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ABSTRACT

There is little agreement on the best nutritional strategy for optimising muscle and strength gains despite
a wide range of dietary habits that have been studied to improve both acute responses and long-term
adaptations to resistance training. The body's reaction to weight training is greatly influenced by proper
diet. While carbohydrates give you energy for your workouts and help you restore your glycogen levels,
protein is essential for both muscle growth and repair. Micronutrients, such as vitamins and minerals, are
also necessary for a number of body processes associated with physical activity. All things considered, a
well-balanced diet that includes enough calories, protein, carbs, and healthy fats promotes muscle
recovery, lessens discomfort, and improves performance when lifting weights. Through a number of
mechanisms involving nutrient availability and uptake into tissues, hormonal secretion and interactions
with receptors on target tissues, and gene transcription and translation of proteins that ultimately affect
protein, carbohydrate, and lipid metabolism, manipulation of exercise and nutritional variables can change
events that impact adaptations to training. If the nutrition-mediated post resistance exercise alteration in
any of these processes is of sufficient magnitude and duration, then over time an influence of muscle size,
strength, and body composition is possible. However, the physiological changes generated by exercise and
a modified diet also have the capacity to alter the efficacy and toxicity of various medications, largely by
affecting diverse pharmacokinetic pathways. Most studies to date have focused on giving carbohydrates
either by themselves or in combination with protein either before or after resistance training. Consuming
carbohydrates and proteins has a substantial impact on the hormonal environment (i.e., insulin,
testosterone, growth hormone, and cortisol), circulating metabolites, and the reaction of muscle protein
and glycogen balance. To help integrate research findings from the existing body of literature and future
studies looking at different diet and resistance exercise configurations, the pathway of adaptation is
suggested as a model.
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INTRODUCTION

Pharmacological therapy of several different diseases is an important measure for health care
systems to reduce mortality and morbidity and to increase the quality of life for patients. A key
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prerequisite for successful therapy is the efficacy and safety of the drugs used. These parameters
are tested in large clinical trials before new drugs are approved. Although this is an accepted
process and works well, it has to be taken into account that several factors may alter the drugs’
characteristics when used in the general population and lead to pharmacological plasticity [1].
Mutations in the drug target, leading to changes in protein expression or resistance mechanisms
are one of these factors. This is the case, for instance, with G-protein coupled receptors (GPCRs)
which are widespread drug targets and frequently show mutations [2]. Mutations can be brought
on by the drugs themselves, as in chemotherapy, or they can be brought on by the drug changing
the organism [3]. The result, in both cases, is modulation of the patient’s drug response. Drugs'
efficacy may also be affected by lifestyle changes. Aging, smoking, physical activity as well as
the composition of an individual’s diet and body mass index induce mechanisms which modulate
the pharmacokinetics and pharmacodynamics of drugs . A healthy diet and exercise are often
suggested as beneficial approaches to avoid or cure several diseases. This assumption has been
proven in the therapy of type 2 diabetes mellitus, dyslipidemia or cardiovascular disturbances [8].
However, basic therapy consisting of a modified diet and physical activity is often insufficient to
produce a satisfying therapeutic outcome, particularly in elderly patients or those with chronic
conditions. Therefore, patients are often placed under additional drug therapy. Since, as mentioned
above, exercise and diet are able to modify drug responses, the combination of basic and
pharmacological therapy might cause mutual interference, leading to exercise—drug or diet-drug
interactions which are similar to drug—drug interactions. Several studies have shown that diet and
body composition as well as exercise are lifestyle components that can influence many components
of drug metabolism and efficacy [5]. Patients are often not aware of the potential risk factors,
which are particularly important if drugs with a narrow therapeutic range are used. In this review,
we will summarize effects of diet, nutritional state and exercise on the pharmacological plasticity
of drugs and will discuss their clinical significance.

Strategic use of dietary supplements has gained prominence in the weightlifting world. Creatine
supplementation is one of the most extensively researched ergogenic aids recognized for its ability
to increase intramuscular phosphocreatine stores, which enhance power output during short-
duration, high-intensity activities [4,5]. Similarly, beta-alanine is widely used to buffer muscle
acidity during repeated high-intensity efforts, thereby delaying the onset of muscle fatigue [6,7].
Although the benefits of supplements are well-supported, issues, such as long-term safety and
variability in individual responses, must be carefully considered [8,9]. Hydration and
micronutrient balance are critical for optimal performance and recovery, particularly under
challenging environmental conditions. Electrolyte imbalance and dehydration can negatively
affect neuromuscular function, making individualized hydration strategies essential [8].
Moreover, micronutrients, such as magnesium and vitamin D, support neuromuscular health and

mitigate stress responses, which are critical for maintaining both physical and psychological
performance under the pressure of elite competition [2].
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The future of sports nutrition lies in personalized nutrition approaches. Advances in genomics
and metabolomics allow tailored nutritional interventions to address the unique metabolic needs
of each athlete. This shift towards individualized care and optimizing nutrients according to
genetic profiles and training demands represents a key area in sports science that can enhance both
training adaptations and competitive performance. While the text refers to Goethe's back
problems, it doesn't directly address how his body reacted to weight training. However, it does
mention that he suffered from back pain for many years despite his upright posture. It is essential
to keep in mind that weight training can have both positive and negative effects on the body, and
that every person will react differently.

POSSIBLE EFFECTS OF WEIGHT TRAINING ON THE BODY

Greater strength and muscle mass: Weight training promotes the synthesis of muscle
proteins, which eventually results in greater strength and muscular growth.

Increased bone density: By increasing bone density, weight-bearing activities such as weight
training can lower the risk of osteoporosis.

Increased metabolism: By increasing metabolism, weight training can help the body burn
more calories when at rest.

Enhanced energy and mood: Exercise, especially weight training, releases endorphins, which
have an uplifting and pain-relieving impact. By expanding the mitochondria in muscle cells, it
can also raise energy levels.

Risk of injury: Strains, sprains, and other ailments can result from improper form or carrying
too much weight.

RECENT TRENDS IN EXERCISE NUTRITIONAL RESEARCH

In recent years, interest in personalized nutrition has grown significantly in sports science and
nutrition. Tailored nutritional strategies that consider an athlete’s physiological characteristics,

genetic profile, and metabolic state are now recognized as critical factors for improving
performance, particularly in sports that require explosive power, such as weightlifting [4].
Traditional ’generalized’ nutritional approaches fail to sufficiently account for individual
differences, and recent research suggests the need for a more personalized approach based on the
specific demands of each sport and the genetic and physiological needs of each individual [2].

Advanced technologies, such as next-generation sequencing (NGS), have driven the progress of
genomic research, opening new possibilities for designing nutritional strategies tailored to the
genetic traits of each weightlifter [5]. By understanding how specific genes influence protein
metabolism, carbohydrate storage, and fat metabolism, it is possible to propose optimal nutrient
ratios and timings based on the genetic characteristics of each athlete. For instance, as certain
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genetic variants significantly affect carbohydrate metabolism, personalized carbohydrate intake
strategies that consider these variations can greatly contribute to performance enhancement [5].

Additionally, rapid advancements in metabolomics research have provided tools for precisely
analyzing the metabolic changes that occur during and after exercise [8,9]. Metabolomics allows
the scientific assessment of an athlete’s metabolic state, including muscle recovery, fatigue
accumulation, and nutrient needs, which are critical for establishing optimal nutritional
management strategies [9]. This study enables data-driven precision nutrition and offers
methodologies to provide personalized nutrition to athletes based on their training intensity and
recovery processes. For example, post-exercise metabolite analysis can help in the assessment of
muscle damage or glycogen depletion and, based on these insights, can aid in the design of
nutritional strategies to optimize recovery [10].

Furthermore, these recent studies go beyond simply recommending nutrient intake. They consider

intricate details, such as nutrient interactions, timing of intake, and changes in nutritional
requirements before and after exercise. This comprehensive approach allows for the development
of sophisticated nutritional strategies that maximize performance and promote the rapid recovery
of weightlifters, offering a data-driven nutritional management strategy [5]. This is evidence that
modern sports nutrition is becoming increasingly precise, and such an approach is essential in
high-intensity sports, such as weightlifting [3].

MAJOR NUTRIENTS

Carbohydrates

Carbohydrates are the primary energy source for weightlifters. Carbohydrates are stored as
glycogen in the muscles and liver and rapidly supply energy during high-intensity training.
Glycogen is the most important energy source during high-intensity anaerobic exercise, and

glycogen depletion in muscles is one of the main factors limiting exercise performance [7].

Typically, weightlifters who perform high-intensity exercise should aim for approximately 55—
60% (3-5 g/kg body weight) of their daily caloric intake from carbohydrates to optimize glycogen
storage [4].

In particular, consuming carbohydrates before training increases muscle glycogen and stores and
delays fatigue during training, whereas post-training carbohydrate intake rapidly replenishes
depleted glycogen, reduces muscle damage, and enhances recovery speed [9]. Research has shown
that consuming high-glycemic carbohydrates immediately after training accelerates glycogen
resynthesis and glycogen recovery within 24 h post-training [9].

The digestion rate should also be considered when consuming carbohydrates. Fast-digesting,
high-glycemic foods (e.g., fruits and sports drinks) are effective in rapidly replenishing muscle
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glycogen immediately after training. In contrast, slow-digesting complex carbohydrates (e.g.,
whole grains and high-fiber foods) are advantageous for providing sustained energy before training

[4].
Protein

Protein is an essential nutrient for muscle recovery and growth, and adequate protein intake is
crucial for optimizing strength development in weightlifters [4]. Studies have suggested that
weightlifters should consume 1.6-2.2 g of protein per kilogram of body weight for optimal muscle
synthesis and recovery [3-6]. In particular, protein consumption immediately after training
maximizes MPS, facilitating rapid recovery from muscle damage [4].

Whey protein is considered an ideal post-training supplement because of its rapid absorption.
Research has indicated that consuming 20-30 g of whey protein after training promotes muscle
synthesis and positively affects strength development [4]. Additionally, the intake of branched-
chain amino acids (BCAAs) is important. BCAAs consist of leucine, isoleucine, and valine, which
are highly effective in promoting muscle recovery and reducing fatigue. BCAAs are particularly
effective in aiding muscle damage recovery and reducing fatigue because they are rapidly absorbed
after training to accelerate muscle recovery [4-5].

Furthermore, recent research has suggested that there may not be an upper limit to the anabolic
response to protein ingestion during recovery from exercise. The body’s anabolic response to
protein ingestion, both in terms of magnitude and duration, may continue to increase with higher

protein doses, especially during the recovery period following exercise [5]. This finding
challenges previous assumptions regarding protein intake caps and highlights the importance of
continuous protein consumption during extended recovery periods for optimal muscle protein
synthesis [6]. Total daily protein intake was the most important factor.

Fat

Although fat plays a less significant role in high-intensity exercises, such as weightlifting, it is
still important as a long-term energy source. Fat plays a key role in energy storage and hormone
production and is essential for providing the energy needed for recovery after training [4].
Unsaturated fatty acids reduce inflammation and promote muscle recovery. For example, omega-
3 fatty acids exhibit anti-inflammatory properties, promote muscle recovery after exercise, and
support nervous system function [5].

It is recommended that fat intake should account for 30-40% of the total caloric intake for
weightlifters, providing the necessary energy for body maintenance and recovery [6]. However,
consuming large amounts of fat immediately before or after training is not ideal because of the
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slow digestion rate. It is preferable to focus on consuming unsaturated fats instead of saturated
fats as this helps reduce long-term inflammation in the body and contributes to overall health [5].

NUTRIENT TIMING STRATEGIES

Nutrient timing plays a crucial role in optimizing the performance of weightlifters. By
appropriately supplying nutrients before, during, and after training, athletes can maximize their
strength development, recovery, and fatigue reduction [4]. The traditional theory of sports
nutrition holds that the amount and timing of a person's nutrient intake have a significant impact
on their athletic performance [9]. Additionally, the right timing can improve muscle recovery and
protein synthesis. Timed intake of carbohydrates and proteins plays a key role in glycogen
recovery and muscle damage repair.

Pretraining

Pretraining nutrient intake focuses on optimizing muscle glycogen stores and ensuring sufficient
energy for high-intensity training [4,5]. Research suggests that consuming a high-carbohydrate
meal 2-3 h before training is ideal, with easily digestible and fast-absorbing foods preferable [4,6].
For example, fluid-, gel-, and bar-type foods, as well as whole grains and fruits (e.g., smoothies),
can help stabilize blood sugar levels and glycogen stores before training [6].

If glycogen stores are not optimized, fatigue may occur quickly during training, thereby reducing

performance capacity. Before training, Storey and Smith (2012) emphasized the importance of
eating enough carbohydrates [6]. Additionally, proper hydration before training is critical, and
consumption of electrolyte drinks can help maintain electrolyte balance and prevent fluid loss
during training [6].

Lack of Research on Female Weightlifters

Most nutritional research has been conducted on male athletes, whereas studies on female athletes
remain relatively scarce. In particular, there is a lack of research analyzing the impact of nutrient
intake and training on the hormonal cycles of female weightlifters. The relationship between the
menstrual cycle and athletic performance in female athletes and reported that appropriate nutrient
supplementation during specific phases of the menstrual cycle can help reduce fatigue and injury
risk [9]. However, these studies were conducted on general athletes, and research specifically

targeting female weightlifters is limited. Future studies should focus on sex-specific differences
in nutritional strategies, with an emphasis on the influence of menstrual cycles on the performance,
training, and recovery of female weightlifters.

Hormonal fluctuations across the menstrual cycle significantly affect nutrient metabolism and
muscle recovery. Elevated progesterone levels decrease insulin sensitivity during the luteal phase,
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necessitating individualized carbohydrate intake [11]. Additionally, during the follicular phase,
elevated estrogen levels increase lipid oxidation, which may have an impact on endurance
performance and recovery [12]. These insights underscore the need for phase-specific nutritional
strategies to optimize training and recovery.

To address these challenges, personalized training regimens tailored to the menstrual cycle are
essential. the early follicular phase, low-intensity training could promote recovery, while higher-
intensity training may be emphasized post-ovulation, when estrogen levels peak [99]. Such
adjustments could help mitigate fatigue and strength declines linked to hormonal fluctuations,
which are particularly significant for female weightlifters relying on high-intensity strength output.

Future research should investigate the complex relationship between hormonal fluctuations,
nutrient metabolism, and muscle recovery in female weightlifters. Comprehensive studies that
incorporate key performance determinants are necessary to develop evidence-based strategies,
enabling female athletes to overcome hormonal challenges and achieve optimal performance.

CONCLUSIONS

Good nutrition can enhance sporting performance. A well-planned, nutritious diet should meet
most of an athlete's vitamin and mineral needs, and provide enough protein to promote muscle
growth and repair. Foods rich in unrefined carbohydrates, like wholegrain breads and cereals,
should form the basis of the diet. Nutrition significantly impacts Goethe's body by affecting
physical health, cognitive function, and potentially influencing his creative output and overall
well-being, as suggested by his own writings and modern nutritional science. A balanced diet can
lead to a stronger body, improved cognitive function, and a greater capacity for creative work,
while poor nutrition can lead to various health issues and hinder these aspects. This study analyzed
the importance of nutritional strategies in enhancing the performance of weightlifters.
Weightlifting is a high-intensity sport that requires explosive power within a short period, and
nutritional management plays a crucial role in performance and recovery. Appropriate intake of
carbohydrates, proteins, and fats is essential for energy supply, muscle recovery, and fatigue
reduction. Notably, the importance of nutrient timing is also highlighted. Sufficient glycogen
storage before training and intake of proteins and carbohydrates after training were found to be
critical factors in maximizing muscle resynthesis and fatigue recovery. In conclusion, sustainable
nutritional management strategies are necessary to enhance weightlifter performance. Rather than
prioritizing short-term gains through extreme diets or excessive reliance on supplements, it is
crucial to adopt a balanced nutritional approach coupled with systematic management for long-
term performance maintenance. The nutritional strategies outlined in this review were derived
from a comprehensive synthesis of various research findings, highlighting their potential
applicability to weightlifters.
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