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Objective: To compare the effects of low doses of creatine
and creatine loading on strength, urinary creatinine concentra-
tion, and percentage of body fat.

Design and Setting: Division IA collegiate football players
took creatine monohydrate for 10 weeks during a sport-specific,
periodized, off-season strength and conditioning program. One-
repetition maximum (1-RM) squat, urinary creatinine concentra-
tions, and percentage of body fat were analyzed.

Subjects: Twenty-five highly trained, Division IA collegiate
football players with at least 1 year of college playing experi-
ence.

Measurements: We tested strength with a 1-RM squat ex-
ercise before, during, and after creatine supplementation. Per-
centage of body fat was measured by hydrostatic weighing be-
fore and after supplementation. Urinary creatinine concentration

was measured via light spectrophotometer at 0, 1, 3, 7, 14, 21,
28, 35, 42, 48, 56, and 63 days. An analysis of variance with
repeated measures was computed to compare means for all
variables.

Results: Creatine supplementation had no significant group,
time, or interaction effects on strength, urinary creatinine con-
centration, or percentage of body fat. However, significant time
effects were found for 1-RM squat and fat-free mass in all
groups.

Conclusions: Our data suggest that creatine monohydrate
in any amount does not have any beneficial ergogenic effects
in highly trained collegiate football players. However, a proper
resistance training stimulus for 10 weeks can increase strength
and fat-free mass in highly trained athletes.
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Athletes continue to search for the most effective sup-
plement to aid performance. Athletes use a wide va-
riety of commercial supplements because of the belief

that the supplements possess beneficial effects. Some examples
include l-carnitine, ginseng, chromium, glutamine, amino ac-
ids, protein powders, and creatine monohydrate, taken alone
or in combination. Some supplements may cause long-term or
short-term harmful effects, a possibility that has stimulated
concern among health care professionals, exercise physiolo-
gists, and coaches. Because we do not know conclusively
which supplements are ergogenic or ergolytic, we need to fur-
ther examine specific supplements and their effects on exer-
cise.

Recently, creatine monohydrate has become the nutritional
supplement of choice for athletes. This compound has ac-
counted for most of the supplement sales during the past few
years, and the market continues to grow as a result of endorse-
ment by professional athletes. In addition, creatine does not
appear on the banned list of substances of any sports federa-
tion.

Professional athletes have a tremendous influence on many
other athletes at various levels of competition. Currently, col-
lege, high school, and recreational athletes are questioning the

effects of creatine. Recent studies have supported creatine as
an effective, harmless ergogenic aid with no short-term con-
traindications.1–11 However, the effect of long-term use of cre-
atine monohydrate on athletes is unclear; hence, the medical
community has raised concerns, and possible health risks have
been suggested.12

Creatine supplementation has resulted in positive physio-
logic effects on skeletal muscle creatine phosphate stores;
short-duration, high-intensity anaerobic exercise; strength; and
body composition in physically active subjects.1–21 These sub-
jects have used a loading protocol of 20 to 30 g·d21 for up to
7 days, but most of these studies were not conducted in sport-
specific settings.1,2,13–18

If creatine supplementation, specifically loading, causes a
surplus of creatine in the muscle, then any excess can be con-
verted and excreted in the form of creatinine.13,19,20 Creatinine
is produced from creatine as a byproduct of catabolism in skel-
etal muscle, and it appears in the urine. Therefore, creatine
loading may not be beneficial to athletes if the muscle can
only hold a predetermined concentration. Harris et al22 showed
that approximately 155 mmol·kg21 of dry muscle mass may
represent the upper storage limit of creatine when a subject
ingests 5 g 4 to 6 times per day. Thus, creatine loading may
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result in an excessive creatine concentration, which can be
converted to creatinine and excreted. This finding suggests that
creatine loading may not be necessary for those athletes (eg,
football players) engaged in long-term supplementation.

Therefore, the purpose of our investigation was to compare
the effects of low-dose creatine supplementation (3 g·d21) to
a loading protocol of 20 g·d21 for 7 days and 5 g·d21 thereafter
for 10 weeks on 1-repetition maximum (1-RM) squat strength,
creatinine excretion, and percentage of body fat in highly
trained collegiate football players.

METHODS

Procedures

The subjects in this study were 25 male (age, 19 6 1.02
years; height, 185.8 6 5.27 cm; mass, 100.89 6 21.79 kg),
highly trained, NCAA Division IA collegiate football players
with at least 1 year of college experience. All subjects were
engaged in an off-season resistance training and conditioning
program designed by the members of our strength and con-
ditioning staff from the Department of Intercollegiate Athlet-
ics. Written consent was obtained from all subjects before test-
ing and training, and the Institutional Review Board for the
Protection of Human Subjects approved this project.

We selected subjects using the following criteria: (1) mem-
bers of the institution’s football team for at least 1 season; (2)
weight training and conditioning limited to 4 specified sessions
per week during the off-season program; (3) injury free; (4)
not taking other substances that might aid athletic performance
for 4 weeks before the study began and no other supplements
for 10 weeks; and (5) maintenance of a normal diet while
participating in the study.

We randomly placed 25 subjects into 1 of 3 groups: (1)
creatine supplementation of 3 g·d21; (2) creatine supplemen-
tation of 20 g·d21 for 7 days, followed by creatine supple-
mentation of 5 g·d21 for the remainder of the study; or (3) a
placebo group. The subjects were permitted to withdraw from
the study at any time.

All subjects were familiarized with the scope of the study
1 week before its start. Since all subjects were team members
for at least 1 year, they were extremely familiar with the train-
ing program, especially the squat exercise. Each subject took
part in the preliminary testing 3 days before supplementation.
The 1-RM squat, baseline urinary creatinine concentrations,
and percentage of body fat (via hydrostatic weighing) were
measured.

Creatine supplementation took place in a single-blind fash-
ion, with each subject receiving a high or low dose of creatine
or the placebo. Each creatine tablet (Createam Chewables,
NutraSense Co, Shawnee Mission, KS) contained 1 g of cre-
atine and 1.4 g of dextrose. The placebo tablet (Nutrasense)
contained 2.4 g of dextrose. For the first week (loading phase),
ingestion occurred 4 times per day. High-dose creatine (5 cre-
atine tablets), low-dose creatine (3 creatine tablets and 2 pla-
cebo tablets), or placebo (5 placebo tablets) was taken when
the subjects awoke, before and after the workout session, and
in the evening before bed. For the subsequent 9 weeks, the
high or low dose of creatine or the placebo dose was ingested
once per day after workouts and at the same time on off days.

During the 10-week supplementation period, all subjects
participated only in the University’s off-season conditioning
program, which consisted of periodized resistance and agility

training. More specifically, the program consisted of
4 h·week21 of heavy resistance training and 4 h·week21 of
conditioning. Weight training and conditioning were per-
formed on Monday, Tuesday, Thursday, and Friday. All sub-
jects completed the same number of morning workouts, sets,
repetitions, and exercises at specified percentages of a 1-RM,
regardless of position. The strength and conditioning coach led
all workout sessions to ensure highly productive strength train-
ing and took a team approach in which each exercise is per-
formed on the strength coach’s cue. For example, all athletes
started a lift on command. After each set was a specified rest
interval, and then the next set would begin.

A 10-week, periodized resistance training program was de-
signed. The primary exercises in the strength program were
the front squat, back squat, hang clean, power clean, overhead
press, bench press, single-arm dumbbell press, 1-arm rows,
straight-leg dead lift, power shrugs, upright rows, chin-ups,
dips, medicine ball plyometrics, and bumper-plate push-ups.
The periodization protocol was a 5-week base hypertrophy
phase (4 to 6 sets at 50% to 80% 1-RM), followed by a 2-
week power phase (3 to 5 sets at 80% to 88%). After this 7-
week period, a 2-week strength phase (1 to 3 sets at 90% to
95%) was implemented, followed by a 1-week peak strength
phase (1 to 3 sets at 95% to 100%). The strength and condi-
tioning staff, athletic trainers, and football coaches supervised
all strength and conditioning sessions.

The 1-RM back-squat values were obtained before (week
0), during (week 5), and after supplementation (week 10).
Urine samples were collected in sterile containers during the
supplementation period on days 0, 1, 3, 7, 14, 21, 28, 35, 42,
49, 56, and 63, 4 hours after creatine tablet ingestion. During
this 4-hour period, each subject was allocated 300 mL of water
in a water bottle, the only liquid the athlete was allowed to
consume until the urine sample was obtained. Each sample
was analyzed using a spectrophotometric method.

Creatinine Measurement

A creatinine assay kit (Sigma Diagnostics, St. Louis, MO)
was used to prepare the urine for analysis. The urine was di-
luted with distilled water in a standard test tube (0.5 mL of
urine was added to 7 mL of distilled water). An alkaline pic-
rate solution was prepared by mixing 5 parts of the creatinine
color reagent (0.6% picric acid, sodium borate, and surfactant)
to 1 part sodium hydroxide. Next, a pipette was used to place
300 mL of the diluted urine in a cuvette, where it was mixed
with 3 mL of the alkaline picrate solution. This mixture was
allowed to incubate for 10 minutes before the initial absor-
bance was read at 500 mm by the spectrophotometer. Finally,
100 mL of an acid reagent (mixture of sulfuric and acetic acid)
was added to the assay and allowed to incubate for 5 minutes.
Then the final absorbance was read at 500 mm by the spectro-
photometer.

Back Squat

The back-squat exercise was performed on a standard lifting
platform with an Olympic-size bar and rubber bumper plates.
The parallel-squat position is defined as the subject’s ability to
lower a weight until the thigh is parallel to the floor and then
return to the starting position. We instructed our subjects to
ride a stationary bike for 5 minutes before performing the
squat exercise. Each subject completed 2 repetitions at 60, 70,
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Table 1. Group Means 6 SDs for 1-Repetition Maximum (1-RM) Strength, Percentage of Body Fat, and Fat-Free Mass*

Variable
Low Dose

(n 5 8)
Loading
(n 5 8)

Placebo
(n 5 9)

1-RM strength, kg
Before supplementation
During supplementation
After supplementation

Percentage of body fat
Before supplementation
After supplementation

Fat-free mass, kg
Before supplementation
After supplementation

169.6 6 29.8
179.8 6 26.5†
188.6 6 37.3‡

13.76 6 5.57
13.37 6 6.17

81.67 6 10.88
84.64 6 9.79†

163.6 6 22.2
169.6 6 16.1†
172.4 6 18.7‡

14.85 6 5.92
15.81 6 5.28

85.02 6 8.97
85.19 6 8.60†

169.1 6 26.5
169.1 6 19.1†
178.0 6 22.4‡

13.75 6 5.85
14.53 6 5.08

81.53 6 8.63
82.59 6 7.29†

*Low dose indicates 3 g of creatine supplementation without loading phase. High dose indicates 5 g of creatine supplementation with a 20 g·d21,
7-day loading phase.
† Significance over time from before-supplementation values at a level P , .05.
‡ Significance over time from during-supplementation values at a level P , .05.

Figure 1. Changes in 1-repetition maximum for the squat exercise
among groups throughout 10 weeks of creatine supplementation
or placebo.

and 80% of a predicted 1-RM. After these 3 sets, subjects
continued to complete 1 repetition, increasing the weight by
2.72-kg (5-lb) increments until either the parallel position
could not be reached or the subject failed to return to the
starting position.

Hydrostatic Weighing

Hydrostatic weighing was used to measure body density be-
fore (week 0) and after supplementation (week 10). Subjects
reported to the underwater weighing tank in swimsuits. Body
weight was first determined out of water by an electronic scale
(model Toledo SL-39, Mettler Toledo Scales and Systems, Co-
lumbus, OH). Underwater weight was assessed by a force
transducer (model 37–9.2, West Coast Research Co, Los An-
geles, CA) connected by a transbridge (model TB-4, World
Precision Instruments, Sarasota, FL), which was interfaced us-
ing Acknowledge software (version 3.0, BIOPAC System Inc,
Goleta, CA) on a computer (Gateway 4DX2–66, Gateway, Inc,
Sioux City, SD). Calibration was conducted daily by estab-
lishing linear interpolation from 2 known weights. Data points
were recorded with data acquisition software, Acknowledge
3.0, from the force transducer. Subjects were submerged in
warm water and asked to exhale a maximal amount of air
while a signal from the force transducer produced a readable
analog wave. The most stable waveform was selected, and the

mean value was recorded. Subjects performed this procedure
until at least 2 trials were within a 3% difference or a total of
10 trials was completed. If a 3% difference could not be ob-
tained, mean values were calculated for the final underwater
weight. Next, body density was calculated after weight was
recorded in and out of water. The Siri equation was used to
calculate percentage of body fat. Fat-free mass (FFM) was also
calculated from the percentage of body fat.

Treatment of Data

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows software (ver-
sion 8.0, SPSS, Inc, Chicago, IL). Our hypotheses were tested
at an a level of .05. The 1-RM squat was measured before,
during, and after supplementation. Urinary creatinine concen-
tration was measured on days 0, 1, 3, 7, 14, 21, 28, 35, 42,
49, 56, and 63. Percentage of body fat was determined by
hydrostatic weighing, and FFM was calculated before and after
supplementation. All variables were analyzed between groups
and over time by an analysis of variance with repeated mea-
sures. In addition, the Tukey pairwise comparison post hoc
test for repeated measures was used for all data that showed
significant differences.

RESULTS

Significant differences in absolute maximal strength were
found over time with our periodized resistance training pro-
gram (P 5 .001, F1,22 5 13.52); however, no group or inter-
action effects were noted (P 5 .232, F2,22 5 1.50) (Table 1).
Each group showed significant increases: the low-dose group
increased 19.03 kg, the loading group increased 8.80 kg, and
the placebo group increased 8.83 kg (Figure 1). Using the post
hoc pairwise comparison, we found that significant differences
in absolute strength occurred before and during, during and
after, and before and after supplementation.

When we analyzed urinary creatinine concentration output,
we found a large amount of variation among subjects (Table
2). No statistically significant group, time, or interaction ef-
fects could be found (P 5 .751, F22,242 5 .778). Initially, there
was a nonsignificant decrease in urinary creatinine concentra-
tion at the beginning of supplementation for all groups (Figure
2). After initial ingestion, the low-dose and loading groups
showed nonsignificant increases in creatinine concentration
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Table 2. Urinary Creatinine Concentration (Mean 6 SD)*

Day
Low Dose, mmol·L21

(n 5 8)
Loading, mmol·L21

(n 5 8)
Placebo, mmol·L21

(n 5 9)

0
1
3
7

14

1226.99 6 284.65
993.62 6 622.34

1257.05 6 436.70
1498.38 6 293.49
1434.73 6 586.98

884.00 6 497.69
704.55 6 266.08

1152.74 6 631.18
1227.88 6 680.68
1301.25 6 792.06

1179.26 6 221.00
941.46 6 393.38

1088.20 6 371.28
1123.56 6 568.41
1503.56 6 656.81

21
28
35
42

990.96 6 589.63
1308.32 6 696.59
1143.01 6 577.25
1411.75 6 701.01

835.38 6 544.54
1040.47 6 536.59
1032.51 6 633.83
1331.30 6 574.60

1302.13 6 746.98
1479.82 6 406.64
1037.82 6 360.67
1143.90 6 525.98

49
56
63

1149.20 6 477.36
962.68 6 524.21

1001.57 6 226.30

1196.05 6 500.34
952.95 6 623.22

1185.44 6 794.72

1349.87 6 699.24
1554.07 6 762.01
1365.78 6 594.05

Total
mean
concen-
tration 1195.63 6 187.55 1070.59 6 195.36 1258.14 6 198.90

*Low dose indicates 3 g of creatine supplementation without loading
phase. High dose indicates 5 g of creatine supplementation with a
20 g·d21, 7-day loading phase.

Figure 2. Group changes in urinary creatinine concentration
throughout 10 weeks of creatine supplementation or placebo.

(0.034 mmol·L21 and 0.057 mmol·L21) on day 3. The place-
bo’s group urinary creatinine concentration actually decreased
from week 0 (21.66 mg·dL21) after day 3, but none of these
values were statistically significant. At the end of the loading
period, all groups continued to show similar urinary creatinine
concentrations.

Percentage of body fat was analyzed by hydrostatic weigh-
ing. The group, time, and interaction effects showed no sig-
nificant differences (P 5 .52, F2,22 5 .683) in hydrostatic
weighing during 10 weeks of supplementation (Table 1). How-
ever, analysis of FFM showed significant differences over time
(P 5 .037, F1,22 5 4.93) but no group or interaction effects
occurred (P 5 .211, F2,22 5 1.67). The total change in FFM
for the low-dose group was 2.46 kg, compared with 1.79 kg
for the loading group and 1.16 kg for the placebo group.

DISCUSSION
Physiologically, creatine aids in recycling adenosine tri-

phosphate (ATP) during short-term, high-intensity muscular

work. Approximately 1 to 2 g of creatine is synthesized each
day from the amino acids arginine, glycine, and methionine in
the liver, kidneys, and pancreas.14,23–25 Once synthesized, cre-
atine must be transported by the blood to the tissues within
the body for storage and utilization. Approximately 95% of
creatine is found in skeletal muscle. Of this amount, 60% is
in the form of creatine phosphate, with the remainder in the
form of free creatine.24 Some studies have indicated anabolic
effects with short-term creatine loading; for example, 5 g 4
times a day may increase body mass, FFM, and strength.16,17

Although these effects have been well documented in the lab-
oratory, low doses and loading doses of creatine need to be
compared.

Creatine loading has been found to increase creatine phos-
phate stores within skeletal muscle; thus, the possibility exists
for enhancing performance, especially in short-term work
bouts, and enhancing recovery between sessions.2,6,25–30 Cre-
atine loading is comparable with carbohydrate loading, in
which the goal is to increase glycogen stores within the muscle
during a week of high carbohydrate ingestion, However, it is
possible that athletes are not just loading creatine for 1 week
before competition but are ingesting high doses of creatine on
a daily basis because of the proposed anabolic effects. Some
research conducted on repeated anaerobic events has not
shown performance enhancement,7–9 although studies on
strength training have shown significant increases in 1-RM
strength.8,16,19,31 We question whether or not creatine loading
is necessary or even safe for athletes who are ingesting crea-
tine habitually.

Our data suggest that creatine monohydrate use for 10
weeks did not produce any effects on 1-RM squat strength,
urinary creatinine concentration, or body composition in col-
legiate football players. The 1-RM strength increased in all
groups. Therefore, we believe that the periodized resistance
training program was the cause of the strength increases. These
results contradict the findings of other researchers of signifi-
cant differences between creatine and placebo groups.4,5,17 In
addition, the changes occurred throughout the entire 10 weeks.
We did observe that the low-dose group had the greatest
change in 1-RM values, but it was not significantly different
from the other 2 groups. In addition, all groups increased FFM
throughout 10 weeks of training. This increase in FFM may
have allowed subjects to perform at higher intensities, thus
increasing overall strength because more actin and myosin
were available for binding, which in turn may have allowed
greater force production. This explanation is supported by oth-
er findings of similar increases in FFM and maximal 1-RM
strength.8,18 Furthermore, our subjects were highly trained ath-
letes. We would expect this population to show minimal
changes in strength compared with populations that are not
involved in resistance training.

Creatinine formation is directly related to creatine phosphate
concentration in skeletal muscle. Harris et al22 showed that
creatine saturation in muscle was associated with elevated lev-
els of urinary creatinine. This result suggests that the muscle
cannot phosphorylate excess free creatine; therefore, excessive
supplementation yields elevated urinary creatinine. Other re-
searchers have used muscle biopsy to show that creatine load-
ing (20 g·d21) can increase creatine phosphate within mus-
cle.13,20,22 Moreover, a relationship exists between creatine
loading and increased urinary creatinine concentrations.19,20,22

In our study, urinary creatinine concentrations were mea-
sured throughout 10 weeks, and large variations were seen
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among subjects. These variations were also shown by Hultman
et al,20 who found in addition that creatinine degradation was
directly proportional to muscle creatine phosphate content. We
did not evaluate total creatine phosphate concentration within
skeletal muscle but attempted to determine if creatine supple-
mentation would increase levels of creatine phosphate within
the muscle, as indicated by elevated urinary creatinine 4 hours
after ingestion and exercise. We did not observe any group,
time, or interaction effects. Some variation did occur during
the loading phase, although the loading group did not show
increased urinary creatinine concentrations compared with the
low-dose and placebo groups. We expected that the loading
group might have elevated urinary creatinine concentrations
because this group was ingesting higher doses of creatine
(5 g 4 times a day) compared with other groups. At the end
of week 1, the low-dose and loading groups had similar cre-
atinine concentrations (3.07 and 3.89 mg·dL21) when com-
pared with the placebo group. This result is consistent with
the finding of Hultman et al20 that lower doses of creatine
produced similar effects to loading higher doses of creatine
over time.

One possible explanation is that we did not collect 24-hour
samples for analysis. It is possible that excess creatine was not
excreted as creatinine within 4 hours of supplementation. It is
also possible that creatine ingestion did not increase muscle
creatine phosphate levels; we did not take biopsy specimens
of the muscle and, therefore, were unable to accurately assess
creatine phosphate levels. It is likely that our subjects were
nonresponders, even though they had been free of creatine
supplementation for 4 weeks before the study began. We did
not monitor diet, and our subjects may have had previously
elevated levels of creatine due to excessive protein ingestion.
Finally, most of the creatine may have been converted to cre-
atine phosphate and used during exercise. Our subjects were
highly trained football players with large amounts of FFM,
which may increase capacity for utilization of creatine phos-
phate. On the other hand, other tissues or organs (eg, liver or
kidney) may be affected by elevated doses of creatine. Fur-
thermore, hydration status may have an effect on creatinine
concentration. We attempted to control hydration status by
having the subjects drink only 300 mL of water during the 4
hours after creatine ingestion. We assumed that all subjects
followed this procedure, but some subjects could have ingested
more than 300 mL of fluid in the 4-hour window. In addition,
it is very possible that the subjects’ hydration status varied
before workout sessions, which could have affected urinary
creatinine concentration. These data suggest that creatine sup-
plementation, with or without a loading phase, had no effect
on urinary creatinine concentrations 4 hours after resistance
training.

LIMITATIONS OF THE STUDY AND
CONSIDERATIONS FOR FUTURE RESEARCH

We used a practical training design; therefore, our data dif-
fer slightly from other researchers’ findings. We realize that
our study does not support most of the published literature.
Possible reasons that creatine supplementation did not cause
significant effects are as follows. First, we did not take 24-
hour urine samples to evaluate total urinary creatinine. Pre-
exercise hydration status may have affected the urinary cre-
atinine concentration 4 hours after exercise. Second, our
creatinine data might have been more substantiated if we had

taken muscle biopsy specimens to measure the current creatine
levels of our subjects. Moreover, the possibilities of nonre-
sponders and limited uptake in skeletal muscle are likely.
Third, the subjects’ diets were not monitored. Some of our
subjects may have consumed more protein, which could have
led to elevated creatine levels before supplementation. A high-
protein diet may result in the ingestion of 3 or more g·d21 of
creatine, which could confound the effects of low-dose crea-
tine supplementation. Fourth, the 1-RM squat exercise requires
a single burst of energy that is fueled by the ATP-phospho-
creatine (PC) energy system. Although significant strength
gains did not occur among groups, the ingested creatine may
still have had some effect in creatine phosphate resynthesis.
To put further stress on the ATP-PC energy system, repeated
anaerobic resistive exercises could be used to determine if cre-
atine supplementation can affect creatine phosphate resynthe-
sis.

Future studies should emphasize highly trained male and
female athletes in controlled, sport-specific settings. Hydration
status during exercise should be specifically addressed; 24-
hour urine samples should be taken for more accurate mea-
surement of creatine and creatinine levels; and muscle biopsy
specimens should be taken to determine the actual relationship
between creatine phosphate and urinary creatinine levels. In
addition, future researchers should monitor protein intake, es-
pecially in the form of red meats, and use a repeated anaerobic
exercise, such as a repeated maximal squat, to tax the ATP-
PC energy system. Finally, longitudinal studies are needed to
determine if creatine causes adverse effects that may hinder
athletic performance or cause injury or illness.

In conclusion, our main findings are that lower doses and
loading creatine had no significant effects on 1-RM strength,
urinary creatinine concentration, or percentage of body fat.
Also, increases in 1-RM strength and FFM did occur through-
out the entire periodized resistance training program. Hence,
a periodized resistance training program without creatine sup-
plementation was sufficient to produce changes in 1-RM
strength and increased FFM in highly trained collegiate foot-
ball players.
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