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ABSTRACT

Bergstrom, HC, Byrd, MT, Wallace, BJ, and Clasey, JL. Examina-

tion of a multi-ingredient preworkout supplement on total volume

of resistance exercise and subsequent strength and power

performance. J Strength Cond Res 32(6): 1479–1490, 2018—

This study examined the acute effects of a multi-ingredient pre-

workout supplement on (a) total-, lower-, and upper-body volume

of resistance exercise and (b) the subsequent lower-body

strength (isokinetic leg extension and flexion), lower-body power

(vertical jump [VJ] height), upper-body power (bench throw veloc-

ity [BTv]), and cycle ergometry performance (critical power and

anaerobic work capacity). Twelve men completed baseline

strength and power measures before 2 experimental visits, sup-

plement (SUP) and placebo (PL). The experimental visits involved

a fatiguing cycling protocol 30 minutes after ingestion of the SUP

or PL and 15 minutes before the beginning of the resistance

exercise protocol, which consisted of 4 upper-body and 4

lower-body resistance exercises performed for 4 sets to failure

at 75% 1 repetition maximum. The exercise volume for the total,

lower, and upper body was assessed. The VJ height and BTv were

measured immediately after the resistance exercise. Postexercise

isokinetic leg extension and flexion strength was measured 15 mi-

nutes after the completion of a second cycling protocol. There

was a 9% increase in the total-body volume of exercise and

a 14% increase in lower-body volume of exercise for the SUP

compared with the PL, with no effect on exercise volume for the

upper body between the SUP and PL. The increased lower-body

volume for the SUP did not result in greater lower-body strength

and power performance decrements after exhaustive exercise,

compared with the PL. These findings suggested the potential

for the SUP to increase resistance exercise volume, primarily

related to an increased lower-body volume of exercise.

KEY WORDS ergogenic aid, training volume, caffeine

INTRODUCTION

T
he use of preworkout supplements has become
increasingly popular. These supplements are used
to enhance both aerobic and anaerobic perfor-
mance parameters and are generally considered

safe when consumed at the recommended dosages (29).
There are a number of preworkout supplements available,
with various combinations of active ingredients but most
contain caffeine. Caffeine has been shown to have an ergo-
genic effect on strength, power, and endurance at dosages of
3–6 mg$kg21 (18). The effects of caffeine have been attrib-
uted to 3 primary mechanisms, which include (a) alteration
of fat metabolism (4), (b) direct effect on calcium release
from the sarcoplasmic reticulum (ryanodine receptors) (1),
and (c) adenosine receptor antagonism (15,16). Currently,
there is conflicting evidence regarding the potential for caf-
feine to influence fat oxidation (19), and it is unlikely that
caffeine could exert its effects on calcium release at the typ-
ical dosage contained in preworkout beverages (;3–6
mg$kg21) (16). It has been suggested that for high-intensity
exercise, caffeine’s effects are most likely related to its role as
an adenosine receptor antagonist, which may serve to
decrease the perception of fatigue (43) and increase the
release of neurotransmitters (16) and motor neuron excit-
ability (32,40). Caffeine supplementation has been shown to
increase muscular strength (46), muscular endurance (5,36),
and peak and mean power output during anaerobic cycling
(5). There are limited data, however, regarding the effects of
caffeine in combination with citrulline-malate, amino acids
(beta-alanine, leucine, tyrosine), creatine, and vitamins (B-3,
B-6, B-12, C, and D) on exercise performance.

Ingredients, such as citrulline-malate, leucine, and aspartic
acid, contained in preworkout supplements may augment the
effects of caffeine. For example, citrulline-malate has been
shown to increase the number of repetitions to failure
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during repeated sets at 60% 1 repetition maximum (RM)
for lower-body exercise (50). In addition, citrulline may
have vasodilatory properties as a precursor to arginine
and nitric oxide production (45), increase muscle effi-
ciency and delay fatigue (17), and increase utilization of
amino acids during exercise (44). Bioperine is considered
a thermogenic ingredient, extracted from black pepper,
and may increase the metabolic rate (33), whereas huper-
zine A has been shown to have cognitive enhancing
properties (51). Branched-chain amino acids, such as
leucine, have potential acute and chronic effects related
to enhanced cognitive function (48), decreased muscle
soreness (26), and increased muscle protein synthesis
(2,37). In addition, aspartic acid may reduce the accumu-
lation of ammonia in the blood and improve muscular
endurance performance (3), whereas tyrosine, the precur-
sor to dopamine and norepinephrine, may improve
cognitive function under environmental and physical
stressors (28).

The acute affects of preworkout supplementation may
be augmented by longer-term (.4 weeks) dosing strate-
gies of other ingredients, such as beta-alanine, creatine,
and amino acids, contained in multi-ingredient prework-
out supplements (30). Research has shown increases in
total exercise volume and a reduction in the subjective
feelings of fatigue after 3 weeks of supplementation with
beta-alanine (23). Both beta-alanine and creatine may
augment the effects of caffeine by delaying neuromuscu-
lar fatigue (12,42). The branched-chain amino acid leu-
cine has been shown to be an important signal to
stimulate maximal muscle protein synthesis (37), and
a preworkout supplement containing branched-chain
amino acids and creatine has been shown to result in
greater increases in muscle thickness, lean mass, and
strength, when compared with a placebo (35). Thus, it
is possible that a combination of caffeine, citrulline-
malate, amino acids (beta-alanine, leucine, tyrosine), cre-
atine, and vitamins (B-3, B-6, B-12, C, and D) may work
synergistically to enhance performance in acute and
longer-term dosing strategies, beyond supplementation
with each ingredient alone. No previous studies, however,
have examined the potential ergogenic effects of this
combination of ingredients contained in a preworkout
supplement. Thus, further research is needed on the com-
bined effects of these ingredients on total exercise volume
and subsequent strength, power, and anaerobic perfor-
mance. Therefore, the primary purposes of this study
were to examine the acute effects of multi-ingredient pre-
workout supplementation in resistance-trained men on
(a) total-, lower-, and upper-body volume of resistance
exercise; (b) the subsequent lower-body strength (isoki-
netic leg extension and flexion), lower-body power (ver-
tical jump [VJ] height), upper-body power (bench throw
velocity) and cycle ergometry performance (critical
power [CP] and anaerobic work capacity [AWC]).

METHODS

Experimental Approach to the Problem

This was a randomized, double-blind, placebo-controlled,
crossover design with 2 treatments, supplement (SUP) and
placebo (PL). This study involved 5 visits to the exercise
physiology and human performance laboratories. All testing
procedures were performed at the same time of day for each
subject. During visit 1, the subjects demographic information
was recorded, and subjects completed a familiarization of the
isokinetic leg flexor and extensor strength testing, VJ test, bench
press throw test, and CP 3-minute all-out test cycling protocol
(CP3min). After 24 hours, the subjects returned to the laboratory
to complete visit 2, which included total-body dual-energy x-
ray absorptiometry (DXA) scans for body composition assess-
ment and baseline 1RM testing for the barbell back squat,
barbell flat bench press, barbell deadlift, and barbell reverse
lunge. Forty-eight to 72 hours after completing visit 2, the sub-
jects returned to the laboratory for visit 3 to complete baseline
testing for the VJ and bench press throw, followed by 1RM
testing for the incline press, front squat, barbell bent-over row,
and standing barbell overhead press. In addition, following the
1RM testing, the baseline values were measured for isokinetic
leg flexion and extension strength. The experimental visits were
completed during visits 4 and 5. Visit 4 was conducted 48–72
hours after completion of the baseline testing (visit 3), and visit
5 was completed 7–10 days after visit 4. For visit 4, the subjects
were randomly assigned to ingest either the SUP or PL and
ingested the crossover treatment for visit 5. Blood pressure
(systolic and diastolic) and heart rate (HR) were taken at 2
time points (15 minutes after arrival and 25 minutes after inges-
tion). Thirty minutes after ingestion, the subjects completed the
experimental protocol outlined in Figures 1 and 2. Briefly, the
subjects completed a fatiguing cycling protocol 15 minutes
before the beginning of the resistance exercise protocol (Figure
2). The exercise volume for the total body, lower body, and
upper body was assessed. Five minutes after completion of the
resistance exercise protocol, subjects completed VJ test and the
bench throw test, to assess lower- and upper-body power,
respectively. After the bench throw test, the subjects completed
a second fatiguing cycling protocol. Isokinetic leg extension and
flexion strength was measured 15 minutes after the completion
of the second cycling protocol. The subjects were asked to
refrain from strenuous exercise for at least 24 hours and avoid
the consumption of alcohol or caffeine for at least 48 hours
before each testing session. Furthermore, the subjects recorded
any food and drink consumed 24 hours before, and the day of,
the first experimental visit (visit 4). The subjects were asked to
consume the same diet 24 hours before, and the day of, the last
experimental visit (visit 5), to ensure the same total caloric
(kilocalories), protein, carbohydrate, and fat intake.

Subjects

Twelve men, with resistance training experience (mean 6
SD: age = 22 6 3 years [range = 19–26 years]; height =
1796 7 cm; body mass = 86 6 13 kg) were recruited for this
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study. The subjects were involved in a whole-body resistance
training program, at least 3 times per week continuously for
at least 1 year. Potential subjects who were unable to max-
imally back squat a weight of $1.5 times their body mass
were excluded from participation. The mean 6 SD 1RM
back squat for the subjects in this study was 142 6 34 kg
(1.7 6 0.3 3 body mass). All subjects were free from mus-
culoskeletal injuries or neuromuscular diseases and did not
report any medical disorders or medicinal or supplement
usage that could have affected the outcome of this study.
This study was approved by the University of Kentucky’s
Institutional Review Board for the protection of human sub-
jects, and all subjects completed a written health history
questionnaire and informed consent document before any
testing.

Procedures

Body Composition Assessments. A total-body DXA scan (GE
Lunar Prodigy; GE Lunar, Inc., Madison, WI, USA) scan
was performed to assess total-body fat percentage (%BF)
and mineral-free lean model mass (in kilograms). The
subjects were instructed to remove all objects, such as
jewelry or eyeglasses, and wore T-shirt and shorts containing
no metal during the scanning procedure. All scans were

analyzed by a single trained investigator using the Lunar
software version 13.10 (GE Lunar, Inc., Madison, WI, USA).

1-Repetition Maximum Testing. All of the resistance exercises
were dynamic constant external resistance (DCER) barbell
movements, including 4 upper-body (flat bench press, bent-
over row, incline bench press, and standing shoulder press)
and 4 lower-body (back squat, deadlift, front squat, and
reverse lunge) lifts. A standardized warm-up was completed
before each of the 1RM tests. The warm-up began with 10
repetitions at 50%, 5 repetitions at 70%, 3 repetitions at 80%,
and 1 repetition at 90% of each subject’s predicted 1RM
body mass. One minute of rest was provided between
warm-up sets, and 2 minutes of rest was provided between
the final warm-up set and the first 1RM attempt. The sub-
jects completed up to 3 attempts to determine the 1RM (13).
For all 1RM DCER strength testing, progressive loads were
added until the subject could not complete a repetition
through the full range of motion. Additional trials were per-
formed with lighter loads until the 1RM was determined
within 2.27 kg, which was typically achieved within 3 trials.
Three minutes of rest was given between 1RM attempts.

The barbell back squat was performed on a standard free-
weight rack using an Olympic barbell. The barbell was
positioned above the posterior deltoids at the base of the
neck. The subjects’ feet were positioned shoulder-width
apart, with the toes pointed slightly outward. The subjects
were instructed to keep their feet on the floor and maintain
a flat back, keeping the torso-to-floor angle relatively con-
stant through the range of motion. A complete repetition
was considered when the subject moved from an erect posi-
tion into flexion at the knee and hip until the thighs were
parallel to the floor and then returned to the original position
(49). The front squat was performed in a similar manner as
the back squat, with the exception that the barbell was posi-
tioned across the front of the body over the anterior deltoids
near the clavicle. A clean grip or cross-armed grip was used
at the subject’s discretion.

The barbell deadlift was performed using free weights and
a standard Olympic barbell. The subjects performed a con-
ventional style deadlift (vs. sumo), in which their feet were
approximately hip width, with toes pointed slightly outward.
The subjects started the lift with flexion at the knees and hips
so that the back was flat and at an approximately 608 angle
to the floor. The subjects were instructed to use an alternat-
ing grip. A complete repetition was considered when the
subject reached full extension at the knees and hips with
the barbell and returned the barbell back to the floor in
a controlled manner. “Hitching” and “back lifting” (where
the lifter extends their knees before, not at the same time
as, their hips) was not permitted.

The barbell reverse lunge was performed in a standard
squat rack with an Olympic barbell. The subjects grasped the
barbell with a closed, pronated grip. The bar was positioned
above the posterior deltoids at the base of the neck. The

Figure 1. Schematic representation of the experimental sessions.
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subjects stepped backward with one, keeping the torso erect
and the trailing foot planted on the floor. The subject
allowed the thigh and lower leg to slowly flex until the knee
was 1–2 inches above the floor and the thigh was parallel
with the floor (;2 seconds). The subjects pushed off the
floor with the back leg, extending the leg and thighs, brining
the back foot to the starting position. After a brief pause (;1
second), the subject completed the same movement with the
opposite leg. The 1RMwas considered to be achieved only if
the weight could be moved through the range of motion
twice (using right and left legs as the back leg 1 time).

The flat barbell bench press was performed on a standard
free-weight bench with an Olympic barbell. After receiving
a liftoff from the spotter, the subjects lowered the barbell to
their chest just above the nipple line, paused briefly, and then
pressed the bar to full extension of the forearms. This was
defined as one complete repetition. The incline bench press
was performed in the same manner as the flat barbell bench
press, with the exception that the bench was inclined to
approximately 458. The barbell touched the chest slightly high-
er than during the flat barbell bench press.

The shoulder press was performed in a standard squat
rack with an Olympic barbell. The subjects used a 3-handed
pronated grip to secure the barbell in their hands and lifted it
from the rack. The barbell was positioned across the front of
the body over the anterior deltoids near the clavicle. The
subjects were instructed to take one step backward with
each foot, gain their balance, and push the barbell overhead
to full elbow extension. One repetition was defined as raising
and lowering the bar under control. Safety pins were set
within the rack, so the subject could release the weight from

their grip onto the pins if needed. Additionally, one spotter
was placed on each side of the barbell for safety.

The barbell bent-over row was performed from the floor
with an Olympic barbell, using a closed, pronated grip. The
subjects positioned their feet shoulder-width apart, with
slight flexion at the knees. The torso was flexed so that it is
just slightly above parallel to the floor. The movement began
with the forearms fully extended and the barbell 1–2 inches
from the floor. The subject pulled the bar toward the torso,
keeping the back flat and slight flexion at the knees. The
barbell touched the lower chest or upper abdomen and
was lowered back to the starting position.

Vertical Jump Test. Vertical jump height was measured using
the Vertec vertical jump device (Gill Athletics, Champaign,
IL, USA). Each subject was positioned directly underneath
the Vertec and instructed to jump as high as possible from
a standing 2-foot position, use a countermovement, and
move the highest horizontal vane with a single hand (39).
Each subject performed 3 VJs with 2 minutes of rest between
each trial. Vertical jump height was calculated as the differ-
ence between the highest vane of the Vertec reached and the
standing reach height and expressed in centimeters. The
test-retest data from our laboratory for the VJ test (n = 15)
has been shown to be highly reliable (intraclass correlation
[ICC] = 0.99) with no significant mean differences (mean
difference = 22.36 cm; 95% confidence interval [CI] =
26.92 to 2.19 cm; p . 0.05) between test-retest values.

Isokinetic Testing. Isokinetic strength was assessed using
a Biodex System 4 (Biodex Medical, Shirley, NY, USA).
The subjects were positioned on the isokinetic dynamom-
eter in a seated position. After several submaximal repeti-
tions, the subjects completed 3 maximum effort concentric
leg flexion and extension contractions on the dynamometer
at 308$sec21. The peak torque (N$m) was defined as the
highest of the 3 trials. The isokinetic strength testing has
been shown to be highly reliable (ICC = 0.98), with no
significant mean differences between test-retest values (9).

Bench Throw Test. The 1RM barbell flat bench press was
determined before the bench throw test. The bench throw
test was performed on a Smith machine (OSSM; Life
Fitness, Chicago, IL, USA), with the subject supine on a flat
bench. A weight equal to 30% of the subjects’ bench press
1RM was used. The subjects were instructed to begin the
movement with the arms fully extended and then lower the
barbell in a rapid but controlled (without pulling or allowing
the barbell to bounce off the chest) manner and then imme-
diately move the barbell as fast as possible from the chest.
The bar was released and caught by the subject, with a test
administrator as the spotter. Three throws were performed,
and the bench throw peak velocity was recorded by a HU-
MAC360 potentiometer and software (CSMi, Stoughton,
MA, USA). The throw that resulted in the highest velocity

Figure 2. A) The resistance exercise protocol. All of the resistance
exercises were performed with a barbell at 75% of the 1 repetition maximum.
Four supersets of an upper- and lower-body exercise were completed. B) An
example of one of the superset exercise procedures. Four sets each exercise
were completed, and each set was performed for 10 repetitions or to
volitional exhaustion. Three minutes of rest was provided between 1 set of an
exercise and the start of the next set of that same exercise. One minute was
provided between the lower- and upper-body exercise.
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(centimeter$sec21) was used for analysis. The bench throw
test from our laboratory (n = 10) has been shown to be
highly reliable (ICC = 0.924) with no significant mean differ-
ences (mean difference = 24.0 cm$sec21; 95% CI = 210.1
to 2.14 cm$sec21; p . 0.05) between test-retest values.

Cycling Protocol. The subjects performed a CP3min maximal
effort protocol on mechanically braked cycle ergometer
(model 894E; Monark HealthCare International, Langly,
WA, USA ) with the resistance set at 4.5% of body mass
(0.045 3 body mass in kilograms) (6,10). Before the test,
the seat height was adjusted so that the subject’s legs were
near full extension at the bottom of the pedal revolution.
Toe cages were used to maintain pedal contact through-
out the test. The subjects completed a 5-minute warm-up
at 50 W at their preferred cadence (70–80 rev$min21)
followed by a 5-minute rest. The test began with unloaded
cycling at the preferred cadence followed by 3 minutes of
an all-out effort. The subjects were instructed to increase

the pedaling cadence to 110 rev$min21 in the last 5 sec-
onds of the unloaded phase and then maintain the
cadence as high as possible for 3 minutes. The cycle

ergometer protocol was performed twice during each

experimental visit, 30 minutes after ingestion of the SUP

or PL (prefatigue) and 15 minutes after the bench throw

test (postfatigue) (Figure 1). The CP (expressed in Watts

[W]) was defined as the mean power output over the final

30 seconds of the test, and the AWC (expressed in kilo-

joules [kJ]) was calculated using the equation, AWC = 150

seconds (P150—CP), where P150 equals the mean power

output for the first 150 seconds (10). The power outputs

were recorded using the Monark Anaerobic Test software

(Monark Exercise AB, Vansbro, Sweden). The test-retest reli-

ability for the CP and AWC parameters from our laboratory

(n = 13) indicated the ICC values were R = 0.91 and R =

0.79, respectively, with no significant mean differences

between test and retest (CP mean difference = 20.23 W;

TABLE 1. Ingredients contained in 1 dose of the multi-ingredient preworkout supplement (SUP) in absolute serving
size and relative dose (per kg body mass [BM]).

Ingredient Amount per serving Relative dose (dose$kg$BM21), mean 6 SD

L-Citrulline DL-Malate 6 g 0.07 6 0.01
L-Leucine 4 g 0.05 6 0.01
D-Aspartic acid 3 g 0.04 6 0.01
Creatine hydrochloride (HCl) 2 g 0.02 6 0.003
CarnoSyn beta-alanine 1.6 g 0.02 6 0.003
L-Tyrosine 1.2 g 0.02 6 0.002
Agmatine sulfate 500 mg 5.94 6 0.84
Caffeine anhydrous 350 mg 4.16 6 0.59
Phosphatidylserine 125 mg 1.48 6 0.21
BioPerine black pepper (Piper nigrum) fruit extract 5 mg 0.06 6 0.01
Huperzine A (Huperzia serrata) (whole herb) powder 100 mcg 1.19 6 0.17
Vitamin C (as ascorbic acid) 250 mg 2.97 6 0.42
Vitamin D (as cholecalciferol) 400 IU 4.75 6 0.67
Vitamin B3 (as niacin) 25 mg 0.30 6 0.04
Vitamin B6 (as pyridoxine hydrochloride) 20 mg 0.24 6 0.03
Vitamin B12 (as methylcobalamin) 90 mcg 1.07 6 0.15
Calcium (as calcium silicate) 85 mg 1.01 6 0.14
Magnesium (as magnesium D-aspartic acid) 260 mg 3.09 6 0.44

TABLE 2. Descriptive characteristics of the subjects (n = 12).*

Age (y) Height (cm) Body mass (kg) %BF (%) LBM (kg)

Mean 6 SD 22 6 3 179 6 7 86 6 13 16 6 4 68 6 10
Range 19–26 170–189 66–113 11–24 54–85

*%BF = body fat percentage, LBM = mineral free lean body mass.
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95% CI = 213.0 to 12.6 W; p . 0.05; AWC mean difference
= 0.65 J; 95% CI = 20.74 to 2.03 J).

Resistance Exercise Protocol. After the rest period, the subjects
completed a resistance exercise protocol consisting of 4
lower-body exercises (barbell back squat, deadlift, front
squat, and reverse lunge) superset with 4 upper-body
exercises (flat barbell bench press, bent-over row, incline
press, and shoulder press). A description of the supersets and

protocol are presented in Figure 2. Four sets at 75% of 1RM
of each exercise were completed. Each set was performed for
10 repetitions or to volitional exhaustion. Volitional exhaus-
tion was defined as the inability of the subject to complete
a repetition through the full range of motion. Completing
a repetition through 50% of the range of motion was
counted as a half repetition. Three minutes of rest was pro-
vided between 1 set of an exercise and the start of the next
set of that same exercise. One minute was provided between
the lower-body and upper-body exercise. Water was pro-
vided ad libitum during visit 4, and the total volume con-
sumed was recorded. The subject was asked to consume the
same volume of water during visit 5. The volume of exercise
was calculated for the total body (all 8 exercises listed in
Figure 2A), lower body (barbell back squat, deadlift, front
squat, and reverse lunge), and upper body (flat barbell bench
press, bent-over row, incline press, and shoulder press), as
the product of the total number of repetitions completed and
the weight lifted.

Supplementation. The subjects were randomly assigned to
ingest either the SUP or PL during visit 4 and ingested the
crossover treatment for visit 5. The subjects consumed 1
scoop (1 serving = 20.9 g) of either the SUP or PL powder
mixed with approximately 12 oz. of water. The SUP
(MusclePharm, Inc., Denver, CO, USA) contained
citrulline-malate (6 g), leucine (4 g), aspartic acid (3 g), cre-
atine hydrochloride (2 g), beta-alanine (1.6 g), tyrosine (1.2
g), and caffeine anhydrous (350 mg). A complete list of the
ingredients and the relative dose of each ingredient is pro-
vided in Table 1. The PL was flavored maltodextrin, similar
in color and flavor to the SUP formulation. An investigator,

TABLE 3. Mean 6 SD for the heart rate (HR) and blood pressure (BP, systolic and diastolic) measured 15 minutes
after arrival and 25 minutes after ingestion of the placebo (PL) or supplement (SUP).*

Time

Condition 15 min after arrival 25 min post ingestion

HR (b$min21)
PL 72 6 9 76 6 10
SUP 70 6 9 71 6 13

Systolic BP (mm Hg)
PL 122 6 12 128 6 77
SUP 126 6 8 129 6 8

Diastolic BP (mm Hg)
PL 70 6 11 77 6 6
SUP 75 6 8 80 6 6

Marginal Means 72 6 8 79 6 4†

*There were no interactions and no main effects for HR and systolic BP and no interaction or main effect for condition for diastolic.
There was a main effect for time for diastolic. See Results section for a description of overall and follow-up analyses.

†Significantly greater (p # 0.05) than the value measured 15 minutes after arrival.

Figure 3. Total-, lower-, and upper-body resistance exercise volume
expressed as mean 6 95% confidence interval. The resistance exercise
protocol involved 8 exercise (4 lower body and 4 upper body) performed
in 4 supersets. Each superset consisted of 1 lower- and 1 upper-body
exercise performed at 75% of the 1 repetition maximum for 4 sets of 10
repetitions or to failure. The exercise volume was calculated as the
product of the total number of repetitions and the weight lifted. See
Figures 1 and 2 for a description of the resistance exercise protocol.
*Significantly greater (p # 0.05) than the PL for total-body volume.
#Significantly greater (p # 0.05) than the placebo for lower-body
volume.
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who was not involved in the data collection, prepared and
administered both the SUP and PL beverages for all subjects,
providing double blinding of both the subjects and data col-
lection personnel.

Dietary Analyses. The subjects recorded all food and bev-
erages consumed the day before, and the day of, the first
experimental trial (visit 4). The subjects were provided
a copy of the 2-day food logs and asked to consume a similar

diet the day before, and the day
of, the second experimental
visit (visit 5). The total energy
and macronutrient intake were
analyzed (www.supertracker.
usda.gov).

Statistical Analyses

Mean differences in total-,
lower-, and upper-body vol-

ume of resistance exercise for

the SUP and PL were exam-

ined with separate, paired sam-

ples t-tests. In addition, mean

differences in total volume

between the SUP and PL were

examined for each exercise

(back squat, deadlift, front

squat, reverse lunge, flat bench

press, incline press, bent-over

row, and standing overhead

press) using separate, paired

samples t-tests. The VJ height,

bench throw velocity, and

Figure 4. Individual total volume of exercise (in kilograms) for the resistance exercise protocol between the placebo (PL) and supplement (SUP) condition (n =
12). The total volume was calculated as the product of the total number of repetitions and the weight lifted. The solid lines indicate the subjects who had
a greater volume of exercise in the SUP condition (n = 9), and the dotted lines indicate the subjects who had a lower volume of exercise in the SUP condition (n
= 3). See Figures 1 and 2 for a description of the resistance exercise protocol.

Figure 5. Lower-body resistance exercise volume for the back squat, deadlift, front squat, and reverse lunge
expressed as mean6 95% confidence interval. The resistance exercise protocol involved 8 exercise (4 lower body
and 4 upper body) performed in 4 supersets. Each superset consisted of 1 lower-body and 1 upper-body exercise
performed at 75% of the 1 repetition maximum for 4 sets of 10 repetitions or to failure. The exercise volume was
calculated as the product of the total number of repetitions and the weight lifted. See Figures 1 and 2 for
a description of the resistance exercise protocol. *Significantly greater (p # 0.05) than the placebo for back squat
exercise volume.
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isokinetic leg extension and flexion peak torque were ana-
lyzed with separate, 1-way repeated-measures analyses of
variance (ANOVAs) and least significant different paired
samples t-tests. The HR and systolic and diastolic blood
pressure values were examined with separate 2 (time [15 mi-
nutes after arrival and 25 minutes after ingestion]) 3 2 (con-
dition [SUP, PL]) repeated-measures ANOVAs and follow-up
pairwise comparisons. The CP and AWC values were ana-
lyzed with separate 2 (time [prefatigue, postfatigue]) 3 2
(condition [SUP, PL]) repeated-measures ANOVAs and
follow-up pairwise comparisons. In addition, the total caloric
(kilocalories) and macronutrient (grams of carbohydrate,
protein, and fat) intake were analyzed with separate 2 (time

[24 hours before testing, day of
testing]) 3 2 (condition [SUP,
PL]) repeated-measures AN-
OVAs. An alpha level of p #

0.05 was considered statisti-
cally significant for all analyses.
All statistical analyses were
performed with Statistical
Package for the Social Sciences
software (v.23.0.; IBM SPSS,
Inc., Chicago, IL, USA).

RESULTS

The descriptive characteristics
of the subjects are presented in
Table 2. The HR and blood
pressure analyses revealed no
time 3 condition interactions
and no main effects for time
or condition for HR and sys-
tolic blood pressure. However,
there was a main effect for time
for diastolic blood pressure (F
= 8.99; p = 0.012, ph2 = 0.45),

which indicated an increase from 15 minutes after arrival (72
6 8 mmHg) and 25 minutes (796 4 mmHg) after ingestion
of the PL or SUP but no main effect for condition (Table 3).
The results of the statistical analyses for volume of exercise
indicated that the total-body (SUP = 14,908 6 3,163 kg; PL
= 13,668 6 2,731 kg) and lower-body (SUP = 8,507 6 2,006
kg; PL = 7,4936 1,552 kg) volume were significantly greater
(total body: t = 3.594, p = 0.004; lower body: t = 3.105, p =
0.010) for the SUP than for the PL (Figure 3). In addition,
the SUP resulted in a greater total volume of exercise for 9 of
the 12 subjects compared with the PL (Figure 4). There was,
however, no difference (t = 1.090; p = 0.30) between the
SUP (6,401 6 1,565 kg) and PL (6,175 6 1,565 kg) for

Figure 6. Upper-body resistance exercise volume for the bench press, bent-over row, incline press, and overhead
press expressed as mean 6 95% confidence interval. The resistance exercise protocol involved 8 exercise (4
lower body and 4 upper body) performed in 4 supersets. Each superset consisted of 1 lower-body and 1 upper-
body exercise performed at 75% of the 1 repetition maximum for 4 sets of 10 repetitions or to failure. The exercise
volume was calculated as the product of the total number of repetitions and the weight lifted. See Figures 1 and 2
for a description of the resistance exercise protocol.

TABLE 4. Mean 6 SD and 95% confidence intervals for the strength and power performance testing completed after
the resistance exercise protocol.

Time

Variable Baseline PL SUP

Vertical jump height (m) 63.7 6 8.5 59.9 6 9.7* 60.4 6 9.0*
58.3–69.1 53.7–66.1 54.7–66.1

Bench throw test velocity (cm$s21) 141.7 6 10.5 133.3 6 17.6* 134.8 6 19.5
135.0–148.3 122.2–144.5 122.4–147.2

Isokinetic leg extension strength 308$s21 (N$m) 221.7 6 70.5 191.5 6 49.1* 179 6 65.1*
191.0–252.4 160.3–222.7 137.8–220.5

Isokinetic leg flexion strength 308$s21 (N$m) 114 6 27.4 111.5 6 23.2 123.4 6 20.4
105.0–123.8 96.8–126.3 110.4–136.4

*Significantly less (p # 0.05) than the baseline value.
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upper-body volume of exercise (Figure 3). The volume of
exercise for the back squat was greater for the SUP (2,649 6
685 kg) than for the PL (2,286 6 693 kg), but there were no
differences between SUP and PL for any of the other exer-
cises (deadlift, front squat, reverse lunge, flat bench press,
incline press, bent-over row, and standing overhead press)
(Figures 5 and 6).

The results of the statistical analyses for the power and
strength performance parameters are provided in Table 4.
The results of the 1-way repeated-measures ANOVA indi-
cated significant differences among the means for the VJ
height (F = 10.57; p = 0.001; ph2 = 0.49), isokinetic leg
extension peak torque (F = 3.76; p = 0.04; ph2 = 0.26),
and bench throw velocity (F = 3.37; p = 0.05; ph2 = 0.24).
The follow-up pairwise comparisons indicated that there
were significant decreases from baseline in the VJ height
and isokinetic leg extension peak torque for the SUP and
PL, but there were no significant differences between con-
ditions. In addition, the bench throw velocity decreased sig-
nificantly from baseline for the PL but not for the SUP.
There were, however, no significant differences among the
3 time points (baseline, PL, SUP) for the isokinetic leg flex-
ion peak torque values (F = 2.16; p = 0.14; ph2 = 0.16).

The results of the 2 3 2 repeated-measures ANOVA for
CP indicated no time 3 condition interaction (F = 2.35; p =
0.15; ph2 = 0.18), and there were no main effects for time

(F = 4.52; p = 0.06; ph2 = 0.29) or condition (F = 2.97; p =
0.11; ph2 = 0.21) (Table 5). The results of the 23 2 repeated-
measures ANOVA for AWC indicated no time 3 condition
interaction (F = 2.84; p = 0.12; ph2 = 0.21) and no main
effects for condition (F = 0.19; p = 0.68; ph2 = 0.02); how-
ever, there was a main effect for time (F = 9.04; p = 0.01; ph2

= 0.45). The follow-up pairwise comparison indicated that
AWC significantly decreased from prefatigue (15.6 6 2.8 J)
to postfatigue (13.9 6 3.5 J) (Table 5). There were no signif-
icant differences in total caloric intake or macronutrients
consumed 24 hours before, and the day of, the experimental
protocol for the SUP and PL conditions.

DISCUSSION

The primary purpose of this study was to examine the effects
of a multi-ingredient preworkout supplement on the total
volume of resistance exercise. The current findings indicated
a 9% increase in the total-body volume of exercise and a 14%
increase in lower-body volume of exercise for the SUP
compared with the PL, with no effect on exercise volume for
the upper body between the SUP and PL. The resistance
training protocol in this study included 8 separate exercises,
divided into 4 supersets of a lower-body and an upper-body
exercise. When each exercise was examined separately, the
volume was only greater for the SUP than for the PL for the
back squat (;16%) (Figures 5 and 6). The back squat was
superset with the bench press and was the first exercise
performed in the resistance training protocol, 45 minutes
after supplementation. A number of recent studies have
examined the effects of preworkout supplements containing
similar ingredients to the SUP in this study (22,23,27,31).
When performed in isolation, an increase in lower-body
(22,23) and upper-body (27) exercise volume has previously
been reported after acute ingestion of a multi-ingredient pre-
workout supplement. Preworkout supplementation has also
been reported to have no effect on exercise volume for the
bench press or leg press preformed at 70% of the 1RM to
failure (31). This study was unique in the inclusion of 4
supersets of multiple resistance exercises (4 lower body
and 4 upper body), a common practice by individuals who
perform whole-body resistance training programs. The in-
creases in the volume of exercise after multi-ingredient pre-
workout supplementation were likely related to the acute
effects caffeine and its role as an adenosine receptor antag-
onist (14,15,18,40). Caffeine has been shown to decrease the
ratings for perceived exertion (14) and increase subjective
ratings of task motivation (34), focus (23), and energy (23).
The caffeine contained in the SUP in this study resulted in
a mean relative dose of 4.2 6 0.6 mg$kg21, which was high-
er than the relative dose (;3.5 mg$kg21) in preworkout
supplements previously reported (22,23,27,31) to be effective
for improving exercise volume or cognitive performance.
The increased exercise volume observed in the present study
may also be attributed to the acute ingestion of 6 g of
citrulline-malate in SUP, which can increase the vasodilatory

TABLE 5. Mean 6 SD and 95% confidence
intervals for critical power (CP) and anaerobic
work capacity (AWC) measured before
(prefatigue) and after (postfatigue) the
resistance exercise protocol for the placebo
(PL) and the supplement (SUP).*

Time

Condition Prefatigue Postfatigue

CP (W)
PL 215 6 31 203 6 35

196–235 181–226
SUP 219 6 32 215 6 37

199–239 191–239
AWC (kJ)

PL 15.2 6 2.9 14.1 6 3.0
13.3–17.1 12.2–16.1

SUP 16.1 6 2.8 13.7 6 4.0
14.3–17.8 11.2–16.2

Marginal means 15.6 6 2.8 13.9 6 3.5†
13.9–17.5 11.8–16.1

*There was no interaction and no main effects for CP
and no interaction or main effect for condition for AWC.
There was a main effect for time for AWC. See Results
section for a description of overall and follow-up analyses.

†Significantly less (p # 0.05) than the prefatigue
value.
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response (44,45) and improve muscular efficiency (17),
whereas ingestion of amino acids, leucine and tyrosin, and
huperzine A have enhanced cognitive function and focus
during exercise (26,48,51). It is possible that these ingredients
(caffeine, citrulline-malate, amino acids, and huperzine A)
worked synergistically to increase exercise volume by
increasing blood flow and the removal of metabolic by-
products and improving focus and decreasing perceptions
of fatigue. Thus, the current findings suggested that the
multi-ingredient preworkout was most effective for increas-
ing exercise volume within the first 45 minutes of supple-
mentation and for exercise involving large muscle groups of
the lower body.

A secondary purpose of this study was to examine the
effect of the SUP on strength and power performance
following a high volume resistance training session. In
contrast to previous studies (5,36,46) that have shown acute
increases in performance of lower-body parameters (i.e.,
muscular strength and power) after preworkout or caffeine
supplementation, there were similar decreases in the lower-
body power (VJ), quadriceps strength (isokinetic leg
extension peak torque), and anaerobic cycle ergometry per-
formance (AWC) for the SUP and PL after the resistance
exercise. These findings, however, indicated that the
increased lower-body volume of exercise performed for the
SUP did not result in greater lower-body power and quad-
riceps strength performance decrements compared with the
PL. Thus, although the SUP did not improve subsequent
lower-body strength and power performance after an
exhaustive resistance exercise protocol, it is possible the
multi-ingredient preworkout supplement examined in this
study could increase lower-body volume of exercise without
altering subsequent performance to a greater extent than
a lower volume exercise program. In addition, the upper-
body power (i.e., bench throw test) was maintained for the
SUP but not for the PL. These findings suggested that the
upper body did not demonstrate the same level of fatigue as
the lower body for the SUP. In addition, there was no
decrease in leg flexor strength for either the SUP or PL,
which indicated that the protocol was not fatiguing for the
hamstrings muscle group. One limitation of the present
study, however, was the ;20-minute delay between the
completion of the final resistance exercise and the measure-
ment of lower-body strength. This delay may have allowed
some recovery of muscular strength. Taken together, these
findings suggested that the current protocol demonstrated
the greatest fatigue and potential effect for the SUP for the
quadriceps muscle group.

In summary, the preworkout supplement examined in this
study resulted in a 9% increase in the total-body volume of
exercise and a 14% increase in lower-body volume of
exercise for the SUP compared with the PL, with no effect
on exercise volume for the upper body between the SUP and
PL. These findings suggested that the SUP was most
effective for increasing exercise volume within the first

45 minutes of supplementation and for exercise involving
large muscle groups of the lower body. The increased lower-
body volume for the SUP did not result in greater
lower-body strength and power performance decrements
after exhaustive exercise, when compared with the PL. In
addition, the upper-body power was maintained in the SUP
after the exhaustive exercise. Taken together, these findings
suggested the potential for the SUP to increase resistance
exercise volume, without greater impairment in perfor-
mance, when compared with a PL.

PRACTICAL APPLICATIONS

The multi-ingredient preworkout supplement examined in
this study was effective for increasing the total volume of
resistance exercise, primarily related to increases in lower-
body volume of exercise. Although volume is an important
aspect of resistance training adaptations (38), the 9–14% dif-
ferences in exercise volume between SUP and PL may not
be large enough to elicit greater adaptions for the SUP than
for the PL. It is possible that the acute increases in exercise
volume for the SUP observed in this study may translate into
greater strength and performance adaptations if the effects of
the supplement are maintained with a chronic dosing strat-
egy (i.e., before each training session for .4 weeks). Future
studies should examine the effects of the preworkout supple-
ment used in this study on resistance exercise volume and
performance adaptations with chronic (i.e., . 4 weeks) sup-
plementation to determine if increases in exercise volume are
maintained and translate into greater adaptations. In addi-
tion, there is some evidence (30) that 4 and 8 weeks of
preworkout supplementation before resistance training may
improve 1RM strength and cognitive function to a greater
degree, compared with a placebo. It was suggested (30) that
these adaptations were the result of longer-term supplemen-
tation of ingredients such as beta-alanine and creatine nitrate
contained in the preworkout supplement. Many of the in-
gredients in the SUP do not have acute effects, but they may
have implication for strength and power performance pa-
rameters after longer-term dosing strategies (.4 weeks).
For example, longer-term (;4 weeks) dosing strategies for
creatine and beta-alanine have been shown to result in in-
creases in energy stores (i.e., phosphocreatine) (24) and
intramuscular buffering capacity (i.e., increased levels of car-
nosine) (12,20,21), respectively. These adaptations have been
shown to increase strength and power (8,9,11,25) and aug-
ment the effects of caffeine by delaying neuromuscular
fatigue (12,41,42), allowing a greater number of repetitions
to be completed via mechanisms other than adenosine
receptor antagonism. The supplement in this study, how-
ever, contained only 2 g of creatine hydrochloride, which
is reported to be less effective at increasing intramuscular
phosphocreatine levels than creatine monohydrate, and the
dosage was lower than typically recommended (5 g$d21 for
30 days or 20 g$d21 for 5–7 days) (7). In addition, the
amount of beta-alanine in the SUP in this study was less
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than previously shown (47) to be effective at increasing intra-
muscular carnosine levels (3–6 g$d21 for 2–4 weeks). Thus, it
is unclear if the amount of creatine and beta-alanine con-
tained in this study would be sufficient to increase intramus-
cular phosphocreatine and carnosine levels. In addition,
future studies should measure intramuscular levels of phos-
phocreatine and carnosine after chronic supplementation to
determine if the lower doses of creatine and beta-alanine (2 g
and 1.6 g, respectively) result in increased energy stores and
intramuscular buffering capacity, which have the potential to
effect strength and performance adaptations.
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