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bstract Objective: We hypothesized that creatine supplementation would interfere with normal body fluid
shifts that occur during exercise in a hot environment due to its osmotic effect intracellularly. This
study examined the effects of acute creatine loading (20 g/d for 5 d) on the thermoregulatory
response of the body during a bout of exercise at 39°C.
Methods: Subjects (15 men and 1 woman) performed a cycle test of maximum oxygen consump-
tion to determine the proper work rate for the heat-stress test (40 min at 55% maximum oxygen
consumption at 39°C) and were assigned to a creatine group (n � 8) or a placebo group (n � 8) in
a double-blind fashion. Each group performed the heat-stress test on two separate occasions: before
supplementation and after supplementation (20 g/d of creatine with Gatorade or Solka-floc plus
Gatorade). Dependent variables included rectal temperature, mean skin temperature, mean body
temperature, and perceived thermal sensation.
Results: Repeated measure analysis of variance showed a significant (P � 0.05) increase in body
weight in the group supplemented with Gatorade. Core temperature was significantly lower after
supplementation for both groups combined (before supplementation at 37.85°C and after supple-
mentation at 37.7°C), with no difference between groups. A significant three-way interaction (group
� trial � time) was also found for rectal temperature, with both groups having significantly lower
rectal temperature after supplementation. Mean body and mean skin temperatures showed no
differences.
Conclusions: Short-term creatine supplementation (20 g/d for 5 d) did not have a negative effect
on thermoregulatory responses during exercise at 39°C. © 2005 Elsevier Inc. All rights reserved.
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Many creatine (Cr) studies [1–4] have been conducted
ver the past years because of the role of Cr in energy
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etabolism. During high-intensity exercise (of short dura-
ion), the energy for resynthesis of adenosine triphosphate is
upplied from the breakdown of phosphocreatine (PCr) and
naerobic glycolysis [5]. The amount of available PCr ap-
ears to correlate with force development and may contrib-
te to the delay of fatigue in high-intensity exercise [6]. It
as been documented that acute Cr supplementation is ef-
ective in anaerobic performance by increasing free Cr and
Cr within skeletal muscle cells [7]. Greenhaff et al. [8]
valuated this effect of Cr supplementation on PCr resyn-
hesis. After 20 electrically evoked isometric contractions of

he quadriceps muscle, the results supported an increased
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ate of PCr resynthesis, with the supplemented group having
0% higher PCr values than the controls after 2 min of
ecovery.

Cr is an osmotically active substance, and research has
uggested that an increased concentration of Cr in the mus-
le leads to an increase in intracellular water [9]. When its
oncentration is increased inside the cell, it increases intra-
ellular osmotic pressure and draws water into the cell,
hereby increasing cellular volume. Assuming that is the
ase, an increase in cellular volume must come, at least
nitially, at the expense of extracellular volume. This de-
rease in extracellular volume might affect the body’s abil-
ty to thermoregulate while exercising for a prolonged pe-
iod in a hot environment.

There is an abundance of support on the positive ergo-
enic effects of Cr supplementation for anaerobic (high-
ntensity, short-duration) exercise, but none of this literature
as suggested that Cr supplementation would be effective
or aerobic (submaximal) type of exercise. Engelhardt et al.
10] concluded that Cr supplementation has positive effects
n short-term exercise that includes aerobic endurance ex-
rcise but not aerobic exercise itself. In other words, one
ay be able to perform more sprints or a longer duration of

prints (high intensity, short duration) within an aerobic
submaximal) session. This is classically known as interval
raining.

However, it is becoming increasingly evident that many
erobic (endurance) participants consume Cr supplements
or as yet undetermined benefits. No literature has focused
n whether or not the osmotic effect of Cr might affect the
hermoregulatory processes during exercise. This study ex-
mined the effect of short-term Cr supplementation on the
ody’s ability to thermoregulate while aerobically exercis-
ng in the heat without fluid replacement.

aterials and methods

Subjects (n � 16) were 15 men and 1 woman, with an
ge range of 22 to 33 y (Table 1). No available research has
uggested that fluid changes might be affected by sex or
acial differences. Subjects were untrained but recreation-
lly active (maximum oxygen consumption [VO2max � 52

able 1
escriptive characteristics of subjects*

ariable Cr Pl P

ge (y) 26 (3.6) 26 (1.9) 0.9998
eight (cm) 177.5 (11.8) 174.8 (7.66) 0.5843
ody mass (kg) 84.7 (14.3) 83.2 (7.82) 0.7948
ody mass index (kg/m2) 26.8 (3.57) 27.4 (4.19) 0.3404
O2max (mL · kg�1 · min�1) 41.8 (4.12) 43.2 (5.27) 0.5395

Cr, creatine; Pl, placebo; VO2max, maximum oxygen consumption
* Values are mean (standard deviation).
L · kg�1 · min�1) and non-acclimatized to the heat. Sub- e
ects were excluded from the study if they had taken Cr
upplements within the previous 2 mo. Previous research
as shown that this is an appropriate time frame for the
ashout of exogenous Cr [11]. Before testing, all subjects
ere required to fill out a health history form that was

eviewed for contraindications to participate in accordance
ith guidelines for maximum exercise testing by the Amer-

can College of Sports and Medicine. These contraindica-
ions included more than one cardiovascular risk factor,
regnancy, and metabolic disorders such as diabetes [12].
he female subject was required to take a home pregnancy

est before testing and to repeat testing 1 mo later to account
or the same time period in the menstrual cycle. The project
as approved by the institutional review board of Kent
tate University (Kent, OH, USA). Subjects were dressed in
horts, t-shirts, socks, and shoes during the tests, with no
uid ingestion permitted during the exercise tests. Subjects
eported to the laboratory and performed each trial at the
ame time of day (�30 min).

An environmental chamber (Model EW-146, Western
nvironmental Chamber, Napa Valley, CA, USA) was used

o induce heat stress. Temperature was maintained at 39 �
.5°C during testing. The chamber was turned on for at least
h before testing to stabilize radiant heat within the cham-

er. Due to the passive nature of this system, humidity could
ot be precisely controlled but was monitored (23% to 28%,
ean � 26%).
Graded exercise tests were performed on a cycle ergome-

er (Lode, Groningen, Netherlands) to determine VO2max.
he protocol consisted of increasing the work rate in an

ncremental manner until maximal voluntary exhaustion.
he test began at 50 W for 3 min followed by a 5-min rest
eriod. The test continued in this manner, with the workload
eing increased by 50 W for 3 min and a 5-min rest there-
fter. Expired respiratory air samples were collected con-
inuously and averaged at 30-s intervals throughout testing
y using a VacuMed system (Vacumetrics, Ventura, CA,
SA). The subject breathed through a one-way valve for the
uration of the test to analyze the expired air to measure
xygen consumption per unit time (VO2), volume of expired
ir, carbon dioxide consumption per unit time, and respira-
ory exchange ratio (RER).

Heart rate was recorded at 30-s intervals. Maximal oxy-
en uptake was accepted as the highest 30-s VO2 value
ecorded during the test. This maximal oxygen uptake was
ccompanied by the accepted criteria for determination of
aximal effort, which included a heart rate within 10 beats

f age-predicted maximum heart rate, a rate of perceived
xertion (RPE) of at least 17, an RER of at least 1.1, a
actate level above 7.9 mM, and a plateau of the VO2

esponse curve [13]. Lactate measurements were also ob-
ained 3 min after exercise from a finger stick and analyzed
ith a hand-held Accusport lactate analyzer (Boehringer
annheim GmbH, Mannheim, Germany). All subjects met

t least two of the accepted criteria for maximal effort. RPE

xceeded 17 and all lactate levels exceeded 7.9 mM.
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The cycle ergometer was chosen as the mode of exercise
ecause of the ease of maintaining a constant and predeter-
ined workload. Moreover, previous research has shown

hat cycle exercise affects fluid responses more than running
r walking [14–18]. The test was a continuous 40-min bout
ith the subject working at an intensity that elicited 55% of
O2max. The appropriate workload was determined from the
O2max test by plotting VO2 versus workload. A regression

quation was then used to calculate the work rate that
licited 55% of VO2max. This was achieved �3% of VO2max.

Skin temperatures were monitored at four sites (chest,
rm, thigh, and calf) with skin thermistors (Series 400,
ellow Springs Instrument, Beavercreek, OH, USA). The

hest thermistor was located at the fourth intercostal space
ear the manubrium. The arm thermistor was located mid-
ay between the elbow and acromion over the triceps mus-

le. The thigh thermistor was located midway between the
op of the patella and the inguinal crease on the anterior
urface of the thigh. The calf thermistor was located on the
orsal surface of the belly of the gastrocnemius at the
aximum circumference. All thermistors were connected to
switchbox interfaced with a telethermometer (Series 2100,
ellow Springs Instrument). Temperatures were recorded
efore exercise (time 0) and every 10-min during the exer-
ise bout. Mean skin temperature (Tsk) was calculated by
sing the equation from Ramanathan [19]. The Tsk was
ubsequently used, in addition to rectal temperature (Tre), to
ompute mean body temperature [20] and heat storage [21].

Tsk � 0.3(Tchest � Tarm) � 0.2(Tthigh � Tcalf) (1)

TB � (0.33 � Tsk) � (0.67 � Tre) (2)

re was used as an index of core temperature and monitored
uring the exercise to prevent heat injury to the subject. The
ectal thermistor was inserted 13 cm beyond the anal
phincter by the subject to obtain a measurement of core
emperature (Tre). The maximum core temperature allowed
as 39°C, but no subject reached this level. Disposable

ectal probes were used to measure core temperature. Each
ubject had one probe and used it for both trials. Standard
aboratory procedures were used for cleaning the probe
etween trials.

Subjects were given a supply of the supplement or placebo
or the 5 d of the supplementation period. The substances were
rovided in five separate containers that contained the supple-
ent, which was Cr in Gatorade (Gatorade, Quaker Oats,
hicago, IL, USA), or placebo, which was Solka-floc (Inter-
ational Fiber Corp., Nitro, WV, USA) in Gatorade. Solka-floc
s a non-caloric purified form of cellulose ground to micropar-
icles that replaces some or all of the fat in dairy-type products,
auces, frozen desserts, and salad dressings. Dosages con-
isted of 20 g of Cr or 10 g of Solka-Floc premixed with
0 g of Gatorade. Subjects loaded for a period of 5 d during
hich they consumed one container per day with as much
ater as desired. This quantity of Cr (20 g/d for 5 d) has
een shown to increase PCr stores within skeletal muscle

22]. Carbohydrates, in beverages such as Gatorade, have t
een shown to facilitate uptake of Cr by the skeletal muscle
ecause of the insulin response it produces [23]. Adminis-
ration of the supplements was done in a double-blind fash-
on. The premixed bags of experimental treatment or pla-
ebo were prepared by the investigator into five individual
ontainers that were then combined into one container des-
gnated for each subject.

A thermal sensation scale was also employed. This scale
s a modified Gagge scale [24] that was generated in our
aboratory. It is an extension of a cold thermal sensation
cale [25] that was modified from Gagge’s original thermal
ensation scale. The Gagge thermal sensation scale spans
rom “unbearably cold” to “unbearably hot.” This study was
oncerned only with temperatures above neutral, so a new
cale was needed. The newly modified Gagge scale was
nchored at 0.0 “neutral” and increased at intervals of 1
xcept for the initial increase of 0.5 from “neutral” to
moderately warm.” The scale terminated at 10 with “un-
earably hot.” This measurement was also taken at 10-min
ntervals before the cardiac output measurement.

Statistica software (StatSoft, Tulsa, OK, USA) was used
o analyze all data. A three-way (2 group � 2 trial � 5 time)
ixed-model analysis of variance with repeated measures

n the factors trial and time was used to determine the
ffects of Cr supplementation on thermoregulation during
rolonged exercise in the heat. A significant three-way in-
eraction was evaluated with a test of simple effects accord-
ng to procedures described by Bruning et al. [26]. If the F
atio for the simple effects was significant (P � 0.05),
etween-mean comparisons were made with t ratios with
he level of probability (P � 0.05) adjusted for the number
f comparisons made according to Bonferroni’s correction.

esults

Weight changes due to exercise in the heat are presented
n Table 2. There was a significant difference across time
before versus after exercise) that was expected because of
he loss of fluid due to sweat. However, no significant
nteractions of group � trial were evident. It was hypothe-
ized (a priori) that body weight before exercise in the Cr
roup would be greater before supplementation (PoS trial)
han after supplementation (PrS trial) due to the increase in
otal body water found in previous studies [1,2,22,27–29].
he Cr group did have a significant increase in body weight
f 1.4 kg from the PrS trial to the PoS trial (P � 0.013,
onferroni’s correction for two comparisons for P � 0.05
as P � 0.025).
Core temperature, mean skin temperature, and mean

ody temperature changes during exercise in the heat are
isted in Table 3. Significant F ratios were found for trial for
ore temperature, with the overall core temperature being
ower during the PoS trial. There was also a significant
roup � time interaction. Post hoc analysis on this interac-

ion was not done because it had no bearing on conclusions
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egarding the effect of Cr on heat tolerance. However,
isual examination of the graphic data showed that there
as little or no difference between groups for the PoS trials

xcept that the difference between the Cr and placebo
roups began to widen as exercise duration progressed. As
xpected, core temperature increased significantly over the
0-min exercise bouts. The three-way interaction (group �
rial � time) was significant, potentially reflecting a treat-
ent effect. A test of simple effects was performed to

etermine the source of the significant differences across the
our tests at each time point. The results are shown in Fig.

able 2
eight changes before and after exercise testing and before and after sup

rial Group Before
exercise
(kg)

rS Cr 84.0 � 14.0
Pl 81.3 � 7.4

Mean 82.6 � 10.9
oS Cr 85.4 � 14.8

Pl 81.4 � 6.4
Mean 83.4 � 11.2

Cr, creatine; Pl, placebo; PoS, after supplementation; PrS, before suppl
* Values are mean � standard deviation.

able 3
emperature responses to exercise in the heat*

ariable Trial Group Before 10 m

ore temperature (°C) PrS Cr 37.4 (0.3) 37.6

Pl 37.4 (0.2) 37.6
Mean 37.4 (0.2) 37.6

PoS Cr 37.3 (0.3) 37.4
Pl 37.2 (0.3) 37.4
Mean 37.2 (0.3) 37.4

ean Skin temperature (°C) PrS Cr 35.9 (0.9) 36.4

Pl 35.6 (1.0) 36.4
Mean 35.8 (0.9) 36.4

PoS Cr 35.7 (0.8) 36.4
Pl 35.7 (0.4) 36.4
Mean 35.7 (0.6) 36.4

ean body temperature (°C) PrS Cr 36.9 (0.3) 37.2

Pl 36.8 (0.4) 37.2
Mean 36.9 (0.3) 37.2

PoS Cr 36.8 (0.3) 37.1
Pl 36.7 (0.2) 37.0
Mean 36.7 (0.3) 37.0

Cr, creatine; Pl, placebo; PoS, after supplementation; PrS, before suppl
* Values are mean (standard deviation).
† For group.
‡ For trial.
§ For time.
� For group � trial.
¶ For trial � time.
# For group � time.

** For group � trial � time.
. The data are graphed for both groups (Fig. 1A) and for
ach group (Fig. 1B,C) to clarify within-group differences,
hich are difficult to grasp due to crossing over of lines in

he combined graph. Figs. 1B and 1C show that both groups
ad a lower core temperature in the PoS trial than in the PrS
rial over 40 min. This is reflected in the significant F ratio
or trial (Table 3), with overall temperatures being 37.9°C
or the PrS trial and 37.7°C for the PoS trial. The Cr group
rials were significantly different from one another at every
ime point except for before exercise, whereas the placebo
roup trials differed at every time point (Figs. 1B and 1C,

tation*

Mean (kg) P

13.8 83.3 � 13.9 0.5842 for group
7.4 80.7 � 7.4 0.0375 for trial
10.8 0.1077 for group � trial
14.6 84.6 � 14.7 0.001 for time
6.2 80.8 � 6.3 0.5003 for group � time
11.0 0.1023 for trial � time

tion

20 min 30 min 40 min Mean P

37.8 (0.3) 38.1 (0.4) 38.4 (0.4) 37.8 (0.49) 0.590†

0.024‡

37.9 (0.3) 38.3 (0.4) 38.6 (0.4) 37.9 (0.54) �0.001§

37.8 (0.3) 38.2 (0.4) 38.5 (0.4) 0.538�

37.7 (0.3) 37.9 (0.4) 38.1 (0.4) 37.7 (0.45) 0.001#

37.6 (0.2) 38.0 (0.2) 38.4 (0.3) 37.7 (0.51) 0.058¶

37.6 (0.3) 37.9 (0.3) 38.3 (0.4) 0.025**
36.7 (0.5) 37.1 (0.5) 37.4 (0.6) 36.7 (0.82) 0.930†

0.477‡

36.8 (0.6) 37.1 (0.6) 37.5 (0.5) 36.7 (0.93) �0.001§

36.8 (0.5) 37.1 (0.5) 37.5 (0.5) 0.520�

36.7 (0.5) 37.0 (0.5) 37.1 (0.8) 36.6 (0.82) 0.490#

36.8 (0.5) 37.0 (0.7) 37.5 (0.6) 36.7 (0.77) 0.897¶

36.7 (0.5) 37.0 (0.6) 37.3 (0.7) 0.612**
37.4 (0.3) 37.7 (0.3) 38.0 (0.4) 37.4 (0.50) 0.713†

0.050‡

37.6 (0.3) 37.9 (0.4) 38.3 (0.4) 37.5 (0.62) �0.001§

37.5 (0.3) 37.8 (0.4) 38.1 (0.4) 0.545�

37.3 (0.4) 37.6 (0.4) 37.8 (0.5) 37.3 (0.52) 0.069#

37.3 (0.2) 37.6 (0.3) 37.9 (0.5) 37.3 (0.53) 0.139¶

37.3 (0.3) 37.6 (0.4) 37.8 (0.5) 0.696**

tion
plemen

After
exercise
(kg)

82.5 �
80.0 �
81.2 �
83.8 �
80.2 �
81.9 �

ementa
in

(0.3)

(0.3)
(0.3)
(0.3)
(0.2)
(0.3)
(0.7)

(0.7)
(0.7)
(0.6)
(0.3)
(0.5)
(0.3)

(0.4)
(0.3)
(0.4)
(0.2)
(0.3)

ementa
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espectively). Between-group differences for the PoS trial
howed that values in the placebo group were lower than
hose in the Cr group before exercise, whereas those in the
r group were lower than those in the placebo group at the
nd of the 40-min exercise bout (Fig. 2).

Analysis of mean skin temperature responses is also
resented in Table 3. A significant F ratio was found only
or change over time for the combined groups and trials,
ith temperature increasing over the course of the trial. No
ther main effects or interactions were significant. Similar
o mean skin temperature, mean body temperature showed a

ig. 1. Group � trial � time analysis (mean � standard error) of core
rectal) temperature responses to exercise in the heat for the Cr and Pl
roups combined (A), the Cr group only (B), and the Pl group only (C).
ike letters represent significant differences (P � 0.05). Cr, creatine; Pl,
lacebo; PoS, after supplementation; PrS, before supplementation.
ignificant increase over time, with no interaction attribut- w
ble to the treatment (Table 3). However, there was a
ignificant trial effect, with the overall mean body temper-
ture being significantly lower during the PoS trial. Thermal
ensation, as described by the Gagge scale, showed a sig-
ificant increase over time but no treatment effect (Table 4).

iscussion

This study investigated the effects of short-term supple-
entation of Cr monohydrate on thermoregulatory re-

ponses during exercise in a hot environment (39°C). It was
ypothesized that Cr would negatively affect the body’s
bility to thermoregulate because its osmotic effect holds
uid within skeletal muscle cells, thereby decreasing the
ody’s ability to release heat through the sweat mechanism.
esults indicated that core temperature was significantly

ower after supplementation for both groups combined (PrS
t 37.85°C and PoS at 37.7°C), with no difference between
roups. Further, both groups had significantly lower core
emperatures after supplementation, but neither treatment
howed an advantage over the other. Mean body and mean
kin temperatures also showed no differences.

The osmotic effect that was hypothesized to have a
egative effect on thermoregulation apparently was not a
actor. The body regulates blood and cellular osmolality
ithin fine limits. Although not measured, there may have
een extra fluid intake by the Cr group and that increased
olume was dispersed so that blood osmotic homeostasis
as maintained (Table 5). This suggests that this possible

ncrease of fluid in the Cr group helped to maintain osmo-
ality at its pretreatment level. This potential mechanism for
ncreased extracellular fluid may have helped the body deal

ig. 2. Group � time analysis (mean � standard error) of core temperature
esponses to exercise in the heat for the creatine (diamonds) and placebo
squares) groups after supplementation.
ith the heat stress and may have played a role in the
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ncreased body weight of the Cr group seen after supple-
entation.
Of primary interest was the response of core temperature,

kin temperature, and overall mean body temperature to the
tress of exercise in the heat after a loading period of Cr
onohydrate. Core temperature was maintained at a lower

evel in the PoS trial than in the PrS trial in both groups,
hich does not support a treatment effect for Cr. One
ossible conclusion would be acclimatization by the sub-
ects, but we do not support this idea. However, visual data
f just the PoS trials suggested a potential benefit of Cr
upplementation. Although not statistically significant, Fig.

shows that, at 40 min, the core temperature of the Cr
roup was lower than that of the placebo group, even though
he Cr group started the trial at a slightly higher core
emperature. If there truly was an increase in extracellular
olume, it may have been such that the heat dissipation
ould occur to a greater extent, thereby keeping core tem-
erature lower.

At the time of data collection, no studies had been pub-
ished that compared or contrasted results; since then, one
imilar study has been published. Volek et al. [30] examined
he influence of Cr supplementation on temperature re-
ponses and other system responses to exercise in the heat.
s in our study, no differences in rectal response were seen

n either group, and body mass was significantly increased
n the Cr group. Both studies incorporated cycling as the
ode of exercise. They cycled for 30 min but then included

hree 10-s sprints at the end of the trial. Our ambient tem-

able 4
hermal responses to exercise in the heat*

ariable Trial Group Before 10 min 20 mi

hermal sensation
scale

PrS Cr — 5.1 (0.5) 5.6 (0

Pl — 4.8 (0.6) 5.6 (0
Mean — 4.9 (0.5) 5.6 (0

PoS Cr — 4.8 (0.3) 5.4 (0
Pl — 4.9 (0.2) 5.6 (0
Mean — 4.9 (0.2) 5.5 (0

Cr, creatine; Pl, placebo; PoS, after supplementation; PrS, before suppl
* Values are mean (standard deviation).

able 5
hanges in osmolality during exercise in the heat*

rial Group Pre Post

rS Cr 287.6 (5.4) 293.6 (5.7)
Pl 289.4 (3.1) 294.4 (4.2)
Mean 288.5 (4.4) 294.0 (4.9)

oS Cr 286.8 (5.0) 291.5 (3.9)
Pl 286.8 (3.1) 292.6 (5.2)
Mean 286.8 (4.0) 292.1 (4.4)

Cr, creatine; Pl, placebo; PoS, after supplementation; PrS, before suppl

* Values are mean (standard deviation).
erature was slightly higher (39°C versus 37°C) while they
orked at a slightly greater intensity. Although these stud-

es are somewhat similar, there are too many differences to
ay with any certainty what role Cr plays relative to ther-
oregulation in submaximal exercise in the heat.
Mean skin temperature showed no significant differences

xcept over time (Table 3). Mean body temperature, like
ore temperature, showed a significant main effect for trial,
ith the PoS trial having an overall lower mean temperature

han the PrS trial. No other measurements of core, mean
kin, or mean body temperatures were found to be different
etween groups.

An acknowledged methodologic limitation of this study
hat may have affected the results was the measurement of

O2max and subsequent workload for each trial. The use of
standard relative percentage of VO2max may have resulted

n different levels of perceived or physiologic exertion for
he subjects. This could have been avoided had some spe-
ific point of ventilatory threshold been used instead of a
ercentage of VO2. In addition, the incremental, discontin-
ous protocol of 3-min stages for VO2max determination may
ave been insufficient to determine steady-state VO2 versus
orkload relationships. This would have resulted in a
awed VO2 to workload slope, thereby influencing the in-

ensity of each subject’s trial such that subjects were not
orking at relatively equal intensities. This is particularly

mportant when testing two different groups.
Future recommendations should consider these limita-

ions and use a longer protocol, a lower temperature, or

30 min 40 min Mean P

5.9 (0.9) 6.5 (1.1) 5.77 (0.98) 0.496 for group 0.483 for trial

5.9 (1.2) 7.1 (1.1) 5.84 (1.19) �0.001 for time
5.9 (1.0) 6.8 (1.1) 0.171 for group � trial
5.8 (0.9) 6.1 (1.0) 5.53 (0.85) 0.120 for group � time
6.3 (0.9) 6.9 (1.1) 5.92 (1.06) 0.074 for trial � time
6.0 (0.9) 6.5 (1.1) 0.749 for group � trial �

time

tion

Mean P � 0.05

290.6 (4.5) 0.645 for group 0.092 for trial
291.9 (4.5) 0.001 for time 0.741 for group � trial

0.951 for group � time 0.837 for trial � time
289.1 (4.2)
289.7 (4.2) 0.254 for group � trial � time

tion
n

.8)

.6)

.7)

.5)

.6)

.6)

ementa
ementa
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ome combination. Perhaps a 60-min bout would have been
nough to exhibit a statistically significant difference be-
ween Cr supplementation and placebo. This was not pos-
ible in our study because the pilot work had only one
ubject who completed the original duration of 60 min.
erhaps a slight decrease in the ambient temperature would
ave allowed the subjects to exercise longer.
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