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The Effect of Whey Protein Supplementation
With and Without Creatine Monohydrate
Combined With Resistance Training
on Lean Tissue Mass and Muscle Strength
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Our purpose was to assess muscular adaptations during 6 weeks of resistance
training in 36 males randomly assigned to supplementation with whey protein
(W; 1.2 g/kg/day), whey protein and creatine monohydrate (WC; 0.1 g/kg/day),
or placebo (P; 1.2 g/kg/day maltodextrin). Measures included lean tissue mass
by dual energy x-ray absorptiometry, bench press and squat strength (1-repeti-
tion maximumy), and knee extension/flexion peak torque. Lean tissue mass
increased to a greater extent with training in WC compared to the other groups,
and in the W compared to the P group (p < .05). Bench press strength increased
to a greater extent for WC compared to W and P (p < .05). Knee extension peak
torque increased with training for WC and W (p < .05), but not for P. All other
measures increased to a similar extent across groups. Continued training with-
outsupplementation for an additional 6 weeks resulted in maintenance of strength
and lean tissue mass in all groups. Males that supplemented with whey protein
while resistance training demonstrated greater improvement in knee extension
peak torque and lean tissue mass than males engaged in training alone. Males
that supplemented with a combination of whey protein and creatine had greater
increases inlean tissue mass and bench press than those who supplemented with
only whey protein or placebo. However, not all strength measures were im-
proved with supplementation, since subjects who supplemented with creatine
and/or whey protein had similar increases in squat strength and knee flexion
peak torque compared to subjects who received placebo.
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Introduction

Protein needs of individuals engaged in strength training have been shown to be up
to two times that of sedentary individuals (21, 28). Protein turnover is elevated
substantially following resistance-training exercise (6, 22), and the rate of protein
synthesis following exercise is enhanced with oral consumption of amino acids
(30). Given these findings, one would expect that protein supplementation during
resistance training would enhance muscle hypertrophy and strength. The anabolic
hormone response to resistance training is enhanced with protein supplementation
(5, 17), but studies that have assessed muscular changes have been equivocal. Some
have demonstrated an enhanced adaptation in muscle mass (10, 23) and strength
(10) with supplementation, and others have shown no beneficial effects (3, 21, 28, 29).

Whey protein is a supplement that has recently gained popularity among
strength-trained athletes. Numerous studies have demonstrated the positive im-
mune system benefits and antioxidant potential of whey protein supplementation (1,
16, 20, 24, 35). Compared to other protein sources, whey has been found to possess
a greater compliment of essential amino acids and branched chain amino acids, and
to result in greater biological value in mice, rats, and humans (1, 20, 24). Whey
protein may therefore be of potential benefit during exercise training.

Protein requirements of individuals engaged in strength training are related to
the intensity and volume of training. Intensity and volume of acute bouts of exercise
are augmented with creatine monohydrate supplementation (4, 34). Protein supple-
mentation may therefore prove to be more beneficial if combined with creatine
supplementation.

The purpose of this study was to assess the effect of whey protein supplemen-
tation by itself, and when combined with creatine monohydrate, on adaptations to
resistance training. It was hypothesized that whey protein supplementation would
enhance adaptations (lean tissue mass and muscular strength and peak torque)
during resistance training. It was also hypothesized that whey protein supplementa-
tion, when combined with creatine monohydrate, would result in a greater increase
in lean tissue mass and muscular strength than supplementation with whey protein
alone. This hypothesis is based on the fact that creatine monohydrate has the poten-
tial toincrease training intensity and volume due to enhanced energy systemeffects,
and that protein needs are most likely proportional to training intensity and volume.

Methods
Subjects

Forty-two males between 18-31 years of age were recruited from the university
population. No subject reported a history of anabolic steroid use, and no subject had
supplemented with protein or creatine within the previous 6 weeks. This is greater
than the time (30 days) required for creatine levels within skeletal muscletoreturn to
baseline levels following cessation of supplementation (9). All subjects were famil-
iar with weight training and had a minimum of 3 years experience (Table 1). Each
subject signed an informed consent and was free to withdraw from the study at any
time. This study was approved by the university’s ethics review committee for
research involving human experimentation.
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Table 1 Subjects Resistance Training Experience Prior to the Study
(Mean + SE)

Group Experience (y) Training Frequency (d/wk) Duration(h/wk)
wC 56106 5+03 83+£0.6
w 4303 4+03 6.7£0.6
P 42103 4£03 7.1£0.6

*There were no significant differences in prior training experience among groups.

Table 2 Ingredients in Whey Protein Blend Supplement (g/kg/d)

Whey Protein 1.2 X 10°
Creatine 1.0 X 107

Guar Gum 2.0x 102
Inositol 1.0 X 102
Glucomannan 5.0 X 10
Arginine 5.0 X 107
Potassium Phosphate 5.0x 107
American Ginseng 20X 10
Folic Acid ‘ 2.0 % 10°
N-acetyl-cysteine 3.0 x 10+
Pyridoxine Hydrochloride 1.0 X 103
a-tocopherol 2.0 X 10%

A double-blind protocol was used, where an individual who did not partici-
pate in any other aspect of the study randomly assigned subjects to one of three
groups: whey protein (W; 1.2 g/kg body mass/day), whey protein (1.2 g/kg body
mass/day) combined with creatine monohydrate (0.1 g/kg body mass/day; WC), or
placebo (P; 1.2 g/kg body mass/day of maltodextrin) groups. The number of creat-
ine-naive subjects who finished all aspects of the first 6 weeks of training in each
group (subjects who had never before taken creatine) was 7/13 in WC,6/12in W,
and 6/11inP. Each serving from all three supplements was isocaloric. However, the
WC supplement was slightly more nitrogenous than W because it contained creat-
ine, inositol, arginine, and N-acetyl-cysteine. The WC supplement also uniquely
contained American ginseng, but all other ingredients were the same among supple-
ments. Substances found in the whey protein combined with creatine blend supple-
ment are listed in Table 2 as amount per kilogram of body mass. Supplement or
placebo was distributed in powder form in unmarked containers containing ap-
proximately a 1-week supply. An individual who was not associated with any other
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aspect of the experiment filled the unmarked containers. This ensured blinding of
subjects and investigators. Subjects were instructed to consume their supplement
dosage in four equal servings across the day by mixing their powder with a non-
caffeinated beverage. These specific instructions are based on findings that caffeine
counteracts muscle creatine loading (31). Subjects returned to the lab once a week
with empty containers to pick up refills. At these times, subjects were asked about
compliance to the protocol. All subjects indicated that all supplements were con-
sumed and when asked what they thought they were taking only guessed correctly
about 30% of the time. Six subjects (1 W, 1 WC, and 4 P) dropped out of the study
because of lack of time (n = 4) or due to minor injuries (n =2).

Exercise Program

All subjects followed the same high volume, heavy load, free-weight resistance-
training program for 12 weeks. Weight training started on the first day of supple-
mentation and consisted of a 4-day split routine involving whole body musculature.
Day 1 involved chest and triceps musculature and included the following exercises
in order: bench press, incline bench press, flat bench dumbbell flys, incline dumb-
bell flys, cable triceps extensions, rope reverse triceps extensions, and French curls.
Day 2 involved back and biceps musculature and included the following exercisesin
order: chin-ups, low row, “lat” pull-downs, alternate dumbbell row, standing EZ-
curls, preacher curls, and alternate dumbbell curls. Day 3 involved leg, shoulder,
and abdominal musculature and included the following exercises in order: squats,
leg extensions, hamstring curls, standing calve raises, military dumbbell press,
upright row, shrugs, deltoid flys, and abdominal crunches. Day 4 was arestday. This
4-day cycle was repeated continuously throughout the duration of the study. The
training program was broken into 5 blocks of 2 cycles for 8 days, for a total of 40
days. Block 1 consisted of 4 sets of 10~12 repetitions, with 1-min rest between sets.
Block 2 (days 9-16) consisted of four sets of 8—10 repetitions, with 1.5-min rest
between sets. Block 3 (days 17-24) consisted of five sets of 6-8 repetitions, with 2-
min rest between sets. Block 4 (days 25-32) consisted of four sets of 8-10 repeti-
tions, with 2-min rest between sets. Block 5 (days 33-40) consisted of four sets of
1012 repetitions, with 1.5-min rest between sets. Following this initial 6 weeks of
training, 23 subjects (8 WC, 10W, 5 P) continued training for 6 weeks, repeating the
training schedule, but without W, WC, or P supplementation. Subjects trained in a
supervised fitness facility with at least one partner and adjusted their exercise load
each day to permit completion of the desired repetitions. Training logs detailing the
weight used and numbers of sets and repetitions performed for each exercise were
completed for every workout. Weekly calculations of training load were used to
compare Progress among groups.

Body Composition

Lean tissue mass was assessed by dual energy x-ray absorptiometry (DEXA) at the
beginning of the study, following 6 weeks of supplementation and 6 weeks after
cessation of supplementation. Whole-body DEXA scans were performed onaHologic
QDR-2000 in array mode and analyzed using system software version 7.01. The
same technician conducted all DEXA scans and regional body analysis. Reproduc-
ibility of DEXA inourlab was determined by measuring 10 subjects ontwo separate
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occasions. The coefficients of variation (CVs) were 0.54% and 2.95% for whole-body
lean tissue and fat mass, respectively. According to power calculations using these
CVs (7), this level of reproducibility is sufficient to detect expected changes in lean
tissue mass with supplementation (2, 18, 19, 27) at an alpha level of .05. Body
weight was measured on a Toledo scale, accurate to the nearest 0.1 kg.

Strength and Peak Torque Measures

Muscular strength and isokinetic knee extension and flexion peak torques were
measured at the beginning of the study, following 6 weeks of supplementation and 6
weeks after cessation of supplementation. Strength was assessed by one repetition
maximum (1-RM) for bench press and squat (18). To measure the 1-RM squat, a
squat rack and an Olympic barbell was used. Each subject positioned his feet ap-
proximately shoulder width apart inside the squat rack and in front of a full body
mirror. Subjects were instructed to lower the squat bar until there was an internal
angle at the knees of 90°, which was approximated by the investigator administrat-
ing the test, before returning to the upright position. A warm-up consisted of the
modified hurdler’s stretch held twice on each leg for 20 s, followed by 10 squat repeti-
tions using a weight determined by each subject as an appropriate warm-up weight.

For bench press, subjects were positioned on the bench with both feet flat on
the floor. Subjects were not allowed to lift their buttocks off the bench or arch their
backs during a lift. A complete repetition went from the top straight-arm position
down until the bar touched the chest, then ended with the bar returning to the top
straight-arm position. A warm-up consisted of 20 push-ups; 2 static stretches of the
chest musculature against a wall, held for 8 s each; and 10repetitions with acomfort-
able starting weight as determined by each subject.

Following warm-up, for both squat and bench press testing, subjects selected
a weight with which they felt they could complete three repetitions. At this weight,
they only performed one repetition. Subjects then selected a weight they felt would
be their I-RM and attempted one repetition with this weight. Following successful
attempts, weight was increased by 25 kg for subsequent 1-RM attempts. The 1-RM
was usually reached in less than 6 sets, including the warm-up set. There was 3 min
of rest between attempts, and two assistants changed the weight on the bar between
attempts. Reproducibility of the bench press and squat 1-RM was determined on 2
separate days in 12 subjects. The CVs for bench press and squat 1-RM were 1.89%
and 5.97%, respectively.

Peak torque was measured in the right knee extensors and flexors, using an
isokinetic dynamometer (Biodex System 3, Biodex Medical Systems Inc., Shirley
NY). The dynamometer was setin the concentric mode for knee extension/flexion at
anangular velocity of 60° per second. Range of motion consisted of movement from
90° to 170° of knee flexion (internal angle). Sitting against a back support, subjects
produced an angle of 85° of hip flexion. Stabilizing belts were placed over the lap,
across the chest, and across the distal one third of the tested leg thigh. The rotational
axis of the dynamometer was positioned to be coaxial with the knee axis (lateral
condyle) during testing. Subjects were given two practice trials where they were
told to perform knee extension and flexion as fast and hard as possible. Following
the practice trials, subjects performed test trials consisting of one repetition of knee
extension, followed by knee flexion at maximal effort, repeated three times with 1
minof rest between sets. The highest peak torque obtained during the three repetitions
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wasrecorded for extension and flexion. Peak torque measures were corrected for the
effects of gravity on the lower leg and the dynamometer’s resistance pad. The torque
output on the dynamometer was checked with a calibration weight on a weekly basis
throughout the study duration. Reproducibility of the peak torque measurements
was determined on 2 separate days in 12 subjects. The CVs for knee extension and
flexion peak torque were 2.43% and 6.16%, respectively.

The order of tests was the same each time: squat, bench press, and isokinetic
knee extension/flexion, with at least 10 min of rest between tests.

Dietary Intake

Subjects kept 3-day dietary records three times during the study: at the start, follow-
ing the 6-week supplementation period, and at the end of the 12th week. Dietary
intake was recorded over 2 weekdays and 1 weekend day each time. Subjects were
given detailed instruction on filling out the dietary records, which included informa-
tion and examples on sample sizes. Caloric, protein, fat, and carbohydrate consump-
tion was determined using Fuel 2.1a Pro Nutrition Software.

Statistical Analysis

A 3 X 2 repeated measures analysis of variance was used to assess changes in body
composition, strength, and peak torque for the three groups (WC vs. W vs. P) across
time (baseline to 6 weeks of training). Tukey’s post hoc tests were used to determine
differences amongst individual means. Significance was set at an alphalevel of .05.

Results
Baseline to End of Week 6

There were no differences among groups in any of the baseline measurements.
There was a significant Group X Time interaction for lean tissue mass (p < .05).
Both the WC (+4.0 kg or 6.5%) and W (+2.3 kg or 3.8%) groups had significant
gains in lean tissue mass with training (post hoc; p < .05), while the P group had a
nonsignificant change (+0.9 kg or 1.5%; Figure 1). The gain was greatestin the WC
group, as lean tissue mass after 6 weeks of training was greater compared to the W
and P groups (post hoc; p < .05). There were no significant changes in fat mass with
training. The nonsignificant changes for fat mass were —0.4 kg ot 3% for WC, 0.6
kg or 4% for W, and —0.2 kg or 2% for P. There was a significant Group X Time
interaction for total body mass. Post hoc analysis indicated that body mass signifi-
cantly increased for all groups by 3.7 kg, 1.5 kg, and 1.0 kg for WC, W, and P,
respectively (p <.05). Body mass after 6 weeks of training was greaterin WCand W
groups compared to P (p <.05).

There was a significant Group X Time interaction for bench press 1-RM (p <
.05). Post hoc analysis indicated that bench press 1-RM significantly increased for
all three groups with training (p < .05; Figure 2). After 6 weeks of training, bench
press 1-RM was significantly greater in the WC (+15.2 kg or 17%) compared to the
W (+6.3kgor7%) and P (+7.2 kg or 8%) groups (p < .05) and similar between W and
P groups. For squat 1-RM, there was asignificant time main effect (p < .05), with similar
increases with training across groups (Figure 3). The pre to postincrease in 1-RM squat
was +25.7 kg or 20% for WC, +22.5kg or 17% for W, and +21.5 kg or 15% for P.
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Figure 1 — Lean tissue mass before and after training with supplementation of whey
protein and creatine, whey protein alone, and placebo. Values are means £ SD. *Signifi-

cantly different from before training (p < .05). **Significantly different than whey
protein-supplemented and placebo groups after training (p <.05).
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Figure 2 — Bench press strength before and after training with supplementation of
whey protein and creatine, whey protein alone, and placebo. Values are means + SD.

*Significantly different from before training (p <.05). **Significantly different than
whey protein-supplemented and placebo groups after training (p <.05). '
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Squat Strength
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Figure 3 — Squat strength before and after training with supplementation of whey

protein and creatine, whey protein alone, and placebo. Values are means +SD. *Signifi-
cantly different from before training (p < .05).
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Figure 4— Knee extension peak torque before and after training with supplementation
of whey protein and creatine, whey protein alone, and placebo. Values are means +SD.
*Sjgnificantly different from before training (p < .05). **Significantly different than
placebo group after training (p < .05).
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There was a significant Group X Time interaction for isokinetic knee exten-
sion peak torque. Post hoc analysis indicated that the WC (+26.2Nmor 10%) and W
(+16.5 Nm or 7%) groups experienced significant increases in knee extension peak
torque after 6 weeks of training (p <.05), while the P (+11.6 Nmor 5%) group did not
(Figure 4). The WC group had a greater peak torque at 6 weeks compared to the P
group (p <.05) but not the W group. The peak torque at 6 weeks was similar between
W and P groups. There was no effect of training on knee flexion peak torque, but the
Group X Time interaction approached significance (p = .066), with the WC group
increasing by 6.8%, the W group by 1.5%, and the P group decreasing by 2.6%
(Figure 5).

From analysis of 3-day dietary intakes, there were no differences between
groups or across time (baseline to 6 weeks) for caloric intake, dietary protein, fat, or
carbohydrate (Table 3).
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Figure 5 — Knee flexion peak torque before and after training with supplementation of

whey protein and creatine, whey protein alone, and placebo. Values are means £ SD.
There were no significant changes in knee flexion peak torque with training.

Table 3 Group Carbohydrate (CHO), Protein (PRO), and Fat (FAT) Intake
Expressed in g/kg Body Weight/Day Averaged Across 12 Weeks (Meain + SE)

Group CHO PRO FAT
wC 42103 1.0+0.1 13+0.1
w 4.1+03 2103 1.5+£0.1
P

3.9+03 12£0.2 1.7+0.1

*All values are based on 3-day food records and do not include the addition of the supplement
or placebo.
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Week 6 to the End of Week 12

Twenty-three subjects continued training without supplementation for an addi-
tional 6 weeks and were tested on the same measures at the end of week 12. There
were no significant changes across any of the groups during this time period for
bench press and squat strength, and for lean tissue, fat, or body mass (Table4). There
was a time main effect for knee extension and flexion peak torque (p < .05), withall
three groups experiencing a reduction in these measures. There were no dietary
differences between groups during this time period (Table 3).

Discussion

To our knowledge, this is the first study to investigate the effects of whey protein
supplementation during resistance training. We demonstrated that males who re-
ceived whey protein supplementation in combination with resistance training had
slightly greater increases in lean tissue mass compared to males who trained and
received placebo. One of four muscular strength measurements, knee extension
peak torque, was also increased to a greater extent in males that supplemented with
whey protein compared to those that received a placebo. Other strength measure-
ments, such as squat and bench press strength and knee flexion peak torque, were
unaffected. Males who supplemented with both creatine and whey protein had
greater increases in lean tissue mass and strength (bench press) than males that
supplemented with only whey protein or placebo. Again, squat strength and knee
flexion peak torque was unaffected.

The observation that knee extension peak torque, but not squat strength, was
enhanced with whey protein and creatine supplementation could be due to the
differences in complexity of these two exercises. It has previously been demon-
strated that early gains in strength for complex movements (such as leg exercises
involving movement at a multiple number of joints) are not due to muscle hypertro-
phy but toneural adaptations ora “learning effect” (8). Early gains in strength during
less complex exercises, such as those involving movementata singlejoint (i.e., knee
extension) are due mainly to muscle hypertrophy (8). Strength during a less com-
plex task, such as knee extension, would therefore be more likely influenced from
the increase in lean tissue with supplementation than a more complex task, such as
the squat exercise. Increases in 1-RM for the complex squat exercise may have been
due to a learning effect, as all three groups had significant increases in squat 1-RM.

Another explanation for the differing results for knee extension peak torque
and squat strength, as well as knee flexion peak torque, could be related to the
different CVs for these exercises. Knee extension peak torque had a smaller CV
compared to knee flexion peak torque and squat 1-RM. With alarger CV, the power
to detect changes in a measure is reduced (7). For knee flexion peak torque, there
tended to be an improvement with supplementation (p = .066), but for this and the
squat 1-RM, the CV for repeated measures may have been too large to detect
changes at an alpha level of .05 with sufficient power.

A final possibility for differences observed between squat and knee extension
results may be related to the order that tests were administered. On testing days,
squat exercise was performed before the isokinetic knee extension/flexion test. If
supplementation allowed for an improvement in energy systems (i.e., phosphocre-
atine resynthesis) and an improvement in muscular endurance, then the isokinetic
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tests would be more likely to improve than the squat 1-RM. We believe, however,
that the order of testing had minimal influence on the results of the experiment
because squat 1-RM was found in less than six attempts, and there was approxi-
mately 30-45 min rest between squat and isokinetic testing. Therefore, improve-
ments in muscular endurance with training or supplementation would have minimal
influence on the two tests.

The slightly greater response to training in the subjects receiving protein
supplementation compared to those receiving placebo in the present study may be
related to a greater protein need due to the substantially elevated protein turnover
that results from resistance training (6, 22). Nitrogen balance studies have indicated
that protein needs of individuals engaged in heavy strength training are up to two
times that of sedentary individuals (21, 29). However, most strength-trained indi-
viduals (including those of the present study) consume a high protein diet that may
be sufficient to meet these needs. This may account for the relatively small enhance-
ment in lean tissue mass and knee extension peak torque and lack of enhancement
beyond placebo in strength measures (bench press and squat) with protein supple-
mentation in the present study. Previous studies of young individuals engaged in
heavy resistance training over 10 to 30 days have demonstrated no effect of protein
supplementation on body composition, muscle mass, and strength measures (21,28,
29). The slightly greater response in the present study may be due to the slightly
longer period of training (40 days) and possibly a higher quality of protein ingested.
Two other studies have shown enhancement of muscle hypertrophy with protein
supplementation during strength training (10, 23), but these were in older individu-
als, who may have been lacking sufficient dietary protein before the study.

This is the first study to combine creatine monohydrate and whey protein
supplementation with resistance training. Creatine monohydrate may enhance pro-
tein synthesis or may allow one to train at a higher volume due to its energy system
effects. Either of these effects would result in an increase in protein requirements. In
fact, training volume calculations for bench press and squat indicated that the WC
group was using a higher load than the W or P groups after 6 weeks of training and
supplementation. The effect of creatine supplementation for improving short-term
work capacity and the potential for training at a higher volume have been demon-
strated repeatedly (4, 34), but its potential for stimulating protein synthesis is con-
troversial. Ingwall (14) demonstrated that creatine stimulates in vitro biosynthesis
of muscle myosin; however, others have failed toreplicate these findings (11).Ithas
been speculated that water retention during creatine supplementation (13) may act
as a signal for protein synthesis within muscle cells (12). At the cellular level,
creatine supplementation has been demonstrated to increase the size of muscle
fibers (26, 33). Whether protein turnover is actually increased with creatine supple-
mentation awaits further study using tracer techniques. Preliminary findings, using
tracer techniques, do not support the hypothesis that creatine supplementation stimu-
lates protein synthesis (25); however, this does not rule out the possibility of creatine
acting as an anticatabolic agent.

The increase in lean tissue of the subjects in our WC group appear to be greater
than that found in three other studies involving creatine or creatine and protein
supplementation. With 6 weeks of training and doses of approximately 8 g creatine/
day and 96 g protein/day, our subjects increased lean tissue mass by 4 kg or 6.5%.
Kreideretal. (19) assessed weight-trained males over 4 weeks, supplemented with a
higher dose of creatine (20 g/day) combined with 67 g protein/day, and found an
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increase in lean tissue mass of 2.0 kg or 3.3%. Kreider et al. (18) assessed football
players over 4 weeks, supplemented with a higher dose of creatine (15.75 g/day),
and found an increase in lean tissue mass of 2.4 kg or 3.4%. Finally, Stout et al. (27)
assessed football players over 8 weeks, supplemented with 10-21 g of creatine per
day, and found an increase in lean tissue mass of 3.2 kg or 4.6%. They also found an
increase in bench press 1-RM of 15 kg or 12%, which was similar to the increase of
our WC subjects of 15 kg or 17%. Differences between studies may be due to the
combination of protein supplementation with the creatine in the present study, but
may also be due to differences in subject characteristics (i.e., the football playersin
the two studies mentioned above were heavier), training volume, or duration of
training. Given the safety concerns of creatine supplementation expressed by some
(15), our lower dose of creatine (approximately 8 g/day) combined with whey
protein may be preferable.

A final finding of our study was that withdrawal from creatine and protein
supplementation did not negatively affect lean tissue and muscle strength measures
after 6 weeks. For all groups, lean tissue mass and 1-RM for bench press and squat
were maintained, while knee extension and flexion peak torque was decreased. This
latter finding may have been due to a reduced training volume for lower extremity
exercises during this prolonged portion of the training, Training log data indicated
that squat volume was lower during the last 6 weeks, although this reduction was not
significant and there were no group interactions. Although not measured in the
present study, others have shown that intramuscular levels of creatine are elevated
with creatine supplementation and upon cessation of supplementation return to
baseline values after one month (9, 13, 32). This is a time period shorter in duration
than the 6 weeks cessation in the present study; therefore, we expected that lean
tissue mass and muscle strength would decline. Only one study has previously
assessed changes in muscular strength with cessation of creatine supplementation,
finding that elevated peak torque outputin a creatine-supplemented group declined
to levels not different from a placebo group 4 weeks after cessation of supplementa-
tion (32). This differs from the present study, where a lack of a Group X Time
interaction for muscular strength measures, during the period of supplement cessa-
tion, indicated that groups were changing at a similar rate. With a lower number of
subjects participating in the extra 6 weeks, we may have lacked sufficient power to
detect differences between groups.

In summary, whey protein supplementation during resistance training offers
some benefitcompared to resistance training alone. Specifically, males who supple-
mented with whey protein had a greater relative gain in lean tissue mass and knee
extension peak torque with training than males who received a placebo. Other
measures of muscular strength, which included 1-RM bench press, and squat and
knee flexion peak torque, were unaffected by whey protein supplementation. Males
who supplemented with a combination of whey protein and creatine had a greater
increase in lean tissue mass and relative increase in bench press 1-RM than males
who supplemented with whey protein alone or placebo. Again, squat strength and
knee flexion peak torque was not influenced by supplementation. Cessation of
supplementation for 6 weeks did not affect the rate of change in muscular strength
measures or lean tissue mass. Supplementation in this study involved self-adminis-
tration of the required substance daily with weekly monitoring. It was assumed that
each subject consumed his supplement as indicated. As well, random assignment of
subjects into the three groups assumes that there would be an equal number of
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non-compliant subjects in each group. It was not feasible to observe each subject
consuming his required supplement four times per day. We therefore relied on
subjects’ honesty when they reported that they had consumed their supplement.
This lack of direct assessment of compliance is a limitation of the current study.
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