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Abstract

The symbiotic relationship between nutrition and athletic performance has evolved from
general dietary advice into a sophisticated, evidence-based science. Optimal nutrition is now
recognized as a cornerstone of athletic preparation, directly influencing training adaptations,
performance outcomes, recovery, and injury risk. This review synthesizes current scientific
literature to provide a comprehensive framework for performance nutrition. It examines the
foundational concept of energy availability and provides detailed, evidence-based guidelines
for the strategic intake of macronutrients (carbohydrates, protein, and fat), tailored to varying
training demands. The critical role of hydration and the principles of nutrient timing are also
explored as key modulators of physiological function and recovery. By integrating
recommendations from leading sports science organizations, this paper argues that a
personalised, periodised, and food-first nutritional strategy is essential for any individual
seeking to maximise their physical potential, from the elite competitor to the dedicated

recreational exerciser.

1. Introduction

In the landscape of modern sport, the margins between success and failure are
increasingly narrow. While factors such as genetics, training methodology, and psychology are
pivotal, the science of nutrition has emerged as an indispensable component of athletic
excellence. The historical view of food simply as fuel has undergone a paradigm shift;
nutrition is now understood as a powerful tool that actively modulates physiological and
metabolic adaptations to training (Thomas et al., 2016). A well-formulated nutritional strategy
can enhance performance, expedite recovery, reduce the incidence of illness and injury, and
support the long-term health of an athlete. Conversely, a poor diet can negate the benefits of

even the most rigorous training programme.
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The purpose of this review is to synthesize the current evidence-based guidelines in
sports nutrition. It will move beyond simplistic dietary percentages to provide a nuanced
framework based on the foundational principles of energy availability, macronutrient
requirements, hydration, and nutrient timing. This paper aims to provide a clear, scientifically
grounded resource for understanding how strategic nutritional practices can underpin peak

athletic performance.

2. The Foundation: Energy Availability

Before examining specific nutrients, the most critical concept in performance nutrition
must be established: Energy Availability (EA). EA is defined as the amount of dietary energy
remaining for all physiological functions after accounting for the energy expended during
exercise (Mountjoy et al., 2018).

EA = (Energy Intake [kcal] - Exercise Energy Expenditure [kcal]) / Fat-Free Mass [kg]

When energy intake is insufficient to cover the costs of both training and normal bodily
functions, the body enters a state of Low Energy Availability (LEA). Chronic LEA can have
severe consequences, leading to a condition known as Relative Energy Deficiency in Sport
(RED-S), which impairs metabolic rate, menstrual function, bone health, immunity, protein
synthesis, and cardiovascular health (Mountjoy et al., 2018). Therefore, the primary goal of
any athletic diet is to ensure adequate energy availability to support both health and
performance. For most athletes, this means consuming sufficient calories to meet the high

demands of their sport.

3. Macronutrient Requirements for Performance

Macronutrients (carbohydrates, protein, and fat) provide the energy and structural
building blocks required for training and adaptation. Modern guidelines have moved away
from simple percentage-based recommendations towards a more precise approach based on
grams per kilogram (g/kg) of body weight, which allows for greater individualisation.
3.1. Carbohydrates: The Primary Performance Fuel

Carbohydrates are stored in the body as glycogen in the muscles and liver and serve as
the primary fuel source for moderate- to high-intensity exercise. Inadequate carbohydrate
intake leads to glycogen depletion, which is a direct cause of fatigue, reduced work capacity,
and impaired skill and concentration (Thomas et al., 2016).

The daily carbohydrate needs of an athlete are directly related to the intensity and

duration of their training. General recommendations are as follows:
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o Light-intensity training or skill-based activities: 3—5 g/kg/day

e Moderate-intensity training (approx. 1 hour/day): 5-7 g/kg/day

e High-intensity endurance training (1-3 hours/day): 6—10 g/kg/day

o Extreme high-intensity training (>4—5 hours/day): 8—12 g/kg/day
(Thomas, D. T., Erdman, K. A., & Burke, L. M., 2016).

Athletes should prioritise nutrient-dense, unrefined carbohydrates such as whole grains,
fruits, and vegetables to form the basis of their diet. The concept of carbohydrate
periodisation—strategically matching carbohydrate intake to the demands of specific training

days—is an advanced strategy used to maximise training adaptations.

3.2. Protein: The Architect of Repair and Adaptation

While carbohydrates provide the primary fuel for exercise, protein supplies the
essential amino acids that serve as the building blocks for muscle repair, remodelling, and
growth. Following a training session, particularly resistance exercise or intense endurance
work, muscle protein is broken down. The consumption of dietary protein stimulates muscle
protein synthesis (MPS), the process by which new muscle tissue is built. A net positive
protein balance—where MPS exceeds muscle protein breakdown—is essential for an athlete to
adapt to their training stimulus and grow stronger (Jager et al., 2017).

Protein also plays crucial roles in the synthesis of hormones, enzymes, and
haemoglobin, and can serve as a minor energy source during prolonged exercise when
glycogen stores are low.

The protein requirements for athletes are elevated compared to the general sedentary
population (0.8 g/kg/day). Recommendations are tailored to the type and intensity of activity:

e General recommendations for most athletes: A daily intake of 1.2-2.0 g/kg/day is
recommended to support metabolic adaptation, repair, and remodelling of muscle and
connective tissues (Thomas et al., 2016).

e Endurance athletes: Typically fall in the lower to middle end of this range (e.g., 1.2—
1.6 g/kg/day).

o Strength/power athletes: Require intake at the middle to upper end of this range (e.g.,
1.6-2.0 g/kg/day) to maximise gains in muscle mass and strength.

o Periods of intensified training or energy restriction: Protein needs may increase to
>2.0 g/kg/day to minimise the loss of lean body mass.

The timing and distribution of protein intake are as important as the total daily

amount. To maximise MPS throughout the day, athletes should aim to consume a moderate
dose of high-quality protein (approximately 20-40 grams, or 0.25-0.40 g/kg) evenly

distributed across 4—5 meals, including one post-exercise feeding and one prior to sleep (Jéger

Volume VII, Issue VI (June 2022) Page 146



@:) Cosmos Multidisciplinary Research E-Journal Online Available at www.cmrj.in

Recognized International Peer Reviewed Journal Impact Factor 4.94 ISSN No. 2456-1665

et al., 2017). High-quality protein sources, such as lean meats, poultry, fish, eggs, dairy, and
soy products, are rich in the essential amino acid leucine, which is a potent trigger for MPS.
3.3. Fat: The Essential Energy Reserve and Regulator

Dietary fat is a dense energy source, crucial for absorbing fat-soluble vitamins (A, D, E,
K), providing essential fatty acids (omega-3 and omega-6), and supporting the production of
hormones. During low- to moderate-intensity, long-duration exercise, fat becomes a primary
fuel source, helping to spare limited muscle glycogen stores. While past recommendations
often called for restrictive, low-fat diets, contemporary sports nutrition science recognises the
importance of adequate fat intake for both health and performance.

e General recommendations: Athletes should generally consume 20-35% of their
total daily energy intake from fat (Thomas et al., 2016). Consuming less than 20%
can negatively impact fat-soluble vitamin absorption and may compromise the intake of
essential fatty acids.

e Focus on quality: The emphasis should be on unsaturated fats found in sources like
avocados, nuts, seeds, and olive oil. Particular attention should be paid to omega-3 fatty
acids (found in oily fish, walnuts, and flaxseeds), which have anti-inflammatory
properties that may aid in recovery and support overall health (Heaton et al., 2017).

o High-fat, ketogenic diets: Recently, there has been considerable interest in high-fat,
low-carbohydrate (ketogenic) diets for endurance performance. The theory is that these
diets can enhance the body's ability to burn fat, thereby sparing glycogen. However,
current evidence indicates that while these diets do increase fat oxidation, they
simultaneously impair carbohydrate metabolism and the ability to perform at high
intensities. Consequently, they are not recommended for most athletes as they may
compromise performance during high-intensity periods of competition (Burke, 2015).

In summary, a balanced approach to macronutrient intake, periodised according to training

demands and individual goals, is fundamental to optimising athletic performance. The focus
should be on meeting precise g/kg targets for carbohydrates and protein, while ensuring

adequate intake of high-quality fats.

4. The Indispensable Role of Hydration

Water is arguably the most critical nutrient for athletic performance. Every metabolic
reaction in the body occurs in a water-based solution, and water is essential for
thermoregulation, nutrient transport, and joint lubrication. Even minor levels of dehydration
can significantly impair performance by increasing cardiovascular strain, altering metabolic
function, and degrading cognitive performance (McDermott et al., 2017).

A state of euhydration (normal body water content) is the goal for every athlete.

Dehydration, defined as a fluid deficit greater than 2% of body mass, has been consistently
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shown to impair aerobic exercise performance, particularly in warm environments. It reduces
blood volume, which forces the heart to work harder to deliver oxygen to working muscles
(increased heart rate), and diminishes the body's ability to dissipate heat, increasing the risk of
heat-related illness (Kenefick, 2018).
4.1. Practical Hydration Strategies

A proactive hydration plan is essential and should be implemented before, during, and
after exercise.

o Before Exercise: Athletes should aim to begin exercise in a euhydrated state. This is
achieved through regular fluid intake throughout the day. A practical recommendation
is to consume approximately 5—10 mL of fluid per kg of body weight in the 2—4 hours
prior to exercise to allow for sufficient absorption and excretion of any excess (Thomas
et al., 2016). Urine colour can be a useful, albeit imperfect, indicator; a pale yellow
colour is typically indicative of good hydration.

e During Exercise: The goal during exercise is to prevent excessive dehydration (>2%
body mass loss) and significant electrolyte imbalances. Fluid intake needs are highly
individualised, depending on sweat rate, exercise duration, and environmental
conditions. A general starting guideline is to consume 0.4—0.8 L/hour (approximately
150-250 mL every 15-20 minutes). For prolonged exercise (>60-90 minutes) or in
athletes with high sweat rates, a sports drink containing carbohydrates (6-8% solution)
and electrolytes (particularly sodium) is superior to water. Sodium helps to drive the
thirst mechanism, increase fluid absorption, and replace losses from sweat (McDermott
etal., 2017).

o After Exercise (Rehydration): The goal of post-exercise rehydration is to fully
replace any fluid and electrolyte deficits. A common recommendation is to consume
125-150% of the fluid deficit in the hours following exercise. For example, for every 1
kg of body weight lost during a session, the athlete should aim to consume 1.25-1.5 L
of fluid. Including sodium in rehydration fluids (either from a sports drink or food) is
crucial for retaining the ingested fluid.

5. Nutrient Timing: The Strategic Window of Opportunity

Nutrient timing involves the strategic consumption of nutrients in and around exercise
sessions to maximise performance, enhance recovery, and optimise training adaptations. While
the concept was once popularised as a rigid "anabolic window," current research suggests a
more flexible but still critically important approach (Aragon & Schoenfeld, 2013).

e Pre-Exercise Nutrition: Consuming a carbohydrate-rich meal 3-4 hours before
exercise can top off muscle and liver glycogen stores, ensuring adequate fuel
availability. If time is limited, a smaller, easily digestible carbohydrate snack 30-60
minutes prior can help to maintain blood glucose levels. Including a small amount of
protein in the pre-exercise meal may help to reduce muscle protein breakdown during
exercise.
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e During-Exercise Nutrition (Fuelling): For endurance or high-intensity exercise
lasting longer than 60-90 minutes, consuming carbohydrates is essential to maintain
blood glucose levels and spare muscle glycogen. The recommendation is to ingest 30—
60 grams of easily digestible carbohydrates per hour. For ultra-endurance events (>2.5
hours), this may increase to as much as 90 grams per hour, typically from a source that
provides multiple transportable carbohydrates (e.g., glucose and fructose) to maximise
absorption (Thomas et al., 2016).

o Post-Exercise Nutrition (The "3 Rs" of Recovery):

1. Refuel: To rapidly replenish muscle glycogen stores, it is recommended to
consume 1.0-1.2 g/kg/hour of carbohydrates for the first 4 hours post-
exercise. This is particularly critical for athletes with multiple training sessions
in a single day.

2. Repair: Consuming a high-quality protein source (20—40 grams or 0.25-0.40
g/kg) as soon as possible after exercise is key to stimulating muscle protein
synthesis and initiating the repair process.

3. Rehydrate: As discussed above, replacing fluid and electrolyte losses is a
primary recovery goal.

While the post-exercise "window" is more flexible than once thought, consuming a

combination of carbohydrates and protein soon after a strenuous session remains a highly
effective strategy to kick-start the recovery process and maximise training adaptations (Aragon

& Schoenfeld, 2013).

6. Dietary Supplements: An Evidence-Based Perspective

The sports supplement market is a multi-billion dollar industry, often driven by
marketing claims that far exceed scientific evidence. While athletes may seek a "magic bullet"
to enhance performance, it is crucial to approach supplementation with a critical, evidence-
based mindset. The foundational principle of sports nutrition is a "food-first" approach. No
supplement can compensate for a poorly planned diet or inadequate energy availability.
However, a select few supplements have demonstrated clear, scientifically validated benefits
for performance when used appropriately and in the right context. The International Olympic
Committee (IOC) and other leading sports science organizations classify supplements based on
their level of evidence (Maughan et al., 2018).
6.1. Supplements with Strong Evidence (Group A)

These supplements have consistently shown benefits in high-quality research and can
be used in specific, evidence-based protocols.

o Caffeine: A powerful central nervous system stimulant that can reduce the perception
of effort, decrease fatigue, and enhance performance in a wide range of endurance,
high-intensity, and team sports.
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e Creatine Monohydrate: One of the most studied supplements, creatine increases
intramuscular phosphocreatine stores, which enhances performance in repeated, short-
duration, high-intensity sprints and resistance training. It also facilitates gains in lean
muscle mass.

o Nitrate (e.g., from beetroot juice): Can improve exercise efficiency by reducing the
oxygen cost of submaximal exercise, which may enhance performance in endurance
events lasting from several minutes to over half an hour.

o Beta-Alanine: Acts as an intracellular buffer by increasing muscle carnosine levels.
This can delay the onset of fatigue during sustained, high-intensity exercise lasting
from approximately 1 to 10 minutes.

o Bicarbonate: An extracellular buffer that can enhance performance in similar high-
intensity events where metabolic acidosis is a limiting factor.

6.2. The Importance of Safety and Purity

The supplement industry is poorly regulated in many parts of the world. Contamination
of products with undeclared, prohibited substances is a significant risk that can lead to
inadvertent anti-doping rule violations. Athletes should only use supplements that have been
independently batch-tested for purity by a reputable third-party certification program (e.g.,
NSF Certified for Sport®, Informed-Sport) to minimize this risk (Maughan et al., 2018).

7. Conclusion: Principles of a World-Class Nutrition Strategy

The science of sports nutrition provides a clear roadmap for individuals seeking to
optimize their physical potential. The era of generic dietary advice has been replaced by a
sophisticated, evidence-based approach grounded in the principles of human physiology and
metabolism. This review has synthesized the cornerstones of a world-class nutrition strategy.
First and foremost, adequate energy availability must be ensured to support training demands
and preserve physiological health. Second, macronutrient intake should be periodised and
tailored to the individual, with precise g/kg/day targets for carbohydrates to fuel performance
and protein to facilitate repair and adaptation. Third, a proactive hydration strategy is non-
negotiable for maintaining performance and preventing heat-related illness. Finally, the
strategic timing of nutrients around exercise can further amplify recovery and training
adaptations.

Ultimately, a "food-first" philosophy should always prevail, with a select few evidence-
based supplements used only as a minor adjunct to a well-structured diet. A successful
performance nutrition plan is not static; it is a dynamic and personalised strategy that evolves

with an athlete's training, goals, and competitive calendar. By embracing these evidence-based
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principles, athletes at all levels can unlock their full performance potential and build a

foundation for long-term health and well-being.
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