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Abstract 

Much attention has been given to determining the influence of total protein intake and protein 

source on gains in lean body mass (LBM) and strength in response to resistance exercise training 

(RET).  Acute studies indicate that whey protein, likely related to its higher leucine content, 

stimulates muscle protein synthesis (MPS) to a greater extent than proteins such as soy and casein.  

Less clear is the extent to which the type of protein supplemented impacts strength and LBM in 

longer term studies (≥6 weeks).  Therefore, a meta-analysis was conducted to compare the effect 

of supplementation with soy protein to animal protein supplementation on strength and LBM in 

response to RET.  Nine studies involving 266 participants suitable for inclusion in the meta-

analysis were identified.  Five studies compared whey with soy protein and four compared soy 

protein with other proteins (beef, milk or dairy protein).  Meta-analysis showed that supplementing 

RET with whey or soy protein resulted in significant increases in strength but found no difference 

between groups (bench press Chi2 = 0.02, p=0.90; squat Chi2=0.22, p =0.64).  There was no 

significant effect of whey or soy alone (n=5) on LBM change, and no differences between groups 

(Chi2=0.00, p=0.96). Strength and LBM both increased significantly in the ‘other protein’ and the 

soy groups (n=9), but there were no between group differences (bench Chi2=0.02, p=0.88; squat 

Chi2=0.78, p=0.38 and LBM Chi2=0.06, p=0.80).  The results of this meta-analysis indicate that 

soy protein supplementation produces similar gains in strength and LBM in response to RET as 

whey protein.   

Key words: Animal protein, soy protein, lean body mass 
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INTRODUCTION 

For a variety of reasons, dietary protein has been the subject of increased research attention 

in recent years.  There is evidence that consuming protein in excess of the US recommended 

dietary allowance (RDA) may lead to health benefits and that for many population groups the RDA 

for protein (0.8 g/kg body weight) may be too low (Wolfe, et al. 2017).   Higher protein intakes 

may help to prevent and/or delay the onset of sarcopenia and because protein is more satiating than 

carbohydrate and fat, higher-protein diets may also help with weight management (Cuenca-

Sanchez, et al. 2015). 

In addition to total protein intake research has focused on the effects of different types of 

protein, in particular plant vs animal protein, on the risk of developing various chronic diseases 

(Richter, et al. 2015; Shang, et al. 2016a; Shang, et al. 2016b; Sucher, et al. 2017). Western health 

authorities have generally called for economically-advantaged countries to consume a more plant-

based diet for health and environmental reasons (Springmann, et al. 2016).  However, per capita 

meat consumption is predicted to increase as the global population becomes wealthier (Shi, et al. 

2015), although animal protein will likely still be beyond the economic reach of billions of people 

(Speedy 2003).  Consequently, much of the world will continue to rely primarily on plants to meet 

their dietary protein needs.   

For millions of Asians (Messina, et al. 2006) and for many Western vegetarians and health-

conscious individuals, soyfoods are an important source of protein (Rizzo, et al. 2013).  Soybeans 

are not only higher in protein than other legumes (Messina 1999) but the quality of soy protein is 

superior to that of other plant proteins and relatively similar to that of animal proteins (Hughes, et 

al. 2011; Rutherfurd, et al. 2015).  Soy protein is often considered to be the quintessential plant 

protein and as such is often compared to animal proteins in animal and human studies.    
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Although foods such as tofu, miso and soymilk, are the most popular forms of soy 

throughout Asia, intervention and animal studies typically rely upon the use of soy protein products 

(SPPs) to evaluate the health effects of soy protein.  SPPs include isolated soy protein (ISP), soy 

protein concentrate (SPC), and soy flour and textured vegetable protein® (TVP).  On a dry weight 

basis, these products range in protein content from approximately 56-59% (soy flour/TVP), 65-

72% (SPC) and 90-92% (ISP).  ISP is an especially convenient product for incorporating large 

amounts of soy protein into the diet and for that reason is most commonly used for experimental 

purposes.  

Plant proteins such as soy protein may have a number of advantages over animal protein, 

such as lowering blood cholesterol levels (Tokede, et al. 2015); however, a general view within 

the sports nutrition community is that animal proteins and whey protein in particular, are more 

effective at building muscle in response to RET (Devries, et al. 2015; Hulmi, et al. 2010; van Vliet, 

et al. 2015).  That whey protein is considered by some to be superior to soy protein at building 

muscle and increasing strength is not surprising given the results of acute studies monitoring 

changes in muscle protein synthesis (MPS) over a 3-4 hour period.  To the authors’ knowledge, 

seven such studies (Gran, et al. 2014; Luiking, et al. 2011; Mitchell, et al. 2015; Rittig, et al. 2017; 

Tang, et al. 2009; Wilkinson, et al. 2007; Yang, et al. 2012b) involving both younger (Luiking, et 

al. 2011; Rittig, et al. 2017; Tang, et al. 2009; Wilkinson, et al. 2007) and older men (Gran, et al. 

2014; Mitchell, et al. 2015; Yang, et al. 2012b) have compared whey to soy. Three of these studies 

focused on markers of MPS such as phosphorylation of ribosomal protein S6 kinase beta-1 (p70S6 

kinase) (Gran, et al. 2014; Mitchell, et al. 2015) or the mammalian/mechanistic target of rapamycin 

(mTOR) (Gran, et al. 2014; Rittig, et al. 2017), whereas three did not involve an exercise 

component (Gran, et al. 2014; Luiking, et al. 2011; Rittig, et al. 2017).  Important to note, in two 
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of these studies (Mitchell, et al. 2015; Yang, et al. 2012b) the data for whey protein were derived 

from previously published research (D'Souza, et al. 2014; Yang, et al. 2012a).    

There may be a number of possible factors, such as greater systemic availability of amino 

acids (Devries, et al. 2015), that account for the greater effect of whey protein in comparison to 

soy protein on MPS. However, much of the difference between the two proteins is likely 

attributable to the higher leucine content of whey protein (Norton, et al. 2012; Tang, et al. 2009).  

Leucine, one of the three branched chain amino acids (BCAA), has been extensively investigated 

for its ability to activate MPS.  In particular, leucine activates MPS through the mTOR complex 1 

(mTORC1) (Anthony, et al. 2000) and possibly also through an mTORC1-independent process 

(Bolster, et al. 2004).  Recognition of the important role of leucine in stimulating MPS (Katsanos, 

et al. 2006) has given rise to the “leucine threshold” hypothesis, which refers to the leucine intake 

required to reach a muscle intracellular leucine concentration that triggers a robust increase in MPS 

following protein consumption (Phillips 2014).  Once this threshold is met further increases in 

leucine do not lead to further increases in the muscle anabolic response (Glynn, et al. 2010).   

The International Society of Sports Nutrition (ISSN) recommends that the post-exercise 

meal contain as much as 3g of leucine in addition to a balanced array of indispensable amino acids 

(IAA) (Jäger, et al. 2017).   The amount of leucine required to maximally stimulate MPS may be 

affected by a number of factors including age (Burd, et al. 2013; Moore, et al. 2009; Witard, et al. 

2014) as older individuals most likely require more dietary protein and leucine to stimulate MPS 

than younger people (Breen, et al. 2011; D'Souza, et al. 2014; Glynn, et al. 2010; Moore, et al. 

2015; Volpi, et al. 1999).  In theory, proteins with a higher BCAA content will lead to greater MPS 

(Fouillet, et al. 2002; Luiking, et al. 2005).  Because of the key role of leucine, adding this BCAA 

to lesser amounts of total protein can stimulate MPS to a similar extent as a larger amount of 
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protein that provides a similar amount of leucine (Churchward-Venne, et al. 2014; Katsanos, et al. 

2006; Wilkinson, et al. 2013).   

Although acute studies evaluating MPS may provide valuable insight, MPS following 

protein supplementation and resistance exercise may last for at least 24 h (Burd, et al. 2011).  Thus, 

it is important to determine how protein source affects changes in strength and lean tissue accretion 

in longer-term studies.  Knowing how these metrics are affected by protein type is an important 

public health consideration because greater lean tissue is associated with overall health (Wolfe, et 

al. 2017) and with the prevention of functional decline with aging (Bradlee, et al. 2017).  Strength 

may actually be a much more important barometer than muscle mass as research indicates that 

among older adults, low muscle strength is independently associated with elevated risk of all-cause 

mortality regardless of muscle mass (Li, et al. 2017; Newman, et al. 2006).  Therefore, to determine 

whether supplementation with soy protein or other animal proteins differentially impacts the 

response to RET, we performed a meta-analysis of longer-term studies specifically comparing 

supplementation with soy protein to whey protein and other animal proteins on lean tissue 

accretion and strength in response to RET.  This analysis was undertaken in part to evaluate the 

recent conclusion by Morton et al. (Morton, et al. 2017) that protein source likely plays a minor 

role in determining the impact of protein supplementation on gains in LBM and strength in 

response to RET 

Materials and methods 

 Criteria and search strategy 

The meta-analysis was carried out in accordance with the PRISMA guidelines (Moher, et 

al. 2009).  The literature search (through November 2017) was performed without date restrictions 

on articles published in peer reviewed journals using Web of Science, PubMed and Google 
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Scholar.  Search terms were: ‘soy’, ‘whey’, ‘protein’, ‘animal protein’, ‘muscle’, ‘training’, 

‘exercise’, and ‘lean mass’.  References listed in papers identified by the search and that came to 

the attention of the authors through other means were also considered for inclusion.   

Non-human studies and those including participants aged less than 18 years were excluded 

from the meta-analysis, which was comprised of two separate comparisons: changes in muscular 

strength and changes in LBM. Studies could be included in one or both comparisons but it was not 

required that those studies reporting strength also reported LBM or vice versa.  To be included, 

study participants were required to undertake a RET program of at least six weeks in duration, 

training at least twice per week, prior to which they were randomly allocated to a nutritional 

supplementation protocol in which the addition of soy protein to the diet was compared with the 

addition of non-soy protein. Studies were required to provide the necessary data for the calculation 

of effect sizes (pre-training and post-training means and standard deviations) for outcome 

measures.  Outcome measures were assessment of maximal muscular strength (upper body or 

lower body) and assessments of LBM.  Strength was measured as 1-repetition maximum (RM in 

kg) in all studies that assessed changes in muscle strength. LBM was assessed via DEXA in four 

studies (Candow, et al. 2006; Kalman, et al. 2007; Maltais, et al. 2016; Volek, et al. 2013) and one 

study each used air displacement plethysmography (Haub, et al. 2002), skinfold (Denysschen, et 

al. 2009) and hydrostatic weighing (Brown, et al. 2004).  Studies could be included if they provided 

the data necessary to calculate LBM, for example, it could be derived from body mass and 

measures of percentage body fat.   

 Data extraction 

Data extraction was performed by MM and KR. MM collated all the data and KR verified 

data accuracy and confirmed eligibility for inclusion.  For each outcome measure pre- and post-

D
ow

nl
oa

de
d 

by
 J

 S
 G

E
R

IC
K

E
 L

IB
R

A
R

Y
 o

n 
05

/0
5/

18
, V

ol
um

e 
${

ar
tic

le
.is

su
e.

vo
lu

m
e}

, A
rt

ic
le

 N
um

be
r 

${
ar

tic
le

.is
su

e.
is

su
e}



“No Difference Between the Effects of Supplementing With Soy Protein Versus Animal Protein on Gains in Muscle Mass and 

Strength in Response to Resistance Exercise” by Messina M, Lynch H, Dickinson JM, Reed KE 

International Journal of Sport Nutrition and Exercise Metabolism  

© 2018 Human Kinetics, Inc.  

 

training means and standard deviations (SDs) were extracted for the soy protein-supplemented 

group and control (comparator) protein group and used in the analysis.   In all cases the last 

available measurement was used for comparison; e.g., in the study Volek et al. (Volek, et al. 2013) 

changes at 3, 6 and 9-month periods were reported but only the 9-month time point was used for 

analysis.  

Data analysis 

Statistical analysis was performed in RevMan (Review Manager Version 5.3). A fixed 

effects model of the inverse variance method for meta-analysis was used to analyze the data. This 

method assigns a proportionate weight to studies according to the magnitude of standard error, and 

permits analysis while controlling for heterogeneity. Outcome measures of change (post 

intervention (kg) – pre intervention (kg)) in strength and lean mass were expressed as the 

standardized mean difference with 95% confidence intervals (95% CI). 

Bias and Heterogeneity 

Within each comparison heterogeneity using the I2 statistic was calculated (Moher, et al. 

2009).  It was assumed that a value of I2 <25% demonstrated low heterogeneity; 25-50% was 

considered moderate and 75% or more demonstrated high heterogeneity. Bias was examined using 

funnel plots for each outcome variable. With a low number of studies, statistical tests to determine 

bias would likely be underpowered, so a visual inspection using a funnel plot was used. 

RESULTS 

Of the 62 studies originally identified by the literature search, nine met the criteria for 

inclusion in the meta-analysis (Brown, et al. 2004; Candow, et al. 2006; Denysschen, et al. 2009; 

Hartman, et al. 2007; Haub, et al. 2002; Kalman, et al. 2007; Maltais, et al. 2016; Thomson, et al. 
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2016; Volek, et al. 2013). Reasons for exclusion are shown in Figure 1.  Studies reported a range 

of strength measures so the most frequently assessed were identified and used for statistical 

comparisons. All studies reported bench press (upper body) or a measure of lower body strength 

such as squat (lower body) or incline press in kg.  Funnel plots showed no evidence of publication 

bias (data not shown).   

Of the nine studies included in the analysis, the comparator protein to soy was whey in five 

studies, and beef or dairy or milk protein in four (table 1). As the soy vs whey comparison is the 

most common, and of primary interest, separate forest plots were created for this analysis. Data 

from 106 participants aged 18 to 50 were included in the soy vs whey only analysis (Figures 2-4). 

Data from 266 individuals aged 18-70 were included in the extended analysis (soy vs other 

proteins, Figures 5-7). 

With respect to prior experience with RET, in the study by Brown et al. (Brown, et al. 

2004) the participants were trained weight lifters, in the study by Kalman et al. (Kalman, et al. 

2007) the participants included a mix of trained and untrained individuals but they were matched 

per group, and in the study by Haub et al. (Haub, et al. 2002) the training background of the 

participants was not indicated but they appeared to be untrained.  In the other six studies the 

participants were described as having not previously participated in RET for at least one year.  Five 

of the nine studies were conducted in the United States (Brown, et al. 2004; Denysschen, et al. 

2009; Haub, et al. 2002; Kalman, et al. 2007; Volek, et al. 2013), three in Canada (Candow, et al. 

2006; Hartman, et al. 2007; Maltais, et al. 2016) and one in Australia (Thomson, et al. 2016).  The 

studies ranged in duration from 6 (Candow, et al. 2006) to 36 (Volek, et al. 2013) (mean 13.6 +/- 

8.6) weeks and protein supplementation ranged from 12 g/d (plus IAA) (Maltais, et al. 2016) to 86 

g/d (Candow, et al. 2006). Six studies included only men (Brown, et al. 2004; Denysschen, et al. 
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2009; Hartman, et al. 2007; Haub, et al. 2002; Kalman, et al. 2007; Maltais, et al. 2016), three 

included both genders(Candow, et al. 2006; Thomson, et al. 2016; Volek, et al. 2013) and three 

included participants who were older than 50 years of age (Haub, et al. 2002; Maltais, et al. 2016; 

Thomson, et al. 2016); in one of these studies the participants were described as sarcopenic 

(Maltais, et al. 2016) and in another, the dropout  rate in the soy group exceeded 50% (Thomson, 

et al. 2016).  In the study involving sarcopenic men, the milk and soy beverages were supplemented 

with IAA providing 3.5 g leucine (Maltais, et al. 2016). 

 Whey vs soy protein 

As noted, five studies compared soy protein with whey (Brown, et al. 2004; Candow, et al. 

2006; Denysschen, et al. 2009; Kalman, et al. 2007; Volek, et al. 2013). The within study 

heterogeneity ( I2) was low to moderate within each subgroup ranging from 45% to 0% (Figures 

2-5).  

There were significant increases in strength (1RM), but not LBM in each subgroup as a 

result of the interventions. Subgroup analysis was carried out to look for differences in change in 

strength or lean mass according to protein type. As shown in Figure 2, there was no significant 

(Chi2  =0.02,  p = 0.90) difference in the change in bench press 1RM in the whey vs soy subgroup 

comparison.  There were also no significant subgroup differences between whey and soy groups 

for the change in squat strength (Figure 3; Chi2 = 0.22, p=0.64) or for increases in LBM (Figure 4; 

Chi2 = 0.00, p = 0.96). 

 Other proteins vs soy protein 

Nine studies compared soy protein vs all other proteins (whey, beef and dairy). (Brown, et 

al. 2004; Candow, et al. 2006; Denysschen, et al. 2009; Hartman, et al. 2007; Haub, et al. 2002; 
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Kalman, et al. 2007; Maltais, et al. 2016; Thomson, et al. 2016; Volek, et al. 2013). Again, within 

study heterogeneity ( I2) was low to moderate ranging between 88% and 0%. 

There were significant increases in both strength and LBM in each subgroup as a result of the 

interventions.  None of the subgroup comparisons resulted in significant differences between soy 

and the other proteins groups.  These between subgroup comparisons were bench press (Figure 

5; Chi2 = 0.02, p = 0.88); squat (Figure 6; Chi2 = 0.78, p = 0.38) and LBM (Figure 7; Chi2= 0.06, 

p = 0.80). 

DISCUSSION 

Acute studies show that when matched for nitrogen content, soy protein stimulates MPS to 

a lesser extent than whey protein (Gran, et al. 2014; Luiking, et al. 2011; Mitchell, et al. 2015; 

Rittig, et al. 2017; Tang, et al. 2009; Wilkinson, et al. 2007; Yang, et al. 2012b), a difference likely 

mostly due to the lower leucine concentration of the former.  Consequently, these differences have 

led to speculation that soy protein is inferior to milk and whey protein at building muscle and 

increasing strength in response to RET (Devries, et al. 2015; Jäger, et al. 2017).  However, the 

results of the current meta-analysis do not support such speculation as strength (bench press and 

squat) and lean tissue accretion in response to RET were similar between whey and soy protein 

supplementation (Brown, et al. 2004; Candow, et al. 2006; Denysschen, et al. 2009; Hartman, et 

al. 2007; Haub, et al. 2002; Kalman, et al. 2007; Maltais, et al. 2016; Thomson, et al. 2016; Volek, 

et al. 2013) .  

To the knowledge of the authors, no previous meta-analysis of studies comparing the 

effects of soy protein with a control protein on strength and LBM has been published.  

Nevertheless, for at least two reasons the results are not surprising.  First, gains in strength in 
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response RET, especially among novice weight lifters which comprised most of the study 

participants in the meta-analysis, are due to a combination of neurological and morphological 

factors, not just increases in muscle size (Folland, et al. 2007). These factors may not be influenced 

by protein source or overall protein intake (Reidy, et al. 2016).  Second, in two of the nine studies 

included in the meta-analysis soy protein was compared to milk protein (Hartman, et al. 2007; 

Maltais, et al. 2016) and in another study, soy protein was compared to protein from a mix of dairy 

products (Thomson, et al. 2016). Given that dairy protein is comprised of 80% casein (Mackle, et 

al. 1999) and that soy protein is at least as effective as casein at stimulating MPS in acute studies 

(Luiking, et al. 2011; Tang, et al. 2009), there is little reason for soy protein and dairy protein to 

differentially affect strength or lean tissue accretion.  Furthermore, in one of these studies, both 

the soy and milk groups were supplemented with leucine (Maltais, et al. 2016).  Therefore, the 

results of the current meta-analysis are actually consistent with existing understanding of the effect 

of dietary protein type on strength and lean tissue accretion in response to RET. 

The current meta-analysis found that supplementation with whey or soy protein during 

RET results in similar increases in LBM and strength (Figures 2-4). Although this finding contrasts 

with the results of acute studies, it is supported by previous work that has shown a lack of 

correlation between acute changes in MPS and gains and LBM among individuals (Mayhew, et al. 

2009; Mitchell, et al. 2014). It should be noted that many acute studies assess MPS over a 3-5 h 

post-exercise period (Gran, et al. 2014; Luiking, et al. 2011; Mitchell, et al. 2015; Rittig, et al. 

2017; Tang, et al. 2009; Wilkinson, et al. 2007; Yang, et al. 2012b), whereas MPS can remain 

elevated for up to 72 h post exercise (Miller, et al. 2005). Consequently, the acute studies may not 

capture the entire hypertrophic period and therefore, differences among proteins sources in acute 

MPS may be exaggerated in the early post-exercise period. To that end, Damas et al. (Damas, et 
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al. 2016) recently performed correlational analyses between changes in fiber cross-sectional area 

(CSA) after 10 weeks of RET and acute measures of myofibrillar protein synthesis. Importantly, 

myofibrillar protein synthesis was assessed over a 24 h time course at three time points during the 

RET: pre training, at 3 weeks of training, and at 10 weeks of training. While Damas et al. (Damas, 

et al. 2016) did observe a correlation between fiber CSA and acute measures of myofibrillar protein 

synthesis made after 3 and 10 weeks of training, no correlation was observed between acute 

measures of myofibrillar protein synthesis assessed during the initial exercise session (i.e., pre-

training) and fiber CSA after 10 weeks of RET. Consequently, the MPS response to unaccustomed 

exercise may also make correlational analyses between acute MPS and chronic adaptions more 

difficult. In addition, muscle hypertrophy is governed by the relationship between protein synthesis 

and protein breakdown, and often protein breakdown is not assessed or cannot be assessed to the 

same degree of precision using current techniques. Whether the observed differences in MPS 

observed between whey and soy protein in acute exercise studies would manifest in different 

muscle adaptations over a longer RET period than was evaluated in the studies included in the 

current meta-analysis requires further study. 

A recently published meta-analysis by Morton et al. (Morton, et al. 2017), which included 

49 intervention studies involving 1,863 participants examined the effect of protein 

supplementation on changes in muscle mass and strength in conjunction with resistance training. 

The authors found that consumption of protein supplements alongside RET resulted in greater 

increases in fat free mass and muscle strength than resistance training alone, and that the effect of 

protein supplementation was more pronounced among trained participants and attenuated with 

increasing age. In their analysis, Morton et al. (Morton, et al. 2017) did not distinguish among 
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protein sources, but rather looked at the effect of protein vs no protein supplementation on effect 

size.   

The meta-regression also conducted by these authors, including 15 studies,  which 

investigated the influence of protein source (soy vs whey) on change in LBM or strength, 

concluded it is potentially a very minor determinant (Morton, et al. 2017). Meta-regression is seen 

by some authors to be hypothesis generating rather than hypothesis testing (Baker, et al. 2009) and 

thus, the current work sought to further determine the contribution of protein source to change in 

LBM or strength by conducting meta-analyses using selected studies that compared changes in 

these parameters in response to supplementing with soy protein vs whey protein, and soy protein 

vs different animal proteins.  The studies used in the current analyses were randomized trials where 

a soy protein experimental arm was compared with another experimental arm that intervened with 

a different animal protein.  One issue with meta-regression is that potential correlation 

characteristics among variables may not be adequately identified (Thompson, et al. 2002).  

Therefore, characteristics that may differ among trials (such as trial duration or protein dose) would 

be taken into account in the current meta-analyses to a greater extent.  

In the current study, two meta-analyses were conducted; one that directly compared soy 

protein with whey protein (the ‘gold standard’ protein supplement) and one that compared soy 

protein with all other animal proteins.  The present results both confirm the observation by Morton 

et al. (Morton, et al. 2017) and extend it by showing not only that differences do not exist between 

soy protein and whey, but also, between soy protein and animal protein in general. 

It is noteworthy that in three of the five studies intervening with whey included in our meta- 

analysis, the participants were young and untrained (Candow, et al. 2006; Denysschen, et al. 2009; 

Volek, et al. 2013) and in another (Kalman, et al. 2007), the number of trained participants was 
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unclear.  Recent data show that protein supplementation following RET is primarily effective only 

in highly trained individuals. The proposed reason being that the effect of protein supplementation 

is overwhelmed by the very robust response to RET that occurs in novice weight lifters (Morton, 

et al. 2017).  This point is supported by a recent12-wk trial by Mobley et al. (Mobley, et al. 2017) 

involving untrained college-aged males that found RET led to increases in LBM and strength, but 

neither whey nor soy protein supplementation affected these changes.  Further research is needed 

to determine more definitively whether protein type affects strength and LBM in highly trained 

individuals. 

The ISSN recommends that acute protein doses should contain as much as 3 g leucine 

(Jäger, et al. 2017), although the optimal leucine dose depends upon factors such as age and body 

weight (Burd, et al. 2013; Moore, et al. 2009; Witard, et al. 2014).  To obtain 3 g leucine from soy 

protein requires consuming approximately 38 g.  The results of the current meta-analysis suggest 

that this upper limit may not be necessary with regards to gains in strength and LBM during RET 

as only three (Candow, et al. 2006; Haub, et al. 2002; Kalman, et al. 2007) of the nine studies 

intervened with an amount of soy protein that would have provided 3 g leucine.   When considering 

only those studies in which soy was compared to whey, two studies (Candow, et al. 2006; Kalman, 

et al. 2007) provided ≥38 g/d soy protein and three (Brown, et al. 2004; Denysschen, et al. 2009; 

Volek, et al. 2013) less than this amount, and yet the meta-analysis showed there were no 

significant difference between whey and soy protein.  Therefore, it would appear lower amounts 

of leucine than are recommended by the ISSN are capable of facilitating gains in strength and 

LBM during RET.  

One criticism of soyfoods as a source of protein for increasing strength and LBM is that 

the isoflavones naturally present in the soybean will inhibit mTOR activation (Jäger, et al. 2017).  
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The isoflavone concentration in traditional Asian soyfoods is approximately 3.5 mg/g protein  

whereas as a result of processing, in most concentrated sources of soy protein it is much lower (<1 

mg/g) (Messina, et al. 2006). Interestingly, two studies have shown that isoflavones do inhibit 

mTOR (Cederroth, et al. 2008; Liu, et al. 2015); however, both of these were conducted in mice.  

In addition to the normal caveats about extrapolating findings from rodents to humans (Liu, et al. 

2015), mice are a poor model for understanding the effects of isoflavones in humans because these 

two species metabolize isoflavones so differently (Gu, et al. 2006; Setchell, et al. 2011).  

Furthermore, in one of the mouse studies (Liu, et al. 2015), mice were given 160 mg/d genistein 

(the predominant isoflavone in soybeans) per kg body weight.  Average genistein intake among 

native Japanese following a traditional diet is only about 0.3 mg/d (Messina, et al. 2006).  Even 

when acknowledging the faster metabolism of rodents compared to humans (Reagan-Shaw, et al. 

2008), the dose used in this study is clearly pharmacological and therefore of questionable 

relevance (Liu, et al. 2015).  The results of the current analysis, which shows supplementation of 

soy protein containing isoflavones leads to similar gains in strength and LBM in response to RET 

as does animal protein, also argues against isoflavones inhibiting  muscle growth in response to 

RET, at least in untrained adult men and women. However, further research is necessary to 

determine whether similar or different molecular processes are involved.  

Finally, it is important to acknowledge limitations of the data.  In particular, we recognize 

that the studies described in table 1 varied markedly in experimental design, such as the pre-

intervention training status, age and gender, and often involved very small participant numbers 

and for some measures, the statistical comparisons between whey and soy protein were limited to 

only three studies. Further, the relatively low number of studies and participants that met the 

criteria for our meta-analysis did not provide appropriate power to identify the independent 
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influence of age or gender on our outcomes. Specifically, there is a particular need for more 

research focused on the protein needs of older individuals since their leucine requirements are 

higher, their caloric and protein intake often suboptimal, and many are at risk of developing 

sarcopenia (Leidy 2017).  Another possible limitation is that the meta-analysis included the study 

by Maltais et al. (Maltais, et al. 2016) even though as noted, the participants in both the milk and 

soy groups were supplemented with IAA including leucine.  Although we chose to include this 

study, when it is eliminated from the analysis the results are not appreciably altered (data not 

shown). 

In conclusion, the current meta-analysis is consistent with the totality of evidence regarding 

protein supplementation and RET. Our meta-analysis identified that soyfoods and soy protein 

supplements can be viewed as sources of protein suitable for building strength and increasing lean 

tissue in response to RET. Overall, the results indicate that protein source is not likely an important 

factor influencing gains in strength and LBM in response to RET.  Since two dietary principles are 

moderation and variety, rather than relying on just one source, including soy protein an option for 

meeting protein needs for those wanting to increase strength and LBM makes overall nutritional 

sense.  Whether a mix of soy and dairy protein might actually increase strength and LBM relative 

to a single protein remains to be established (Reidy, et al. 2016; Reidy, et al. 2013). 
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Figure 1. Flow diagram showing outcomes of literature search and inclusion/exclusion of studies 

at each stage. 
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Figure 2. Forest plot showing the effect of protein source supplementation (whey vs soy) 

combined with RET, on change (SMD) in bench press strength (1 RM). Figure shows effect for 

each group and a comparison of change between groups (Chi2). 
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Figure 3. Forest plot showing the effect of protein source supplementation (whey vs soy) 

combined with RET, on change (SMD) in squat/leg press strength (1 RM). Figure shows effect for 

each group and a comparison of change between groups (Chi2). 
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Figure 4. Forest plot showing the effect of protein source supplementation (whey vs soy) 

combined with RET, on change (SMD) lean body mass (LBM). Figure shows effect for each group 

and a comparison of change between groups (Chi2). 
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Figure 5. Forest plot showing the effect of protein source supplementation (other proteins vs soy) 

combined with RET, on change (SMD) in bench press strength (1 RM). Figure shows effect for 

each group and a comparison of change between groups (Chi2). 
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Figure 6. Forest plot showing the effect of protein source supplementation (other proteins vs soy) 

combined with RET, on change (SMD) in squat/leg press strength (1 RM). Figure shows effect for 

each group and a comparison of change between groups (Chi2). 
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Figure 7. Forest plot showing the effect of protein source supplementation (other proteins vs soy) 

combined with RET, on change (SMD) in lean body mass (LBM). Figure shows effect for each 

group and a comparison of change between groups (Chi2). 
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Table 1.  Description of studies included in the meta-analysis 

 
Author, year Country RET 

duration 

(wks) 

RET 

(d/wk) 

Trained 

(yes/no) 

 

Timing of  

test protein 

n/Gender Age  

mean ± SD  

or range 

Intervention 

 (g/d) 

Total protein intake 

(g/kg) unless 

otherwise indicated 

Haub, 2002 USA 12 5 No NI1  

10/M 

11/M 

 

63 ± 3 

67 ± 6 

 

Beef, ~52 g 

TVP, ~53 g2 

Initial   Final 

1.00    1.03  

1.06    1.15  

Thomson, 

2016 

Australia 12  

3 

No  

Immediately 

after RET 

 

23/M,F3 

34/M,F3 

26/.M,F3 

 

61.5 ± 6.9 

61.3 ± 6.9 

61.7 ± 8.3 

 

Usual diet 

Dairy, 27 g4 

Soy, 27 g5 

 

1.08 g/kg 

1.42 

1.45 

Hartman, 

2007 

Canada 12 5 No Within 1 h 

post RET 

 

19/M 

18/M 

19/M 

 

18 – 30 

18 – 30 

18 – 30 

 

Maltodextrin 

Milk, 17.5 g 

Soy, 17.5 g6 

Initial   Final 

1.4       1.6 

1.4       1.8 

1.2       1.6 

Maltais, 

2016 

Canada 16 3 No  

Immediately 

after RET 

 

10/M 

8/M 

8/M 

 

64 ± 4.5 

68 ± 5.6 

64 ± 4.8 

 

Rice milk, ~0 

Milk, 12 g +  7 g IAA7 

Soy, 12 g + 7 g IAA7 

Initial   Final 

1.32     1.05 

1.04     0.95 

1.26     1.21 

Candow, 

2006 

Canada 6 2 No 1/3 ~30 min 

before RET, 

1/3 ~30 min 

post RET & 

1/3 at bedtime 

 

9/6 F, 3 M 

9/6 F, 3 M 

9/6 F, 3 M 

 

23.0 ± 6 

24.0 ± 6  

22.5 ± 6 

 

Maltodextrin, ~83 g 

Whey, ~83 g 

Soy, ~86 g 

Initial   Final 

1.7        1.7 

1.6        1.9 

1.8        1.8 

Brown, 2004 USA 9 NI Yes 1/3 at 

participant’s 

discretion 3x/d 

9/M 

9/M 

9/M 

20.4 ± 0.6 

20.4 ± 0.3 

21.7 ± 0.2 

Usual diet 

Whey, 33 g 

Soy, 33 g  

NI 

Kalman, 

2007 

USA 12 3 Matched  

for training 

½ within 1 h 

post RET, ½ 

later in day 

 

5/M 

5/M 

5/M 

5/M 

 

31.6 ± 5.9 

31.6 ± 5.9 

31.6 ± 5.9 

30.3 ± 8.1 

 

Whey, 50 g 

Soy (ISP) + Whey, 50 g 

Soy (concentrate), 50 g 

Soy (ISP), 50 g 

Post vs Pre 

 23 g/d 

-21 g/d 

 63 g/d 

-21 g/d 

DeNysschen, 

2009 

USA 12 3 No Within 1 h of 

RET 

 

9/M 

9/M 

10/M 

 

38, 21-50 

38, 21-50 

38, 21-50 

 

Carbohydrate, 25 g  

Whey, 26.6 

Soy, 25.8 g 

Initial   Final 

1.0       1.0 

1.0       1.2 

0.92     1.1 
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Author, year Country RET 

duration 

(wks) 

RET 

(d/wk) 

Trained 

(yes/no) 

 

Timing of  

test protein 

n/Gender Age  

mean ± SD  

or range 

Intervention 

 (g/d) 

Total protein intake 

(g/kg) unless 

otherwise indicated 

Volek, 2013 USA 36 2-3 No Immediately 

post RET 

 

22/M, F 

19/M, F 

22/M, F 

 

22.3 ± 3.1 

22.8 ± 3.7 

24.0 ± 2.9 

 

Maltodextrin, 45 g 

Whey, 21.6 

Soy, 20.0 

Initial    Final 

1.14       1.06 

1.27      1.39 

1.27      1.35 

1Not indicated  2TVP, textured vegetable protein 355% women at baseline; no gender breakdown given at study end 4Yogurt and milk  5Soy yogurt, soymilk, soy 

protein powder  6Source of soy protein not indicated  7Indispensible amino acids providing 3.5 g leucine.  
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