis, delay fatigue, and optimize performance.

International Research Journal of Management Sociology & Humanity ( IRJMSH ) Page 290
www.irjmsh.com



http://www.irjmsh.com/

IRIMSH Vol 16 Issue 12 [Year 2025] ISSN 2277 —9809 (Online) 2348-9359 (Print)

Muscular contraction requires a continuous supply of adenosine triphosphate (ATP), the body's
primary energy currency. However, ATP stores within skeletal muscle are limited and sufficient
to sustain maximal muscular activity for only a few seconds. Consequently, ATP must be
continuously regenerated through three interconnected energy systems: the phosphagen system,
anaerobic glycolysis, and aerobic oxidative metabolism. The relative contribution of these systems
depends on exercise intensity, duration, and the athlete's training status.

The phosphagen (ATP-phosphocreatine) system predominates during explosive activities such as
sprinting, jumping, and weightlifting, providing immediate energy for approximately 6-10
seconds. As exercise continues, anaerobic glycolysis becomes the principal source of ATP
production by metabolizing muscle glycogen and blood glucose without requiring oxygen.
Although this pathway rapidly generates ATP, it also results in lactate accumulation, contributing
to muscular fatigue during high-intensity exercise. For prolonged activities lasting several minutes
to hours, aerobic metabolism becomes the dominant energy system, utilizing carbohydrates and
fats within mitochondria to produce ATP efficiently.

Nutrition plays a central role in supporting each of these metabolic pathways. Carbohydrates
maintain blood glucose concentrations and replenish muscle glycogen stores, proteins facilitate
muscle protein synthesis and tissue repair, while dietary fats provide sustained energy during
prolonged exercise and contribute to hormone synthesis and cellular function. Adequate intake of
vitamins, minerals, fluids, and electrolytes further supports enzymatic reactions, oxygen transport,
immune competence, neuromuscular coordination, and thermoregulation. Therefore, optimal
athletic performance depends on a balanced interaction between physiological adaptation and
evidence-based nutritional support.

In addition to supplying energy, appropriate nutrition enhances exercise-induced adaptations by
promoting mitochondrial biogenesis, improving glycogen storage, stimulating muscle protein
synthesis, reducing oxidative stress, and supporting immune function. These physiological
adaptations collectively improve endurance, muscular strength, recovery capacity, and overall
exercise performance while reducing the risk of illness and injury.

2.2 Energy Requirements of Athletes

Energy availability represents one of the most critical determinants of athletic performance and
health. It refers to the amount of dietary energy remaining after subtracting exercise energy
expenditure from total energy intake and is available to support essential physiological processes
such as cellular maintenance, endocrine function, immune regulation, thermoregulation, growth,
and reproduction. Maintaining adequate energy availability is fundamental for achieving optimal
performance while preserving long-term health.

Athletes generally require considerably greater energy intake than sedentary individuals because
of the increased metabolic demands associated with training, competition, recovery, and
physiological adaptation. Daily energy requirements vary according to numerous factors,
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including age, sex, body size, body composition, type of sport, training intensity, exercise duration,
environmental conditions, and individual performance goals. Endurance athletes participating in
activities such as marathon running, cycling, or cross-country skiing often require between 3,500
and 6,000 kcal per day during intensive training periods, whereas athletes participating in skill-
based sports may require comparatively lower energy intake.

One of the principal objectives of sports nutrition is to ensure that athletes maintain sufficient
energy availability throughout different phases of training and competition. Chronic energy
deficiency compromises athletic performance by reducing glycogen stores, impairing muscle
protein synthesis, suppressing immune function, altering hormonal regulation, decreasing bone
mineral density, and delaying recovery. Prolonged energy deficiency may also increase the risk of
fatigue, recurrent illness, overtraining syndrome, and stress fractures.

The concept of Relative Energy Deficiency in Sport (RED-S) has received increasing attention
in contemporary sports medicine. RED-S develops when prolonged low energy availability
adversely affects multiple physiological systems, including metabolism, endocrine function,
cardiovascular health, bone metabolism, reproductive health, immune competence, and
psychological well-being. Both male and female athletes participating in endurance, aesthetic,
weight-category, and team sports are susceptible to this condition. Early identification through
nutritional assessment and individualized dietary interventions is therefore essential for
maintaining athlete health and maximizing performance.

Recent evidence also emphasizes the importance of energy periodization, whereby caloric intake
is adjusted according to training intensity, competition schedules, recovery periods, and seasonal
demands. Matching dietary energy intake with fluctuating training loads enhances physiological
adaptation, improves recovery, minimizes fatigue, and reduces the likelihood of overtraining. This
individualized approach forms the foundation of contemporary sports nutrition practice.

Table 1. Major Factors Influencing Athletes' Energy Requirements

Factor Influence on Energy Needs

Age Growing adolescents require additional energy for growth and
g development.
Differences in body composition and hormonal profile influence

Sex )
metabolic rate.

Body Composition Greater lean muscle mass increases resting energy expenditure.

High-intensity exercise substantially increases carbohydrate utilization

Training Intensit .
g y and caloric demand.
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Factor Influence on Energy Needs
Duration of Exercise  Longer training sessions increase total energy expenditure.

Endurance sports require greater carbohydrate availability than technical

Type of Sport or skill-based sports.

Environmental

it Heat, humidity, and altitude incr nergy and fluid requirements.
Conditions eat, humidity, and altitude increase energy and fluid requirements

Weight reduction, muscle hypertrophy, or maintenance require different

Performance Goals e )
nutritional strategies.

Table 2. Approximate Daily Energy Requirements for Different Categories of Athletes

Estimated Daily Energy Intake

Sport Category (kcal/day) Primary Nutritional Focus

Endurance Sports 3,500-6,000 Glycogen maintenance and hydration

Strength and. Power 3,000-5,000 Muscle protein synthesis and recovery

Sports

Team Sports 2 800-4.500 !Balanced carbohydrate and protein
intake

Combat Sports 2,500-4,000 Weight management and recovery

Balanced energy intake and cognitive

Skill-Based Sports  2,200-3,500
performance

2.3 Practical Significance

An evidence-based nutritional strategy should be individualized rather than generalized. Regular
assessment of dietary intake, body composition, hydration status, training load, and biochemical
markers enables sports nutrition professionals to identify nutritional inadequacies before they
impair performance or health. Collaboration among sports dietitians, physicians, physiologists,
psychologists, and strength and conditioning specialists ensures comprehensive nutritional
management that supports both immediate competitive success and long-term athlete
development.
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3. Macronutrients in Sports Nutrition
3.1 Importance of Macronutrients in Athletic Performance

Macronutrients—carbohydrates, proteins, and fats—form the cornerstone of sports nutrition
because they provide the energy and structural components necessary for optimal physiological
function, exercise performance, recovery, and adaptation to training. Unlike sedentary individuals,
athletes experience substantially greater metabolic demands due to regular training, competition,
and recovery processes. Consequently, adequate intake and appropriate timing of macronutrient
consumption are essential for maintaining energy balance, preserving muscle mass, enhancing
exercise capacity, and reducing the risk of fatigue and injury.

Each macronutrient performs distinct physiological functions while working synergistically to
support athletic performance. Carbohydrates serve as the body's primary energy source during
moderate- and high-intensity exercise, proteins facilitate muscle protein synthesis and tissue repair,
and dietary fats provide sustained energy during prolonged exercise while supporting endocrine
and cellular functions. The proportions of these nutrients should be individualized according to the
athlete's age, sex, body composition, training intensity, sporting discipline, and performance
objectives.

3.2 Carbohydrates: The Primary Fuel for Exercise

Carbohydrates are widely recognized as the most important nutrient for athletes because they
provide readily available energy for skeletal muscle contraction. During digestion, carbohydrates
are converted into glucose, which is either utilized immediately to produce energy or stored as
glycogen in the liver and skeletal muscles. Muscle glycogen represents the principal fuel source
during moderate- and high-intensity exercise, whereas liver glycogen helps maintain blood glucose
concentrations during prolonged physical activity.

Depletion of glycogen stores is one of the major physiological causes of fatigue during endurance
events. Therefore, maintaining adequate carbohydrate availability before, during, and after
exercise is critical for sustaining performance and delaying exhaustion. Research consistently
demonstrates that athletes consuming sufficient carbohydrates exhibit improved endurance,
greater training capacity, enhanced cognitive performance, and faster recovery compared with
those following carbohydrate-restricted diets.

Carbohydrate requirements vary according to training volume and exercise intensity. Endurance
athletes generally require 6-12 g/kg body weight/day, whereas athletes involved in low-intensity
training may require 3-5 g/kg/day. During prolonged exercise exceeding 60-90 minutes,
carbohydrate intake of 30-90 g/hour, depending on exercise duration, is recommended to maintain
blood glucose levels and delay fatigue.
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Table 3. Recommended Daily Carbohydrate Intake

Training Load  Recommended Intake (g/kg Body Weight/Day)
Low intensity 3-5

Moderate training 5-7

Endurance training 6-10

Extreme endurance 8-12

3.3 Protein: Essential for Recovery and Adaptation

Protein plays a pivotal role in muscle repair, growth, recovery, immune function, enzyme
synthesis, hormone production, and adaptation to exercise. Resistance and endurance training
stimulate muscle protein turnover, making adequate dietary protein essential for maintaining
positive protein balance and supporting skeletal muscle remodeling.

Current evidence suggests that athletes generally require greater protein intake than non-athletic
individuals. Depending on the type of training, recommended protein intake ranges from 1.2 to
2.2 g/kg body weight/day. Athletes engaged in resistance training or muscle hypertrophy
programmes may benefit from intake toward the upper end of this range.

Protein quality is equally important. High-quality proteins containing all essential amino acids,
particularly leucine, effectively stimulate muscle protein synthesis. Animal-derived foods such as
milk, eggs, fish, poultry, and lean meat provide complete proteins, while appropriately combined
plant-based proteins can also meet athletes' nutritional requirements.

Recent research highlights the importance of protein distribution throughout the day, with
approximately 20-40 g of high-quality protein consumed every three to four hours maximizing
muscle protein synthesis. Post-exercise protein ingestion, especially when combined with
carbohydrates, accelerates muscle recovery and glycogen replenishment.

Table 4. Protein Recommendations for Athletes

Type of Athlete Recommended Protein Intake (g/kg/day)
Recreational athletes 1.2-1.4
Endurance athletes 1.2-1.6
Strength athletes 1.6-2.2

Athletes during weight loss 2.0-2.4
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3.4 Dietary Fats: Supporting Endurance and Overall Health

Although carbohydrates receive greater emphasis in sports nutrition, dietary fats remain
indispensable for maintaining health and supporting athletic performance. Fats provide
approximately 9 kcal/g, making them the most concentrated source of dietary energy. During
prolonged low- to moderate-intensity exercise, fatty acids become an increasingly important fuel
source, conserving glycogen stores and prolonging exercise duration.

Dietary fats also contribute to numerous physiological functions, including hormone synthesis,
cell membrane integrity, absorption of fat-soluble vitamins (A, D, E, and K), insulation, and
protection of internal organs. Essential fatty acids, particularly omega-3 fatty acids, possess anti-
inflammatory properties that may facilitate recovery and support cardiovascular health.

Sports nutrition guidelines generally recommend that 20-35% of total daily energy intake should
be derived from dietary fats, with emphasis on unsaturated fats obtained from nuts, seeds, fish,
olive oil, avocados, and other plant-based sources. Excessive consumption of saturated and trans
fats should be minimized due to their adverse effects on cardiovascular health.

3.5 Macronutrient Timing

In addition to the quantity of nutrients consumed, the timing of nutrient intake significantly
influences athletic performance and recovery. Strategic nutrient timing ensures optimal energy
availability during exercise and promotes efficient recovery afterward.

Pre-exercise Nutrition

Meals consumed 2—4 hours before exercise should be rich in carbohydrates, moderate in protein,
low in fat, and easily digestible. This approach maximizes glycogen stores while minimizing
gastrointestinal discomfort during exercise.

Nutrition During Exercise

During endurance activities lasting longer than one hour, athletes benefit from consuming
carbohydrates combined with fluids and electrolytes to maintain blood glucose concentrations and
hydration status.

Post-exercise Nutrition

The immediate post-exercise period represents a critical recovery window. Consuming 1.0-1.2
g/kg carbohydrates together with 20-40 g high-quality protein within two hours after exercise
accelerates glycogen restoration, stimulates muscle protein synthesis, and improves recovery.
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3.6 Practical Applications

Macronutrient recommendations should always be individualized according to the athlete's
sporting discipline, body composition, metabolic responses, training cycle, and performance
objectives. Regular nutritional assessment and consultation with qualified sports dietitians enable
the development of evidence-based dietary plans that maximize performance while maintaining
health. Contemporary sports nutrition increasingly integrates personalized nutrition, digital dietary
monitoring, and continuous physiological assessment to optimize macronutrient intake throughout
the competitive season.

Section Summary

Macronutrients constitute the foundation of evidence-based sports nutrition. Adequate
carbohydrate intake maintains glycogen stores and supports high-intensity exercise, protein
promotes muscle repair and physiological adaptation, while dietary fats provide sustained energy
and contribute to numerous regulatory functions. Together with appropriate nutrient timing,
individualized macronutrient strategies enhance performance, accelerate recovery, reduce injury
risk, and promote long-term athlete health.
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