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bstract Objective: We evaluated the effects of calcium pyruvate supplementation during training on body
composition and metabolic responses to exercise.
Methods: Twenty-three untrained females were matched and assigned to ingest in a double blind
and randomized manner either 5 g of calcium pyruvate (PYR) or a placebo (PL) twice daily for 30 d
while participating in a supervised exercise program. Prior to and following supplementation,
subjects had body composition determined via hydrodensiometry; performed a maximal cardiopul-
monary exercise test; and performed a 45-min walk test at 70% of pre-training VO2 max in which
fasting pre- and post exercise blood samples determined.
Results: No significant differences were observed between groups in energy intake or training
volume. Univariate repeated measures ANOVA revealed that subjects in the PYR group gained less
weight (PL 1.2 � 0.3, PYR 0.3 � 0.3 kg, P � 0.04), lost more fat (PL 1.1 � 0.5; PYR �0.4 � 0.5
kg, P � 0.03), and tended to lose a greater percentage of body fat (PL 1.0 � 0.7; PYR �0.65 �
0.6%, P � 0.07), with no differences observed in fat-free mass (PL 0.1 � 0.5; PYR 0.7 � 0.3 kg,
P � 0.29). However, these changes were not significant when body composition data were analyzed
by MANOVA (P � 0.16). There was some evidence that PYR may negate some of the beneficial
effects of exercise on HDL values. No significant differences were observed between groups in
maximal exercise responses or metabolic responses to submaximal walking.
Conclusions: Results indicate that PYR supplementation during training does not significantly
affect body composition or exercise performance and may negatively affect some blood lipid
levels. © 2005 Elsevier Inc. All rights reserved.
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ntroduction

Pyruvate is a three-carbon compound that serves as the
ateway compound between the glycolysis pathway and the
rebs cycle. During high-intensity anaerobic exercise, the
yruvate that is formed from the breakdown of sugars and
mino acids is converted into lactate by lactate dehydroge-

ase. Under aerobic conditions, the pyruvate is shuttled into
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he mitochondria, where it is converted in acetyl coenzyme
by the pyruvate dehydrogenase complex. Several previ-

us studies have indicated that calcium and/or sodium pyru-
ate supplementation enhances weight and fat loss and
mproves exercise capacity primarily in overweight individ-
als [1–4]. Hence, pyruvate has recently become a popular
eight-loss supplement and proposed ergogenic aid.
However, these claims have been based on a small num-

er of studies primarily emanating from one laboratory. For
xample, Stanko et al. [1] investigated the effects of pyru-
ate supplementation on body composition alterations in
orbidly obese women who were housed in a metabolic
ard for 21 d. Subjects were restricted from performing any

xercise while consuming hypocaloric diets ranging from
.1 to 4.25 MJ/d. Subjects were fed in a double blind and
andomized manner with pyruvate or glucose to account for
3% or 20% of daily energy intake (�16 g/d), respectively.
esults indicated that subjects fed pyruvate exhibited
reater weight loss and fat loss, with no changes in lean
ody mass. This research group also reported that large
oses of calcium pyruvate (i.e., 22 to 44 g/d for up to 6 wk)
esulted in positive changes in body composition [5,6].
ollectively, these findings suggest that ingestion of 16 to
4 g/d of calcium pyruvate may promote weight loss in
verweight populations.

Although these findings support the potential use of
alcium pyruvate as a weight-loss dietary supplement, the
racticality and affordability of subjects taking large doses
f calcium pyruvate in an attempt to manage body compo-
ition has been questioned [7]. For this reason, several
esearch groups have evaluated the effects of ingesting
maller amounts of calcium pyruvate on weight loss. For
xample, Kalman et al. [7] reported modest but significant
ecreases in body weight and body fat in subjects adminis-
ered 6 g/d of calcium pyruvate for 6 wk in comparison with
lacebo. Conversely, Stone et al. [8] reported that pyruvate
upplementation (0.22 g · kg�1 · d�1 or about 9 g/d for 5
k) did not significantly affect body composition or training

daptations in college football players.
Although several studies have indicated that pyruvate

upplementation may affect body composition, the mecha-
isms of action are not fully understood. One theory pro-
oses that pyruvate may influence the manner and efficiency
n which ingested foods are used, resulting in enhanced
ipolysis and an increased proportion of energy derived
rom fat [1]. In addition, Newsholme [9] proposed that
yruvate may activate a futile cycle, such as the pyruvate-
hosphoenolpyruvate cycle, resulting in excess energy and
at oxidation. However, more research is needed to under-
tand the effects of calcium pyruvate supplementation on
ppetite, energy intake, energy metabolism, and body com-
osition before conclusions can be drawn. The purpose of
his study was to 1) determine whether calcium pyruvate
upplementation affects body composition in moderately
verweight, untrained women who were initiating a stan-

ard exercise program; 2) evaluate the effects of calcium m
yruvate supplementation on metabolic responses to maxi-
al and sustained exercise; and 3) examine the effects of

yruvate supplementation on clinical chemistry profiles.

aterials and methods

ubjects

Eighty-seven women responded to advertisements
osted in local newspapers and on the campus of the Uni-
ersity of Memphis (Memphis, TN, USA). From this pool,
4 women initially enrolled in the study. Subjects were
nformed about the experimental procedures, they com-
leted medical history and exercise training forms, and they
igned informed consent statements that adhered to guide-
ines established by the American College of Sports Medi-
ine and the institutional review board at the University of
emphis. Twenty-three healthy, moderately overweight
omen completed all aspects of the study. Subjects were 33
8 y of age, weighed 71.5 � 11 kg, had a body mass index

f 27.4 � 3 kg/m2, and had a maximal oxygen uptake of
4.4 � 7 mL · kg�1 · min�1. None of the subjects was
nvolved in a resistance training program for 3 mo before
he start of this study. Because data were collected before
nd after a 30-d exercise and nutrition intervention, no
pecific effort was made to standardize the start of the study
o a given time of subjects’ menstrual cycles. However,
ubjects did not start the study during menstruation. Most
omen involved in this study reported taking oral contra-

eptives. Subjects who did not complete the study withdrew
r were withdrawn primarily due to an inability to comply
ith the study training protocol and/or personal issues.

xperimental design

Subjects were instructed to maintain their normal diets
hroughout the study and were not allowed to ingest any
ther nutritional supplements (i.e., vitamins, minerals, pro-
osed ergogenic aids, etc.). Baseline assessments were con-
ucted over a 3-d period and involved participating in two
esting sessions. Before reporting to the laboratory for base-
ine testing, subjects recorded dietary intake (food and liq-
id) for 4 d. Subjects observed a 4-h fast before reporting to
he laboratory on each visit. In the first visit, subjects had
ody mass and body composition determined, and they
erformed a maximal cardiopulmonary exercise test on a
readmill. During the second visit, subjects reported to the
aboratory after a 4-h fast and donated venous blood sam-
les. Subjects rested for 30 min and then performed a
5-min walk test on a treadmill at a work rate corresponding
o 70% of maximal oxygen uptake. Venous blood samples
ere also obtained immediately after the walk test.
Once baseline tests were conducted, subjects were
atched and paired based on body mass, percentage of body
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at, body mass index, age, and reported activity levels. In a
andomized and double-blind fashion, subjects were then
ssigned to a pyruvate group or a placebo group. Subjects
ngested 5 g of calcium pyruvate (PYR) or 5 g of a placebo
PL) that contained 2.5 g of calcium carbonate, 4 g of
altodextrin, and 1 g of dextrose two times daily (10 g/d)

or 30 d. Supplements were prepared in powdered form with
imilar taste, texture, and appearance and coded in generic
ackets for double-blind administration. Subjects were in-
tructed to mix the supplement powder into approximately 8
z of fluid and to ingest the solution two times daily.
upplement packets were administered in two 15-d supply
llotments. Empty packets were collected from subjects to
etermine compliance in taking the supplements. In addi-
ion, subjects completed a questionnaire after the study and
eported a 94% compliance rate in taking the supplements.

Subjects were then prescribed a 30-d program of resis-
ance training and walking. Resistance training involved
erforming two sets of 8 to 12 repetitions on eight Nautilus
achines (seated leg press, leg extension, leg curl, bench

ress, shoulder press, lateral pull-down, back extension, and
bdominal curl) three times per week. Subjects were in-
tructed to rest approximately 60 s between each set and to
omplete both sets of each exercise before continuing to the
ext exercise. Once subjects could complete 12 repetitions
f an exercise for both sets, they were instructed to progress
o the next machine weight. Subjects also walked for 30 min
t a work rate equivalent to 70% of maximal oxygen uptake
hree times per week. Exercise sessions were monitored by
esearch assistants and all workouts were recorded in train-
ng logs.

Sessions after testing were conducted over a 3-d period
fter 30 d of supplementation and training. All post-testing
essions were conducted in a similar manner as testing
efore supplementation. Therefore, subjects recorded di-
tary intake for the final 4 d of the experimental period, had
heir body compositions determined, performed a maximal
ardiopulmonary exercise test, and repeated the 45-min
alk test over a 3-d period. Subjects were instructed to

onsume the same meal and fluids 4 h before each walk test.
he only difference between testing sessions was that sub-

ects ingested their assigned supplement mixed in a non-
aloric flavored drink 30 min before donating a pre-exercise
lood sample.

rocedures

Nutritional records were interpreted and analyzed by a
egistered dietitian using Food Processor III nutritional
nalysis software (Nutritional Systems, Salem, OR, USA).
ody weight was measured with the subjects dressed in
athing suits and standing on a calibrated electronic scale
ith a precision of �0.02 kg (Sterling Scale Company,
outhfield, MI, USA). Body composition was determined
y standard hydrostatic weighing procedures [10] and a

pring-loaded autopsy scale (Chatillon, New York, NY, w
SA). Vital capacity was assessed before underwater sub-
ersions with a Quinton Q-Plex metabolic cart spirometer

Quinton Instruments, Seattle, WA, USA). Vital capacity
as also obtained with a hand-held spirometer (Micro Med-

cal Limited, Kent, UK) during each submersion trial to
erify that subject expired all of their air. Subjects per-
ormed 8 to 12 consecutive underwater weighing tests until
he highest underwater weight could be replicated three
imes. Body composition was determined by using the av-
rage of the best two trials. Residual lung volume was
stimated as 28% of vital capacity according to standard
rocedures [10,11]. Body density and body composition
ere then calculated with Siri’s equation [10].
The maximal cardiopulmonary exercise and 45-min walk

ests were performed on a Quinton Q-55 treadmill attached
o a Quinton Q-Plex metabolic measurement cart (Quinton
nstruments). Metabolic analyzers were calibrated to certi-
ed gases, and the Pneumotach was calibrated by using a
-L volume syringe before each test according to standard
rocedures. Bruce’s maximal exercise test protocol was
sed to obtain maximal exercise responses. Subjects re-
eived verbal encouragement to exercise to the best of their
bility. The test was terminated once the subjects reached
olitional exhaustion according to standard termination cri-
eria. Ventilatory anaerobic thresholds were determined in a
lind manner according to standardized criteria, namely by
he point of non-linear increase in ventilation, a non-linear
ncrease in carbon dioxide production, and an increase in
espiratory exchange ratio (RER) as work rate incrementally
ncreased [12].

During the 45-min walk test, subjects exercised at a work
ate corresponding to 70% of pretraining maximal oxygen
ptake. Breath-by-breath oxygen uptake, RER, and exercise
eart rate responses were obtained throughout the walk test
nd averaged at 3-min intervals for statistical analysis. In
ddition, rating of perceived exertion was obtained every 5
in during testing.
Blood samples were obtained from an antecubital fore-

rm vein according to standard phlebotomy procedures be-
ore and after the walk tests. Venous blood was collected
nto two 10-mL serum separation tubes and a 5-mL K3

nticoagulation tube that contained ethylene-diaminetetra-
cetic acid. Serum separation tubes were centrifuged at
000 revolutions/min for 10 min with a Biofuge 17R cen-
rifuge (Heraeus Inc., Mannheim, Germany). Serum was
hen separated from the serum separation tubes, placed in
erum storage containers, and refrigerated until analysis.
he tube that contained ethylene-diaminetetra-acetic acid
nd one serum vial were shipped overnight in cold contain-
rs to Quest Diagnostics (St. Louis, MO, USA) for clinical
nalysis. A complete clinical chemistry panel (31 items)
as run on serum samples by using the Technicon DAX

model 96-0147, Technicon Inc., Terrytown, NY, USA)
utomated chemistry analyzer according to standard clinical
rocedures. Cell blood counts with percent differentials

ere run on whole blood samples by using a Coulter STKS
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utomated analyzer (Coulter Inc., Hialeah, FL, USA) ac-
ording to standard procedures. The remaining serum vials
ere frozen at �80°C until the end of the study. Non-

sterified fatty acids, glycerol, and �-hydroxybutyrate con-
entrations were determined by a Milton-Roy DUV spec-
rophotometer (Milton-Roy Company, Rochester, NY,
SA) using kits for non-esterified fatty acids (Wako Diag-
ostic, Richmond, VA, USA) and for triacylglycerol GPO-
rinder and �-hydroxybutyrate (Sigma Diagnostic, St.
ouis, MO, USA). Test-to-test reliability of performing

hese assays ranged from 2% to 6% for individual assays,
ith an average variation of �3%.

tatistical analysis

Data were analyzed by analysis of variance (ANOVA)
or repeated measures with least significant difference post
oc procedures by using SPSS 11.5 for Windows (SPSS
nc., Chicago, IL, USA). Interactions between groups were
lso examined by calculating � scores (values after versus
efore supplementation) and analyzing the � data by one-
ay ANOVA when only one data point was analyzed (e.g.,

hanges in body composition data) or by repeated measures
NOVA when multiple data points were analyzed (e.g.,

hanges in mean oxygen uptake and RER values during the
alk test). This procedure yields the same statistical out-

omes as observed in raw data analysis and has been used in
umerous studies to demonstrate changes observed across
roups in a simple and statistically sound manner. Because
etermination of body composition using hydrostatic
eighing techniques assesses three related measurements of
ody mass, a multivariate ANOVA was run on body com-
osition data to assess the overall effect of the supplemen-
ation protocol on body composition variables to account for
ossible experiment-wise error. Data were considered sta-
istically significant when the probability of type I error was
.05 or less. Statistical power and 95% confidence intervals
CIs) are also presented on selected variables. Data are
resented as means � standard deviations.

esults

raining volume

No significant differences were observed between groups
n total resistance training volume (PL 49 579 � 5186 kg,
YR 54 409 � 3995 kg, P � 0.47) or total exercise time
PL 347 � 41 min, PYR 388 � 27 min, P � 0.40).

ietary variables

Table 1 presents dietary intake data for the PL and PYR
roups. No significant differences were observed between
roups in energy intake, fat intake, protein intake, or car-

ohydrate intake. Although not significant, there was some n
vidence that subjects in the PYR group decreased energy
ntake after supplementation (PL �8.0 � 3 kJ · kg�1 · d�1,
YR �21.5 � 12 kJ · kg�1 · d�1, P � 0.30).

ody composition

Table 2 presents the body composition data observed
etween groups, and Fig. 1 presents the changes observed in
ody composition variables from baseline values (i.e., �
alues). Univariate repeated measures ANOVA showed sig-
ificant group � time interactions in body weight (P �
.04) and body fat (P � 0.03). Changes in percentage of
ody fat tended to be different (P � 0.07), with no differ-
nces observed between groups in fat-free mass (P � 0.29).
imilarly, one-way ANOVA performed on body composi-

ion � values showed significant differences between
roups in body mass (PL 1.2 � 0.3 kg, CI � �0.39–1.0;
YR 0.3 � 0.3 kg, CI � 0.7–1.8; P � 0.04) and fat mass
PL 1.1 � 0.5 kg, CI � 0.03–2.2; PYR �0.4 � 0.5 kg, CI

�1.4 to 0.6; P � 0.03), with some evidence that subjects
n the PYR group lost a greater percentage of body fat (PL
.0 � 0.7%, CI � 0.45–2.5; PYR �0.65 � 0.6%, CI �
1.9 to 0.6; P � 0.07). No significant differences were

bserved in changes in fat-free mass (PL 0.1 � 0.5 kg, CI
�1.0 to 1.2; PYR 0.7 � 0.3 kg, CI � 0.02–1.4; P �

.29). However, four observations should be noted. First,
hanges in body composition variables were relatively mi-
or and well within the typical test-to-test variability (i.e.,
% to 8% using hydrostatic weighing techniques to assess
ody composition). Second, the significant interactions ob-
erved in body mass and fat mass appeared to have been
nfluenced to a greater degree by changes observed in the
L group rather than in the PYR group. Third, multivariate
NOVA of related body composition variables indicated

hat there was no overall effect on body composition vari-
bles (P � 0.16). Fourth, univariate body composition data
esults would not be considered statistically significant if
onferroni’s adjustment to the � level (P � 0.05/3 � P �
.017) was applied to account for possible experiment-wise
rror in analyzing related body composition submass mea-
urements. Therefore, the minor changes observed in body
omposition variables were not considered statistically sig-

able 1
re- and postsupplementation relative energy intake for the PYR and PL
roups*

roup Day 0 Day 30 P

L 129.0 � 21.6 121.5 � 24.8 0.50 for group
0.03 for time

YR 147.4 � 55.4 125.8 � 43.1 0.30 for group � time

PL, placebo; PYR, calcium pyruvate
* Data are presented as mean � standard deviation. Relative energy

ntake was measured as kilojoules per kilogram per day.
ificant.
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lood chemistry profiles

No significant or clinically meaningful differences were
bserved between groups in fasting urea nitrogen, creati-
ine, ratio of urea nitrogen to creatinine, uric acid, glucose,
lectrolyte status, total protein, albumin, white blood cells,
r types of lymphocytes. There was some evidence that
uscle and liver enzymes after training and supplementa-

ion were lower in the PYR group (creatine kinase 11 �
8% versus 10 � 11%, P � 0.97; lactate dehydrogenase 4

5% versus �9 � 4%, P � 0.06; aspartate aminotrans-
erase 16 � 7% versus �1 � 7%, P � 0.13; alanine
minotransferase 23 � 17% versus �21 � 9%, P � 0.03;
-glutamyl transaminase 10 � 12 % versus �7 � 6%, P �
.06). Table 3 presents blood lipid profiles for the PL and
YR groups. There was some evidence that PYR supple-
entation during training cancelled some of the normally

ositive effects of exercise on blood lipid profiles (total
holesterol 3 � 12% versus �2 � 15%, P � 0.38; high-
ensity lipoprotein 14 � 21% versus �6 � 13%, P � 0.01;

ig. 1. Changes in TBM, LM, FM, and BF for the placebo group (open
ars) and the pyruvate group (solid bars). *P � 0.05. †Difference of P �
.10 to P 	 0.05. Data are presented as mean � standard deviation. BF,

able 2
re- and postsupplementation body composition data for the PYR and PL

ariable Group Day 0

ody mass (kg) PL 71.9 � 12.4

PYR 71.1 � 9.4
at mass (kg) PL 24.2 � 8.3

PYR 25.6 � 5.8
ean mass (kg) PL 47.7 � 5.3

PYR 45.5 � 6.0
ody fat (%) PL 33.6 � 6.1

PYR 36.2 � 5.2

PL, placebo; PYR, calcium pyruvate
* Data are presented as mean � standard deviation.
nody fat; FM, fat mass; LM, lean mass; TBM, total body mass.
atio of total cholesterol to high-density lipoprotein choles-
erol �8 � 16% versus 4 � 12%, P � 0.06; low-density
ipoprotein 4 � 25% versus �7 � 17%, P � 0.25; very
ow-density lipoprotein �9 � 28% versus 19 � 59%, P �
.17; triacylglycerols �13 � 23% versus 18 � 60%, P �
.13).

aximal exercise capacity

Exercise training significantly increased maximal oxy-
en uptake and time to exhaustion by averages of 10.1% and
4%, respectively. However, no significant differences were
bserved between groups in the increases in maximal oxy-
en uptake, ventilatory anaerobic threshold, RER, heart
ate, or time to exhaustion.

alk test

Fig. 2 presents the changes observed from baseline val-
es in oxygen uptake and RER. No significant differences
ere observed in mean oxygen uptake values to perform the
alk (day 0: PL 1.87 � 0.26 L/min, PYR 1.71 � 0.19
/min; day 30: PL 1.63 � 0.25 L/min, PYR 1.64 � 0.20
/min; P � 0.37 for group, P � 0.003 for time, P � 0.08

or group � time). However, there was some evidence that
ean RER values tended to increase after supplementation

n the PYR group (day 0: PL 0.855 � 0.04, PYR 0.841 �
.04; day 30: PL 0.837 � 0.03, PYR 0.855 � 0.03, P �
.10). Interestingly, the trend toward higher RER values
fter PYR supplementation (PL �0.018 � 0.04, PYR 0.05

0.05, P � 0.10 for group � time) occurred despite a
light decrease in mean oxygen uptake values to perform the
alk (PL �0.24 � 0.27, PYR �0.07 � 0.14, P � 0.08 for
roup � time). These findings suggest that the subjects may
ave developed a slightly higher rate of carbohydrate oxi-
ation during exercise after PYR supplementation. No sig-

*

Day 30 P Power

73.1 � 12.7 0.79 for group 0.06
0.001 for time 0.94

71.4 � 9.2 0.04 for group � time 0.54
25.3 � 8.5 0.83 for group 0.06

0.31 for time 0.17
25.2 � 5.2 0.03 for group � time 0.58
47.8 � 5.6 0.44 for group 0.12

0.17 for time 0.27
46.2 � 6.1 0.29 for group � time 0.18
34.5 � 5.8 0.43 for group 0.12

0.76 for time 0.06
35.5 � 4.6 0.07 for group � time 0.44
groups
ificant differences were observed in concentrations of
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lycerol, free fatty acid, and �-hydroxybutyrate between
roups.

iscussion

The purpose of this study was to determine whether
alcium pyruvate supplementation significantly affects body
omposition, metabolic responses to exercise, or substrate
tilization during aerobic exercise in mildly overweight
omen who engage in a basic exercise program. The ratio-
ale for this study was based on previous findings that
ndicated that pyruvate supplementation taken in dosages of
p to 44 g/d enhances weight and fat loss among morbidly
bese subjects [1,2,13], shifts the resting substrate utiliza-
ion in favor of an increased proportion of energy derived
rom fats [1], and elicits a carbohydrate-sparing effect in
thletes, thus enabling them to improve exercise perfor-
ance [3,4].
Although some statistical trends were observed, the

resent results indicated that PYR supplementation (10 g/d
or 30 d) does not significantly affect overall changes in
ody composition during training. The trends observed
ere relatively minor and appear to have been influenced to
greater degree to an unexplained increase in body mass

nd fat mass observed in the PL group rather than to
hanges observed in the PYR group. In addition, changes in
ody composition values were within the typical test-to-test
eliability of hydrostatic weighing (i.e., 5% to 8%) and
herefore may have simply been a result of standard assess-
ent error. The present findings are in contrast to previous

able 3
re- and postsupplementation fasting lipid profiles for the PYR and PL g

ariable Group Day

HL (mM/L) PL 4.88

PYR 4.70
DL (mM/L) PL 1.38

PYR 1.15
HL/HDL PL 3.80

PYR 4.20
DL (mM/L) PL 2.78

PYR 2.80
LDL (mM/L) PL 0.72

PYR 0.76
riacylglycerols (mM/L) PL 1.56

PYR 1.64

CHL, total cholesterol; HDL, high-density lipoprotein cholesterol; LDL,
ery low-density lipoprotein cholesterol
* Data are presented as mean � standard deviation.
tudies that reported that obese subjects who received large c
oses of pyruvate (e.g., 16 to 30 g/d) lost 0.8 to 1.3 kg more
at than did the PL group, with no significant decreases in
ean body mass [1,2,14,15]. Moreover, because of the rel-
tively high cost of calcium pyruvate, one must question
hether the minor effects observed on fat loss (i.e., �0.4 �
.5 kg of fat mass) would be worth the costs associated with
aking 10 g/d of calcium pyruvate.

Although the mechanisms by which pyruvate might pro-
ote weight and fat loss are unknown, researchers have

ostulated that it may alter the manner and efficiency in
hich ingested foods are used, resulting in enhanced lipol-
sis and an increased proportion of energy derived from fats
1]. Stanko et al. proposed that pyruvate supplementation
ctivates a futile cycle, such as the pyruvate-phosphoenol-
yruvate cycle, resulting in excess energy and lipid expen-
iture [1]. A futile cycle is produced when a non-equilib-
ium reaction in the forward direction of a pathway is
pposed by another unequal reaction in the reverse direc-
ion. Because a substrate is continuously converted and
econverted back to its original form, chemical energy is
reated and converted into heat, which is lost in the envi-
onment [8]. This theory suggests that exogenously pro-
ided pyruvate may exceed the amount in which the cells
ould convert into acetyl coenzyme A. As a result, supple-
ental pyruvate may be transformed into oxaloacetate
ithin the Krebs cycle and then converted back to phos-
hoenolpyruvate, the precursor of pyruvate. Through such a
utile cycle, excess energy could theoretically be expended,
hereby promoting fat loss.

In the present study, there was no evidence that the fat
oss was attributed to an increase in fat metabolism. Serum

Day 30 P

4.99 � 0.69 0.38 for group
0.90 for time

4.56 � 1.01 0.35 for group � time
1.52 � 0.35 0.03 for group

0.34 for time
1.10 � 0.34 0.03 for group � time
3.40 � 0.70 0.16 for group

0.38 for time
4.40 � 1.30 0.04 for group � time
2.84 � 0.61 0.69 for group

0.54 for time
2.60 � 0.84 0.31 for group � time
0.64 � 0.23 0.31 for group

0.75 for time
0.87 � 0.48 0.18 for group � time
1.37 � 0.51 0.29 for group

0.87 for time
1.88 � 1.04 0.14 for group � time

nsity lipoprotein cholesterol; PL, placebo; PYR, calcium pyruvate; VLDL,
roups*

0

� 0.66

� 0.98
� 0.43

� 0.26
� 1.30

� 1.20
� 0.60

� 0.77
� 0.17

� 0.36
� 0.38

� 0.77

low-de
oncentrations of free fatty acids and glycerol, which are
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ndicative of mobilization and breakdown of triacylglycer-
ls, did not differ significantly between the PYR and PL
roups. Fewer non-esterified fatty acids were mobilized in
esponse to PYR supplementation, suggesting less fat mo-
ilization and/or metabolism. Further, concentrations of
-hydroxybutyrate, which is a ketone indicative of fat me-

abolism, did not statistically differ between trials or groups.
lthough the etiology of these observations remains to be
etermined, the exogenous pyruvate could simply have
erved as a carbohydrate fuel source during exercise,
hereby decreasing the need to mobilize fat as a fuel. In
upport of this contention, previous studies have indicated
hat pyruvate enabled subjects to prolong their exercise
imes by enhancing fractional glucose extraction during rest
nd exercise that resulted in the provision of additional
nergy substrates [3,4,16]. Although this measurement was
ot assessed in the present investigation, RER values tended
o be higher during the walk test in the PYR group (P �

ig. 2. Changes in oxygen uptake and respiratory exchange ratio responses
rom baseline values observed during the walk test for the placebo group
squares) and pyruvate group (diamonds). Data are presented as mean �
tandard deviation.
.10) despite a slightly lower oxygen uptake, suggesting
reater carbohydrate oxidation. These findings may suggest
hat the pyruvate can serve as an exogenous source of
arbohydrate during exercise, which may increase carbohy-
rate oxidation and energy expenditure. However additional
esearch is necessary to evaluate the effects of PYR supple-
entation on substrate utilization during exercise.
Interestingly, subjects who used PYR developed an in-

rease in fasting serum levels of triacylglycerol and very
ow-density lipoprotein, whereas levels of high-density li-
oprotein cholesterol were significantly decreased. In this
egard, fasting serum triacylglycerol levels were 14%
igher after PYR supplementation, in contrast to a 14%
ower value after training in the PL group. This pattern was
lso observed after the subjects performed the walk test
fter supplementation. These results contradict previous
ndings suggesting that pyruvate supplementation (36 to
3 g) decreases total cholesterol and low-density lipoprotein
oncentrations by 4% and 5%, respectively, in obese hyper-
ipidemic patients [17]. Further, they are in agreement with
ndings of Ivy et al. [18] who reported that pyruvyl-glycine
upplementation increased plasma triacylglycerols in obese
ucker rats. Ivy et al. [18] hypothesized that the increase in

riacylglycerols was be due to a greater mobilization or
ecreased clearance of blood lipids in response to consum-
ng the pyruvyl-glycine diet. Although pre-exercise feeding
f calcium pyruvate may have only temporarily increased
lood lipids, additional research should evaluate this poten-
ially negative side effect of PYR supplementation.

The present results indicated that PYR supplementation
oes not significantly affect maximal exercise capacity,
entilatory anaerobic threshold, or time to exhaustion.
hese findings indicated that PYR supplementation during

raining does not appear to be an effective ergogenic aid in
omen who initiate training.
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