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Abstract
Bodybuilding is an aesthetic sport whereby competitors aspire to achieve a combination of high levels of muscularity
combined with low levels of body fat. Protein is an important macronutrient for promoting muscle growth, and meeting
daily needs is necessary to optimize the accretion of lean mass. Current recommendations for muscle hypertrophy suggest
a relative protein intake ranging from 1.4 g/kg/day up to 2.0 g/kg/day is required for those involved in resistance training.
However, research indicates that the actual ingestion of protein in competitive bodybuilders is usually greater than advocated
in guidelines. The purpose of this current opinion article is to critically evaluate the evidence on whether higher intakes of
protein are warranted in competitive bodybuilders. We conclude that competitive bodybuilders may benefit from consuming a higher protein intake than what is generally prescribed for recreationally trained lifters; however, the paucity of direct
research in this population makes it difficult to draw strong conclusions on the topic.

Key Points

1 Introduction

Bodybuilders may benefit from ingesting more daily protein than the current evidence-based recommendations.

Protein (PRO) is an important macronutrient for promoting
muscle growth. Accordingly, meeting daily PRO needs is
necessary for optimizing the accretion of lean mass [1–4].
Current evidence-based recommendations suggest a relative
PRO intake ranging from 1.4 g/kg/day up to 2.0 g/kg/day for
those involved in regimented resistance training (RT) with a
goal to increase muscle mass [1, 3, 4]; based on prevailing
evidence, consuming beyond this amount would not induce
further hypertrophic benefits. However, underestimating
PRO needs may impair a bodybuilder’s ability to reach his
maximum hypertrophic potential.
Research indicates that the actual ingestion of PRO in the
competitive bodybuilder (BB) is usually greater than advocated in current guidelines [5, 6]. For example, Spendlove
et al. [5] observed that average PRO intake of male BBs is
2.5 g/kg/day in the offseason, and 2.4 g/kg/day in the competition phase, reaching values as high as 4.3 g/kg/day. In
contrast, carbohydrate intake in these athletes ranged from
243 g/day (3.0 g/kg/day) to 637 g/day (7.2 g/kg/day), while
intake of dietary fat ranged from 19 g/day (8% of energy)
to 241 g/day (33% of energy). As a general rule, consumption of carbohydrate and fat are the primary macronutrients
targeted for reduction during the pre-competition period,
with PRO intake tending to remain fairly constant. Given
the contradiction between current evidence-based PRO

There is some evidence indicating that a higher ingestion
of protein (≥ 3.0 g/kg/day) enhances improvements in
body composition.
There is a lack of direct data regarding protein ingestion
in competitive bodybuilders, making specific recommendations speculative.
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recommendations and what BBs actually consume in practice, we can question whether BBs are misguided in their
actions and simply “wasting” energy intake on superfluous
PRO consumption (and thus potentially missing out on other
important nutrients found in carbohydrate and/or fat), or if
there is perhaps a viable rationale for the greater-than-recommended PRO intake in this population.
There is a relative paucity of research on daily PRO
requirements in well-trained individuals, and to the authors’
knowledge no study has investigated the topic in competitive
BBs. Considering that competitive BBs have unique regimens of training, periodization, diet, and use of ergogenic
aids, the results of previous research on the topic should be
taken with a degree of caution when attempting to extrapolate recommendations to BBs. Thus, the purpose of this current opinion article is to critically evaluate the evidence on
whether higher intakes of PRO are warranted in competitive
BBs.

2 Current Evidence Regarding Protein
Intake in Resistance‑Trained Individuals
Only a few experiments have been conducted to determine
optimal protein needs for muscle growth in resistancetrained individuals. Tarnopolsky et al. [7] investigated leucine kinetics, whole-body protein synthesis, and nitrogen
balance (NB) in seven strength athletes who consumed
higher (2.4 g/kg/day), moderate (1.40 g/kg/day), or low PRO
(0.86 g/kg/day) under isocaloric conditions over a 13-day
period. Results indicated that NB was greater for higher PRO
intake (+ 3.8 N/day) compared to moderate PRO (+ 0.7 N/
day), and the leucine oxidation was also greater for higher
PRO intake condition; however, whole-body PRO synthesis
was similar between conditions. Multiple linear regression
analysis (with a safety margin of 1 standard deviation) of
nitrogen intake revealed an estimated PRO requirement of
1.76 g/kg/day of PRO in this cohort of strength athletes.
Lemon et al. [8] investigated PRO requirements during
the early stages of training in 12 detrained (for at least
1 year) men who received 2.62 g/kg/day or 1.35 g/kg/day
of PRO while following an isoenergetic diet for 4 weeks.
Results indicated that all subjects were in a negative NB
during lower PRO. Overall, a greater NB was noted in
the higher versus the lower PRO condition (8.9 N/day
vs. − 3.4 N/day, respectively). Although the higher PRO
intake produced slightly greater gains in some measures,
the differences between conditions was not significant
from a probability standpoint for lean body mass gain
(estimated by hydrostatic weighting) and for muscle
hypertrophy of the midarm and midthigh (measured by
computerized axial tomography). These findings indicate
that during the early stages of reinitiating a RT program,

there is no benefit to consuming very high amounts of
PRO. Linear regression (with a margin of 2 standard deviations) from NB produced an estimated requirement of
1.6–1.7 g/kg/day for muscle hypertrophy.
It should be noted that estimation of PRO intake in the
two aforementioned studies [7, 8] as well as the majority
of studies used to make evidence-based recommendations
on the topic is based on measures of NB, which theoretically provides insight into the net balance of protein
synthesis and catabolism in the body. However, there are
a number or concerns about the interpretation of NB studies that warrant caution when attempting to draw practical
inferences [9–13]. For one, questions have been raised as
to its ability to accurately estimate nitrogen losses through
the skin, hair, nails, and bodily excretions; attempts to statistically correct for these losses have proven ineffectual
[12]. For another, inherent large, between-subject variances in humans requires testing of the same participant
over a range of test amino acid levels [11], a practice that
generally is not undertaken. Moreover, linear regression
analysis is generally employed to interpret data that are
nonlinear by nature, potentially leading to inaccurate conclusions [14]. Due to these limitations, use of the NB balance technique may result in underestimation of optimal
protein requirements [11].
A positive NB also does not necessarily translate into an
increase in lean body mass. In the experiment by Lemon
et al. [8], an increase in lean mass and hypertrophy of the
biceps was noted even with subjects in a negative NB. This
suggests that NB may lack validity as a method for inferring the effects of PRO intake on muscle hypertrophy. Also,
Lemon et al. [8] observed hypertrophy only in the upper
limbs, but no changes were detected in the thigh musculature. This raises the possibility that results may be dependent
on the region of the body analyzed. Therefore, recommendations based on NB in providing determinations of physiological requirements for PRO intake should be viewed with
some degree of circumspection.
Bandegan et al. [15] sought to quantify PRO requirements
in eight resistance-trained individuals (with at least 3 years
of RT experience) using the indicator amino acid oxidation
technique—a method purported to have greater validity than
NB for assessing PRO requirements [13]. Participants were
considered to be near their maximal muscular potential, with
all attaining a muscularity index of > 90% when compared
to past Mr. USA winners (based on fat-free mass normalized
to height). Over the span of several weeks, resting oxidation
of l-[1-13C] phenylalanine was measured for each subject
on a non-training day in a series of PRO intakes ranging
from 0.1 to 3.5 g/kg. PRO requirements were estimated to
be 1.7 g/kg/day, with an upper 95% confidence interval of
2.2 g/kg/day. A potential issue with this experiment is that
assessments were made on non-training days. It therefore is
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not clear whether PRO requirements on training days may
differ from the reported values.
Recommendations on the topic are generally based on
data from acute investigations. Considering that acute findings do not necessarily reflect chronic adaptations, better
insights may be gleaned from longitudinal studies of a
medium- to long-term duration, whereby different amounts
of PRO are consumed in conjunction with regimented RT.
One such study by Hoffman et al. [16] investigated 23 collegiate strength/power athletes from the college’s track and
field team with at least 2 years of RT experience over the
course of a 12-week RT program. Participants were stratified according to their self-reported habitual daily PRO consumption as follows: Below recommended levels (1.19 g/kg/
day; n = 8), recommended levels (1.74 g/kg/day; n = 7), and
above recommended levels (> 2.36 g/kg/day; n = 8). Energy
consumption was similar between groups across the study
period. Results indicated no statistically significant betweengroup differences for changes in lean body mass (as determined by dual energy x-ray absorptiometry) from pre- to
post-study; however, the higher PRO group achieved greater
absolute increases in lean body mass than those consuming
PRO at either recommended levels or below recommended
levels (+ 1.10 kg, + 0.77 kg, and − 0.01 kg, respectively).
The non-significant increase in lean mass may be related to
the lower caloric intake of the participants (31.9–33.6 kcal/
kg/day) compared to that habitually consumed by competitive BBs during a hypertrophy phase [5, 17], which averages ~ 46 kcal/kg/day [5]. Studies have shown that higher
energy intakes induce greater increases in hypertrophy when
compared to lower caloric conditions [18, 19]; therefore, the
results may have been underestimated.
Although energy intake is an important determinant in
the capacity to build muscle [20], it should be noted that
bodybuilding is an aesthetic sport whereby competitors not
only need to achieve high levels of muscularity, but need
to do so in combination with very low levels of body fat
[21]. This is problematic given that a positive energy balance is generally accompanied by an increased fat deposition, particularly in lean, well-trained individuals [19]. There
is some evidence that consuming a higher PRO intake during
a caloric surplus may induce positive alterations in body fat
without compromising gains in lean mass [22, 23]. Antonio
et al. [22] randomized forty-eight resistance-trained men and
women to consume 2.3 or 3.4 g/kg/day of PRO in conjunction with a regimented RT program for 8 weeks. Results
indicated that both groups increased lean mass (estimated
by air displacement plethysmography) by ~ 1.5 kg with no
observed between-group differences. However, the higher
PRO group showed a greater decrease in fat mass compared
to the normal PRO group (− 2.4% vs. − 0.6%, respectively),
despite the fact that the higher PRO group consumed more
calories (~ 400 kcals/day). Another 8-week study from the

same lab [23] found subjects consuming an additional 800
kcal/day via a higher PRO intake (4.4 g/kg/day) showed
similar changes in fat mass when compared to a group consuming a normal PRO intake (1.8 g/kg/day). Therefore, it
can be inferred that PRO calories when consumed in excess
are not metabolized by the body in the same manner as other
macronutrients.
The theorized metabolic advantage from higher PRO
intakes may be at least in part mediated by an increase in
24-h energy expenditure and sleep energy expenditure [24].
Hackney et al. [25] provided further support for this theory,
observing greater increases in resting energy expenditure
at 24 h post-exercise when resistance-trained individuals
consumed an isocaloric bolus of PRO versus carbohydrate
20 min prior to an intense RT session. Taken together,
results suggest that a higher PRO diet can be beneficial for
BBs to optimize body composition during the offseason, as
the strategy may help to prevent excessive fat gain without
compromising muscular development.
In addition to an offseason phase designed for bulking, an important component of BB preparation generally
involves a pre-contest phase, whereby the main objective
is to reduce body fat levels while maintaining (or perhaps
even slightly increasing) muscle mass. Consistent with the
first law of thermodynamics, achieving a negative energy
balance is necessary to reduce body fat levels [26], and this
is most readily accomplished via dietary caloric restriction.
However, restricting energy intake may also concomitantly
reduce lean mass. Areta et al. [27] observed that during an
energy-restricted condition a 30-g dose of PRO consumed
after a RT bout induced a greater muscle protein synthesis
response compared to a 15-g PRO dose (~ 34% vs. ~ 16%,
respectively). Thus, adopting strategies that help to counteract muscle catabolism during the pre-contest phase is critical
for success in the sport.
In this regard, several studies show that a higher PRO diet
is more effective in sparing fat-free mass during diet-induced
weight loss phase [28–33]. Mettler et al. [31] observed an
attenuation in losses of lean body during a hypoenergetic
weight loss protocol when consuming a higher compared
to a lower PRO intake (~ 2.3 g/kg/day vs. ~ 1.0 g/kg/day).
Results may be attributed to the ability of higher PRO to
mitigate the decline in muscle PRO synthesis during periods of energy restriction [34]. Collectively, these findings
suggest a benefit to creating an energy deficit by reducing
carbohydrate and/or fat consumption while maintaining a
high PRO intake during pre-contest preparation as a means
to optimally reduce body fat levels while sparing lean mass.
Another important factor to be considered is that previous
studies on the topic failed to take into account possible interactions between RT variables (i.e., volume, intensity, muscle
action, movement speed, range of motion) and PRO intake
with respect to effects on muscle hypertrophy. The volume
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of RT is potentially of particular relevance. Specifically, it
remains feasible that RT sessions with high volumes may
require higher intakes of PRO to counteract increased PRO
degradation and thus promote an anabolic environment. If such
an interaction between RT volume and PRO intake does in fact
exist, it would have important implications for BBs, as they
are known to employ high volume training cycles [21]. An
initial approach to test this hypothesis would be a short-term
trial investigating the within-subject muscular PRO synthesis response after RT sessions employing differing levels of
volume.
Moreover, the timing of PRO ingestion also should be taken
into account. For example, an acute dose of 20 g of PRO every
3 h throughout a 12-h post-RT recovery period was found to
be more effective than ingestion of 40 g every 6 h and 10 g
every 1.5 h [35]. Given that amino acids are oxidized at an
increased rate above a given threshold of protein intake, it is
advisable for BBs to spread out consumption in multiple meals
over the course of a day [36]. At a daily intake of 2.2 g/kg,
this could be accomplished by consuming four approximately
evenly spaced meals of 0.55 g/kg/meal; higher daily PRO
intakes would seemingly necessitate greater meal frequencies
to optimize amino acid utilization for tissue building purposes.
It also should be noted that no study to date has endeavored
to investigate PRO needs in competitive BBs. The study by
Bandegan et al. [15] employed resistance-trained men who
were muscular, but no mention was made of whether the
subjects actually participated in competition; it is not clear
whether the rigors of pre-contest preparation may alter PRO
needs. The sample in the Tarnopolsky et al. [7] study consisted
of two football players and two rugby players who performed
strength exercise for at least 2 months before the study, and
three other participants who performed weightlifting exercises
for 3 months before the study. Another study frequently cited
as providing evidence for PRO requirements in BBs is the
Lemon et al. [8] experiment; however, although the title of the
paper states the sample consisted of “novice bodybuilders,”
participants actually had not performed any type of resistance
exercise for at least 1 year. And while participants in the Hoffman et al. [16] study appear to be fairly well trained (collegiate
footballers, sprinters, or throwers with at least 2 years of RT
experience), none reported having previously competed in any
bodybuilding event (amateur or professional). Therefore, the
daily PRO requirement for bodybuilding competitive athletes
remains unknown, and further study is needed to obtain better
insights into the topic.

3 Conclusion
We conclude that competitive BBs may benefit from consuming a higher PRO intake than what is currently recommended for recreationally trained lifters; however, the

paucity of direct research in this population makes it difficult to draw strong conclusions on the topic. Given the
unique needs of competitive BBs, the optimal PRO intake
for this population remains to be determined. In regard to
maximizing muscle hypertrophy, it would seem prudent
for BBs to consume at least 2.2 g/kg/day, as per the upper
95% confidence interval findings of Bandegan et al. [15].
At the very least, this recommendation provides a safety
margin to help ensure a positive milieu for muscle-building; there is no apparent downside to consuming somewhat
higher amounts of PRO from a muscle-building standpoint
as any amino acids not used for anabolism are ultimately
oxidized, thereby making for a favorable risk/reward ratio.
It remains possible that a higher PRO intake may be beneficial during periods of very high-volume RT, although
this hypothesis remains untested. Higher protein intakes
during the pre-contest period appear warranted to help
maintain muscle mass while losing body fat. Helms et al.
[37] suggested an intake of 2.3–3.1 g/kg/day of lean body
mass in lean, resistance-trained individuals in a caloric
deficit; this recommendation needs confirmation in competitive BBs, but the upper range of these values may be
considered a good target intake when energy restriction is
implemented during the pre-contest phase. Finally, these
recommendations pertain to drug-free bodybuilders; it is
not clear whether, and to what extent, the use of anabolic
agents may alter daily PRO requirements.

Compliance with Ethical Standards
Funding No external sources of funding were used in the preparation
of this article.
Conflict of interest Alex S. Ribeiro, João Pedro Nunes, and Brad J.
Schoenfeld declare that they have no conflicts of interest that are relevant to the content of this article.

References
1. Jager R, Kerksick CM, Campbell BI, et al. International Society
of Sports Nutrition Position Stand: protein and exercise. J Int Soc
Sports Nutr. 2017;14:20.
2. Morton RW, Murphy KT, McKellar SR, et al. A systematic review,
meta-analysis and meta-regression of the effect of protein supplementation on resistance training-induced gains in muscle mass and
strength in healthy adults. Br J Sports Med. 2018;52(6):376–84.
3. Kerksick CM, Wilborn CD, Roberts MD, et al. ISSN exercise &
sports nutrition review update: research & recommendations. J Int
Soc Sports Nutr. 2018;15(1):38.
4. Thomas DT, Erdman KA, Burke LM. Position of the Academy of
Nutrition and Dietetics, Dietitians of Canada, and the American
College of Sports Medicine: nutrition and athletic performance. J
Acad Nutr Diet. 2016;116(3):501–28.
5. Spendlove J, Mitchell L, Gifford J, et al. Dietary intake of competitive bodybuilders. Sports Med. 2015;45(7):1041–63.

Protein Intake in Bodybuilders
6. Slater G, Phillips SM. Nutrition guidelines for strength sports:
sprinting, weightlifting, throwing events, and bodybuilding. J
Sports Sci. 2011;29(Suppl 1):S67–77.
7. Tarnopolsky MA, Atkinson SA, MacDougall JD, et al. Evaluation of protein requirements for trained strength athletes. J Appl
Physiol (1985). 1992;73(5):1986–95.
8. Lemon PW, Tarnopolsky MA, MacDougall JD, et al. Protein
requirements and muscle mass/strength changes during intensive training in novice bodybuilders. J Appl Physiol (1985).
1992;73(2):767–75.
9. Young VR, Bier DM, Pellett PL. A theoretical basis for increasing
current estimates of the amino acid requirements in adult man,
with experimental support. Am J Clin Nutr. 1989;50(1):80–92.
10. Zello GA, Wykes LJ, Ball RO, et al. Recent advances in methods
of assessing dietary amino acid requirements for adult humans. J
Nutr. 1995;125(12):2907–15.
11. Pencharz PB, Ball RO. Different approaches to define individual
amino acid requirements. Annu Rev Nutr. 2003;23:101–16.
12. Kurpad AV, Thomas T. Methods to assess amino acid requirements
in humans. Curr Opin Clin Nutr Metab Care. 2011;14(5):434–9.
13. Elango R, Ball RO, Pencharz PB. Individual amino acid requirements in humans: an update. Curr Opin Clin Nutr Metab Care.
2008;11(1):34–9.
14. Rand WM, Young VR. Statistical analysis of nitrogen balance
data with reference to the lysine requirement in adults. J Nutr.
1999;129(10):1920–6.
15. Bandegan A, Courtney-Martin G, Rafii M, et al. Indicator
amino acid-derived estimate of dietary protein requirement for
male bodybuilders on a nontraining day is several-fold greater
than the current recommended dietary allowance. J Nutr.
2017;147(5):850–7.
16. Hoffman JR, Ratamess NA, Kang J, et al. Effect of protein intake
on strength, body composition and endocrine changes in strength/
power athletes. J Int Soc Sports Nutr. 2006;3:12–8.
17. Ribeiro AS, Schoenfeld BJ, Silva DR, et al. Effect of two- versus
three-way split resistance training routines on body composition
and muscular strength in bodybuilders: a pilot study. Int J Sport
Nutr Exerc Metab. 2015;25(6):559–65.
18. Rozenek R, Ward P, Long S, et al. Effects of high-calorie supplements on body composition and muscular strength following
resistance training. J Sports Med Phys Fitness. 2002;42(3):340–7.
19. Garthe I, Raastad T, Refsnes PE, et al. Effect of nutritional intervention on body composition and performance in elite athletes.
Eur J Sport Sci. 2013;13(3):295–303.
20. Millward DJ, Bowtell JL, Pacy P, et al. Physical activity, protein metabolism and protein requirements. Proc Nutr Soc.
1994;53(1):223–40.
21. Hackett DA, Johnson NA, Chow CM. Training practices and ergogenic AIDS used by male bodybuilders. J Strength Cond Res.
2013;27(6):1609–17.
22. Antonio J, Ellerbroek A, Silver T, et al. A high protein diet
(3.4 g/kg/d) combined with a heavy resistance training program
improves body composition in healthy trained men and women–a
follow-up investigation. J Int Soc Sports Nutr. 2015;12:39.

23. Antonio J, Peacock CA, Ellerbroek A, et al. The effects of consuming a high protein diet (4.4 g/kg/d) on body composition in
resistance-trained individuals. J Int Soc Sports Nutr. 2014;11:19.
24. Bray GA, Redman LM, de Jonge L, et al. Effect of protein overfeeding on energy expenditure measured in a metabolic chamber.
Am J Clin Nutr. 2015;101(3):496–505.
25. Hackney KJ, Bruenger AJ, Lemmer JT. Timing protein intake
increases energy expenditure 24 h after resistance training. Med
Sci Sports Exerc. 2010;42(5):998–1003.
26. Hall KD, Heymsfield SB, Kemnitz JW, et al. Energy balance and
its components: implications for body weight regulation. Am J
Clin Nutr. 2012;95(4):989–94.
27. Areta JL, Burke LM, Camera DM, et al. Reduced resting skeletal
muscle protein synthesis is rescued by resistance exercise and protein ingestion following short-term energy deficit. Am J Physiol
Endocrinol Metab. 2014;306(8):E989–97.
28. Westerterp-Plantenga MS, Lemmens SG, Westerterp KR. Dietary
protein—its role in satiety, energetics, weight loss and health. Br
J Nutr. 2012;108(Suppl 2):S105–12.
29. Soenen S, Martens EA, Hochstenbach-Waelen A, et al. Normal protein intake is required for body weight loss and weight
maintenance, and elevated protein intake for additional preservation of resting energy expenditure and fat free mass. J Nutr.
2013;143(5):591–6.
30. Kim JE, O’Connor LE, Sands LP, et al. Effects of dietary protein intake on body composition changes after weight loss in
older adults: a systematic review and meta-analysis. Nutr Rev.
2016;74(3):210–24.
31. Mettler S, Mitchell N, Tipton KD. Increased protein intake
reduces lean body mass loss during weight loss in athletes. Med
Sci Sports Exerc. 2010;42(2):326–37.
32. Wycherley TP, Moran LJ, Clifton PM, et al. Effects of energyrestricted high-protein, low-fat compared with standard-protein,
low-fat diets: a meta-analysis of randomized controlled trials. Am
J Clin Nutr. 2012;96(6):1281–98.
33. Layman DK, Evans E, Baum JI, et al. Dietary protein and exercise
have additive effects on body composition during weight loss in
adult women. J Nutr. 2005;135(8):1903–10.
34. Hector AJ, McGlory C, Damas F, et al. Pronounced energy restriction with elevated protein intake results in no change in proteolysis
and reductions in skeletal muscle protein synthesis that are mitigated by resistance exercise. FASEB J. 2018;32(1):265–75.
35. Areta JL, Burke LM, Ross ML, et al. Timing and distribution
of protein ingestion during prolonged recovery from resistance exercise alters myofibrillar protein synthesis. J Physiol.
2013;591(9):2319–31.
36. Schoenfeld BJ, Aragon AA. How much protein can the body use
in a single meal for muscle-building? Implications for daily protein distribution. J Int Soc Sports Nutr. 2018;15:10.
37. Helms ER, Zinn C, Rowlands DS, et al. A systematic review of
dietary protein during caloric restriction in resistance trained lean
athletes: a case for higher intakes. Int J Sport Nutr Exerc Metab.
2014;24(2):127–38.

