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Abstract  
This study determined the effects of heavy resistance training 
and daily overfeeding with carbohydrate and/or protein on blood 
and skeletal muscle markers of protein synthesis (MPS), myo-
genesis, body composition, and muscle performance. Twenty 
one resistance-trained males were randomly assigned to either a 
protein + carbohydrate [HPC (n = 11)] or a carbohydrate [HC (n 
= 10)] supplement group in a double-blind fashion. Body com-
position and muscle performance were assessed, and venous 
blood samples and muscle biopsies were obtained before and 
after eight weeks of resistance training and supplementation.  
Data were analyzed by two-way ANOVA (p ≤ 0.05). Total body 
mass, body water, and fat mass were significantly increased in 
both groups in response to resistance training, but not supple-
mentation (p < 0.05); however, lean mass was not significantly 
increased in either group (p = 0.068). Upper- (p = 0.024) and 
lower-body (p = 0.001) muscle strength and myosin heavy chain 
(MHC) 1 (p = 0.039) and MHC 2A (p = 0.027) were also signif-
icantly increased with resistance training. Serum IGF-1, GH, 
and HGF were not significantly affected (p > 0.05). Muscle total 
DNA, total protein, and c-Met were not significantly affected (p 
> 0.05). In conjunction with resistance training, the peri-exercise 
and daily overfeeding of protein and/or carbohydrate did not 
preferentially improve body composition, muscle performance, 
and markers indicative of MPS and myogenic activation. 
 
Key words: Protein, carbohydrate, muscle strength, hypertro-
phy, muscle protein synthesis, myogenesis.  
  

 

 
Introduction 
 
Resistance exercise instigates changes in protein turnover 
in skeletal muscle that occur up to 48 hours into recovery 
(Biolo et al., 1995). Simultaneously, the rate of muscle 
protein degradation is also increased after exercise (Phil-
lips et al., 1997). Whey protein (Ferguson-Stegall et al., 
2011) and carbohydrate (Bird et al., 2006; Ferguson-
Stegall et al., 2011; Thyfault et al., 2004) have been 
shown to augment muscle protein synthesis (MPS) with 
resistance exercise. For example, the stimulatory effect of 
protein supplementation on MPS may be attributed in part 
to an increase in amino acid supply for the muscle, there-
by augmenting substrate availability for protein synthesis 
(Bohe et al., 2001; 2003). Conversely, the effectiveness of 
carbohydrate supplementation on MPS appears to reside 

with insulin’s ability to bind its respective receptor and 
subsequently up-regulate the Akt/mTOR signaling path-
way. As such, it has been shown that 10 weeks 
(Willoughby et al., 2007) and 12 weeks (Rahbek et al., 
2014) of resistance training in conjunction with daily 
whey protein and/or carbohydrate supplementation result-
ed in enhanced activation of protein signaling intermedi-
ates indicative of MPS and muscle protein content, along 
with subsequent improvements in muscle performance. In 
both studies, whey protein was more effective than carbo-
hydrate in inducing an anabolic response; however, the 
effectiveness of carbohydrate was also demonstrated.     

It is common practice in those aspiring to signifi-
cantly increase their muscle mass, such as bodybuilders, 
to employ a hyper-caloric, overfeeding diet during their 
so-called “off-season” between competitions, a practice 
referred to as “bulking.”  In regard to energy balance, this 
mismatch between macronutrient intake and oxidation 
often leads to an increase in body composition even if 
energy balance remains unchanged (Hill et al., 1991). In 
fact, this practice typically results in macronutrient in-
takes that far exceed total daily energy expenditure 
(TDEE), thereby contributing to significant gains in fat 
mass. Oftentimes, the gain in fat mass far outweighs any 
gain in muscle mass. This bulking process from overfeed-
ing involving high fat (Akiyama et al., 1996), and high 
carbohydrate (Coughlan et al., 2015; Samocha-Bonet et 
al., 2012)  diets can cause metabolic dysregulation, which 
is associated with systemic inflammation and insulin 
resistance. In general, the condition (just as with Type 2 
diabetes) results in a decrease in skeletal muscle glucose 
uptake and also in insulin’s ability to stimulate mTOR 
activity and subsequent MPS. Concurrently, this process 
of systemic inflammation accompanying insulin re-
sistance results in chronic increases in cortisol which 
plays a role in inducing de novo lipogenesis (Vienberg 
and Bjornholm, 2014).   

There are a number of recent scientific studies 
showing that large amounts of protein ingested are no 
more effective at increasing MPS than a less amount of 
protein (Areta et al., 2013; Moore et al., 2012; Rennie et 
al., 2002). This generates the notion of the “muscle full 
effect” (Atherton et al., 2010) and is based on the premise 
that an upper limit of amino acid delivery must be 
achieved before muscle can no longer use amino acids as 

Research article 

 
Received: 25 September 2015 / Accepted: 11 November 2015 / Published (online): 23 February 2016



Daily overfeeding and resistance training 

 
 

 

18 

substrate for muscle protein synthesis, thereby resulting in 
the amino acids being diverted toward catabolic processes 
instead. So, in essence “bulking up” may result in two 
primary metabolic outcomes which can be associated 
with: 1) blunting the ability to increase muscle mass and 
2) enhancing the ability to increase fat mass.     

The rationale for the use of oral, anabolic nutri-
tional supplements is based on the assumption that they 
will improve net muscle protein synthesis above and 
beyond that afforded by regular food ingestion alone. 
However, from the research available at this time it ap-
pears that protein and/or carbohydrate ingestion associat-
ed with overfeeding/bulking does not preferentially aug-
ment muscle mass in conjunction with resistance training.  
Therefore, the purpose of this study was to determine the 
effects of eight weeks (56 days) of heavy resistance train-
ing combined with the oral ingestion of Stealth® supple-
mentation. The specific aims of the study were to deter-
mine to what extent daily overfeeding from protein and/or 
carbohydrate supplementation for eight weeks in conjunc-
tion with resistance training affected  resistance training 
adaptations (body composition, muscle strength, and total 
muscle protein content), serum growth factors (IGF-1 and 
GH), and myogenic markers of satellite cell activation 
(serum HGF and muscle DNA and c-Met protein content) 
compared to iso-energetic carbohydrate in resistance-
trained men. 
 
Methods 
 
Experimental approach 
In a randomized, double-blind, parallel design, resistance-
trained males participated in a four-day/week heavy re-
sistance training program for eight weeks in conjunction 
with daily overfeeding of either a protein and/or carbohy-
drate supplement. Body composition and muscle perfor-
mance were assessed, along with venous blood samples 
and muscle biopsies being obtained before and after the 
eight-week intervention.   
 
Participants 
Apparently healthy, resistance-trained [regular, consistent 
resistance training (i.e. thrice weekly) for at least one year 
prior to the onset of the study], males between the ages of 
18-35 and a body mass index between 18.5-30 kg∙m-2 

volunteered to participate in the study. Enrollment was 
open to men of all ethnicities. Only participants consid-
ered as low risk for cardiovascular disease and with no 
contraindications to exercise as outlined by the American 
College of Sports Medicine (ACSM), and who had not 
consumed any nutritional supplements (excluding multi-
vitamins) three months prior to the study, were allowed to 
participate. All participants signed university-approved 
informed consent documents and were cleared for partici-
pation by passing a mandatory medical screening. Ap-
proval to conduct the study was granted by the Institu-
tional Review Board for the Protection of Human Sub-
jects in Research of Baylor University. Additionally, all 
experimental procedures involved in the study conformed 
to the ethical consideration of the Declaration of Helsinki. 
 

Assessment of body composition 
Body composition was determined on Day 0 and 57 based 
on our previous guidelines (Shelmadine et al., 2009; 
Spillane et al., 2009; 2011; 2012; Willoughby et al., 
2007). Total body mass (kg) was determined on a stand-
ard dual beam balance scale (Detecto Bridgeview, IL, 
USA). Total body water was determined with bioelectri-
cal spectroscopy [(BIS) ImpediMed Ltd., Australia]. Fat 
mass and lean mass were determined using DEXA (Ho-
logic Discovery Series W, Waltham, MA, USA). Quality 
control calibration procedures were performed on a spine 
phantom prior to each participant. Previous studies in our 
lab have shown the accuracy of DEXA for body composi-
tion to be ±2.3% as assessed by direct comparison with 
hydrodensitometry and scale weight. 
 
Assessment of muscle performance  
At Day 0 and 57, the determination of the one-repetition 
maximum (1-RM) for the angled leg press and knee ex-
tension exercises was based upon our previous procedures 
(Shelmadine et al., 2009; Spillane et al., 2009; 2011; 
2012; Willoughby et al., 2007). As a warm-up, an esti-
mated 50% 1-RM was utilized to complete 10 repetitions. 
After a two minute rest period, a load of 70% of estimated 
1-RM was utilized to perform five repetitions. At this 
point, the weight was gradually increased until a 1-RM 
was reached, with a two minute rest period in between 
each successful lift. Test-retest reliability of performing 
these strength assessments on subjects within our labora-
tory has demonstrated low mean coefficients of variation 
and high reliability for the angled leg press (2.1%, intra-
class r = 0.95) and knee extension (0.79%, intra-class r = 
0.94), respectively.    
 
Dietary analysis and energy expenditure    
For the four consecutive days immediately prior to report-
ing to the lab for testing at Day 0 and 57, participants 
were instructed to record their dietary intake. During each 
of these four-day periods, as well as the duration of the 
study, participants were instructed to not change their 
usual dietary habits. The dietary data were analyzed with 
the Food Processor dietary assessment software (ESHA 
Research, Salem, OR, USA) for determination of the 
average intake of total kilocalories, protein, carbohydrate, 
and fat.  

Total daily energy expenditure (TDEE) was as-
sessed by calculating resting energy expenditure using the 
Cunningham equation, which is based more specifically 
on recreational athletes, and then multiplied by a physical 
activity factor commensurate with each participant’s 
respective levels of physical activity to estimate TDEE 
needs to maintain their present body mass (Haaf and 
Weijs, 2014).  
 
Venous blood sampling and muscle biopsies 
At Days 0 and 57, venous blood samples and muscle 
biopsies were obtained during the testing sessions.  Blood 
was collected from the antecubital vein into a 10 ml se-
rum sample tube.  Blood samples were allowed to stand at 
room temperature for 10 minutes and then centrifuged.  
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The serum was removed and frozen at -80°C for later 
analysis.   

Using a 5 mm Bergstrom needle, percutaneous 
muscle biopsies (~50 mg) were obtained from the middle 
portion of the vastus lateralis muscle of the dominant leg 
at the midpoint between the patella and the greater tro-
chanter of the femur at a depth of one cm based on our 
previous procedures (Spillane et al., 2009; 2014; 
Willoughby et al., 2007). For the biopsy obtained at Day 
57, attempts were made to extract tissue from approxi-
mately the same location as the initial biopsy by using the 
pre-biopsy scar, depth markings on the needle, and a 
successive incision that was made approximately one cm 
to the former from medial to lateral. After removal, mus-
cle samples were trimmed of adipose tissue and immedi-
ately frozen in liquid nitrogen, and then stored at -80°C 
for later analysis.   
 
Supplementation protocol 
In double-blind fashion, participants were assigned an 
eight-week (56-day) supplementation protocol consisting 
of the total oral ingestion of either a 312 g∙day-1 of a car-
bohydrate supplement [HC (n =10), Vital Pharmaceuti-
cals, Inc., Weston, FL, USA] or a protein and carbohy-
drate supplement [HPC (n = 11), Stealth®, Vital Pharma-
ceuticals, Inc., Weston, FL, USA].  The total daily caloric 
load of carbohydrate received as maltodextrose in the HC 
group was 1,248 kcals (312 g). In the HPC group, the 
total daily caloric load was also 1,248 kcals (312 g), but 
consisted of 94 g, 196 g, and 22 g of protein, carbohy-
drate/maltodextrose, and fat, respectively.  Both supple-
ments were iso-energetic in dose and identical in color 
and texture. For both supplements, half of the total daily 
dosage (156 g) was mixed with 15 oz of water and ingest-
ed 30 minutes prior to each exercise session and half (156 
g) mixed with 15 oz of water and ingested within 30 
minutes following each exercise session.  For days where 
no exercise occurred, the full dosage of supplement was 
ingested in the morning upon waking.  Supplementation 
compliance was monitored by having participants com-
plete daily supplementation questionnaires and by return-
ing empty containers of their respective supplement on 
day 57. 
 
Resistance training protocol 
Based on our previous protocol (Spillane et al., 2011; 
2012), participants engaged in a supervised, four-
day/week resistance training program that was periodized 
and split into two upper- and two lower-body workouts 
per week for a total of eight weeks (56 days). Prior to 
each exercise session, participants performed a standard-
ized series of calisthenics and stretching exercises. The 
participants then performed an upper body resistance-
training program consisting of such exercises as bench 
press, lat pulldown, shoulder press, seated row, shoulder 
shrug, chest fly, biceps curl, triceps press down, and ab-
dominal curl twice per week, and a lower-body program 
consisting of such exercise as leg press, back extension, 
step up, leg curl, leg extension, heel raise, and abdominal 
curl, also performed twice per week. Participants per-
formed three sets of 8-10 repetitions with as much weight 

as they could lift per set (typically 70 – 80% of 1RM). 
Rest periods between exercises and sets were two minutes 
in duration. Exercise sessions were supervised by study 
personnel, monitoring the number of sets, repetitions, and 
weight performed for each exercise. 
 
Resistance training volume load 
Volume load (weight x sets x reps) was determined for 
the workout sessions throughout the resistance-training 
program. Volume load was recorded for each exercise in 
both upper- and lower-body workouts in both groups. 
 
Assessment of serum IGF-1, GH, and HGF 
From the two blood samples obtained at day 0 and day 57, 
serum samples were analyzed for IGF-1, GH, (Enzo Life 
Sciences, Plymouth Meeting, PA, USA), and HGF (Ray 
Biotech, Norcross, GA, USA) using commercially-
available enzyme-linked immunoabsorbent assay 
(ELISA) kits. The sensitivity of the IGF-1 kit is 48.5 
pg∙ml-1, and does not cross-react with IGF-2, and IGFBPs 
2-4, insulin, or GH. For GH, this kit has a sensitivity of 
0.2 ng/ml and no cross-reactivity with human chorionic 
gonadotrophin (HCG) or prolactin. The HGF kit has a 
sensitivity of 2 pg∙ml-1 and has no cross-reactivity with 
angiogenin, BDNF, BLC, ENA-78, FGF-4, IL-1 alpha, 
IL-1 beta, IL-2, IL-3, IL-4, IL-5, IL-7, IL-8, IL-9, IL-10, 
IL-11, IL-12 p70, IL-12 p40, IL-13, IL-15, I-309, IP-10, 
G-CSF, GM-CSF, IFN-gamma, leptin, MCP-1, MCP-2, 
MCP-3, MDC, MIP-1 alpha, MIP-1 beta, MIP-1 delta, 
PARC, PDGF, RANTES, SCF, TARC, TGF-beta, TIMP-
1, TIMP-2, TNF-alpha, TNF-beta, TPO, and VEGF. Ab-
sorbances, which were directly proportional to the con-
centration of each hormone in the sample, were measured 
in duplicate at a wavelength of 450 nm using a microplate 
reader (iMark, Bio-Rad, Hercules, CA, USA). A set of 
standards of known concentrations of each hormone was 
utilized to construct a standard curve by plotting the net 
absorbance values of the standards against the respective 
protein concentrations. By applying a linear curve using 
data reduction software (Microplate Manager, Bio-Rad, 
Hercules, CA, USA), the serum concentrations of each 
hormone were calculated. The overall intra-assay percent 
coefficients of variation were 8.2%, 7.1%, and 6.8% for 
IGF-1, GH, and HGF, respectively. 
 
Skeletal muscle cellular extraction  
Approximately 20 mg of each muscle sample was 
weighed and subsequently homogenized using a commer-
cial cell extraction buffer (Biosource, Camarillo, CA, 
USA) and a tissue homogenizer based on our previous 
approach (Shelmadine et al., 2009; Spillane et al., 2009; 
2014). The cell extraction buffer was supplemented with 
1mM phenylmethanesulphonylfluoride [(PMSF), Sigma 
Aldrich, St. Louis, MO, USA] and a protease inhibitor 
cocktail (Sigma Aldrich, St. Louis, MO, USA) which 
possesses broad specificity for the inhibition of serine, 
cysteine, and metallo-proteases.   
 
Assessment of total DNA, muscle protein, and c-Met 
content   
Based  on  our  previous  guidelines  (Shelmadine  et   al., 



Daily overfeeding and resistance training 

 
 

 

20 

2009; Spillane et al., 2011; Wilborn et al., 2009), DNA 
was isolated from muscle samples with 100% ethanol, 0.1 
M sodium citrate, and 8 mM sodium hydroxide.  The total 
DNA concentration was determined spectrophotometri-
cally (Smart Spec Plus, Bio-Rad, Hercules, CA, USA) by 
optical density (OD) at 260 nm using an OD260 equivalent 
to 50 µg/µl [Ausubel et al., 1998], and the final concen-
tration expressed relative to muscle wet-weight. In addi-
tion, total muscle protein content was determined based 
on the Bradford method [Bradford, 1976], using a spec-
trophotometer (xMark, Bio-Rad, Hercules, CA, USA) at a 
wavelength of 595 nm.  Bovine serum albumin was used 
to generate a standard curve (R2 = 0.991), and total pro-
tein content was expressed relative to muscle wet-weight 
(Shelmadine et al., 2009; Spillane et al., 2011; Wilborn et 
al., 2009).   

 Muscle homogenate samples were analyzed for 
total c-Met using a commercially-available ELISA kit 
(Life Technologies, Grand Island, NY, USA).  The sensi-
tivity of this assay is reported to be 0.4 ng∙ml-1.  Absorb-
ances were measured in duplicate at 450 nm with a mi-
croplate reader (xMark, Bio-Rad, Hercules, CA, USA).  A 
set of standards of known concentrations for c-Met were 
utilized to construct a linear standard curve by plotting the 
net absorbance values of the standards against their re-
spective protein concentrations (R2 = 0.962).  By applying 
a linear curve using data reduction software (Microplate 
Manager, Bio-Rad, Hercules, CA, USA), the concentra-
tion of muscle c-Met was calculated and expressed rela-
tive to total protein content.  The overall intra-assay per-
cent coefficient of variation was 7.7%. 

  
Statistical analysis 
Data were analyzed with separate 2 (group) x 2 (time) 
analysis of variance (ANOVA) using SPSS for Windows 
Version 20.0 software (SPSS, Chicago, IL).  Significant 
differences among groups were identified by a Tukey 
HSD post-hoc test.  However, to protect against Type I 
error, the conservative Hunyh-Feldt Epsilon correction 
factor was used to evaluate observed within-group F-
ratios. Resistance volume load was analyzed with separate 
independent  t-tests for upper- and lower-body. For TDEE  

from Day 0 to 57 within groups with and without inges-
tion of the supplement, paired t-tests were employed. For 
TDEE between groups, an independent t-test was utilized.  
An a-priori power calculation showed that 10 participants 
per group was adequate to detect a significant difference 
between groups in the dependent variable of muscle 
strength and the independent variable of resistance train-
ing, given a type I error rate of 0.05 and a power of 0.80.  
The index of effect size utilized was partial Eta squared 
(η2), which estimates the proportion of variance in the 
dependent variable that can be explained by the independ-
ent variable. Partial Eta squared effect sizes were deter-
mined to be: weak = 0.17, medium = 0.24, strong = 0.51, 
very strong = 0.70 (O'Connor et al., 2007). For statistical 
procedures, a probability level of ≤ 0.05 was adopted 
throughout the study. 
 
Results 
 
Subject demographics 
Twenty-four participants began the study; however, two 
in the HC group and one in the HPC group dropped out 
due to reasons unrelated to the study.  As a result, 21 
participants completed the study. The HC group (n = 10) 
had a mean (±SD) age of 19.38 ± 1.18 yr, height of 1.79 ± 
0.06 m, percent fat of 21.86 ± 7.87 %, and total body 
mass of 86.09 ± 13.50 kg.  The HPC group (n = 11) had 
an age of 21.38 ± 4.07 yr, height of 1.79 ± 0.06 m, per-
cent fat of 17.65 ± 6.43 %, and total body mass of 84.28 ± 
12.04 kg.   
 
Dietary analyses and supplement compliance 
The completed dietary intake forms were used to analyze 
the average daily caloric and macronutrient consumption, 
not including the additional daily calories ingested from 
the respective supplements, along with calculating TDEE 
(Table 1). In this case, neither group significantly changed 
their caloric intake during the course of the study (p > 
0.05). In addition, there were no significant group x test 
interactions indicating there to be no differences between 
groups for total calories (p = 0.450, η2 = 0.029) or for the 
intake of protein (p = 0.182, η2 = 0.008), carbohydrate

 
Table 1. Dietary intake and energy expenditure variables before and after eight weeks of protein 
and/carbohydrate supplementation and resistance training. Data are presented as means (±standard deviations). 

Variable Group Day 0 Day 57 Day 57 + Supplement 
Total Calories 
(kcals/day) 

HPC 2559.4 (524.7) 2421.4 (428.8) 3,816.1 (465.1) 

HC 2735.4 (798.4) 2568.1 (916.8) 3,669.2 (789.5) 

Protein    
(grams/day) 

HPC 109.1 (38.7) 119.5 (76.2) 213.5 (63.2) 

HC 109.2 (44.5) 90.4 (42.1)  

Carbohydrates 
(grams/day) 

HPC 372.1 (97.2) 336.6 (93.7) 494.6 (84.8) 

HC 325.4 (69.6) 285.0 (82.1) 597.0 (71.0) 

Fat         
(grams/day) 

HPC 111.8 (36.7) 100.8 (25.4) 122.8 (20.7) 

HC 114.5 (44.3) 103.8 (51.1)  

TDEE  
(kcals/day) 
 

HPC 2120.7 (145.9) 2167.2 (145.0)  

HC 2130.7 (127.5) 2148.3 (130.5)  
TDEE represents total daily energy expenditure. There were no significant differences between Day 0 and 57 for either 
group, nor were there any significant differences between groups at Day 0 and 57 for total calories and the gram 
amount of protein, carbohydrates, and fat (p > 0.05). + Supplement indicates the mean daily values for each nutritional 
variable due to also consuming the supplement. HPC = high protein + carbohydrate; HC = high carbohydrate 
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(p = 0.737, η2 = 0.036), fat (p = 0.989, η2 = 0.003), and 
TDEE (p = 0.341, η2 = 0.022). For HPC and HC without 
the supplement, there were no significant differences in 
the percent increase in total caloric intake at Day 57 com-
pared to the TDEE (t = 0.035). However, for total caloric 
intake including the supplement at Day 57, HPC and HC 
were significantly different compared to the correspond-
ing TDEE (t = 0.021).  

In regard to compliance, HC and HPC were 92.32 
± 9.89 % and 94.37 ± 8.17 % compliant to the resistance 
training program, respectively. For supplementation com-
pliance, HC and HPC were 95.43 ± 4.12 % and 97.52 ± 
3.84 % compliant to the supplementation protocol, re-
spectively.   
 
Resistance training compliance and volume load of 
training study 
Four participants were unable to complete every workout 
session for the eight-week training period. Two partici-
pants were only able to complete 93.75% of the total 
lower-body workouts due to temporary muscular injury. 
Another participant was also only able to complete 
93.75% for both the upper and lower body workout ses-
sions due to temporary illness. In addition, one other 
participant suffered a minor muscular injury and was only 
able to complete 93.75% of the total lower-body sessions 
during the course of training.  

In regard to training volume load, no significant 
differences between groups for volume load (defined as 
reps x sets x weight) in both upper- (p = 0.823) and low-
er-body (p = 0.774) cumulative exercise sessions. Respec-
tive data for the overall volume load for the upper- and 
lower-body  training sessions between groups are present- 
 

ed in Table 2.  
 
Table 2. Overall volume load in upper- and lower-body 
sessions between HPC and HC groups. All data presented as 
means (±SD).   
Variable HPC HC 
Upper-Body Volume 
(reps x sets x weight) 

244367 (39045) 131958 (30233) 

Lower-Body Volume 
(reps x sets x weight) 

245295 (40315) 132294 (33152) 

 
Body composition 
There were no significant group x test interactions for 
total body mass (p = 0.076, η2 = 0.003), fat mass (p = 
0.975, η2 = 0.001), or lean mass (p = 0.761, η2 = 0.004). 
A significant interaction for total body water (p = 0.030, 
η2 = 0.024) was shown with HPC compared to the HC 
group. There were significant main effects for time for 
total body mass (p = 0.001 η2 = 0.153), total body water 
(p = 0.001, η2 = 0.227) and fat mass (p = 0.001, η2 = 
0.160), but not for lean mass (p = 0.068, η2 = 0.007) as a 
result of resistance training (Table 3). 
 
Muscle performance 
There were no significant group x test interactions for 
upper-body strength (p = 0.989, η2 = 0.001) and lower-
body strength (p = 0.097, η2 = 0.012).  However, there 
were significant main effects for time for both upper- (p = 
0.024, η2 = 0.293) and lower-body strength (p = 0.001, η2 
= 0.152) as a result of resistance training (Table 4).  
 
Serum IGF-1, GH, and HGF 
There were no significant group x test interactions ob-
served for serum IGF-1 (p = 0.060, η2 = 0.139), GH (p

Table 3. Body Composition before and after eight weeks of protein and/carbohydrate supplementation and re-
sistance training. Data are presented as means (±standard deviations). 

Variable Group Day 0 Day 57 Test 
(p < .05) 

Group x Test 
(p < .05) 

Total Body 
Mass (kg) 

HPC 84.28 (12.04) 88.11 (12.15) .001* .076 
HC 86.09 (13.50) 87.51 (13.14)   

Body  
Water (kg) 

HPC 43.64 (3.70) 47.72 (3.02) .001* .030† 
HC 41.58 (2.39) 42.61  (3.83)   

Fat Mass 
(kg) 

HPC 14.86 (7.68) 16.22 (7.41)   
HC 18.94 (9.39) 20.45 (9.73) .001* .701 

Lean Mass 
(kg) 

HPC 63.01 (6.19) 65.29 (5.82) .068 .134 

HC 61.82 (4.28) 62.07 (5.33)   
* Denotes a significant increase at Day 57 compared to Day 0. † Denotes a significant interaction indicat-
ing HPC > HC. HPC = high protein + carbohydrate; HC = high carbohydrate 

 
Table 4. Muscular strength before and after eight weeks of protein and/carbohydrate supplementation and re-
sistance training. Data are presented as means (±standard deviations). 

Variable Group Day 0 Day 57 Test              
(p < .05) 

Group x Test 
(p < .05) 

Upper-Body 
Strength (kg/kg) 

HPC 1.12 (.219) 1.17 (.202) .024* .989 
HC .958 (.232) 1.01 (.245)   

Lower-Body 
Strength (kg/kg) 

HPC 4.57 (.743) 5.30 (1.06) .001* .097 

HC 4.06 (.350) 4.43 (.544)   
* Denotes a significant increase at Day 57 compared to Day 0. HPC = high protein + carbohy-
drate; HC = high carbohydrate 
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= 0.375, η2 = 0.032), or HGF (p = 0.370, η2 = 0.022), 
indicating there to be no significant differences due to 
supplementation.  In addition, there were no significant 
main effects for time regard to IGF-1 (p = 0.270, η2 = 
0.026), GH (p = 0.397, η2 = 0.029), and HGF (p = 0.070, 
η2 = 0.094), indicating there to be no significant differ-
ences due to resistance training (Table 5). 
 
Table 5. Serum growth factors before and after eight weeks 
of protein and/carbohydrate supplementation and resistance 
training. Data are presented as means (±standard devia-
tions). 

Variable Group Day 0 Day 57 

IGF-1 (pg/ml) 
HPC 202.8 (43.9) 225.3 (52.7) 
HC 191.9 (65.6) 136.8 (46.0) 

GH (pg/ml) 
HPC 2.41 (3.52) 1.14 (.20) 
HC 1.11 (.31) 1.13 (.37) 

HGF (pg/ml) 
HPC 1382 (146)  1328 (148) 
HC 1676 (290) 1528 (135) 

No significant difference for either variable was detected (p > .05). HPC 
= high protein + carbohydrate; HC = high carbohydrate  
 
Total muscle protein and MHC protein isoform con-
tent  
For total muscle protein content, there was no significant 
group x time interaction (p = 0.157, η2 = 0.082) or signif-
icant main effect for time (p = 0.101, η2 = 0.108), indicat-
ing no beneficial effect from supplementation or re-
sistance training.    

There were no significant group x time interactions 
for MHC 1 (p = 0.178, η2 = 0.094 = 0.085), MHC 2A (p 
= 0.142, η2 = 0.091), and MHC 2X (p = 0.318, η2 = 
0.089). However, a significant main effect for time was 
observed for MHC 1 (p = 0.039, η2 = 0.246) and MHC 
2A (p = 0.027, η2 = 0.242), but there was no significant 
change for MHC 2X (p = 0.351, η2 = 0.094) (Table 6).   
 
Total muscle DNA and cMet content  
There were no significant interactions for total muscle 
DNA (p = 0.782, η2 = 0.004) or cMet protein concentra-
tion (0.477, η2 = 0.108), indicating no beneficial effect 
from supplementation. For total DNA (p = 0.217, η2 = 
0.081) and cMet (p = 0.231, η2 = 0.045) content, there 
were also no significant main effects for time, indicating 
no beneficial effect from resistance training (Table 7).   

Table 7. Total Muscle DNA and cMet content before and 
after eight weeks of protein and/carbohydrate supplementa-
tion and resistance training. Data are presented as means (± 
standard deviations). 

Variable Group Day 0 Day 57 
Total DNA 
(µg/mg) 

HPC 4.97 (2.13) 5.73 (1.65) 
HC 5.09 (.97) 6.27 (1.84) 

c-MET 
(ng/mg) 

HPC .991 (.201) .953 (.386) 

HC 1.22 (.457) 1.07 (.139) 
No significant difference for either variable was detected (p > 
.05). HPC = high protein + carbohydrate; HC = high carbohy-
drate 
 
Discussion 
 
The present study investigated the effect of daily over-
feeding with whey protein and/or carbohydrate in con-
junction with eight weeks of resistance training on body 
composition, muscle strength, and markers indicative of 
MPS and myogenesis in resistance-trained males. While 
we observed significant increases in muscle strength and 
MHC 1 and 2A content with resistance training in both 
groups, we failed to observe any supplement-induced 
improvements in any of the variables assessed in either 
group.   

We also observed no significant differences in to-
tal caloric intake, as well as the intake of carbohydrate, 
fat, and protein in either group during the course of the 
study. Furthermore, our data provide insight into the issue 
that, in regard to total daily calories, a greater macronutri-
ent intake relative to one’s TDEE with protein and/or 
carbohydrate supplementation does not appear to prefer-
entially increase muscle strength and mass. Regarding the 
fact that the increased protein intake failed to elicit an 
anabolic/ergogenic effect in response to resistance train-
ing, this is most likely due to the “muscle full effect” in 
which an excessive protein/amino acid load simply over-
whelms the muscle in a manner that does not augment 
increases in muscle mass. In our study, we had two 
groups of resistance-trained men undergo daily overfeed-
ing with either carbohydrate (HC) or carbohydrate and 
protein (HPC) while participating in eight weeks of heavy 
resistance training. Both groups supplemented their daily 
caloric intake with an additional 312 grams (1,248 kcals 
of carbohydrate) of maltodextrose in the HC group and

 
Table 6. Total Muscle and MHC protein before and after eight weeks of protein and/carbohydrate supplemen-
tation and resistance training. Data are presented as means (±standard deviations). 

Variable Group Day 0 Day 57 Test 
(p < .05) 

Group x Test 
(p < .05) 

Total Protein 
(ng/mg) 

HPC 45.1 (15.0) 46.3 (9.3) .101 .157 
HC 46.0 (5.3) 50.9 (16.2)   

MHC 1 
(ADU) 

HPC 1185 (332) 1326 (327) .039* .178 
HC 1128 (447) 1375 (292)   

MHC 2A 
(ADU) 

HPC 1138 (464) 1297 (415) .027* .142 
HC 1077 (434) 1165 (266)   

MHC 2X 
(ADU) 

HPC 844 (336) 833 (264) .351 .318 

HC 894 (292) 871 (347)   
* Denotes a significant increase at Day 57 compared to Day 0. HPC = high protein + carbohydrate; 
HC = high carbohydrate 
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312 grams [1,248 kcals (22 grams of fat, 158 grams of 
carbohydrate, 94 grams of protein) in the HPC group.  For 
both supplements, half of the total daily dosage (156 g) 
was ingested 30 minutes prior to each exercise session 
and half (156 g) was ingested within 30 minutes follow-
ing each exercise session. As can be seen in Table 1, 
without either supplement both groups were already in-
gesting approximately 2,500-2,700 kcals∙day-1 at the onset 
of the study and 2,400-2,500 kcals∙day-1 at the end of the 
study, which was approximately 440-600 kcals above 
their TDEE. However, the supplementation protocol in-
creased the daily caloric intake of both groups to approx-
imately 3,700-3,800 kcals∙day-1, and represented an in-
crease of 1,394 and 1,101 kcals above the total daily ca-
loric intake, respectively, for HPC and HC. In addition, it 
also represents respective increases in macronutrient 
intakes of 1,650 and 1,520 kcals beyond the TDEE for 
HPC and HC.  

In regard to the fact that we failed to see any supe-
rior increases in muscle strength and muscle mass and 
serum (IGF-1, GH, HGF) and muscle (total muscle pro-
tein and MHC isoforms) biochemical indicators of MPS 
and myogenesis (total DNA and c-Met) in the HPC group 
compared to HC as a result of the greater daily protein 
intake, this can likely be explained by two recent studies 
utilizing egg protein (Moore et al., 2009) and whey pro-
tein (Witard et al., 2014). These studies provided the 
respective protein supplement following a bout of re-
sistance exercise and found 20 grams of protein to be 
optimal for stimulating MPS, and that ingesting 40 grams 
of protein was no more effective than 20 grams. Interest-
ingly, both studies found that protein doses greater than 
20 grams resulted in an overabundance of available amino 
acids that subsequently resulted in an increased rate of 
amino acid oxidation and ureagenesis. Additionally, a 
recent study (Moore et al., 2012) showed that four, 20-  
gram doses of whey protein ingested every three hours 
were superior in increasing MPS than two, 40-gram doses 
ingested every six hours. In the present study, subjects 
were ingesting two, 47-gram doses of protein separated 
by approximately three hours. Based on previous results, 
the present study generates the notion of the “muscle full 
effect” originally proposed by Atherton et al.  [2010]. In 
that study, an oral dose of 48 g of whey protein increased 
MPS between 45 and 90 minutes after ingestion despite 
increases in the blood level of leucine and EAA up to 240 
minutes post ingestion. The authors concluded that an 
upper limit of amino acid delivery must be achieved be-
fore muscles can no longer use amino acids as substrate 
for MPS, thereby resulting in the amino acids being pref-
erentially diverted toward catabolic processes. As a result, 
consuming excessive amount of protein and amino acids, 
which occurred in our present study, conceivably resulted 
in a diminished return in terms of stimulating MPS, rather 
favoring amino acid oxidation and ureagenesis.  

In regard to the fact that we failed to see any supe-
rior increases in muscle mass in the HC or HPC group as 
a result of the higher daily carbohydrate intake, this may 
be explained on the premise that it has been shown that 
carbohydrate does not augment exercise-induced protein 

accretion versus protein alone (Staples et al., 2011). This 
study specifically showed that insulin is not additive or 
synergistic to rates of MPS when carbohydrate (50 grams) 
was co-ingested with 25 grams of whey protein, a protein 
dose known to maximally stimulate MPS (Moore et al., 
2012). It has also been shown that insulin is not an addi-
tive factor in stimulating protein/amino acid-induced 
increases in MPS (Staples et al., 2011). In regards to nu-
trient excess, this may involve the progressive over-
whelming effect of elevated carbohydrate (and concomi-
tant insulin levels) decreasing AMP-activated protein 
kinase (AMPK) activity in muscle (Coughlan et al., 
2015). In the event that high levels of carbohydrate sup-
press muscle growth processes, it may be related to de-
creased AMPK activation (similar to that seen with insu-
lin resistance). In our present study, participants ingested 
two 79-gram doses of carbohydrate separated by approx-
imately three hours. In the Atherton study (2010), with a 
48-gram dose of protein, they observed a 35 mU/L insulin 
peak at approximately 60 minutes post-exercise. In the 
present study, assuming our participants were not glyco-
gen depleted prior to each resistance exercise session (and 
they should not have been based on their dietary intakes), 
the exercise alone likely would not have degraded enough 
muscle glycogen to predicate the need for all of the glu-
cose being ingested being cleared by muscle and utilized; 
therefore, the activity of hexokinase would most likely be 
inhibited and AMPK activated, thereby minimizing glu-
cose uptake (Gauthier et al., 2011).  

Chronic overfeeding typically leads to hypertrophy 
of adipocytes and the development of a chronic sub-
clinical, pro-inflammatory environment (Glass and 
Olefshy, 2012). However, it has recently been shown that 
eight weeks of resistance training combined with consum-
ing a high protein diet of 4.4 g∙kg-1∙day-1 did not increase 
total body mass, fat mass, or lean mass compared to a 
control protein intake of 1.8 g∙kg-1∙day-1 (Antonio et al., 
2014). This study indicates that the daily caloric excess 
from consuming 5.5 times the recommended dietary al-
lowance for protein had no apparent effect on de novo 
lipogenesis, nor did it have any preferential effect on 
increasing MPS. Although, we observed that daily over-
feeding with protein and/or carbohydrate resulted in sig-
nificant increases in total body mass and fat mass, without 
a corresponding increase in fat-free mass. 

It is not unreasonable to assume that the increased 
glycemic load from the supplementation protocol attribut-
ed to the accumulation of fat mass in both groups over the 
course of the study. With supplementation, the daily car-
bohydrate intake of the HC and HPC groups was 68% and 
48%, respectively, above the reported daily carbohydrate 
intake. In light of this, our data indicate that chronic over-
feeding appears to be associated with de novo lipogenesis 
and subsequent triglyceride synthesis since the increased 
influx of glucose provides substrate for triglyceride syn-
thesis in adipocytes (Bijland et al., 2013).  
 
Limitations  
In view of the results presented herein, our study does 
possess three possible limitations.  One limitation may be 
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the sample size. While a sample size of 21 is somewhat 
small, indeed it is notably larger than many other studies 
in the literature employing a very similar experimental 
design. We did perform an a-priori power analysis; there-
fore, our study should be adequately powered. The second 
limitation is the issue of only using four-day dietary re-
calls for determining nutritional intakes prior to each of 
the two testing sessions at Day 0 and 57. Second, it is 
possible that the information provided from the dietary 
intakes was not reflective of the nutritional intakes over 
the course of the study. Thirdly, supplement compliance 
is a potential limitation. Even though participants returned 
the empty containers and self- reported their compliance, 
it is possible that the information provided to study per-
sonnel was not reflective of the actual supplement com-
pliance. Despite our confidence in the reliability and va-
lidity of our data, in lieu of these limitations, the results 
presented herein should be interpreted with some amount 
of caution. 

 
Conclusion 
 
In light of our results presented herein, we conclude that 
daily overfeeding with protein and/or carbohydrate in 
conjunction with resistance training for eight weeks does 
not improve body composition and muscle performance 
or increase the concentration of markers indicative of 
MPS and myogenic activation in resistance-trained men.     
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Key points 
 
• In response to 56 days of heavy resistance training 

and HC or HPC supplementation, similar increases in 
muscle mass and strength in both groups occurred; 
however, the increases were not different between 
supplement groups.   

• The supplementation of HPC had no preferential 
effect on augmenting serum IGF-1 GH, or HGF.  

• The supplementation of HPC had no preferential 
effect on augmenting increases in total muscle pro-
tein content or the myogenic markers, total DNA and 
muscle cMet content.   

• In response to 56 days of a daily supplemental dose 
of 94 g of protein and 196 g of carbohydrate, the 
HPC group was no more effective than 312 g of car-
bohydrate in the HC group in increasing muscle 
strength and mass due to its ability to elevate serum 
anabolic hormones and growth factors and markers 
of myogenic activation of satellite cells.  
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