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Abstract 

Introduction 

Weight loss practices are commonly used by athletes who perceive lower levels of body fat and 

higher fat-free mass (FFM) as advantageous for physical performance. High protein diets have 

been associated with greater fat loss and greater retention of lean mass during periods of energy 

restriction (ER) in individuals with obesity. However, less is known about the effects of high 

protein diets in trained individuals during ER. It has been proposed that leaner individuals are more 

at risk of losing FFM during ER than individuals with overweight. The current ACSM 

recommendation for protein intake in active individuals is 1.2-1.7g/kg. However, it is unclear 

whether higher intakes are necessary to maximize FFM retention and maximize physical 

performance in athletes undergoing periods of ER.   

Objective 

Our primary objective was to determine whether high protein intakes could maximize FFM 

retention in trained individuals during periods of ER. We also aimed to determine whether higher 

protein intakes are superior at maintaining physical performance. Lastly, we aimed to determine 

whether high protein intakes could mitigate adaptive thermogenesis (AT) in response to ER. 

Methods 

Twelve college aged athletes (6 women and 6 men) from various sports were analyzed in this 

study. They underwent a 6-week 25% reduction in energy intake along side a 3-day full body 

resistance training program. Participants were randomly assigned to a low (~1.2g/kg), moderate 

(~1.6g/kg) or high (~2.2g/kg) protein group. Baseline and post-intervention measures were 

obtained via Dual X-ray absorptiometry (DXA), isotopic water dilution, indirect calorimetry, 

dietary records and strength based physical testing.  

Results 

Our results indicate a main effect of the intervention on fat mass reductions (19.66 ± 9.05 kg vs 

18.02 ± 8.07 kg) (p = 0.016) despite non-significant reductions in body weight (p = 0.059). No 

significant changes in FFM were observed (p = 0.307). Significant increases in chest press 5RM 

strength (43.18 ± 14.95 kg vs 48.86 ± 17.46 kg) and chin-up maximal repetition (4.75 ± 5.64 vs 

6.08 ± 6.56) were observed across all groups from baseline to post-intervention (p < 0.05). No 

significant increases in strength were noted on lower body movements. Resting energy expenditure 

(REE) was significantly reduced after the 6-week intervention (1743.52 ± 295.74 kcal vs 1655.18 

± 263.23 kcal) (p = 0.006). What is more, post-intervention measured and predicted REE were 

also significantly different (1655.18 ± 263.23 kcal vs 1747.92 ± 263.20) (p = 0.012). No significant 

effects of protein were noted on any of the outcomes. 

Conclusion 

Our preliminary results indicate that the ACSM recommendation of 1.2-1.7g/kg is sufficient for 

most athletes even during periods of ER to maintain FFM and physical performance. We also 

found the possibility of early AT in that population independently of protein intake. In fact, REE 

was reduced by ~100 kcal/day more than predicted despite minimal weight loss and relative 

preservation of FFM. 
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Introduction  

 

Weight loss practices are common amongst athletes competing in sports where lower body fat 

levels and higher fat-free mass (FFM) are perceived as advantageous for physical performance 

(Rankin, 2002; Trexler et al., 2014). Athletes seek changes in body composition primarily through 

reductions in body fat stores and retention of skeletal muscle mass (MM) to optimize performance 

and aesthetics (Huovinen et al., 2015a). The premise behind such practices are improved power to 

mass ratio, which results in improved athletic performance (Huovinen et al., 2015a). However, 

periods of energy restriction have been associated with losses of FFM and decrements in physical 

performance (Melin et al., 2019a). Hence, weight loss protocols geared specifically towards the 

maintenance of FFM might be needed to achieve greater athletic performance after weight loss. 

This might explain the emerging popularity of high protein diets which have been shown to 

facilitate weight loss through increased diet induced thermogenesis and possibly favor the 

maintenance of FFM during periods of energy restriction, at least in individuals with overweight 

(Halton & Hu, 2004; Longland et al., 2016). However, less is known about the effects of high 

protein diets in trained individuals, with lower adiposity. Some have proposed that levels of 

physical activity and total training volume and intensity could drive the need for more protein 

during periods of energy restriction (Lemon, 2000). In contrast, others believe that leaner 

individuals have a higher risk of losing FFM during periods of caloric restriction (CR) because 

they have less body fat to support basic physiological energy demands compared to individuals 

living with obesity (ILWO) (Elia et al., 1999). This is of concern for athletes trying to make weight 

for competition or for individuals who practice sports where a lower body weight is perceived as 

a contributor to better performance. The current protein recommended daily allowance (RDA) for 
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sedentary individuals is 0.8g/kg per day whilst the current RDA for active individuals, which has 

been recently updated by the American  College of Sports Medicine (ACSM) ranges between 1.2-

1.7g/kg per day (Wu, 2016). However, the range for protein intake recommended by the ACSM 

for active individuals might not be representative of an athlete’s absolute needs. For example, a 

study on runners using the indicator amino acid oxidation (IAAO) method indicated that the RDA 

for protein in those athletes could be as high as 1.83g/kg per day (Kato et al., 2016). Hence, protein 

recommendations might be specific to the demands of the athlete’s sport and in close relationship 

with total energy expenditure (EE). Similarly, a 2011 review paper on protein recommendation for 

athletes proposed that athletes undergoing periods of energy restriction might require up to 1.8-

2.7g/kg/day in order to maintain lean body mass (Phillips & Van Loon, 2011). However, it has 

recently been shown that consuming 1.7g/kg of protein during a 2-week 40% energy restriction 

(ER) diet provided no advantage to changes in FFM compared to an intake of 0.9g/kg in female 

athletes (Pearson et al., 2021). Moreover, a recent meta-analysis conducted in 2018 suggests that 

protein intakes >1.6g/kg/day do not present any advantage and do not yield to further increases in 

FFM (Morton et al., 2018). However, certain limitations related to that analysis make it difficult 

to draw clear conclusions regarding protein intake requirements for athletes during periods of 

energy restriction. Firstly, the analysis excluded weight loss trials. Secondly, the analysis only 

included studies where at least one group was provided with a protein supplement, which might 

have led to the exclusion of studies reporting important data. Thirdly, the analysis included studies 

where training frequency was as low as 2x/week, which might not represent the higher training 

load often seen in trained or more advanced athletes. Finally, it is important to consider that a large 

proportion of the literature available on protein intake and the impact it may have on body 

composition often report changes in lean body mass (LBM) or FFM and not specifically MM. 
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Hence, more studies that use a combination of dual energy X-ray absorptiometry (DXA) and 

Deuterium Oxide (D2O) dilution to derive actual tissue changes are needed. For those reasons, it 

remains to be clearly established as to whether protein intakes higher than the RDA of 1.2g/kg for 

active individuals represent added value in terms of changes in muscle mass specifically in the 

context of energy restriction.   

 

History of Protein Requirements 

The debate surrounding protein intake has been ongoing for centuries. It was initially proposed in 

the 1840’s by von Liebig that a daily protein intake of 120g would be sufficient to assure the basic 

physiological needs of the average man (Liebig, 1841). This value was based on the average 

protein intake reported by German workers at that time and was later challenged by Chittenden in 

1904 (Chittenden, 1904). Two observations were made at the time that challenged von Liebig’s 

views: (1) Adults consuming approximatively 60g of protein daily were healthy and in a state of 

nitrogen balance and - (2) college athletes at the time who consumed approximatively the same 

amount of protein – around 60g per day – were able to maintain their levels of physical 

performance (Chittenden, 1904). During the early 1800’s until the early 1900's, many unidentified 

amino acids (AA) were discovered and experiments were conducted to understand their structural 

and chemical properties (McCoy et al., 1935; Vickery & Schmidt, 1931). In the period of 1930 to 

1955, researchers found that certain AA were indispensable and necessary for optimal growth of 

laboratory rats (Rose, 1968). In fact, the removal of specific AA from hydrolyzed protein sources 

led to important nutritive failures such as impaired growth, loss of appetite and death (Rose, 1968). 

Similar experiments were then conducted on college students at the midst of World War II, in part 

to understand AA needs in young men susceptible for deployment (Rose, 1968). The authors found 
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that the omission of certain AA, more specifically the dietary removal of one or a combination of 

either leucine, valine, isoleucine, methionine, tryptophan, lysine, phenylalanine and threonine led 

to a sturdy negative nitrogen balance, extreme fatigue, irritability and appetite alterations (Rose, 

1968). The work of Rose along with the discovery of the 20 AA throughout the past centuries led 

to the current classification of AA as essential (EAA) and non-essential (NEAA) (McCoy et al., 

1935; Rose, 1968; Vickery & Schmidt, 1931). Throughout the 20th century, further studies were 

conducted to investigate the relationship between protein intake and nitrogen balance and were 

later compiled together in a 2003 meta-analysis (Rand et al., 2003). The analysis revealed that 

protein intakes of 0.65-0.8g/kg were sufficient to satisfy the basic requirements of healthy 

populations at the 97.5th percentile (Rand et al., 2003). In 2005, the Food and Nutrition Board of 

the Institute of Medicine published a dietary reference intake document in which the RDA for 

protein is established at 0.8g/kg (DRI, 2005). However, emerging evidence in the first decade of 

the 21st century challenged this value suggesting that athletes would require protein intakes  > 

0.8g/kg depending on the type of activity they take part in (Lemon, 2000). Recently, the ACSM 

updated its stance on protein recommendations for athletes with the now accepted range of 1.2-

1.7g/kg (ACSM, 2011). Despite those changes in protein recommendations for athletes, the debate 

goes on. In fact, many discrepancies arise from scientific literature regarding protein intake and 

the physiological effects of consuming too much or too little. Moreover, the data regarding protein 

intake as it relates to athletes in the context of ER is limited. Those discrepancies will be presented 

and discussed in the following sections.  

 

Skeletal Muscle Hypertrophy 

Skeletal muscle hypertrophy is often defined as the occurrence of increased muscle mass or size. 

However, this definition is incomplete because changes in various compartments within muscle 
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such as glycogen stores, muscle cross-sectional area (mCSA), fiber cross-sectional area (fCSA), 

muscle thickness, intracellular fluid (ICF), sarcoplasmic volume and increases in muscle protein 

content can all result in increases of muscle mass (Haun et al., 2019). Hence, if positive changes 

in contractile protein content are responsible for most of the potential improvements in physical 

performance (i.e. strength, power, speed), then the interpretation of the current body of literature 

must objectively consider limitations of the different measurement tools used in various studies 

(DXA, MRI, biopsy, ultrasound etc…). For example, positive changes in FFM could mistakenly 

be interpreted as changes in muscle protein content but this is not always the case. Similarly, 

studies on muscle hypertrophy that report positive changes in CSA and muscle thickness do not 

necessarily indicate that changes in myofibrillar protein content or that the addition of sarcomeres 

occurred. This is because mCSA and muscle thickness can be acutely affected by changes in ICF, 

glycogen and muscle water content. In fact, eccentric contractions and muscle damage have been 

shown to cause an acute inflammatory response associated with increases in muscle oedema 

(Rodenburg et al., 1994). Thus, changes in muscle water content that can occur over the course of 

several weeks of hypertrophy training are of important consideration when it comes to the proper 

interpretation of the data regarding muscle hypertrophy and what is meant by that terminology. 

Moreover, the methodological differences between studies and the omission of muscle water 

content measurement could lead to the false assumption that a given protocol or experimental 

condition led to an increase in muscle protein content when in fact the increase in muscle 

hypertrophy was the result of higher muscle water content and oedema. Ultimately, changes in 

muscle protein content are dictated by multiple factors that impact the balance between muscle 

protein synthesis (MPS) and muscle protein breakdown (MBP) and those factors are not exclusive 

to resistance exercise (Lim et al., 2022). For the most part, they include the inter-dynamic between 
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nutritional, hormonal, molecular and cellular activity (Lim et al., 2022). Despite the nuances 

mentioned above and for logistic purposes, muscle hypertrophy will be considered as an increase 

in skeletal muscle size throughout the following section. 

Training Volume 

Training volume is thought to be the primary driver of muscle hypertrophy independently of the 

exercise modality. Accordingly, muscle hypertrophy can occur as the result of both resistance 

training (RT) and aerobic exercise (AE) (Konopka & Harber, 2014). It was found that running for 

45 minutes at 75% of VO2 resulted in significant increases in fractional protein synthetic rate in 

both the soleus and vastus lateralis muscle of endurance trained individuals (Harber et al., 2009). 

In fact, eccentric contractions have been shown to induce muscle hypertrophy through the 

signaling of mTOR which is considered a major regulator of cellular growth (Goodman et al., 

2011; Liu & Sabatini, 2020). However, it has also been found that increases in myofibrillar protein 

synthesis only occur in response to resistance training and not endurance exercise (Wilkinson et 

al., 2008) For example, it has been shown that performing leg extensions for 8 sets of 5 repetitions 

resulted in greater P70S6K phosphorylation in endurance trained men compared to strength trained 

individuals (Coffey et al., 2006). However, when strength trained individuals performed a bout of 

endurance exercise, they had higher AMPK and lower Akt phosphorylation levels than endurance 

trained individuals (Coffey et al., 2006). It is possible that 8 sets of 5 repetitions were not sufficient 

to impose an overload stimulus in the strength trained group, hence the reason why those 

individuals displayed a lower anabolic response ensuing the protocol. Nonetheless, a recent meta-

analysis reported that resistance training is superior to aerobic training at inducing hypertrophy, 

both at the whole muscle and myofiber level (Grgic et al., 2019). Despite those findings, the exact 

reason why resistance exercise induces a molecular response that is superior to aerobic exercise at 
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inducing hypertrophy if training volume is the main driver remains to be established. In fact, it 

would be plausible to assume that for an equated number of contractions and matched for volume, 

hypertrophy between aerobic and resistance training should be the same. However, this is clearly 

not the case when looking at the morphology of strength trained athletes compared to endurance 

athletes. This could be because a certain threshold of training intensity must be attained to induce 

the activation of type II fibers which have a greater hypertrophy potential than type I fibers 

(Koopman et al., 2006; Sertel et al., 2011). It is also possible that an upper limit of training volume 

exists at which point doing more volume induces a higher catabolic response that is not conducive 

to contractile tissue hypertrophy. In addition, the often reported energy deficiencies in endurance 

athletes who perceive a lower body mass as being favorable for performance could partially 

explain the different morphologies of these athletes compared to athletes of different demographics 

(Melin et al., 2019a). For those reasons, training volume will be discussed in terms of resistance 

training throughout this review. 

There are many accepted ways by which training volume can be calculated. For example, the 

number of sets times the number of repetitions or the number of sets times the number of 

repetitions times the load (volume load) are common ways of determining training volume (Scott 

et al., 2016). Increases in vastus lateralis and elbow flexor CSA have been shown to occur from 

training in a wide range of training intensities (40%-80%) when equated for volume load 

(Lasevicius et al., 2018). However, it has recently been proposed that calculating volumes in terms 

of total weekly working sets per major muscle groups might be a more practical measure. This is 

because muscle growth does not always equate to its mathematical volume load, but often 

correlates with the number of weekly sets performed for a given muscle group, independently of 

the repetition range and the load (Israetel et al., 2020). Accordingly, a recent meta-analysis 
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concluded that a dose response relationship exists between the weekly number of working sets per 

major muscle groups and hypertrophy, whereby 10 working sets per major muscle group seems to 

be the minimal effective dose for inducing muscle hypertrophy (B. J. Schoenfeld, Ogborn, et al., 

2017). Of important consideration, the analysis included studies mostly conducted on untrained 

individuals, who tend to be more responsive to resistance training compared to more advanced 

trainees (Ahtiainen et al., 2003). Moreover, no upper limit of training volume was determined in 

the latter analysis. Along those lines, a recent paper by the same group reported that training 

volumes as high as 45 sets per week for a given muscle group compared to 9 sets per week or 27 

sets per week led to greater muscle size and thickness after 8 weeks (B. J. Schoenfeld et al., 2019). 

Discordances in changes between muscle groups were also noted in the latter, whereby not all 

muscle groups responded better to higher volumes. For example, the authors indicated that changes 

in elbow extensor thickness did not significantly differ between groups and noted that some muscle 

groups might be more responsive to higher or lower volumes depending on various factors such 

as their fiber type composition. Moreover, there was no dietary intervention in the latter except for 

self-reported diet recalls. In addition, basic anthropometric measurements were not presented in 

the paper making it impossible to know if all groups were in a state of energy balance. Despite 

those findings, caution must be taken when interpretating results from the latter study. Training 

with such high volumes continuously for each major muscle group might ultimately have 

detrimental effects and lead to diminishing returns since an inversed U-shape relationship between 

training volume and hypertrophy has been proposed (Faigenbaum, 2009; Figueiredo et al., 2018). 

The exact mechanisms by which higher training volumes promote hypertrophy are not fully 

understood. It has been suggested that higher training volumes amplify the anabolic signaling 

related to exercise, which in turn could lead to greater muscle hypertrophy over time (Figueiredo 
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et al., 2018). Ultimately, the principle of progressive overload must be respected for continuous 

progress to occur. Whether it be through increases in intensity or volume might not matter in the 

short term for as long as a volume threshold of ~10 weekly sets per major muscle group is met.  

 

Mechanisms of Muscle Hypertrophy 

When equated for volume, three mechanisms related to exercise are thought to induce the 

occurrence muscle hypertrophy. Those are referred to as 1) mechanical tension, 2) muscle damage 

and 3) metabolic stress (B. J. Schoenfeld, 2010a). Mechanical tension refers to a force measured 

in Newtons that results in the deformation of a target tissue (Burkholder, 2007). In practical terms, 

mechanical tension can be defined as resistance training with high loads (≥85% 1RM) performed 

for a low number of repetitions (1-5) and long rest periods (3-5 min) (Krzysztofik et al., 2019). 

Training with such high loads has been shown to induce significant gains in muscle hypertrophy 

in multiple studies. However, the lower volumes associated with this type of loading scheme might 

not allow for maximal hypertrophy to occur (Kraemer et al., 2002). In contrast, neuromuscular 

adaptations and increases in maximal strength are more likely to occur as the result of training 

with such high relative intensities of 1RM (B. J. Schoenfeld, Grgic, et al., 2017). Secondly,  

exercise induced muscle damage, which refers to an acute localized muscular microtrauma in 

response to exercise, is thought to be conducive to hypertrophy (B. J. Schoenfeld, 2010b).  Despite 

no objective definition of muscle damage, potential indicators include Z-line streaming, loss of 

thick myofilaments, disturbed A-band filament arrangement, loss of mitochondria, reduced 

excitation-contraction coupling, increased blood myoproteins and increased markers of 

inflammation (Clarkson & Hubal, 2002; McGinley et al., 2009).  The inflammatory response 

resulting from exercise induced muscle damage is thought to be associated with the release of 
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macrophages that in turn could promote tissue regeneration and compensatory hypertrophy (B. J. 

Schoenfeld, 2012). Moreover, eccentric contractions might disrupt muscle redox balance whereby 

reactive oxygen species (ROS) are produced endogenously by muscle or exogenously by the 

immune system in response to such exercise (McGinley et al., 2009). It has been proposed that 

ROS, at least at low levels, are essential in the signaling cascade leading to muscle regeneration 

and force production but they might not be directly related to muscle damage (McGinley et al., 

2009; B. J. Schoenfeld, 2012). Moreover, eccentric contractions have been shown to induce an 

increased expression of MyoD – a muscle regulatory factor – to a significantly greater extent than 

concentric contractions alone in otherwise healthy individuals (Sabouri, 2022). Myogenic 

regulatory factors have previously been associated with stretch induced muscle hypertrophy 

despite myonuclei irradiation (Lowe & Alway, n.d.). Practically, performing resistance exercise 

in the 8-12 repetition range with loads ≥60% of 1RM is thought to cause important disruption of 

skeletal muscle homeostasis through the sustainability of cross-bridge formation, which could 

ultimately potentiate hypertrophy (B. Schoenfeld, 2000). Thirdly, “metabolic stress”, which has 

been defined as training with high-repetition low-load training is thought to be conducive to 

muscle hypertrophy (B. J. Schoenfeld, 2013). This type of training has been associated with the 

release of molecules coined as metabolites which primarily include lactate, hydrogen ions, 

inorganic phosphate, phosphocreatine, ROS, nitric oxide, heat shock proteins and myokines such 

as Irisin (Lee & Jun, 2019; Lim et al., 2022; B. J. Schoenfeld, 2013). It has previously been 

proposed that those metabolites could be directly or indirectly be conducive to hypertrophy 

through the upregulation or downregulation of anabolic and catabolic pathways respectively 

(Loenneke et al., 2010). Moreover, a low intensity (20% 1RM) bilateral leg extension blood flow 

restriction protocol has been shown to increase MPS by 46% and 56% in both young and older 
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men respectively compared to no changes in control groups (Fry et al., 2010; Fujita et al., 2007). 

Whether those increases in MPS were the result of metabolite accumulation is unclear. A recent 

review on the topic reported that no causative relationship between metabolite build-up and muscle 

hypertrophy exist (Lim et al., 2022). Nonetheless, traditional high-repetition low-load training has 

been shown to induce significant increases in elbow flexors, elbow extensors and quadricep muscle 

thickness (B. J. Schoenfeld et al., 2015). Those findings suggest that muscle hypertrophy can occur 

even when training at lower intensities of 1RM independently or not of metabolite accumulation. 

Hence, performing resistance exercise in the 15-30 repetition range with loads ≤50% of 1RM could 

be conducive to muscle hypertrophy despite the mechanisms not being completely understood.  

Resistance Training & Energy Restriction 

The importance of resistance training for the maintenance of MM during periods of energy 

restriction is well established (Sardeli et al., 2018). However, how to train during such periods is 

less clear and leads us to a metaphoric dilemma. Indeed, if training volume is truly the main driver 

of muscle hypertrophy, then increasing it during such periods would be of important consideration 

for the dieting athlete. On the other hand, it would also be plausible to think that the lower energy 

availability caused by the energy deficit would limit the ability of the athlete to perform more 

volume with the same relative intensity. According to this line of thought, muscle mass loss during 

periods of restriction would be inevitable because for a given training volume, it would not be 

possible to maintain relative intensity and vice-versa. Hence, some might believe that reducing 

training volumes during such periods would be more beneficial for the maintenance of MM since 

it would match the energy availability of the athlete allowing for relative intensity to be maintained. 

However, a recent review reported that higher training volumes (10-30 weekly sets per major 

muscle groups) or higher training tonnage (reps x sets x load) were associated with greater FMM 
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retention during periods of CR (Sardeli et al., 2018). However, a few caveats must be considered. 

Firstly, only 4 of the 15 studies included in the latter reported the data necessary to calculate the 

weekly sets performed per major muscle groups or the tonnage. Secondly, protein intake and the 

training routines were reported, but not controlled for by the researchers in any of those 4 studies 

(Mitchell et al., 2018; Pardue et al., 2017; Petrizzo et al., 2017; Tinsley et al., 2019). Nonetheless, 

it can be assumed that higher training volumes during periods of increased catabolism would be 

required to somewhat maintain eucaloric or hypercaloric levels of anabolism. However, to our 

knowledge, this assumption has not been adequately tested. Moreover, it is unknown whether 

protein intakes greater than the current RDA for active individuals (>1.2-1.7g/kg) could make up 

for the reduced anabolic drive caused by a compromised ability to perform high volume training 

during periods of CR, if this is indeed the case. Those interrogations are to be addressed in more 

detail in the following sections.  

 

Protein Balance & Energy Restriction 

Protein oxidation is thought to be relatively constant during periods of energy balance (Péronnet, 

1991; Péronnet & Haman, 2019). In fact, protein oxidation is thought to contribute for 12-15% of 

total daily energy production independently of exercise or physical activity level (PAL) (Rennie 

& Tipton, 2000). It has also been shown that consuming more protein than relative needs leads to 

proportionally higher nitrogen (N) excretion (Price et al., 1994). In fact, a 4-fold increase in daily 

urea excretion was noted in participants who consumed ~2.3g/kg of protein compared to ~0.77g/kg 

(Price et al., 1994). However, despite the increases in N excretion, higher N intakes resulted in 

significantly higher N retention as well. It has also been suggested that exercise does not increase 

the need for greater protein intakes and that consuming too much protein results in an increased 
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metabolic efficiency to oxidize protein (Rennie, 1999). In fact, exercise is thought to play an 

important role in the regulation of protein balance whereby some believe that exercise increases 

protein utilization efficiency and actually reduces protein requirements in trained individuals 

(Butterfield & Calloway, 1984; Rennie & Tipton, 2000). However, it is unclear whether the 

increased N retention efficiency is caused by exercise itself. It could well be caused by the 

proportional increase in energy intake (EI) resulting from the increased EE related to exercise, at 

least in weight stable individuals. Nonetheless, it has been previously reported that in a state of 

energy balance or during periods of energy surplus, consuming more than 1.6g/kg of protein offers 

no benefits in terms of positive changes in FFM (Morton et al., 2018). On the other hand, periods 

of energy restriction have been shown to increase N excretion especially in leaner individuals,  

which precipitates protein requirements during such periods, independently of the training status 

(Elia et al., 1999). In fact, it has been demonstrated that a negative correlation exists between initial 

body fat levels and protein contribution to basal metabolic rate (BMR) during a 16-day starvation 

protocol (Elia, 1992). Hence, higher body fat levels would serve to provide an energy supply 

sufficient to maintain FFM during periods of CR, at least temporarily. Along those lines, periods 

of CR are thought to induce the activation of AMPK and other catabolic pathways that could result 

in mTOR downregulation and negatively impact MPS (McIver et al., 2012). Accordingly, muscle 

atrophy caused by limb disuse has been shown to be induced by a reduction in MPS rather than an 

increase in MPB (Phillips et al., 2009). Providing that resistance training and AA are the primary 

regulators of MPS, it would be plausible to assume that any modulation in one or both these 

variables could allow for the maintenance of FFM during periods of reduced anabolism such as 

CR. Indeed, retention of FFM has been shown to occur in a study investigating changes in body 

composition and MPS during a 21-day 40% energy restriction period (Pasiakos et al., 2013). A 
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significant increase in the proportion of FM to FFM loss was observed in groups with protein 

intakes representing 2x-RDA or 3x-RDA compared to an RDA equivalent group (Pasiakos et al., 

2013).  Interestingly, training volume was relatively low in the latter study (3 sets of 15 repetitions 

per major muscle group performed 3 times per week). Moreover, the authors indicate that the 

intensity was also low to prevent a novel stimulus effect on their measured outcomes (Pasiakos et 

al., 2013). Based on those data, it is unclear if higher training volumes alongside high protein 

intakes (2-3x RDA) would have yielded even greater changes in FFM. A similar study on young 

overweight men who were put on a 40% CR diet with a daily protein intake of either 1.2g/kg or 

2.4g/kg showed that the higher protein group gained ±1.2 kg of LBM while simultaneously losing 

±5 kg of FM compared to the lower protein group who saw no changes in LBM and a reduction 

of ±3.5 kg in FM (Longland et al., 2016). Of note, training volume was much higher in the latter 

compared to the study conducted by Pasiakos. However, most of the training volume came from 

high glycolytic anaerobic conditioning (i.e wingates, sprints, circuits) rather than traditional RT 

with high mechanical tension. As mentioned in the previous section, “metabolic stress”, which 

potentially occurs during those types of activities, might not be the most conducive to muscle 

hypertrophy (Lim et al., 2022). Nonetheless, those studies provide solid evidence that high protein 

intakes are beneficial for FFM retention during periods of ER. However, certain limitations are to 

be considered before definitive conclusions can be drawn. Firstly, both studies conducted an 

energy restriction protocol that lasted only 21 and 28 days respectively (Pasiakos et, al. 2013; 

Longland et al., 2016). Those dieting patterns might not reflect those used by athletes in various 

sports who tend to restrict calories for longer periods (Melin et al., 2019b). Secondly, and as 

previously mentioned, changes in FFM do not necessarily reflect changes in actual MM. Hence, 

definitive conclusions regarding changes in MM based on those studies cannot be made (Pasiakos 
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et, al. 2013; Longland et al., 2016). Thirdly, participants in Longland’s study were untrained which 

could have affected the outcome of the results (Longland et al., 2016). Finally, there is evidence 

suggesting that substituting carbohydrates (CHO) for more protein might ultimately be detrimental 

for MM retention since the MPS response from resistance training is compromised when one is 

subjected to train in a glycogen depleted state (Tipton, 2011). For those reasons, it is unclear 

whether protein intakes >1.6g/kg during periods of CR offer a true benefit in terms of MM 

retention. 

 

Protein, Weight Loss & Physical Performance 

The sole purpose of losing weight as it relates to athletic performance is to improve power to mass 

ratio which features lower body fat levels and higher MM (Murphy et al., 2015). However, some 

studies indicate that a lower body weight and lower body fat levels do not necessarily equate to 

better athletic performance (Melin et al., 2019b). Moreover, little data is available regarding the 

effects of high protein diets on exercise performance during periods of ER. It has previously been 

demonstrated that a protein intake of 3g/kg led to an acute reduction in muscle soreness 24h 

following an eccentric exercise protocol compared to an intake of 2g/kg (Shamim et al., 2018). 

However, there was no difference in muscle soreness nor muscle function between groups after 

72h making it difficult to determine whether extremely high protein intakes are truly relevant for 

muscle recovery. Moreover, an 8-week study on female physique competitors investigated the 

effects of a high protein (2.4g/kg) diet compared to a low protein (1.2g/kg) diet on body 

composition and maximal strength and found significant increases in FFM as well as increases in 

the squat and deadlift 1RM from baseline in both groups. However, there tended to be greater 

increases in the high protein group in all the above variables compared to the low protein group 
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(Campbell et al., 2018). It is important to note that total calories were not controlled for in that 

study and that the high protein group tended to consume significantly more calories on average 

compared to the low protein group which possibly influenced the outcome. Moreover, the study 

was not specifically designed to induce ER and its effect on performance. On the other hand, a 

cross-over study on weightlifters undergoing a 2-week 40% CR diet with protein intakes of either 

1.6g/kg or 2.8g/kg and matched for CHO intake found that higher protein resulted in subjectively 

better mood but was slightly inferior at maintaining strength (Helms et al., 2015). There is also 

mixed evidence regarding weight loss itself and its impact on exercise performance independently 

of protein intake. For example, a study on swimmers reported a 9.8% decrease on 400-m swim 

velocity related to energy deficiency throughout a 12-week competitive season (VanHeest et, al. 

2014). Along those lines, a study on middle aged non-obese men found that a 10-week 20% ER 

protocol led to significant decreases in maximal cycling power output but had no impact on 

submaximal exercise performance (JMVelthuis-te Wierik, E et al., 1994). Similarly, results from 

a bodybuilding contest preparation case study indicated a 17% decrease in vertical jump height 

after the intervention but showed an actual increase in maximal isometric knee extension strength 

(B. J. Schoenfeld et al., 2020). Thus, it is possible that activities requiring higher neuromuscular 

demands such as maximal speed and velocity might be more sensitive to energy restriction than 

strength and hypertrophy. In addition, changes in physical performance that occur throughout a 

weight loss phase might be population specific. In fact, a study on overweight men found increases 

in maximal strength on the bench press and the leg press following a 4-week 40% caloric restriction 

protocol (Longland et al., 2016). In contrast, a review on weight-cutting in strength sports such as 

powerlifting and Olympic weightlifting indicates that weight loss >2-3% of initial bodyweight 

could negatively affect performance in those athletes (Moore et al., 2019). Those results indicate 
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that trained individuals are more at risk of seeing performance decrements during weight loss 

phases compared to untrained individuals. In addition, there is evidence suggesting that the rate of 

weight loss might dictate performance outcomes. In fact, it has been shown that a weekly rate of 

weight loss equivalent to 0.7% of initial bodyweight was better than a rate of 1.4% at maintaining 

and even increasing maximal strength, power and LBM (Garthe et al., 2011). It is plausible to 

assume that rapid weight-cutting used by powerlifters and Olympic weightlifters might lead to 

performance decrements that could be attenuated with a protocol inducing slower rates of weight 

loss. In addition, rapid weight loss has been associated with impairments in muscular endurance 

as well as aerobic and anerobic capacities which could be detrimental to athletes practicing sports 

such as rowing or combat (Sundgot-Borgen & Garthe, 2011). Finally, low glycogen levels have 

been associated with impaired performance during high-intensity activities (Vigh-Larsen et al., 

2021). Thus, it is possible that substituting CHO for more protein during periods of CR might have 

detrimental effects on physical performance. 

Seemingly, periods of CR do not provide a favorable physiological environment that is conducive 

to improvements in physical performance. However, based on current evidence, it is difficult to 

determine whether higher daily protein intakes (>1.6g/kg) could help mitigate the possible 

performance decrements that might occur during periods of ER. Moreover, it seems like 

maintenance or improvement in training performance during hypocaloric periods could be affected 

by multiple factors such as the rate of weight loss, the magnitude of weight loss, the training status 

of the individual, initial body fat levels and macronutrient distribution.  
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Conclusion 

Athletes who undergo periods of energy restriction seek changes in body composition that are 

conducive to improved physical performance. This is achieved through an increased power to mass 

ratio which results from the loss of fat-mass and the preservation of FFM. However, leaner 

individuals tend to have greater N excretion levels than ILWO during periods CR, which could 

result in the net loss of MM (Elia et al., 1999). It has previously been shown that protein intakes 

greater than the current RDA alongside resistance training could prevent the loss of FFM during 

periods of CR (Pasiakos et, al. 2013; Longland et al., 2016). However, mixed evidence exist in 

those regards with recent data suggesting no benefit of increased protein in female athletes during 

periods of CR (Pearson et al., 2021). Moreover, the interpretation of the current body of literature 

must account for the lack of direct evidence for changes in actual muscle tissue mass rather than 

changes in FFM as reported in many studies. For those reasons, it remains uncertain as to how 

much protein is necessary to maintain MM during periods of CR, if this is indeed possible.  
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Research Question 

The purpose of this study was 3-fold. The primary objective was to determine whether high 

protein intakes could maximise fat-free mass retention in normal weight trained individuals 

during periods of energy restriction. The secondary aim was to determine if a higher protein 

intake is superior at maintaining physical performance during periods of ER.  Finally, the third 

aim was to determine if higher protein intakes could attenuate the physiological response to 

weight loss such as greater than predicted decreases in REE. 

Hypotheses 

We hypothesized that higher protein intakes (>1.6g/kg) would yield greater retention of FFM. We 

also hypothesized that higher protein intakes (>1.6g/kg) would be associated with greater retention 

of exercise performance. Lastly, it was also hypothesized that lower protein intakes (<1.6g/kg) 

would be associated with greater reductions in REE compared to higher protein intakes. 

Materials & Methods 

Population 

Fourteen participants (8 men, 6 women) aged 22.5±4.1 years were included in the study. Two 

participants dropped out of the study after the pre-intervention tests. The initial screening process 

included both recreational and competitive drug-free athletes who had been resistance training for 

the past three months or more prior to their enrollment in the study. Individuals with an underlying 

health condition that could have been aggravated by the experimental protocol were not considered 

for this project. In addition, participants who had purposefully lost weight or sustained a caloric 

deficit in the 6 months leading to the experiment were excluded (n=1). Finally, athletes who were 
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to be in-season at the time of trial or who could not engage in a 3-day resistance training protocol 

during the trial were excluded (n=2).  

Study Design 

We conducted a 6-week randomized control trial where participants were randomly assigned to 1 

of the 3 following groups: (1) Low protein (LP ~ 1.2g/kg), (2) Moderate protein (MP ~ 1.6g/kg) 

or (3) High protein (HP ~ 2.2g/kg). A 25% caloric deficit was applied to participants of all 3 groups 

for the entire duration of the study. Participants were allowed to maintain their regular 

practice/training schedule throughout the entire 6-week intervention.  

Testing & Measurements 

Participants were required to visit the laboratory on 4 occasions. All visits occurred at the 

Behavioural & Metabolic Research Unit (BMRU) at the University of Ottawa. Testing sessions 

occurred twice before and twice after the 6-week intervention was completed. Participants were 

instructed to visit the laboratory for testing after an overnight fast. They were also instructed to 

refrain from vigorous exercise 24h before testing. The experimental sessions were separated into 

2 sessions of ~180 and ~75 minutes respectively with a washout period of at least 24h. The sessions 

were repeated before and after the 6-week intervention.  

Experimental Session #1 

Deuterium Oxide Dilution 

Deuterium oxide dilution was used as a technique to estimate total body water (TBW) of our 

participants. Upon arrival at the laboratory, participants were asked to provide a sample of saliva 

by spitting in a collect jar. Samples of 0.6-1.2 ml of saliva were collected and transferred to 12 ml 
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borosilicate glass vials (Isomass) and stored in a 5ºC standardized disposal fridge. Participants 

were then provided with 11g of filtered 99.8% D2O (Sigma-Aldrich) along with 150 ml of tap 

water and asked to drink the solution as previously described (Moon et al., 2008). A period of 180 

min was allowed for the enrichment of body water to reach equilibrium before saliva samples were 

again collected (IAEA, 2010). All samples will be analyzed at the Stable Isotope Laboratory at the 

University of Ottawa. Covid-19 related delays occurred at the Stable Isotope Laboratory hence, 

the samples could not be analyzed prior to the deposition date limit of this thesis (see General 

Discussion, p.37). 

Anthropometrics & Body Composition 

Height (HR-100 Height Rod; Tanita Corporation of America Inc. Arlington Heights, IL) and 

weight (HR-100; BWB-800AS, Tanita Corporation, Arlington Heights, IL., USA) were measured 

after the dilution protocol and prior to the body composition test. Fat mass and FFM were measured 

by dual energy X-ray absorptiometry (General Electric Lunar Corporation version 6.10.019, 

Madison, USA). Coefficient of variation and correlation for the dual-energy X-ray absorptiometry 

was 1.8% (R.0.99) as determined in 12 healthy subjects. All the measurements occurred in the 

morning after an overnight fast. Participants were asked to wear light clothing (sweatpants, t-shirt, 

shorts or leggings) and to remove all jewellery (bracelets, necklaces, rings) prior to all 

measurements. 

Indirect Calorimetry 

Resting EE was measured by indirect calorimetry (SensorMedics Delta Track II, Datex-Ohmeda, 

Helsinki, Finland) using the open-hood ventilated technique as previously described (Hintze et al., 

2018). Briefly, concentrations of CO2 and O2 were measured for 30 minutes. The first 5 and last 5 
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minutes were omitted from our calculations and 24h REE was derived from the remaining 20 

minutes using Weir’s equation. Participants were asked to lay down on their back on a hospital 

bed and remain as relaxed as possible without falling asleep. The test occurred in a quiet room 

standardized at a temperature of 22ºC. All measurements occurred between 8:00 and 11:00 am 

after an overnight fast. Ethanol burning tests are routinely performed to control the quality of 

measurements, as previously described (Cooper et al., 2009; Blond et al., 2011). Our most recent 

analyses demonstrated -5% and 4.76% difference in CO2 and O2 measures, respectively. 

Experimental Session #2 

Physical Testing 

All physical testing occurred in the training facility of the BMRU laboratory at the University of 

Ottawa. For logistic reasons, participants were asked to perform the physical tests in the morning 

after an overnight fast. The tests were performed in the same order for all participants and included: 

1) Broad jump (average of 3) 

2) Chin-up (1 attempt, max repetition, unloaded) 

3) Bilateral chest press (5RM) 

4) Unilateral leg press (5RM) 

5) Bilateral leg curl (5RM) 

The tests were performed after a 5–10-minute warm-up on a treadmill or stationary bike. 

Participants were instructed to perform each test with maximal intent and to try and reach the 

highest possible scores. A warm-up set was performed prior to all tests. Strength tests began with 

a load perceived comfortable by the participants. Rest periods of up to 180 sec were offered 

between tries and between tests. The loads were gradually increased for the 5RM tests by a member 
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of the research team until failure to complete 5 repetitions was reached (Hintze et al., 2018; 

Lasevicius et al., 2018). 

 

Nutritional Intervention  

Participants were asked to wear an accelerometer (SenseWear Pro 3 Armbands©, HealthWear 

Bodymedia, Pittsburgh, PA, USA) for at least 3 days after the first experimental testing session. A 

3-day average was used as a proxy of daily non-resting energy expenditure (NREE). A 25% energy 

restrictive meal plan was designed specifically for every participant based on their total daily 

energy expenditure (TDEE) and the protein group they were randomized to. Participants were 

blinded to the group they were designated to. TDEE was calculated from the sum of REE, NREE 

and thermic effect of feeding (TEF), which was assumed to represent 10% of energy requirements 

(Calcagno et al., 2019). NREE was extracted from accelerometry and calculated as a 3-day 

average. TEF, TDEE and the prescribed energy intake (EI) for all participants were calculated 

using the following equations:  

1) 𝑇𝐷𝐸𝐸 = (REE + NREE) * TEF  

2) 𝐸𝐼 = 𝑇𝐷𝐸𝐸 ∗ 0.75 

Participants received a personalized nutritional template based on their EI requirements and group 

designation as previously described (Hintze et al., 2019) . Briefly, our templates were based on the 

food exchange system from the Canadian Diabetes Association. This system categorizes foods into 

7 groups (dairy, meat & substitutes, fats, bread & whole grains, fruits, vegetables and condiments 

including tea, coffee and sugar free beverages like diet soda. Participants were prescribed a specific 

number of items from each food group based on their individual needs. 
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Resistance Training Intervention 

A standardized 3-day full body resistance training program was designed by the research team and 

explained to all participants at the end of the 2nd experimental session. The program was designed  

according to recent findings on muscle hypertrophy research as previously described (B. 

Schoenfeld et al., 2019; B. J. Schoenfeld, 2010a; B. J. Schoenfeld, Ogborn, et al., 2017). Briefly, 

the program included at least 10 working sets per major muscle groups and included a repetition 

range of 6-25. An increase in set volume was implemented on week 4 of the program to ensure 

progressive overload. In addition, participants were asked to progressively increase the loads used 

on all exercises from week to week whenever possible. Participants were also instructed to perform 

every set of every exercise within 1-2 repetitions of concentric failure. A sample of the program is 

presented in the appendices.  

Statistical Analysis  

Descriptive statistics and one-way multivariate analysis of variance (ANOVA) were used to 

analyze the baseline characteristics of our participants. All our outcome variables including FFM, 

FM, TBW (TBD), REE and physical performance were analyzed using ANOVA repeated 

measures for both within-subjects factors and between-subjects with a protein factor. In case of a 

significant interaction, post hoc pairwise analyses were conducted using Tukey’s adjustments for 

multiple comparisons. The p-value for statistical significance was set at 0.05. Linear regression 

was used to predict changes in REE from baseline to post-intervention using FFM and FM as the 

main predictors. All statistical analyses were conducted with JASP 0.14.1. 
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Results 

Body Composition & Resting Energy Expenditure 

There was an effect of the intervention on the loss of FM across all groups (19.66 ± 9.05 kg vs 

18.02 ± 8.07 kg) (p = 0.016) despite non-significant reductions in body weight (p = 0.059). No 

significant changes in FFM were observed (p = 0.307). A significant decrease in REE was 

observed across groups (1743.52 ± 295.74 kcal vs 1655.18 ± 263.23 kcal) (p = 0.006) between 

baseline and post-intervention measurements. In addition, REE decreased to a greater extent than 

predicted by our linear regression model using FM and FFM as the main predictors (1655.18 ± 

263.23 kcal vs 1747.92 ± 263.20) (p = 0.012, R2 = 0.863) (Figure 1.). No effect of protein intake 

was noted for any of the described outcomes (Table 2).  

 

 

Table 1. Participant’s characteristics before the intervention1. 

 LP MP HP p 

Age 20.5±1.7 23.55±5.0 21.4±1.2 0.403 

Body Weight, kg 77.1±13.19 75.0±21.8 65.2±6.1 0.521 

Height, cm 172.1±2.6 169.9±8.6 157.9±7.9 0.036* 

BMI 26.0±3.9 25.6±4.7 26.4±4.3 0.964 

Fat Mass, kg 21.5±9.1 19.62±11.8 17.8±8.3 0.867 

Body Fat % 27.2±8.6 25.1±4.7 26.9±10.7 0.945 

FFM, kg 52.7±6.7 52.8±12.6 45.1±6.1 0.411 

 
1Values are means ± SD’s. n = 12 (4/group). 

* Significant height difference between LP and HP. 

p values were obtained from a one-way ANOVA. 
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Table 2. Participant’s anthropometric and physical performance variables before and after the intervention1. 

  LP MP HP p p p 

  Pre Post Pre Post Pre Post WS TP BS 

Body Weight, kg  77.1±13.19 74.8±12.1 75.0±21.8 72.5±19.0 65.2±6.1 66.0±6.7 0.059 0.110 0.580 

Fat Mass, kg  21.5±9.1 18.4±9.3 19.62±11.8 18.0±9.2 17.8±8.3 17.7±8.2 0.016* 0.138 0.944 

Fat-Free Mass, kg  52.7±6.7 53.6±6.7 52.8±12.6 52.1±11.8 45.1±6.1 46.0±7.2 0.307 0.106 0.443 

Broad Jump, cm  201.8±31.1 199.3±34.3 200.2±35.8 189.2±35.6 183.3±35.2 179.9±55.3 0.604 0.997 0.787 

Chin-up, max rep  6.5±5.1 8.5±6.5 3.3±5.9 3.8±6.8 4.5±7.0 6.0±7.4 0.003* 0.228 0.691 

Chest Press, 5RM, kg  47.7±15.5 55.7±17.5 43.2±17.2 48.9±20.5 38.6±15.1 42.0±16.3 0.00013* 0.176 0.655 

Unilateral Leg Press 

Right, 5RM, kg 

 47.7±10.8 53.4±13.1 52.8±15.5 50.0±14.9 44.3±6.8 51.1±7.8 0.462 0.347 0.728 

Unilateral Leg Press 

Left, 5RM, kg 

 45.5±9.8 52.3±13.6 51.1±15.0 48.9±16.3 44.3±13.6 53.4±10.1 0.316 0.816 0.992 

Leg Curl, 5RM, kg  39.8±10.1 45.5±9.8 35.2±12.5 40.9±11.7 29.5±7.9 33.0±8.6 0.747 0.505 0.153 

1Values are means ± SD’s. n = 12 (4/group). 

 p values were obtained from repeated measures ANOVA 

WS = Within Subjects. TP = Time and Protein interaction. BS = Between Subjects. 

*Significantly different from pre-intervention within subjects (p <. 0.05). 

 

 

Physical Performance 

Substantial increases in chest press 5RM strength (43.18 ± 14.95 kg vs 48.86 ± 17.46 kg) and chin-

up maximal repetition (4.75 ± 5.64 vs 6.08 ± 6.56) were observed across all groups from baseline 

to post-intervention (p < 0.05). Significant increases in relative 5RM chest press strength (strength 

to mass ratio) were also observed across all groups (0.6 ± 0.185 vs 0.686 ± 0.213) (p < 0.05). No 

differences between groups on changes in chest press relative strength from pre- to post-

intervention were found (p = 0.09).  

No significant increases in leg curl 5RM and leg press 5RM were found. No significant changes 

in broad jump distance occurred (Table 2). No significant differences were found in relative 5RM 
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strength on any lower body movement. We found no differences in relative strength change from 

pre- to post-intervention between groups for lower body movements.  

 No effect of protein intake was noted on any of the physical performance parameters that we 

assessed. Moreover, no significant differences between groups were observed on physical 

performance changes from pre- to post-intervention on any of our tests.  

 

Table 3. Oxygen consumption, carbon dioxide production, respiratory exchange ratio and resting energy expenditure before and 

after the intervention1. 

  LP MP HP p p p 

  Pre Post Pre Post Pre Post WS TP BS 

VO2, L/min  0.258±0.031 0.233±0.039 0.293±0.038 0.263±0.050 0.230±0.027 0.225±0.013 0.008* 0.219 0.181 

VCO2, L/min  0.225±0.026 0.193±0.046 0.250±0.036 0.217±0.045 0.193±0.022 0.188±0.025 0.002* 0.093 0.280 

RER  0.881±0.041 0.817±0.039 0.851±0.068 0.831±0.014 0.851±0.071 0.830±0.077 0.210 0.720 0.941 

REE, kcal  1803.1±196.8 1615.4±303.3 1847.9±439.4 1825.4±363.2 1579.5±183.8 1567.3±98.2 0.006* 0.102 0.186 

1Values are means ± SD’s. n = 11. 

 p values were obtained from repeated measures ANOVA 

WS = Within Subjects. TP = Time and Protein interaction. BS = Between Subjects. 

*Significantly different from pre-intervention within subjects (p <. 0.05). 

 

Table 4. Energy requirements and macronutrient distribution across all three groups1. 

 LP MP HP 

 Prescribed Consumed Prescribed Consumed Prescribed Consumed 

EI 1954.30±29.87 1776.08±157.24 2260.1±150.8 2226.08±101.68 2076.02±411.99 1955.50±430.62 

Protein g/d 108.33±14.50 100.75±13.43 118.5±17.68 118.5±17.68 145±0 148.5±9.19 

CHO g/d 231.33±7.77 207.25±28.66 271±9.9 263.5±0.70 200±79.20 178.25±100.76 

Fat g/d 66.67±3.06 60.89±2.77 77±2.83 77.61±3.69 73.8±9.90 72.06±7.15 

Protein g/kg 1.3±0.1 1.2±0.1 1.69±0.01* 1.69±0.01* 2.27±0.04** 2.32±0.18** 

CHO g/kg 2.9±0.4 2.6±0.6 3.9±0.5 3.81±0.62 3.12±1.19 2.78±1.53 

Fat g/kg 0.83±0.13 0.76±0.12 1.11±0.14 1.12±0.13 1.22±0.14 1.13±0.1 

Protein % 22.15±2.63 22.70±2.52 20.91±1.73 21.24±2.21 28.50±5.66 31.34±8.78 

CHO % 47.36±1.88 46.56±2.75 48±1.45 47.4±2.29 37.76±7.76 35.04±12.89 

Fat % 30.72±1.77 30.94±1.53 30.68±0.92 31.38±0.1 31.55±3.16 33.62±4.11 

Compliance 

% 
 90.7±8.1  98.2±2.6  95.6±2.2 

 
1Values are means ± SD’s. n = 7. 

*  = Significantly different from LP (p <. 0.05). 

** = Significantly different from MP (p <. 0.05). 
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Discussion 

We conducted a randomized controlled trial looking at the effects of varying protein intakes on 

body composition, physical performance parameters and REE during a 6-week 25% ER protocol 

on athletes from various sports. Participants were randomized and assigned to either a LP group 

(~1.2g/kg), a MP group (~1.6g/kg) or a HP group (~2.2g/kg). We also included a 3-day RT 

program predominantly geared towards muscle hypertrophy. The program was standardized for 

weekly set volume as  previously suggested and utilized by others (Israetel et al., 2020). The main 

findings of this study indicate that there were no significant advantages to higher protein 

consumption on either fat loss or FFM retention (Table 2.). Our results also indicate that athletes 

can maintain their relative physical performance during periods of moderate ER. We found no 

effect of protein intake on any physical performance parameter. In addition, we found that athletes 

experience greater than predicted decreases in REE despite minimal WL. 

 Our results are in line with those obtained from a recent study conducted on female athletes 

undergoing a 2-week 40% ER protocol with protein intakes of either 0.9g/kg or 1.7g/kg (Pearson 

et al., 2021). Average weight loss in both groups was ~1.1 kg with no differences in FM and FFM 

changes between groups (Pearson et al., 2021). A similar study by the same group also reported 

no differences in the loss of FM in resistance trained men consuming either 1.0g/kg or 2.3g/kg of 

protein during a 2-week 40% ER protocol (Mettler et al., 2010). However, the low protein group 

lost significant amounts of LBM compared to no changes in the high protein group. On the other 

hand, many have suggested that protein intakes ≥1.6g/kg during periods of ER would be more 

conducive to favorable changes in body composition than lower intakes (Lemon, 2000; Murphy et 

al., 2015; Phillips & Van Loon, 2011; Tipton, 2011). The reason for those discrepancies might 

ultimately be due to methodological differences between studies as well as the targeted population. 
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For example, our study included both male and female athletes from various sports, which was not 

the case in most studies discussed earlier (Pasiakos et al., 2013 ; Longland et al., 2016; Mettler et 

al., 2010; Pearson et al., 2021). In addition, our study included a structured RT program geared 

specifically towards promoting muscle hypertrophy. Other studies also included an exercise 

intervention however, the intervention was mostly geared towards promoting fat loss rather than 

persevering FFM (Pasiakos et al., 2013; Longland et al., 2016). Hence, despite our data showing 

no advantage to higher protein intakes, we cannot disregard the possibility that protein intakes 

≥2.2g/kg could exert favorable outcomes in terms of body composition in different populations or 

in conjunction with different exercise modalities. Moreover, our HP group was the only group that 

included more females than males indicating that there could be an effect of sex on the 

responsiveness to protein intake, but we cannot draw clear conclusions with our current sample 

size. 

Another important finding in the current study was the maintenance of physical performance. As 

previously mentioned, athletes seeking to lose weight do so ultimately to improve their power to 

mass ratio and relative strength (Huovinen et al., 2015). We found significant increases in chest 

press 5RM strength (43.18 ± 14.95 kg vs 48.86 ± 17.46 kg) and chin-up maximal repetition (4.75 

± 5.64 vs 6.08 ± 6.56) (p < 0.05). The increase in relative strength from pre- to post-intervention 

on the chest press was also significant (0.6 ± 0.185 vs 0.686 ± 0.213) (p < 0.05). However, no 

changes occurred in 5RM leg curl strength, 5RM leg press strength and broad jump distance. The 

reason for the preferential strength increases in upper body movements compared to lower body 

movements is unclear. It could be that our participants came primarily from lower body dominant 

sports (cycling, football, ice hockey, ringette and soccer) and could have been more responsive to 

upper body exercises (Table 2.). Hence, our results indicate that physical performance can be 
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maintained and improved during periods of ER in trained athletes. Those findings are in agreement 

with a study looking at different rates of WL on physical performance and body composition in 

Olympic athletes (Garthe et al., 2011). In the latter, the authors indicate that the ‘slow rate weight 

loss’ group significantly improved physical performance whilst no significant changes occurred in 

the ‘fast rate weight loss’ group (Garthe et al., 2011). Similarly, a study by Longland and 

colleagues reported significant improvements 1RM strength on multiple exercises independently 

of low (1.2g/kg) or high (2.4g/kg) protein intake following a 28d 40% ER protocol (Longland et 

al., 2016). However, the authors reported significantly greater increases in LBM and significantly 

greater losses of FM in the high protein groups (2.4g/kg) which was not the case in our study. 

Based on the results of the latter study and the results of our current study, it does not seem likely 

that changes in FFM that occur during periods of ER, whether they be positive or negative, are 

directly predictive of physical performance outcomes (Garthe et al., 2011; Longland et al., 2016). 

In fact, physical performance was retained across all our groups independently of changes in FFM 

and protein intake. The reason for this could be the important contribution of the nervous system 

in activities requiring a high degree of force production such as a 5RM test (Marshall et al., 2011). 

If this is indeed the case, it would indicate that protein intake during periods of ER is a poor 

predictor of physical performance outcomes for as long as the minimal requirements are met 

(~1.2g/kg). This assumption is in line with a recent study on female athletes undergoing a 2-week 

40% ER protocol with protein intakes of ~0.9g/kg for the low group and ~1.7g/kg for the high 

group (Pearson et al., 2021). Indeed, the authors reported no significant differences in physical 

performance between groups after the protocol except for concentric isokinetic leg extension 

strength, which favored the high protein group (Pearson et al., 2021). Hence, our hypothesis 

regarding better performance and FFM retention with higher protein intake is not supported by our 
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results. Based on our current findings, it seems like the current ACSM recommendations of 1.2-

1.7g/kg is sufficient for athletes who wish to maintain their strength during periods of ER. 

Our data also suggest that athletes experience greater than predicted decreases in REE for minimal 

weight loss and relative preservation of FFM. Our linear regression model suggests that REE 

should have remained similar from baseline to post-intervention when using FM and FFM as the 

main predictors. However, REE decreased from 1744 kcal/day to 1655 kcal/day (p = 0.006) whilst 

our predicted post-intervention value was 1748 kcal/day. No significant effects of protein intake 

were observed on changes in REE. In addition, reductions in REE occurred despite an average 

weight loss of only ~1.3 kg (72.41 ± 14.73 kg vs 71.08 ± 12.9 kg), which was not significant (p = 

0.059). Hence, since FFM was relatively maintained across our groups, it is possible that changes 

in FM were primarily responsible for the decrease in REE (19.66 ± 9.05 kg vs 18.02 ± 8.07 kg) (p 

= 0.016). This would concord with the assumption that fat store depletion is one of the main signal 

in EE regulation (Dulloo & Jacquet, 1998). In fact, it has previously been shown that greater than 

predicted reductions in REE occur despite non-significant changes in FFM, at least in ILWO 

(Doucet et al., 2001). Those findings contradict our hypothesis regarding changes in REE whereby 

it was assumed that the maintenance of FFM could play a primary role in mitigating the adaptive 

response to ER. In fact, FFM has been shown to be a greater predictor of REE than FM (Nelson et 

al., 1992). It has previously been suggested that reductions in REE ensuing periods of ER could 

be in part caused by increased mitochondrial efficiency and decreased  expression of uncoupling 

proteins (Pileggi et al., 2022; Trexler et al., 2014). This could potentially explain the occurrence 

of greater than predicted reductions in REE in our cohort independently of reductions in FFM as 

previously observed in lean individuals (Weyer et al., 2000). However, this was not thoroughly 

investigated in our study. It is also possible that reductions in REE occur more rapidly in 
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individuals with a high baseline TDEE as a protection mechanism to preserve energy, but we 

cannot confirm this with our current data. Lastly, the reductions in REE could potentially explain 

the low occurrence of WL seen in our study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In fact, it has recently been shown that 1 week of ER can lead to ~100 kcal reduction in 24hEE 

over what would be expected based on changes in active metabolic tissue (Heinitz et al., 2020). 

Moreover, reductions in EE on week 1of the protocol was associated with a reduction in total 

weight loss of ~2 kg on the last week of the protocol (Heinitz et al., 2020). Hence, the possibility 

of early reductions in REE in our study explaining the low occurrence of WL is conceivable.  

Lastly, certain limitations are to be considered with our current study. First, our sample size 

consisted of only 12 participants. Second, the dietary intervention consisted of a template with 

equivalents for each food group to be consumed daily. This implies a greater margin of error in 

terms of calorie and macronutrient consumption compared to a study with pre-made meals given 
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Figure 1. Measured compared to predicted changes in resting energy expenditure (REE) in athletes 

ensuing a 6-week 25% energy restriction diet with varying protein levels. Measured REE prior to the 

intervention was 1743.52 ± 295.74 kcal whilst the measured post-intervention REE was 1655 ± 263.23 

kcal (p = 0.006). Post-intervention predicted REE was 1747.92 ± 263.20 kcal based on our linear 

regression model when using fat mass and fat-free mass as the main predictors (REE = (190.925) + 

(3.408*FM) + (29.582*FFM) (R2 = 0.863)). A significant difference was observed between post-

intervention measured REE and post-intervention predicted REE (1655 ± 263.23 vs 1747.92 ± 263.20 

kcal) (p = 0.012).  
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to each participant for the duration of the study. However, according to our data, compliance to 

the nutritional intervention across all groups was on average 94.8±3.8% (n=7) with significant 

differences in relative protein intakes (Table 3.). Third, participants were athletes from various 

sports with different levels of commitment. This allowed for the preservation of the ecological 

value but was also a limitation because some participants were more active than others. This 

potentially resulted in some individuals doing more volume of activity than others which could be 

a confounding factor. Four, protein oxidation was not measured in the current study. This would 

have provided important information regarding fuel selection with varying protein intakes. Five, 

this study was conducted during the Covid-19 pandemic resulting in multiple interruptions of 

normal laboratory operations. This made it difficult to host all our participants for regular training 

sessions. Thus, the lack of direct training supervision can be considered a limitation as well. 

However, we observed no significant differences between groups in terms of changes in physical 

performance from pre- to post-intervention. This indicates that compliance to the RT program was 

similar between groups. Lastly, delays occurred in other laboratories with whom we work in 

collaboration. For this reason, we were not able to analyse our D2O enriched saliva samples prior 

to the official deposition for this thesis. 

Conclusion 

In summary, we demonstrate that trained athletes can maintain FFM and improve physical 

performance during a 6-week 25% ER protocol. We found no advantage nor disadvantage in 

consuming more protein (~2.2g/kg) on any of our measured outcomes. Hence, we suggest that the 

ACSM recommendation of 1.2-1.7g/kg is sufficient for most athletes even during periods of ER if 

a proper RT regimen is implemented. Our data also suggest the possible occurrence of early AT 

in that population. We found that REE decreased by ~100 kcal more than what was predicted by 
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our model based on levels FM and FMM. Whether AT subsides once energy balance is re-

established will require further investigation.  

 

General Discussion 

 Motives & General Conclusion 

The main purpose of this thesis was to objectively determine if high protein intakes (~2.2g/kg) 

offer any advantages compared to lower intakes (≤1.6g/kg) on the retention of FFM, the loss of 

FM and the maintenance of physical performance in athletes during periods of ER. There are three 

specific motives that led to the development of this project. The first motive came from my own 

personal experience as an athlete. Over the years, I have purposefully lost weight on multiple 

occasions as an attempt to improve my own athletic performance for competitive and recreational 

reasons. Between the ages of 19 and 27, I have tried many different weight loss protocols such as 

low carbohydrate diets, carbohydrate backloading, carbohydrate cycling, intermittent fasting, 

extremely high protein diets (>300g/d) and time restricted feeding, each providing their own 

benefits and drawbacks. Throughout the years, I looked to find the best and most efficient way to 

lose weight without sacrificing muscle mass and performance. Protein became of particular interest 

to me because of the way it was marketed in mainstream media. Many of my fellow training 

partners, teammates and myself believed that since muscle is protein, then more protein must equal 

more muscle. Moreover, high protein diets used to be marketed as a ‘fat burning secret weapon’ 

by supplement companies and fitness gurus. It is needless to say that I developed a bias towards 

high protein diets! However, that bias slowly faded once I started my bachelor’s degree and slowly 

acquired more and more knowledge about physiology and biochemistry. However, some of my 

interrogations remained unanswered. This brings up the second motive that led to the development 
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of this project; anecdotal evidence. Many athletes that I know personally and myself included, 

have had tremendous success in terms of fat loss and physical performance enhancement eating 

relatively high amounts of protein (>2.2g/kg). Why is that? Our dietary habits were contrary to the 

scientific recommendations of 0.8g/kg, later updated to 1.2-1.7g/kg for physically active 

individuals. Hence, I deducted that there was a mismatch between the scientific evidence and what 

was being done in practice. I also realized that there were discrepancies within the scientific 

literature itself regarding protein intake recommendations. Those discrepancies were my final 

motive for the development of this project.  

Many studies have been conducted on protein intake during periods ER however, very few have 

been conducted on athletes. It was assumed that leaner individuals are more likely to lose FFM 

during periods of ER because of an increased reliance on protein catabolism for ATP production 

compared to individuals with more body fat. During periods of energy balance, 1.6g/kg has been 

shown to maximize gains in LBM in individuals who resistance train (Morton et al., 2018). 

However, it was unknown whether 1.6g/kg was sufficient to provide the same effect during periods 

of ER. In addition, the current ACSM recommendation for active individuals (1.2-1.7g/kg) does 

not necessarily consider training status nor energy status. Hence, it was plausible to assume that 

higher protein intakes (>1.6g/kg) would be beneficial for athletes during periods of ER. 

Interestingly, we found no effect of protein intake on any of our outcomes including FFM and 

physical performance. Thus, our data indicate that the ACSM recommendation of 1.2-1.7g/kg is 

sufficient for athletes even during periods of ER. Of note, our study included a RT program 

specifically designed to maximize muscle hypertrophy. Hence, it is possible that without RT and 

the anabolic stimulus it provides, an athlete who undergoes a weight loss phase would need more 

protein than what is currently suggested (>2.2g/kg). Lastly, we found no significant detriments to 
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consuming more protein on any of our outcomes. Thus, consuming more protein than 1.2-1.7g/kg 

could be a plausible option for individuals who adhere to higher protein diets. 

 

Strengths and Weaknesses   

One of the main weaknesses of this project is its low statistical power due to the limited number 

of participants (n=12). Previous studies on the topic have had as much as 40 participants (Longland 

et al., 2016). Hence, to rectify this weakness, the study remains ongoing until the summer of 2023. 

An other weakness has to do with the nutritional intervention. A caloric restriction of 25% was 

chosen based on evidence suggesting that more aggressive deficits are more likely to cause 

decrements in physical performance (Garthe et al., 2011; Peos et al., 2018). However, because a 

margin of error is to be considered with any nutritional intervention that does not provide pre-

made meals, it seems like an ER of 25% is too conservative for research purposes. In fact, our 

participants lost on average only ~1.3 kg. For this reason, it remains uncertain whether more 

protein would have an effect on our outcomes if they had lost weight significantly. Nonetheless, 

we did observe a significant reduction in REE indicating that our participants were for the most 

part in a state of ER. Lastly, the absence of evidence for training tonnage can be considered a 

weakness. It was initially a member of the research team that was responsible to track the weight 

and repetitions performed by participants on all the exercises during their training sessions. 

However, interruptions in regular laboratory activities because of the Covid-19 pandemic made it 

impossible to host all our participants for regular sessions causing us to lose track of the data. 

Moreover, undergraduate students who were assisting me on this project graduated and were no 

longer available to host the workouts. To resolve the issue, I provided an excel spreadsheet to all 

the participants with designated columns to input the loads and repetitions that were using during 



37 
 

their workouts. I asked the participants to keep track of the weight and repetitions performed. 

However, some participants never returned the spreadsheet after the intervention and others did 

not objectively track the loads and repetitions they performed during their workouts. Nonetheless, 

the changes in performance were similar across all groups suggesting that compliance to the 

training program was similar between groups.   

Despite many limitations, this project also has many strengths. First, our protocol included three 

different groups with different intakes of protein. This allowed us to test a wide range of protein 

intake (~1.2g/kg up to ~2.2g/kg) without any values being overly distant from one another (i.e 

testing 1.2g/kg vs 2.2g/kg without a middle group). Second, we included both males and females 

in our study which distinguishes our sample size from that of previous studies (Pasiakos et al., 

2013; Longland et al., 2016; Pearson et al., 2021). In addition, all of our participants were 

recreational or competitive athletes from various sports. We were able to design a protocol in 

which it was possible for our participants to maintain their regular practice schedule or sport related 

commitments throughout the intervention. This allowed the ecological value of the study to be 

maintained, which can be considered a strength. Finally, we used D2O dilution to estimate TBW 

of our participants. Although the enriched saliva samples have yet to be analyzed because of 

Covid-19 related delays at the time of the deposition limit for this thesis, the D2O dilution is a 

strength to our study. Deuterium oxide dilution is considered the gold standard to calculate TBW 

(Bila et al., 2016). This is relevant to our project because previous studies omit to report TBW or 

report values obtained from bioelectrical impedance analysis (Pasiakos et al., 2013; Longland et 

al., 2016; Pearson et al., 2021). It has previously been shown that bioelectrical impedance analysis 

tends to overestimate TBW which could lead to an overestimation of FFM (Bila et al., 2016). We 

obtained our FFM values from DXA analyses, hence, we will be able to deduct our TBW values 
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from the FFM and estimate the changes that occurred in tissue mass as the result of our 

intervention.  

 

 Implications for the Public and Future Research  

Based on our data and that of others, it seems like athletes who consume between 1.2g/kg and 

1.7g/kg of protein during periods of ER are likely to maximize the retention of FFM and physical 

performance so as long as RT is implemented (Pearson et al., 2021). Hence, normal weight 

individuals who undergo short-term periods of ER will most likely maximize their results with 

protein intakes in that range. However, it remains unclear whether protein needs to increase 

proportionally throughout an ER phase as an individual reaches very low levels of body fat 

(bodybuilders, physique athletes, individuals with anorexia etc.…). In fact, athletes in our study 

did not lose weight significantly. Hence, future research could replicate our protocol with a more 

aggressive restriction to see if the same conclusions are reached. Future research could also focus 

on middle-aged individuals (≥40 years old) who are susceptible to anabolic resistance to see if they 

would benefit from more protein during periods of ER. It would also be interesting to see if more 

total daily protein is needed for vegan or vegetarian athletes who undergo periods of ER.  

 In addition, the onset of AT was present in our study. It is unknown what role AT played on the 

outcomes of our study and whether it was responsible for the limited weight loss in our sample 

size. It is also unknown as to how early AT occurred in our study since we only measured REE at 

baseline and post intervention. Moreover, it is unclear as to whether AT subsides in athletes once 

energy balance is re-established. Hence, future studies that focus on identifying the onset of early 

AT in normal weight individuals and how to potentially limit it are needed.  
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Appendices  

 

Weight Log Spreadsheet 

Exercises/Days Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

A.       

Bulgarian Split squat       

Chest Press       

Leg Curl       

Machine Row       

Lateral Raise       

Russian Twist       

       

B.       

Incline chest Press       

Leg Press       

Upright Row       

Pronated Pull Down       

Barbell Curl       
Lying Triceps 
Extension       

Sit up       

       

C.        

Military Press       

1 leg RDL       

Supinated Pull Down       

Pec Deck       

Goblet Squat       

Incline Reverse Fly       
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Day A. Training Sample  
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Nutritional Template Sample 
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