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CREATINE SUPPLEMENTATION DOES NOT REDUCE
MuscCLE DAMAGE OR ENHANCE RECOVERY FROM

RESISTANCE EXERCISE

Eric S. RAWSON,! MiCHAEL P. CONTIL,' AND MARY P. MILES?

Department of Exercise Science and Athletics, Bloomsburg University, Bloomsburg, Pennsylvania 17815,
2Department of Health and Human Development, Montana State University, Bozeman, Montana 59717.

ABSTRACT. Rawson, E.S., M.P. Conti, and M.P. Miles. Creatine
supplementation does not reduce muscle damage or enhance re-
covery from resistance exercise. J. Strength Cond. Res. 21(4):
1208-1213. 2007.—Previous studies have shown that creatine
supplementation reduces muscle damage and inflammation fol-
lowing running but not following high-force, eccentric exercise.
Although the mechanical strain placed on muscle fibers during
high-force, eccentric exercise may be too overwhelming for cre-
atine to exert any protective effect, creatine supplementation
may protect skeletal muscle stressed by a resistance training
challenge that is more hypoxic in nature. The purpose of this
study was to examine the effects of short-term creatine supple-
mentation on markers of muscle damage (i.e., strength, range of
motion, muscle soreness, muscle serum protein activity, C-re-
active protein) to determine whether creatine supplementation
offers protective effects on skeletal muscle following a hypoxic
resistance exercise test. Twenty-two healthy, weight-trained
men (19-27 years) ingested either creatine or a placebo for 10
days. Following 5 days of supplementation, subjects performed
a squat exercise protocol (5 sets of 15-20 repetitions at 50% of
1 repetition maximum [1RM]). Assessments of creatine kinase
(CK) and lactate dehydrogenase activity, high-sensitivity C-re-
active protein, maximal strength, range of motion (ROM), and
muscle soreness (SOR) with movement and palpation were con-
ducted pre-exercise and during a 5-day follow up. Following the
exercise test, maximal strength and ROM decreased, whereas
SOR and CK increased. Creatine and placebo-supplemented
subjects experienced significant decreases in maximal strength
(creatine: 13.4 kg, placebo: 17.5 kg) and ROM (creatine: 2.4°,
placebo: 3.0°) immediately postexercise, with no difference be-
tween groups. Following the exercise test, there were significant
increases in SOR with movement and palpation (p < 0.05 at 24,
48, and 72 hours postexercise), and CK activity (p < 0.05 at 24
and 48 hours postexercise), with no differences between groups
at any time. These data suggest that oral creatine supplemen-
tation does not reduce skeletal muscle damage or enhance re-
covery following a hypoxic resistance exercise challenge.

INTRODUCTION

Anecdotal reports of increased muscle
dysfunction (i.e., cramps, muscle strains, etc.) in
creatine users have been discussed, but only 1
published case study has reported severe muscle
dysfunction (compartment syndrome and rhab-
domyolysis) in a creatine user (27). Muscle cramping
in creatine users has been reported, but these studies
did not include placebo or noncreatine user groups
for comparison (14, 18). In contrast to the anec-dotal
reports, Greenwood and colleagues reported either
similar (16, 17) or fewer (15) instances of muscle dys-
function (cramping, muscle tightness, strains, injuries,
etc.) between creatine and noncreatine users. Addition-

ally, survey data (15, 32) and anecdotal reports (7) indi-
cate that exogenous creatine and phosphocreatine de-
crease muscle soreness and increase recovery between
workouts. Thus, the effects of creatine on muscle function
are unclear.

In theory, increased muscle phosphocreatine levels re-
sulting from creatine supplementation may reduce mus-
cle dysfunction because it is known that exogenous phos-
phocreatine reduces muscle damage in cardiac tissue (28,
29). Phosphocreatine binds to the polar phospholipid
heads of the cardiac muscle membrane, stabilizes the
membrane phospholipid bilayer, decreases membrane flu-
idity, and turns the membrane into a more ordered state
(29). This subsequently decreases the loss of cardiac mus-
cle proteins, indicating less cytoplasmic leakage and po-
tentially less muscle tissue damage (29). In fact, phos-
phocreatine is used as a cardio-protective agent during
heart surgery and to reduce infarct size after myocardial
infarction (28, 29).

Previously, Rawson et al. (25) examined the effects of
creatine supplementation on exercise-induced muscle
damage. Twenty-three untrained individuals were sup-
plemented with creatine (20 g per day) or placebo for 5
days. Following the supplementation period, subjects per-
formed 50 maximal eccentric contractions of the elbow
flexors, and criterion measures (force production, range
of motion, circumference, soreness, and muscle serum
proteins) were assessed pre-exercise and for 5 days after
exercise. Eccentric exercise damages skeletal muscle and
sarcoplasmic reticulum membranes (19, 38), resulting in
calcium dysregulation and muscle dysfunction (decreased
strength, decreased range of motion, increased muscle
soreness, and increased levels of muscle serum proteins)
(9, 10). Although both creatine and placebo groups expe-
rienced a significant loss of maximal force production and
range of motion, a significant increase in circumference
of the biceps, soreness, and serum creatine kinase and
lactate dehydrogenase, there were no differences between
groups at any time. These findings are supported by War-
ren et al. (36) who examined the effects of creatine sup-
plementation on exercise-induced muscle damage using
an animal model. In contrast to data from Rawson et al.
(25), Santos and colleagues (30) reported that creatine
supplementation attenuated the postexercise increase in
creatine kinase (by 19%), prostaglandin E, (by 61%), and
tumor necrosis factor-a (by 34%) and eliminated the in-
crease in lactate dehydrogenase in trained runners fol-
lowing a 30-km run. The authors concluded that creatine
supplementation reduced muscle damage and inflamma-
tion following a stressful running task.

It is unclear why the results of Rawson et al. (25) and



TABLE 1.

Descriptive characteristics (mean * SD) for subjects randomized to receive either creatine or placebo supplementation.

There were no differences between creatine- and placebo-supplemented subjects before supplementation.

Creatine Placebo p value
Age (y) 22.2 + 1.3 22.1 + 2.5 p =094
Height (cm) 176.4 + 6.3 177.2 £ 5.7 p=0.75
Body mass (kg) 884 *+ 115 83.4 + 8.2 p = 0.23
Training experience (y) 6.4 = 3.3 5.8 =+ 3.1 p = 0.66
1RM* squat strength (kg) 137.8 = 24.7 126.1 = 30.2 p = 0.22
Range of motion (°) 52.6 = 6.3 52.2 + 5.2 p = 0.88
Creatine kinase (IU-L1) 297.6 * 211.7 286.0 = 258.6 p = 0.86
Lactate dehydrogenase (IU-L-1) 147.5 + 19.0 1559 + 24.3 p = 0.37
C-Reactive Protein (mg-L-1) 1.2 + 1.3 1.9 £ 3.6 p = 0.80

*1RM = 1 repetition maximum.

Santos et al. (30) are discrepant or why creatine supple-
mentation appears to reduce muscle damage and inflam-
mation following running (30) but not following high-
force, eccentric exercise (25, 36). Potentially, the mechan-
ical strain placed on muscle fibers from a high-force, ec-
centric laboratory exercise test is too overwhelming for
creatine to exert any protective effect (23). However, cre-
atine may preserve energy metabolism under hypoxic
conditions, which may also reduce tissue damage. For in-
stance, Wilken et al. (37) and Adcock et al. (1) reported
that exogenous creatine maintained higher adenosine tri-
phosphate (ATP) and phosphocreatine levels in nervous
tissue after 30 and 100 minutes of hypoxia, respectively,
when compared with controls. Additionally, creatine-sup-
plemented animals show improved cerebral reperfusion
and reduced infarct size following stroke (22).

Because there are data to suggest that athletes in-
gesting creatine have fewer instance of muscle dysfunc-
tion (15), it is possible that creatine supplementation ex-
erts protective effects on skeletal muscle when stressed
by an unaccustomed hypoxic exercise training test. The
purpose of this study was to examine the effects of short-
term creatine supplementation on indirect markers of
muscle damage (i.e., strength, range of motion, muscle
soreness, muscle serum protein activity, C-reactive pro-
tein) to determine whether creatine supplementation of-
fers protective effects on skeletal muscle following a hyp-
oxic resistance exercise challenge.

METHODS
Experimental Approach to the Problem

This study was conducted in the Department of Exercise
Science and Athletics at Bloomsburg University. On visit
1, a blood sample was drawn, and maximal strength,
range of motion, and muscle soreness were assessed. Par-
ticipants then ingested high doses of either creatine or
placebo supplements for 5 days (loading phase) followed
by a 5-day low-dose supplementation phase (maintenance
phase). Following the loading phase, participants com-
pleted a standardized exercise test designed to induce
muscle tissue disruption without severe muscle damage
(35). A reassessment of maximal strength and range of
motion was conducted immediately postexercise. Assess-
ments of range of motion, soreness, and a blood draw
were taken once per day on each of the following 5 days.
Maximal strength was reassessed 5 days postexercise.

Subjects

Twenty-two resistance-trained men recruited from the
Bloomsburg, PA, area completed the study. All partici-
pants completed a physical activity readiness question-

naire (PAR-Q) and signed an informed consent document
approved by the Bloomsburg University Institutional Re-
view Board before participation in this study. Subjects
were instructed to maintain similar habitual physical
activity and dietary behaviors but to refrain from re-
sistance exercise for the duration of the study. Individ-
uals who had previously ingested creatine supplements
were permitted to participate in this investigation if
they had not ingested creatine within the previous 6
weeks. Descriptive characteristics of the subjects are
presented in Table 1.

Because of gender differences in resting muscle crea-
tine levels (13), potential differences in the response of
females to creatine supplementation (21, 33), gender dif-
ferences in the response to stressful exercise (8), and in
an effort to study the most homogenous population, only
male subjects were studied. Subjects were recreationally
trained and participated in a resistance exercise program
that included the squat exercise. Although weight train-
ing experience is contradictory for participation in an ex-
ercise-induced muscle damage study because of the re-
peated bout effect, Volek et al. (35) demonstrated in-
creased muscle serum proteins and muscle soreness in
this population following the exercise stress protocol out-
lined in the current study.

Supplementation

Participants were randomly placed into either a creatine
or placebo group, and supplements were administered in
a double-blind, placebo-controlled manner. During the
loading phase, each participant ingested 0.3 g-kg=' of
body weight per day of encapsulated creatine (Nutra-
Sense Company, Shawnee Mission, KS) or placebo for 5
days. Participants were instructed to ingest the supple-
ments with food in 3 equal doses per day. This supple-
mentation protocol has been previously shown to signifi-
cantly increase muscle creatine levels (34). Following the
loading phase, participants ingested 0.03 g-kg=! of body
weight per day of creatine or placebo for 5 days to main-
tain increased muscle creatine levels.

Muscle Function and Soreness Tests

Each participant’s 1 repetition maximum (1RM) in a
squat exercise performed on a Smith Machine (Body Mas-
ters Sports Industries Inc., Rayne, LA) was determined
using standard procedures (5). Range of motion about the
knee was assessed with a goniometer (Lafayette Instru-
ment, Lafayette, IN) while the subjects lay prone and at-
tempted to fully flex the knee. The malleolus, lateral epi-
condyle, and greater trochanter were marked with semi-
permanent marker to ensure consistent measurements.



Perception of muscle soreness was assessed using a 100-
mm-linear visual analog scale, where 0 mm represents no
pain, and 100 mm represents very painful. Soreness was
evaluated during movement (body weight squat) and pal-
pation.

Blood Samples

Blood samples were taken before supplementation and
every 24 hours postexercise. Venous blood samples were
taken from the antecubital vein, and serum creatine ki-
nase and lactate dehydrogenase were measured colori-
metrically on an automated analyzer (Roche Modular Tri-
ple P, Roche, Indianapolis, IN) at Geisinger Medical Cen-
ter in Danville, PA. Serum C-reactive protein concentra-
tions were determined using a high-sensitivity enzyme
immunoassay (EIA) kit (MP Biomedicals, Irvine, CA)
with a sensitivity of 0.1 mg-L-!. Spectrophotometric mea-
surements were made using a pQuant Universal micro-
plate spectrophotometer (Bio-Tek Instruments, Winooski,
VT).

Exercise Protocol

Subjects completed a standardized warm-up (5 minutes
of cycling) and then performed 5 sets of 15-20 repetitions
of a Smith Machine squat exercise at 50% of their pre-
viously determined 1RM squat, with 2 minutes recovery
between each set. Volek and colleagues (35) used this ex-
ercise test to induce muscle tissue disruption, but not se-
vere damage, in recreationally weight-trained men. This
exercise test results in transiently increased blood crea-
tine kinase and muscle soreness (35) that are lower than
values reported following high-force, eccentric exercise
tests (25).

Statistical Analyses

Sample size estimation was conducted using the methods
of Cohen (11), assuming a power (1-8) of 0.80, a = 0.05,
and based on the increase in creatine kinase reported by
Volek et al. (35). It was determined that 10 subjects in
each group would be necessary to locate a difference in
creatine kinase between creatine- and placebo-supple-
mented groups. Data were tested for normality using a
Kolmogorov-Smirnov test, and variables that deviated
from normality (creatine kinase and C-reactive protein)
were log-transformed before analysis. A repeated-mea-
sures analysis of variance (ANOVA) with a grouping fac-
tor was used to assess the pattern of change between
groups from pre- to postsupplementation (group X time
interaction term). Tukey’s post hoc tests were used to lo-
cate differences when ANOVA revealed a significant in-
teraction. Significance was set at p < 0.05.

RESULTS

Descriptive characteristics and baseline measures of out-
come variables are described in Table 1. There were no
differences in age, height, body mass, years of training
experience, maximal squat strength, range of motion, cre-
atine kinase, lactate dehydrogenase, or C-reactive protein
between creatine and placebo groups (Table 1).

Muscle Function and Soreness

Squat strength significantly decreased in both groups im-
mediately following the exercise test (p < 0.001) (creatine
group: —9.7%; placebo group: —13.9%) but was not dif-
ferent from presupplementation values 5 days after the
exercise test. There was no difference in squat strength
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FIGURE 1. One repetition maximum (1RM) in the squat. Pre

= presupplementation; post = immediately postexercise test
and following 5 days of creatine (0.3 g-kg='-d~') or placebo sup-
plementation; final = 120 hours postexercise test and follow-
ing 5 days of creatine (0.03 g-kg='-d~') or placebo supplementa-
tion; * Significantly different from pre value (main effect, p <
0.001; group X time, p = 0.64).
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FIGURE 2. Range of motion. Pre = presupplementation; post
= immediately postexercise; 24, 48, 72, 96, and 120 denote
time in hours postexercise test. * Significantly different from
pre value (main effect, p < 0.001; group X time, p = 0.14).

between creatine and placebo groups at any time (group
X time interaction, p = 0.64) (Figure 1). Knee angle sig-
nificantly increased immediately postexercise test (p <
0.001) (creatine group: +4.6% placebo group +5.7%), in-
dicating that range of motion about the knee decreased.
Range of motion was not different from presupplemen-
tation values from 24 to 120 hours postexercise, and there
were no differences in range of motion between creatine
and placebo groups at any time (group X time interaction,
p = 0.14) (Figure 2). Muscle soreness during the body
weight—only squat significantly increased from pre-exer-
cise values at 24, 48, and 72 hours postexercise (all p <
0.001), with no difference between creatine and placebo
groups at any time (group X time interaction, p = 0.20)
(Figure 3). Muscle soreness with palpation significantly
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FIGURE 3. Soreness during a body weight squat. Pre = pre-
supplementation; 24, 48, 72, 96, and 120 denote time in hours
postexercise test. * Significantly different from pre value (main
effect, p < 0.001; group X time, p = 0.20).
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FIGURE 4. Soreness with palpation. Pre = presupplementa-

tion; 24, 48, 72, 96, and 120 denote time in hours postexercise
test. * Significantly different from pre value (main effect, p <

0.001; group X time, p = 0.77).

increased from pre-exercise at 24 (p < 0.001), 48 (p <
0.001), and 72 hours (p < 0.01) postexercise. There was
no difference in muscle soreness with palpation between
groups at any time (group X time interaction, p = 0.77)
(Figure 4).

Blood Assessments

Creatine kinase was significantly increased from baseline
at 24 (p < 0.01) and 48 hours (p = 0.05) postexercise, but
there were no differences in creatine kinase between cre-
atine or placebo groups at any time (Figure 5) (group X
time interaction, p = 0.95). Lactate dehydrogenase and
C-reactive protein did not increase following the exercise
test (Figures 6 and 7).

DISCUSSION

Creatine monohydrate is one of the most popular dietary
supplements used by athletes, with annual sales exceed-
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FIGURE 5. Log creatine kinase. Pre = presupplementation;
24,48, 72, 96, and 120 denote time in hours postexercise test.
* Significantly different from pre value (main effect, p < 0.01;
group X time, p = 0.95).

200 1 —O— Creatine

—&- Placebo

180

160 1

140 1

Lactate Dehydrogenase (IU/L)

120 T ¥ T T T 1
Pre 24 48 72 9 120

Time (hr)

FIGURE 6. Lactate dehydrogenase. Pre = presupplementa-
tion; 24, 48, 72, 96, and 120 denote time in hours postexercise
test.

ing several hundred million dollars and a high prevalence
of use across many sports. Survey research supports that
the prevalence of creatine use is as high as 17% in high
school student—athletes, 30% in high school football play-
ers, 41% in National Collegiate Athletic Association stu-
dent—athletes, 57% in health club members, and 74% in
power sport athletes (reviewed in 24, 26).

Muscle damage/dysfunction caused by strenuous ex-
ercise may negatively affect exercise performance by de-
creasing economy, impairing glycogen repletion, altering
biomechanical execution, and decreasing strength (31),
which may increase risk of injury (12). Although anec-
dotal reports and a single case study (27) imply that cre-
atine supplementation may cause muscle dysfunction, the
results of open label studies (15-17), clinical trials (25,
30), and animal research (36) do not support this conten-
tion. In fact, evidence continues to accumulate that cre-
atine does not promote, and may even reduce, muscle dys-
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FIGURE 7. Log high-sensitivity C-reactive protein. Pre = pre-
supplementation; 24, 48, 72, 96, and 120 denote time in hours
postexercise test.

function. With that in mind, and given the large number
of athletes ingesting creatine, the purpose of this study
was to further investigate the interactions between cre-
atine supplementation and muscle function.

We examined the effects of short-term creatine sup-
plementation on indirect markers of exercise-induced
muscle damage (i.e., strength, range of motion, muscle
soreness, muscle serum protein activity, C-reactive pro-
tein) to determine whether creatine supplementation of-
fers protective effects on skeletal muscle following resis-
tance exercise. Athletes report decreased muscle soreness
(7, 32) and faster recovery between workouts (15) follow-
ing exogenous creatine or phosphocreatine administra-
tion, indicating that creatine may be useful as a recuper-
ative aid. Reportedly, creatine supplementation attenu-
ates muscle damage following stressful running (30) but
not following high-force, eccentric exercise (25, 36); thus,
the data are discrepant. Potentially, creatine may protect
skeletal muscle tissue from hypoxic, but not mechanically
induced, damage. Previous studies demonstrated higher
ATP and phosphocreatine tissue levels (1, 37) improved
cerebral reperfusion and reduced infarct size (22) follow-
ing a hypoxic challenge in creatine-treated animals vs.
controls. Also, Arciero et al. (4) demonstrated improved
limb blood flow following creatine supplementation and
resistance training compared with resistance training
alone. Thus, it is possible that creatine preserves energy
metabolism or improve blood flow during a hypoxic ex-
ercise challenge and subsequently reduce tissue damage.

In this study, contrary to our hypothesis, creatine sup-
plementation did not reduce muscle damage or enhance
recovery from a hypoxic resistance exercise challenge.
Subjects in both creatine- and placebo-supplemented
groups experienced significant decreases in muscle
strength and range of motion and increases in muscle
soreness and muscle serum proteins, with no differences
between groups. Rawson et al. (25) previously hypothe-
sized that high-force, eccentric exercise produces such se-
vere muscle damage that any protective effects of creatine
would be overwhelmed. Thus, a goal of this study was to
expose participants to a hypoxic exercise test that in-
duced muscle tissue disruption but not severe muscle
damage. In the current study, the postexercise reduction
in force production (=12 vs. 47%) and range of motion (=5

vs. 20%) and peak increase in creatine kinase (1,173 vs.
3,816 IU-L-1), muscle soreness with movement (=44 vs.
50 mm), and muscle soreness with palpation (=35 vs. 48
mm) were smaller than in the previous study that used
high-force, eccentric actions. Thus, we believe we were
successful in causing less muscle damage with the hyp-
oxic squat protocol relative to high-force, eccentric exer-
cise.

In contrast to data from the current study are the data
presented by Santos et al. (30), which demonstrate a pro-
tective effect of creatine on skeletal muscle. Following a
30-km run, creatine-supplemented subjects experienced
less muscle damage, as indicated by a blunted increase
in creatine kinase (19% < placebo), prostaglandin E,
(61% < placebo), and tumor necrosis factor-a (34% < pla-
cebo) and no increase in lactate dehydrogenase. Data
from Santos et al. (30) and Rawson et al. (25) are difficult
to compare because different populations (endurance vs.
resistance trained), different exercise tests (running vs.
resistance exercise), different time courses of postexercise
blood measurements (24 hours postexercise vs. 24-120
hours postexercise), and different inflammatory markers
(prostaglandin E, and tumor necrosis factor-a vs. C-re-
active protein) were measured and studied. Additionally,
Rawson et al. (25) assessed changes in strength, range of
motion, and muscle soreness, whereas Santos et al. (30)
did not.

It is possible that the resistance exercise used in the
current study induces muscle damage through a different
mechanism than a running protocol. For instance, Bloom-
er et al. (6) compared oxidative stress following 30 min-
utes of cycling (70% of Vo,max) or dumbbell squatting
(70% 1RM). In this study, which attempted to match for
muscle group, exercise time, and intensity, protein car-
bonyl values following the resistance exercise was 1.8
times higher 24 hours postexercise than following the cy-
cling test. Previous studies comparing the effects of aer-
obic and anaerobic exercise have demonstrated greater
lipid peroxidation following anaerobic exercise tests (2, 3,
20), suggesting that aerobic and resistance exercises may
damage muscles through different mechanisms.

In summary, these data suggest that oral creatine
supplementation does not reduce skeletal muscle damage
or enhance recovery following low-intensity, high-repeti-
tion resistance exercise. Collectively, the available studies
show a protective effect of creatine on muscle function
following stressful running (30) but not following high-
repetition resistance (current study) or high-force, eccen-
tric exercise (25); thus, the data are discrepant. Further
studies of the interactive effects of creatine supplemen-
tation and exercise on muscle function are needed.

PRACTICAL APPLICATIONS

Data from the current study can be applied to resistance-
trained athletes undergoing high-repetition resistance
training. Creatine supplementation did not decrease mus-
cle damage or enhance recovery from a stressful bout of
resistance exercise. The current study, combined with the
previous investigations of the interactions between crea-
tine supplementation, extreme exercise stress, and mus-
cle function (25, 30, 36), do not clearly indicate that cre-
atine exerts a protective effect on skeletal muscle. How-
ever, these studies do indicate that, even under extreme
exercise conditions, creatine supplementation does not
exacerbate muscle dysfunction. Clinicians, researchers,
strength and conditioning professionals, and athletes
should recognize that few studies have the statistical



power to detect severe adverse events (i.e., severe rhab-
domyolysis), which may occur at a rate of 1 in 10,000
exposures. The results of the current study cannot be gen-
eralized to athletes ingesting creatine for extended peri-
ods, to those ingesting creatine in doses above what is
recommended, or to athletes engaged in resistance train-
ing with an exaggerated eccentric component or plyomet-
rics. The results of the current study suggest that crea-
tine supplementation neither decreases muscle damage
nor enhances recovery from a hypoxic resistance exercise
challenge.
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