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ABSTRACT 

Dietary protein plays a key role in training adaptations and body composition regulation, yet recommendations regarding 
optimal daily protein intake remain inconsistent. The aim of this review was to evaluate current evidence on optimal daily 
protein intake in athletes and resistance-trained individuals, with particular focus on increasing muscle mass, reducing fat 
mass, and body recomposition. The review was based on original studies, crossover trials, systematic reviews, meta-analyses, 
and expert position statements published within the last 15 years and available in PubMed. Studies assessing protein intake 
under conditions of energy balance, caloric surplus, and energy deficit were included, as well as publications addressing the 
distribution of protein intake throughout the day, protein source quality, and the long-term safety of high-protein diets. 
Available data indicate that protein intake should be tailored to the body composition goal. During muscle mass building, 
approximately 1.6–2.2 g/kg body mass/day appears sufficient to support hypertrophic adaptations and increase lean body 
mass. Higher intake usually does not provide clear additional anabolic benefits. During fat mass reduction, 1.8–2.4 g/kg 
body mass/day may more effectively limit muscle mass loss, maintain exercise capacity, and promote favorable body 
composition changes. For body recomposition, the range of 1.6–2.4 g/kg body mass/day appears most justified, particularly 
when combined with resistance training and controlled energy intake. Very high protein intake (>3 g/kg body mass/day) 
may additionally support fat mass reduction and improvement in body composition, but usually does not lead to distinctly 
greater muscle gains than moderately high intake. Protein intake in athletes should therefore be individualized according to 
the body composition goal and dietary energy conditions. 
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Introduction 

Protein is a fundamental macronutrient essential for the proper functioning of the human body. It 

performs a structural role, participates in the synthesis of enzymes, hormones, transport proteins, and 

components of the immune system, and also plays an important role in maintaining homeostasis, tissue 

regeneration, and remodeling of body structures. It is of particular importance in relation to skeletal muscles, 

as it underpins the processes of repair, renewal, and adaptation to exercise that occur in response to 

physiological loading (Elango et al., 2010; Humayun et al., 2007; Rand et al., 2003; Trumbo et al., 2002). 

In healthy individuals who do not engage in regular physical activity, recommended protein intake is 

primarily intended to prevent deficiency and maintain nitrogen balance. Classical nutritional standards define 

the basic requirement at approximately 0.8 g/kg body weight/day, although some more recent analyses suggest 

that actual metabolic needs may be slightly higher in certain populations. Not only the total amount of protein 

consumed during the day is important, but also its quality, digestibility, essential amino acid content, 

particularly leucine, and the way in which protein intake is distributed throughout the day (Elango et al., 2010; 

Humayun et al., 2007; Rand et al., 2003; Trumbo et al., 2002; Weiler et al., 2023). 

In physically active individuals and athletes, protein requirements are higher due to increased whole-

body protein turnover, the need for post-exercise recovery, and the support of training adaptations. 

Contemporary expert position stands and interventional studies indicate that the traditional ranges 

recommended for the general population may be insufficient during periods aimed at improving body 

composition. This applies particularly to muscle mass gain, fat loss, and body recomposition, in which 

adequate protein intake constitutes one of the key elements of nutritional strategy (Aragon et al., 2017; 

Campbell et al., 2007; Hector & Phillips, 2018; Helms et al., 2014; Phillips & Van Loon, 2011; Thomas et al., 

2016). 
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Despite the growing number of studies, it has still not been clearly established what daily protein intake 

is optimal depending on physique-related goals and energy conditions. The rationale for the use of very high 

protein doses, the importance of energy balance, and the role of protein distribution throughout the day all 

remain subjects of discussion. Therefore, the aim of this review is to provide a structured presentation of the 

current evidence regarding optimal daily protein intake in athletes and resistance-trained individuals, with 

particular emphasis on muscle mass gain, fat loss, and body recomposition (Antonio et al., 2024; Aragon et 

al., 2017; Gomaa et al., 2022; Hector & Phillips, 2018; Hiroux et al., 2022; Longland et al., 2016). 

 

Muscle mass gain 

During periods focused on increasing muscle mass, adequate protein intake represents one of the basic 

elements supporting hypertrophic adaptations and increases in lean body mass. Previous studies indicate that 

in physically active and resistance-trained individuals, protein intake clearly exceeding the level recommended 

for the general population promotes greater stimulation of muscle protein synthesis and improves the effects 

of resistance training (Campbell et al., 2007; Cermak et al., 2012; Phillips & Van Loon, 2011). 

Available data suggest that under conditions of a positive or at least neutral energy balance, optimal 

protein intake during a muscle gain phase falls within the range of approximately 1.6–2.2 g/kg body weight/day. 

Within this range, the most favorable conditions for supporting muscular hypertrophy are observed, whereas 
further increases in protein intake above this level rarely lead to clearly greater gains in lean body mass 

(Antonio et al., 2014; Antonio et al., 2015; Bagheri et al., 2023; Cermak et al., 2012; Phillips & Van Loon, 

2011). 

Interventional studies conducted in resistance-trained individuals have shown that very high protein 

intake may be well tolerated; however, no clear additional benefits have been demonstrated compared with a 

moderately high intake. In some studies, greater protein intake was associated rather with a more favorable 

effect on fat loss than with a significantly greater increase in muscle mass. This suggests that once a certain 

threshold is exceeded, further increases in protein intake do not translate into proportionally greater 

hypertrophic effects (Antonio et al., 2014; Antonio et al., 2015; Antonio, Ellerbroek, Silver, Vargas, & Peacock, 

2016; Antonio, Ellerbroek, Silver, Vargas, Tamayo, et al., 2016). 

During a muscle gain phase, high protein intake alone is not sufficient if it is not accompanied by 

appropriate energy availability and a properly programmed resistance training regimen. Energy surplus, 

adequate training volume, and regular muscular stimulation remain key conditions for effective muscle mass 

gain, whereas protein plays a supportive role and enables an optimal adaptive response (Antonio et al., 2015; 

Garthe et al., 2011; Phillips & Van Loon, 2011; Thomas et al., 2016). 

 

Fat loss 

During periods of fat loss, adequate protein intake plays a particularly important role because an energy 

deficit increases the risk of losing lean body mass and contributes to impaired exercise capacity. Under such 

conditions, higher protein intake may help preserve muscle mass, enhance satiety, and promote more favorable 

changes in body composition (Hiroux et al., 2022; Longland et al., 2016; Mettler et al., 2010; Pasiakos et al., 

2013). 

The literature indicates that during a negative energy balance, protein intake should be higher than 

during a muscle gain phase. In most publications, the most justified range lies between 1.8 and 2.4 g/kg body 

weight/day, although in some situations these values may be even higher, especially in individuals with low 

body fat levels or under a deeper energy deficit (Hector & Phillips, 2018; Helms et al., 2014; Mettler et al., 

2010; Ogilvie et al., 2022; Pasiakos et al., 2013). 

Interventional studies have shown that higher protein intake during body mass reduction more 

effectively limits the loss of lean body mass compared with diets containing a moderate or low amount of 

protein. Additionally, greater fat loss and better maintenance of exercise capacity have been observed, 

particularly in physically active and resistance-trained individuals. This suggests that adequately high protein 

intake is an important component of protecting muscle mass under conditions of energy deficit (Hiroux et al., 

2022; Longland et al., 2016; Mettler et al., 2010; Ogilvie et al., 2022; Pasiakos et al., 2013). 

The magnitude of the energy deficit is also important. The greater the reduction in energy intake, the 

greater the risk of muscle mass loss, which justifies shifting protein intake toward the upper end of the 

recommended range. In resistance-trained individuals using a more aggressive fat loss strategy, higher protein 

intake may therefore be particularly beneficial for maintaining training quality, recovery, and the preservation 

of lean body mass (Hector & Phillips, 2018; Helms et al., 2014; Mettler et al., 2010; Pasiakos et al., 2013). 
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Body recomposition 

Body recomposition refers to the simultaneous reduction of fat mass and the maintenance or increase of 

muscle mass. It is a more complex goal than fat loss or muscle gain alone because it requires the combination 

of processes that, in metabolic practice, often occur under different energy conditions (Hector & Phillips, 2018; 

Longland et al., 2016; Nunes et al., 2022). 

Available studies indicate that under conditions of body recomposition, adequate protein intake is of 

particular importance for the protection of lean body mass and the support of training adaptations. The range 

most commonly considered justified is approximately 1.6–2.4 g/kg body weight/day, especially when body 

recomposition is conducted alongside regular resistance training (Bagheri et al., 2023; Hector & Phillips, 2018; 

Longland et al., 2016; Nunes et al., 2022). 

Achieving body recomposition appears to be most realistic in beginners, individuals returning to training 

after a break, and those with a higher initial body fat level. In these groups, appropriately selected training and 

protein intake may promote simultaneous improvement in body composition, even without a clear energy 

surplus. In more highly trained individuals, achieving such an effect tends to be more difficult and usually 

requires better control of both energy intake and total protein intake (Garthe et al., 2011; Longland et al., 2016; 

Nunes et al., 2022). 

Available data also suggest that, under conditions of body recomposition, the benefits of higher protein 
intake arise mainly from better protection of muscle mass and enhanced recovery rather than from a clearly 

faster rate of muscle gain. For this reason, appropriately high protein intake should be regarded as one of the 

basic elements of a nutritional strategy aimed at improving body composition (Bagheri et al., 2023; Hector & 

Phillips, 2018; Nunes et al., 2022). 

 

Factors modifying the effectiveness of protein intake: distribution throughout the day and source 

quality 

Total daily protein intake remains the most important factor determining the effectiveness of a 

nutritional strategy. However, the distribution of protein intake throughout the day and the quality of selected 

protein sources are also of considerable importance. The literature indicates that an even distribution of protein 

intake across several meals may promote stimulation of muscle protein synthesis compared with an uneven 

intake pattern, especially when most of the protein is consumed in a single meal (Campbell et al., 2007; Hector 

& Phillips, 2018; Phillips & Van Loon, 2011; Weiler et al., 2023). 

An intake of approximately 0.25–0.40 g protein/kg body weight per meal is most commonly 

recommended, usually every 3–4 hours, which helps maintain a regular availability of amino acids and 

supports recovery and adaptive processes. Protein intake in the peri-workout period may also be relevant; 

however, available data suggest that when total daily protein intake is sufficiently high, the role of timing itself 

is smaller than previously assumed (Campbell et al., 2007; Phillips & Van Loon, 2011; Weiler et al., 2023). 

Another important issue is the quality of protein sources. Proteins characterized by good digestibility 

and a high content of essential amino acids, especially leucine, appear to support muscle protein synthesis 

more effectively. This mainly concerns animal-based sources such as whey, dairy products, eggs, and meat. A 

properly planned diet based on plant sources may also meet protein requirements, provided that the lower 

content of some amino acids and their reduced digestibility are taken into account (Campbell et al., 2007; 

Phillips & Van Loon, 2011; Thomas et al., 2016; Weiler et al., 2023). 

This means that, when evaluating optimal daily protein intake, one should not rely solely on its total 

amount. The distribution of protein intake throughout the day and the selection of protein sources are also 

important. These factors may influence the efficiency of protein utilization during muscle gain, fat loss, and 

body recomposition (Campbell et al., 2007; Hector & Phillips, 2018; Phillips & Van Loon, 2011; Weiler et al., 

2023). 

 

Safety of high-protein diets 

The safety of high-protein diets remains one of the most frequently discussed issues in the context of 

sports nutrition. Concerns primarily relate to the potential adverse effects of excessive protein intake on kidney 

function, liver function, water-electrolyte balance, and bone metabolism. Available data nevertheless indicate 

that in healthy, physically active individuals, higher protein intake, including intake exceeding 2.0 g/kg body 

weight/day, is generally well tolerated (Antonio et al., 2014; Antonio et al., 2015; Antonio, Ellerbroek, Silver, 

Vargas, & Peacock, 2016; Antonio, Ellerbroek, Silver, Vargas, Tamayo, et al., 2016; Antonio et al., 2024). 
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Studies conducted in resistance-trained individuals have not shown that high-protein diets used for 

periods ranging from several weeks to one year lead to significant deterioration in kidney or liver function. 

There is also no clear evidence of an adverse effect of such protein intake on bone mineral density in healthy 

individuals (Antonio et al., 2014; Antonio, Ellerbroek, Silver, Vargas, & Peacock, 2016; Antonio, Ellerbroek, 

Silver, Vargas, Tamayo, et al., 2016; Antonio et al., 2024). 

Doubts concerning the safety of such diets often arise from extrapolating observations from clinical 

populations with pre-existing impairment of the above-mentioned organs to healthy individuals. It should be 

emphasized that in individuals with pre-existing kidney disease, liver disease, or other metabolic disorders, 

high protein intake may require individualized assessment and greater caution. In athlete populations without 

significant health burdens, current data do not confirm that a high-protein diet per se constitutes a risk factor 

for kidney or liver damage (Antonio, Ellerbroek, Silver, Vargas, & Peacock, 2016; Antonio, Ellerbroek, Silver, 

Vargas, Tamayo, et al., 2016; Antonio et al., 2024; Franzke et al., 2025). 

Adequate hydration and overall diet quality are also important elements. High protein intake should not 

be considered in isolation from total energy intake, fluid consumption, and the intake of other nutrients. 

Available data indicate that, in the context of a properly balanced diet and the absence of clinical 

contraindications, the use of high protein intake in healthy athletes may be regarded as a relatively safe strategy. 

Monitoring of basic laboratory parameters remains justified in individuals following such strategies over a 
longer period of time (Antonio et al., 2015; Antonio, Ellerbroek, Silver, Vargas, & Peacock, 2016; Antonio, 

Ellerbroek, Silver, Vargas, Tamayo, et al., 2016; Antonio et al., 2024). 

 

Conclusions 

Based on the conducted literature review, it can be concluded that optimal daily protein intake in 

physically active individuals and athletes should be tailored to the training goal and energy conditions. During 

a muscle gain phase, the most justified range appears to be approximately 1.6–2.2 g/kg body weight/day, 

whereas under conditions of fat loss and body recomposition, an intake of 1.8–2.4 g/kg body weight/day may 

be more beneficial (Antonio et al., 2014; Antonio et al., 2015; Bagheri et al., 2023; Cermak et al., 2012; Hector 

& Phillips, 2018; Helms et al., 2014; Hiroux et al., 2022; Longland et al., 2016; Mettler et al., 2010; Ogilvie 

et al., 2022; Pasiakos et al., 2013; Phillips & Van Loon, 2011). 

Available studies do not clearly confirm that routinely exceeding these values leads to significantly 

greater increases in muscle mass. Very high protein intake may contribute to improvements in body 

composition, especially under conditions of energy deficit (Antonio et al., 2014; Antonio et al., 2015; Antonio, 

Ellerbroek, Silver, Vargas, & Peacock, 2016; Antonio, Ellerbroek, Silver, Vargas, Tamayo, et al., 2016; 

Antonio et al., 2024; Bagheri et al., 2023; Hector & Phillips, 2018). 

The effectiveness of achieving a given physique-related goal is determined not only by total daily protein 

intake but also by the distribution of protein intake throughout the day and the quality of protein sources. An 

even distribution of protein across several meals and the selection of products with a high content of essential 

amino acids may contribute to more efficient utilization of protein in recovery and adaptive processes 

(Campbell et al., 2007; Hector & Phillips, 2018; Phillips & Van Loon, 2011; Thomas et al., 2016; Weiler et 

al., 2023). 

In healthy, physically active individuals, the use of high-protein diets appears to be generally safe; 

however, in those with pre-existing impairment of kidney function, liver function, or other metabolic disorders, 

individualized clinical assessment is required. Further studies involving women, endurance athletes, and long-

term interventions are needed to more precisely determine optimal protein intake in different trained 

populations (Antonio, Ellerbroek, Silver, Vargas, & Peacock, 2016; Antonio, Ellerbroek, Silver, Vargas, 

Tamayo, et al., 2016; Antonio et al., 2024; Franzke et al., 2025; Garthe et al., 2011; Hector & Phillips, 2018). 
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