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ABSTRACT

Zuniga, JM, Housh, TJ, Camic, CL, Hendrix, CR, Mielke, M,

Johnson, GO, Housh, DJ, and Schmidt, RJ. The effects of creatine

monohydrate loading on anaerobic performance and one-

repetition maximum strength. J Strength Cond Res 26(6): 1651–

1656, 2012—The purpose of this study was to examine the

effects of 7 days of supplementation with 20 g�d21 of creatine

monohydrate (CM) on mean power (MP) and peak power (PP)

from the Wingate anaerobic test (WAnT), body weight (BW),

1-repetition maximum (1RM) bilateral leg extension (LE) strength,

and 1RM bench press (BP) strength. This study used

a randomized, double-blind, placebo-controlled design. Twenty-

two men (mean6 SD: age = 22.16 2.0 years; height = 178.06

5.8 cm; body weight [BW] = 77.6 6 7.6 kg) were randomly

assigned to either a supplement (SUPP; n = 10) or placebo

(PLAC; n= 12) group. The SUPP group ingested 20 g�d21 of CM

powder for 7 days, whereas the PLAC ingested 20 g�d21 of

maltodextrin powder. Measurements for the PLAC and SUPP

groups included BW, PP, and MP from two 30-second WAnTs

(separated by 7 minutes), and 1RM strength for LE and BP.

Testing was conducted before (PRE) and after (POST) 7 days of

ingesting either the supplement or placebo. The results of this

study indicated that there was a significant (p # 0.05) increase

from PRE to POST testing in MP for the SUPP group (5.4%) but

not for the PLAC group (20.3%). There were no between-group

differences, however, for 1RM LE and 1RM BP strength.

Furthermore, there were no changes in PP or BW for either

group. The findings of this study indicated that loading with

20 g�d21 of CM for 7 days increasedMP (5.4% increase) from the

WAnT, but it had no effect on strength (1RM LE and 1RM BP),

PP, or BW.

KEY WORDS short-term creatine supplementation, Wingate

anaerobic test performance, upper body strength, lower body

strength

INTRODUCTION

D
uring short-duration, high-intensity exercise, the
adenosine triphosphate (ATP)-phosphocreatine
(PCr) system is the predominant supplier of ATP
for the working muscle (16). Creatine mono-

hydrate (CM) has been used to increase intramuscular PCr
stores for ATP rephosphorylation to delay the onset of
muscular fatigue and increase performance (22). Other
potential mechanisms for the ergogenic effect of CM
supplementation involve the buffering of hydrogen ions
during the creatine kinase reaction, stimulation of phospho-
fructokinase (PFK) activity, and an enhanced capacity for
high-energy phosphate diffusion between the mitochondria
and the myosin heads (4).
Creatine monohydrate supplementation has been used by

athletes and nonathletes to enhance exercise performance
and increase muscular strength (16). A number of studies
have demonstrated the benefits of CM loading on high-
intensity cycle ergometry (5,7,22). For example, Birch et al.
(5) found that loading with 20 g�d21 of CM for 5 days
increased the mean power (MP) and total work performed by
6% during 30-second isokinetic cycling tests. Similarly, Casey
et al. (7) reported a 4% increase in the total work performed
after 20 g�d21 of CM for 5 days during 30-second isokinetic
cycling tests. Furthermore, Dawson et al. (8) reported that
loading with 20 g�d21 of CM for 5 days increased peak power
(PP; 4.6%) and the total work performed (4.5%) during
repeated high-intensity cycling sprints. There are conflicting
results, however, regarding the effects of CM loading in
muscular strength (11,16,23). For example, Izquierdo et al.
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(16) found that loading with 20 g�d21 of CM for 5 days
increased 1-repetition maximum (1RM) squat strength with
no increase in 1RM bench press (BP). Furthermore, loading
with 20 g�d21 of CM for 2 days increased concentric,
isokinetic leg extension (LE) peak torque (23), but 5 days of
supplementation (20 g�d21) did not (11).
It has been suggested that loading with CM may have

performance-enhancing benefits without exercise training. For
example, van Loon et al. (22) investigated the effects of short-
termCM supplementation on body composition and substrate
use, and sprint and endurance performance in untrained
subjects. It was reported that the subjects in the CM
supplementation group, but not those in the placebo group,
experienced significant improvements in performance during
repeated high-intensity cycle ergometry, and increased body
weight (BW), total muscle creatine content, and intramuscular
PCr content after ingesting 20 g�d21 of CM for 5 days (22).
There are conflicting findings, however, regarding increases in
BW after short-term CM supplementation (8,10,13,19). For
example, Dawson et al. (8) reported no significant changes in
the BW for a sample of male subjects randomly assigned to
either a supplement (20 g�d21 of CM for 5 days) or placebo
group. More recently, Fukuda et al. (10) found no significant
changes in BW for a sample of male (n = 12) and female
(n = 12) subjects after loading with 20 g�d21 of creatine citrate
for 5 days. Thus, it is unclear if the ingestion of 20 g�d21 of CM
for 7 days, in the absence of an exercise intervention, would
increase the performance in the Wingate anaerobic test
(WAnT), 1RM strength, or BW. Therefore, the purpose of this
study was to examine the effects of 7 days of supplementation
with 20 g�d21 of CM on MP and PP from the WAnT, BW,
1RM bilateral LE strength, and 1RM BP strength. Based on
the results of previous studies (5,7,8,10,11,13,16,19,22), we
hypothesized that loading with 20 g�d21 of CM for 7 days
would result in increases in MP and PP from the WAnT

independent of changes in BW. In addition, loading with CM
would have no effect on the 1RM strength for LE or BP.

METHODS

Experimental Approach to the Problem

This study used a randomized, double-blind, placebo-
controlled design. The subjects were randomly assigned to
either a supplement (SUPP; n = 10) or placebo (PLAC;
n = 12) group. The SUPP group ingested 20 g�d21 of CM
powder for 7 days, whereas the PLAC ingested 20 g�d21 of
maltodextrin powder. The PLAC was designed by the
manufacturer (General Nutrition Corporation, Pittsburgh,
PA, USA) such that each dose (i.e., 1 packet) had the same
volume, taste, and color as the SUPP did. The subjects mixed
their own drink (i.e., SUPP or PLAC) from a packet that had
the premeasured volume of powder needed for 1 serving.
Both the SUPP and PLAC drinks were mixed with 12 oz. of
water. Measurements for the PLAC and SUPP groups
included BW, MP, and PP from two 30-second WAnTs
(separated by 7 minutes), and 1RM dynamic constant
external resistance (DCER) strength for LE and BP. Testing
was conducted before (PRE) and after (POST) 7 days of
ingesting either the supplement or placebo. All the subjects
performed the PRE and POST tests at about the same time of
the day (62 hours). No dietary restrictions were enforced
during the course of this study, and the subjects were
encouraged to continue with their normal exercise and
dietary habits. Furthermore, each subject completed a 3-day
food log during the supplementation period to monitor the
caloric (kilocalories), protein (grams), carbohydrates (grams),
and fat (grams) intake.

Subjects

Twenty-two men (mean 6 SD: age = 22.1 6 2.0 years;
BW = 77.6 6 7.6 kg; height = 178.0 6 5.8 cm) volunteered

TABLE 1. Body weight, mean power, peak power, and strength values (mean 6 SD) PRE and POST ingesting either
20 g�d21 of creatine monohydrate (SUPP) or 20 g�d21 maltodextrin powder (PLAC).*

PRE POST

SUPP PLAC SUPP PLAC

Body weight (kg) 75.04 6 7.75 79.83 6 6.27 75.07 6 7.78 79.73 6 6.44
Peak power (W) 785.80 6 77.47 728.63 6 114.31 806.65 6 81.07 738.08 6 96.84
Mean power (W)† 624.55 6 73.84 591.75 6 98.09 658.25 6 79.96 590.08 6 82.01
1RM LE (kg) 115.44 6 18.66 126.82 6 20.91 126.55 6 19.71 137.40 6 18.03
1RM BP (kg) 91.40 6 23.66 92.61 6 25.78 93.44 6 24.60 93.93 6 24.05

*PRE = before 7 days; POST = after 7 days; SUPP = supplement; PLAC = placebo; 1RM = 1 repetition maximum; LE = leg
extension; BP = bench press.

†There was a significant (p, 0.05) increase from PRE to POST testing in the mean power for the SUPP group but not for the PLAC
group. There were PRE to POST increases for 1RM LE and 1RM BP strength for the PLAC and SUPP groups but no differences
between the groups. There were no changes PRE to POST or differences between groups (PLAC and SUPP) for peak power or body
weight.
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for this investigation. The subjects were untrained in
resistance training and engaged in not .4 hours of
recreational activity per week. In addition, the subjects
did not report or exhibit (a) a history of medical or surgical
events that could significantly affect the study outcome,
including cardiovascular disease or metabolic, renal,
hepatic, or musculoskeletal disorders; (b) use of any
medication; (c) use of nutritional supplements; or (d)
participation in another clinical trial or ingestion of
another investigational product within 30 days before
screening and enrollment. The study was approved by the
University of Nebraska-Lincoln Institutional Review

Board for Human Subjects,
and all the subjects completed
a health history questionnaire
and signed a written informed
consent before testing.

Testing

Anaerobic Performance. To assess
anaerobic performance, the sub-
jects performed 2 WAnTs on
a bicycle ergometer (Monarch
818 E; Quinton Instruments,
Seattle, WA, USA) separated
by 7 minutes. Before the tests,
the seat was adjusted to allow for
near full extension of the legs

while pedaling, and toe clips with straps were used to prevent
the feet from slippingoff the pedals. The subjectswarmedupby
cycling for 4 minutes against a load of 0.5 kg. Before the start of
the first test, the subjects were instructed to pedal as fast as
possible from the beginning and attempt tomaintainmaximum
pedal speed throughout the 30-second test. At the command to
go, the subjects began pedaling as fast as possible against a low
resistance thatwas increased to 7.5% of the subject’s BWwithin
2–3 seconds (2).When this load was reached, an optical sensor
(OptoSensor 2000; Linear System Design, Delray Beach, FL,
USA) interface with a personal computer (Gateway 2000,
Irvine, CA, USA) counted the number of flywheel revolutions
every 1.0 second. Computer software (SMI Power, Linear
System Design, SMI, St. Cloud, MN, USA) calculated PP (the
highest power output during any 5-second period) and MP
(the average power output during the 30-second test) (2). The
PP andMP values from the first and secondWAnTs were then
averaged. Between the first and second WAnTs, each subject
performed an active cooldown pedaling against a resistance of
0.5 kg for 3 minutes, followed by a passive recovery period of 4
minutes. The test-retest reliability data from our laboratory for
MP and PP indicated that for adult male subjects (n = 20)
measured 2–7 days apart, the intraclass correlations (R) were
0.976 and 0.960, respectively, with no significant (p . 0.05)
mean differences between test and retest values.

Muscular Strength. The subjects performed tests to determine
1RMDCERmuscular strength for LE and BP exercises. The
LE exercises were performed on a plate-loaded LE
resistance training machine (Body-Solid, Model CEC340;
Forest Park, IL, USA). Each subject sat with his back flat
against the back rest and was instructed to hold tightly to the
handles of the device. The back rest was adjusted to align the
anatomical axes of both knees with the mechanical axis of
the machine. The subject’s legs were strapped to shin pads
that were attached to the lever arm of the machine. The
distance between the shin pads and the axis of rotation of
the lever arm was fixed and not adjustable. The positioning
of each subject, however, was consistent across all tests. The

TABLE 2. Caloric (kilocalories) and macronutrients (grams of protein, carbohydrates,
and fat) intake (mean 6 SD) for the SUPP and PLAC groups.*†

SUPP PLAC

Energy (kcal) 2,674.87 6 879.65 2,531.89 6 519.56
Protein (g) 117.34 6 47.68 114.59 6 37.10
Carbohydrates (g) 352.45 6 62.00 302.94 6 51.69
Fat (g) 83.49 6 25.75 87.35 6 34.08

*SUPP = supplement; PLAC = placebo.
†There were no significant (p . 0.05) differences for the caloric and macronutrient intake

between the SUPP and PLAC groups.

Figure 1. The upper graph shows the individual results for the mean

power for the supplement group. The lower graph shows the individual

results for the mean power for the placebo group.
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BP exercises were performed on a standard free-weight
bench (Body Power, Williamsburg, VA, USA) with an
Olympic bar. After receiving a lift-off from a spotter, the
subjects lowered the bar to their chest, paused briefly, and
then pressed the bar to full extension of the forearms. For
both the LE and BP exercises, 1RM DCER strength was
determined by applying progressively heavier loads until the
subject could not complete a repetition through the full
extension of the legs. Additional trials were performed with
lighter loads until the 1RM was determined within 2.27 kg,
and this was usually achieved within 5 trials. Two minutes of
rest was allowed between all the trials, 2000). The test-retest
reliability data from our laboratory for 1RM LE and 1RM BP
indicated that for adults male subjects (n = 20) measured 2–7
days apart, the intraclass correlations (R) were 0.899 and
0.996, respectively, with no significant (p . 0.05) mean
differences between test and retest values.

Statistical Analyses

Five separate 2-way mixed factorial analyses of variance
(ANOVAs; 2 3 2; time [PRE and POST] 3 group [SUPP
and PLAC]) were used to analyze the BW, PP, MP, 1RM
LE, and 1RM BP data. When appropriate, follow-up
analyses included paired sample t-tests. In addition, the
caloric (kilocalories) and macronutrients (grams of protein,
carbohydrates, and fat) intake for the SUPP and PLAC

groups were compared using
independent t-tests. An alpha
of p # 0.05 was considered
statistically significant for all
comparisons.

RESULTS

The results of the statistical
analyses for BW, PP, MP,
1RM LE, and 1RM BP values
are presented in Table 1. The
results of the comparisons for
the caloric (kilocalories) and
macronutrients (grams of pro-
tein, carbohydrates, and fat)
intake between the SUPP and
PLAC groups are presented in
Table 2. For MP, the 2 3 2
mixed factorial ANOVA (time
[PRE and POST] 3 group
[SUPP and PLAC]) resulted
in a significant (p , 0.05)
time 3 group interaction. A
follow-up dependent t-test in-
dicated that there was a signif-
icant increase from PRE
(SUPP: 624.55 6 73.84 W and
PLAC: 591.75 6 98.09 W) to
POST (SUPP: 658.25 6 76.96

Wand PLAC: 590.086 82.01W) testing for the SUPP group
(5.4%) but not for the PLAC group (Table 1). Figure 1 shows
the individual results for MP values for the PLAC and SUPP
groups (20.3%). For the PLAC group, 3 subjects had greater
MP values for the POST than for the PRE tests, 7 subjects
had lower MP values for the POST than for the PRE tests,
and for 2 subjects, the MP values were the same for the POST
and PRE tests. For the SUPP group, 9 subjects had greater
MP values for the POST than PRE tests, and 1 subject had
lower MP for the POST test than for the PRE test (Figure 1).
There was no significant group 3 time interaction or main
effect for group for 1RM LE, 1RM BP, PP, and BW (Table 1).
There was a significant main effect for time, however, for
1RM LE and 1RM BP. In addition, there were no significant
differences between the PLAC and SUPP groups for caloric
(kilocalories) and macronutrients (grams of protein, carbo-
hydrates, and fat) intake (Table 2). The post hoc power
analyses (Table 3) indicated that values ranged from 0.05
to 0.98 for all group 3 time interactions (0.05–0.63),
main effects for group (0.05–0.33), and main effects for time
(0.05–0.98).

DISCUSSION

The findings of this study indicated that loading with 20 g�d21

of CM for 7 days increased MP (5.4%) from theWAnT, but it

TABLE 3. Statistical estimates for the dependent variables in this study.*†

Variable p F Effect size Observed power

Body weight (kg)
Group 3 time interaction 0.76 0.10 0.01 0.06
Group main effect 0.13 2.47 0.11 0.32
Time main effect 0.84 0.04 0.00 0.05

Peak power (W)
Group 3 time interaction 0.59 0.29 0.02 0.08
Group main effect 0.12 2.56 0.11 0.33
Time main effect 0.16 2.12 0.10 0.28

Mean power (W)
Group 3 time interaction 0.03† 5.81 0.23 0.63
Group main effect 0.16 2.05 0.09 0.27
Time main effect 0.04† 4.76 0.19 0.55

1RM leg extension (kg)
Group 3 time interaction 0.92 0.01 0.01 0.05
Group main effect 0.17 1.98 0.09 0.27
Time main effect 0.01† 18.23 0.47 0.98

1RM bench press (kg)
Group 3 time interaction 0.65 0.211 0.01 0.07
Group main effect 0.94 0.00 0.00 0.05
Time main effect 0.04† 4.63 0.18 0.54

*1RM = 1 repetition maximum.
†Significant (p , 0.05) Group (supplement and placebo) 3 Time (PRE and POST)

interaction for mean power and significant time main effects for mean power, 1RM leg
extension, and bench press strength for the supplement and placebo groups.

1654 Journal of Strength and Conditioning Research
the TM

Creatine Loading

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



had no effect on strength (1RM LE and 1RM BP), PP, or BW.
The MP from the WAnT reflects the capacities of the ATP-
PCr and glycolytic metabolic systems (3) and, therefore, the
present findings suggest that the CM supplementation
resulted in an increase in the capacity to anaerobically
produce ATP. These findings were similar to those of Birch
et al. (5) who found that ingesting 20 g�d21 of CM for 5 days,
resulted in 6% increases in MP and total work performed in
the first 2 of 3 maximal 30-second isokinetic cycling tests.
Furthermore, it was reported (5) that the creatine supple-
mentation lowered the plasma concentration of ammonia and
enhanced muscle ATP turnover. Using similar supplementa-
tion (20 g�d21 of CM for 5 days) and cycling (2 3 30-second
isokinetic cycling tests) protocols, Casey et al. (7) reported
a 4% increase in the total work performed. Furthermore, the
increase in total work was correlated with the intramuscular
concentration of creatine (r = 0.71), and there was a 30%
reduction in the decline of muscle ATP concentration after
the isokinetic cycling tests (7). The authors (7) concluded that
there was an attenuation of ATP degradation because of the
increased intramuscular concentration of PCr. Previous
studies (9,18), however, have reported no ergogenic effect
from loading with 20 g�d21 of CM during high-intensity
cycling exercise. For example, Odland et al. (18) reported no
significant changes or between-group differences in PP or MP
for SUPP (20 g�d21 of CM), placebo, and control groups after
3 days of supplementation. It was concluded (18) that 3 days
of loading did not result in a significant increase in
intramuscular concentrations of creatine and PCr, and thus,
there were no increase in PP and MP from the WAnT. In
partial agreement with Odland et al. (18), this study found that
there was no change in PP for the SUPP or PLAC groups, but
there was a 5.4% increase in MP for the SUPP group.
Creatine supplementation can act through multiple mech-

anisms (4). For example, for activities with durations between
10 seconds and 2 minutes (i.e., MP), creatine can reduce pH
changes from acidosis by using the hydrogen ions during the
creatine kinase reaction and the rephosphorylation of ADP to
ATP (4). Furthermore, the declining levels of intramuscular
PCr because of rephosphorylation of ADP during high-
intensity exercise can stimulate PFK activity and, thus,
increase the rate of ATP production from anaerobic glycolysis
(4). For short-duration, high-intensity activities of ,10
seconds (i.e., PP), however, ATP production is mainly
because of the rapid rephosphorylation of ADP to ATP by
the creatine kinase reaction (4,20). Our results showed that
there were no significant differences between the SUPP (PRE:
785.80 6 77.47 Wand POST: 806.65 6 81.07 W) and PLAC
(PRE: 728.63 6 114.31 W and POST: 738.08 6 96.84 W)
groups for PP before or after the ingestion of 20 g of CM for
7 days (Table 1). For MP, however, only the SUPP (PRE:
624.55 6 73.84 W and POST: 658.25 6 79.96 W) group
increased (5.4%), whereas the PLAC group remained
unchanged (PRE: 591.75 6 98.09 W and POST: 590.08 6

82.01W) (Table 1). Thus, it is possible that the increase in MP

for the SUPP group found in this study may have resulted
from an increase in ATP production from anaerobic
glycolysis, because of the buffering effect of creatine (4).
Like this study, a number of investigations (21) have shown no

effect of CM loading on 1RM strength. For example, Hamilton
et al. (14) reported no significant changes or between-group
differences in 1RM strength for elbow flexion (SUPP group:
PRE = 36.2 6 1.8 N�m, POST = 37.8 6 1.7 N�m and PLAC
group: PRE = 34.4 6 2.5 N�m, POST = 35.0 6 2.6 N�m) or
shoulder internal rotation (SUPP group: PRE= 34.16 1.6 N�m,
POST = 35.6 6 1.5 N�m and PLAC group: PRE = 35.4 6 2.1
N�m, POST= 36.76 2.1 N�m) after 7 days of ingesting 25 g�d21

of CM or a placebo. In addition, Syrotuik et al. (21) found no
significant changes or between-group differences in 1RM BP
(SUPP group: PRE = 90.66 7.1 kg, POST = 93.26 7.7 kg and
PLAC group: PRE = 87.5 6 7.1 kg, POST = 89.4 6 6.9 kg) or
1RM leg press strength (SUPP group: PRE = 308.1 6 37.4 kg,
POST= 321.76 34.8 kg and PLAC group: PRE= 298.66 33.5
kg, POST = 298.5 6 37.0 kg) after 5 days of ingesting about
21 g�d21 (0.3 g�kg21 BW) of CM or a placebo. These studies
(14,21) concluded that the CM supplementation did not
increase 1RM strength measures for the upper or lower body.
Volek et al. (24), however, found a significant increase in 1RM
BP for a group that ingested 25 g�d21 of CM for 7 days, with no
increase for the placebo group. The results of this study
indicated that there were PRE to POST increases in 1RM LE
and 1RM BP strength for both PLAC and SUPP groups but no
difference between the groups (Table 1). Thus, the present
findings were consistent with those of previous investigations
(14,21) that have shown no effect of CM loading on the 1RM
strength for the upper or lower body.
It has been reported (12) that the ergogenic effects of

creatine supplementation may be attributable, in part, to
increases in BW. There are a number of studies (1,10,17),
however, that have reported that the ergogenic effects of
creatine loading did not coincide with the changes in BW. For
example, Fukuda et al. (10) reported a 23% increase in
anaerobic running capacity (PRE = 0.245 6 0.069 km and
POST = 0.3026 0.091 km) after creatine loading (5 g�d21 for
5 days), with no changes in BW (PRE = 77.0 6 9.1 kg and
POST = 77.6 6 9.4 kg). Furthermore, there is conflicting
evidence regarding changes in BW after loading with CM
(8,13,19). For example, van Loon et al. (22) found a significant
mean (6SD) increase in BW of 1.2 kg (60.2 kg) after
supplementation with 20 g�d21 of CM for 5 days. The authors
attributed these findings to water retention. In contrast, many
investigations (8,10,13,19) have reported no changes in BW
after ingesting 18.75 to 21 g�d21 of CM for 5–9 days. Thus, in
agreement with these previous findings (8,10,13,19), this study
showed no significant change in the BW for the SUPP group
(Table 1) after a loading phase of CM (20 g�d21 for 7 days).
A possible limitation of this study was the sample size used

for the SUPP (n = 10) and PLAC (n = 12) groups. As shown in
Table 3, the post hoc power analyzes values ranged from 0.05
to 0.98. The number of subjects used by this study, however,
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was comparable with those of previous studies (6,15) that have
examined the effects of creatine supplementation on anaerobic
performance, muscular strength, and BW.
In summary, the findings of the present investigation

showed that 7 days of CM (20 g�d21) supplementation
resulted in a 5.4% increase (p , 0.05) in MP from the WAnT
but had no effect on PP. The increase in MP for the SUPP
group may have resulted from an increase in ATP production
from anaerobic glycolysis, because of the buffering effect of
creatine. Furthermore, in agreement with previous inves-
tigations, this study showed no change in the BW after
loading with CM or differences between the SUPP and
PLAC groups for 1RM LE and 1RM BP strength.

PRACTICAL APPLICATIONS

The results of this study indicated that loading with 20 g�d21

of CM for 7 days increased anaerobic capacity (i.e., MP)
during high-intensity exercise. Furthermore, the ergogenic
effect of CM on MP was independent of changes in PP or
BW. In addition, the CM supplementation in this study had
no effect on the 1RM strength for the upper or lower body.
These findings supported the hypothesis that the buffering
effect of creatine may play an important role in the ergogenic
effect of a loading phase with CM. Thus, the present findings
indicated that 7 days of loading with CM (20 g�d21) can have
an ergogenic effect on repeated, high-intensity activities
lasting approximately 30 seconds but does not affect
muscular strength or BW.
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