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Effects of high-calorie supplements on body composition
and muscular strength following resistance training

R. ROZENEK, P. WARD, S. LONG, J. GARHAMMER

Background. Seventy-three healthy, male subjects randomly
divided into 3 groups participated in a study to determine the
effects of 2 high-calorie nutritional supplements on body com-
position, body segment circumferences, and muscular strength
following a resistance-training (RT) program.

Methods. In addition to their normal diets group 1 (CHO/PRO;
n=26) consumed a 8.4 Mj x day-! (2010 kcal) high calorie,
high protein supplement containing 356 g carbohydrate and
106 g protein. Group 2 (CHO; n=25) consumed a carbohy-
drate supplement that was isocaloric with CHO/PRO. Group
3 (CTRL; n=22) received no supplement and served as a con-
trol. All subjects were placed on a 4-day x week-1 RT program
for 8 weeks.

Results. Dietary analysis revealed no significant differences in
total energy consumption or nutrients at any time in the non-
supplemented diets of the 3 groups. Significant (p<0.05)
increases in body mass (BM) and fat-free mass (FFM) were
observed in CHO/PRO and CHO compared to CTRL. Mean
(£ SD) increases in BM were 3.1+3.1 kg and 3.1+2.2 kg, respec-
tively. Fat-free mass significantly (p<0.05) increased 2.9+3.4
kg in CHO/PRO and 3.4+2.5 kg in CHO. Muscular strength,
as measured by a one-repetition maximum in the bench press,
leg press, and lat-pull down increased significantly (p<0.05) in
all groups. No significant differences in strength measures were
observed among groups following training.

Conclusions. Results indicate that high-calorie supplements are
effective in increasing BM and FFM when combined with RT.
However, once individual protein requirements are met, energy
content of the diet has the largest effect on body composition.
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M any people participating in resistance-type activ-
ities such as weight lifting, weight training, and
body building have used a variety of high-calorie nutri-
tional supplements in an effort to gain body mass,
muscle mass, and muscular strength. Most of the these
supplements contain large amounts of energy primarily
in the form of carbohydrate, protein, or some combi-
nation of the two. Although the use of these supple-
ments is widespread, the effects of high-calorie sup-
plements on facilitating improvements in body com-
position and muscular strength above and beyond that
which is typically observed with resistance training
alone has not been clearly delineated.

By itself, short-term resistance training lasting from
7 to 10 weeks has been shown to produce increases
in muscular strength in selected exercises from 9-29%
in males and females.! Likewise, increases in lean
body mass, segmental circumferences and decreases
in percentage body fat have also been demonstrated 2.3
following resistance training. High-calorie diets, inde-
pendent of resistance training, have also been shown
to increase body mass and lean body mass.+ 5 When
additional energy was ingested in the form of carbo-
hydrate, positive nitrogen balances and increases in
body mass and lean body mass have also been

September 2002

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EFFECTS OF HIGH-CALORIE SUPPLEMENTS ON BODY COMPOSITION

observed.® Kreider et al.” found that high-calorie car-
bohydrate and commercial weight-gain supplements
were effective in altering body composition during
resistance training. Increasing the protein content of
the diet has produced mixed results. Fern et al.8
observed significantly greater body mass and fat-free
mass gains following 4 weeks of weight training in a
group of protein-supplemented young, male subjects
compared to a similarly trained group of subjects con-
suming an acaloric placebo.

Studies have shown that even though the protein
requirement appears to be increased in individuals
who resistance train, there does not appear to be any
significant changes in lean body mass or muscular
strength with increased protein intake.% 1 However,
still unresolved is the question as to whether supple-
ments containing additional energy in the form of
protein and carbohydrate are more effective in
improving both body composition and muscular
strength than supplements which contain carbohy-
drate alone.

The purpose of this study was to compare the
effectiveness of high-calorie nutritional supplements
containing either carbohydrate or a combination of
protein and carbohydrate on their abilities to alter
body composition and muscular strength in a group
of subjects undergoing 8 weeks of resistance train-

ing.

Materials and methods

Subjects

The subjects consisted of 73 healthy males between
the ages of 18-35 years (mean age+SD = 23.1+x4.4
yrs). All potential subjects were initially screened with
regard to their health history, weight training experi-
ence and participation in other physical activities. Only
individuals who were beginning weight trainers and
mildly physically active were selected to participate
in the study. Following an orientation session
explaining the testing and training procedures, sub-
jects completed informed consents in accordance with
institutional guidelines established for the protection
of human subjects.

Subjects were randomly assigned to 1 of 3 groups.
Group 1 (CHO/PRO; n=26; age=23.0+4.6 yrs;
height=176.6+8.4 cm; body mass=76.7+13.6 kg) con-
sisted of subjects administered a commercially-avail-
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able, high-calorie carbohydrate and protein supple-
ment. Group 2 (CHO; n=25; age=23.4+4.7 yrs;
height=179.9+9.4 cm; body mass=76.1+13.0 kg) con-
sisted of subjects administered a carbohydrate sup-
plement that was isocaloric with the carbohydrate and
protein supplement. Group 3 (CTRL; n=21; age=
23.1%£3.9 yrs; height=171.7+8.0 ¢cm; body mass=
77.7£14.7 kg) served as the control group and con-
sisted of subjects who were administered no supple-
ments. All subjects were requested to minimize par-
ticipation in aerobic activities and maintain their normal
diets during the course of the study. The primary inves-
tigators and training supervisors were unaware of the
group assignments.

Testing procedures

Height and body mass measurements were made
using a calibrated Detecto medical scale. Measure-
ments were made while the subjects were wearing
only swim suits. To determine body segment circum-
ferences, duplicate measurements were made in rota-
tional order at each of 7 sites using a fiberglass rein-
forced measuring tape using the protocols established
by Lohmann.!!

Hydrostatic weighing was used to determine body
density, percentage of body fat, fat mass, and fat-
free mass. Percent body fat was calculated using the
equation developed by Siri.!2 Residual lung volumes
were determined by a closed-circuit helium dilution
method. A Collins RS 10 1 water-sealed spirometer
(Warren E, Collins, Inc. Braintree, MA, USA) with
a thermal conductivity, temperature compensated
helium analyzer was used to make the measurements.
The spirometer bell was filled with 2 1 of room air,
600 ml of helium, and 100 ml of oxygen. The gain
of the helium analyzer was then set, and an addi-
tional 2.3 1 of room air was added to the spirometer
bell. Subjects were then connected to the spirometer
mouthpiece and with the nose clip secured on their
nose, began normal tidal breathing. Subjects were
switched into the closed-circuit system and continued
to breath normally for approximately 5-7 min to allow
the helium in the bell to reach equilibrium with the
lungs. Tidal breathing was maintained by the addi-
tion of oxygen into the spirometer every 30 sec during
the test. Expired carbon dioxide was absorbed with
the use of a trap consisting of barium hydroxide lime.
Once equilibrium was established, the subjects were
asked to perform a vital capacity test so that expir-
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atory reserve volume could be measured. Following
the vital capacity test, subjects were disconnected
from the spirometer and given adequate time to allow
the helium to wash out of the lungs. A minimum of
2 tests was performed on each subject. Tests were
repeated until measurements agreed to within 10%.

The three criterion strength measures were the free
weight bench press, Cybex lat pull down and hori-
zontal leg press machines. All subjects were asked to
perform a one repetition maximum (1RM) test using
the previously described procedures.!3

All pretest measurements were completed 1 week
prior to the first week of training. Post-test measure-
ments were completed within 1 week following
training. For each procedure, the subjects were tested
by the same individual during the pretest and post-
test conditions.

Diet supplementation

Subjects in the 2 supplemented groups received
coded boxes containing either a commercially-avail-
able carbohydrate-protein supplement (CHO/PRO)
or an isocaloric carbohydrate supplement (CHO). So
that the subjects in CHO/PRO and CHO were una-
ware of the type of supplement being used, supple-
ments were made to look similar and were packaged
in identical coded boxes. In order to maintain the pal-
atability of the supplements, subjects were instructed
to mix their contents with 2% non-fat milk. This
added a small amount of protein and fat to the each
type of supplement. Three cups of the CHO/PRO
supplement mixed with 3.0 cups milk contained
69.6% (356 g) carbohydrate, 20.7% (106 g) protein,
9.7% (18 g) fat, and approximately 8.41 Mj (2010
kcal). On the basis of body mass, the additional
amount of protein consumed per day (mean+SD) was
1.6+0.3 g x kg'! day-!. The contents of 3.0 cups of
the isocaloric CHO supplement mixed with 3.0 cups
milk contained 89.1% (450 g) carbohydrate, 4.7%
(24 g) protein, 6.2% fat (14 g), and approximately
(8.46 Mj) 2020 kcal. The amount of protein contained
in this supplement based upon body mass was 0.3+0.1
g X kg1 day-!. Subjects were instructed to ingest one-
half of the supplement preferably between the
morning and afternoon meal and the other half before
bedtime. Packets of the supplements were distrib-
uted to the subjects every 2 weeks. The code was not
revealed to the primary investigators until the con-
clusion of the study.
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To determine changes in diet and caloric intake, all
subjects kept 3 day diet histories. These were com-
pleted during the first, fourth and eighth week of
training. Data were analyzed using Nutritionist III,
Version 7 computer software (N2 Computing, Salem,
Oregon). The analyzed diets did not include the addi-
tion of either the CHO/PRO or isocaloric CHO sup-
plement.

Training protocol

All subjects trained 4 days per week for 8 weeks.
The training routine was identical for all 3 groups and
included training on Monday and Tuesday, followed
by a rest day on Wednesday, and training again on
Thursday and Friday. Saturday and Sunday were con-
sidered rest days. Each training session lasted between
60 and 90 min.

At the fitness facility, subjects were required to per-
form a general, non-specific warm-up consisting of
5 to 10 min on either a stationary bike, treadmill,
stepper, or rowing machine before engaging in the
weight training program. All subjects performed the
following movements on Mondays and Thursdays:
squat, leg curls, lat pulldowns, EZ curl, and abdom-
inal crunches. On Tuesdays and Fridays the incline
press, upright row, bench press, triceps pushdown,
and abdominal crunch were performed. A specific
warm-up consisting of 2 warm-up sets performed at
45 and 60% 1RM were completed for the squat, pull-
down, EZ curl, incline press and bench press move-
ments as indicated by the training protocol. The actual
training volume and intensity were defined as 4 sets
of 8 repetitions using approximately 70% of a IRM
for all exercises. So that the requirement of four work-
outs per week was adhered to, all missed training ses-
sions were made up by the subjects on either
Wednesday or Saturday. All subjects completed 32
training sessions.

Prior to the start of the training program, all sub-
jects were tested for a IRM in each of the training
lifts. On the first and second day of the second week
and each subsequent week, the training load for each
exercise was increased, but only if the number of sets
and repetitions could be maintained. Increases in
training loads for the upper body movements were
2.2 to 4.4 kg, while loads for lower body movements
were increased 2.2 to 9.0 kg. To insure that the appro-
priate training intensity was maintained throughout
the study, the IRM for all exercises was retested at
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TABLE I.—Energy and nutrient intake without supplementation during weeks 1, 4, and 8 (mean+SD).
s Mjoules kcal CHO CHO Protein Protein Protein Fat Fat
Sroups Weshst i day'!) (x day!) (%) (2) (%) (g) (g xkg'! x day'!) (%) (g)
CHO/PRO 1 9.3+£3.7 2220.7+876.6  46.4+89  254.6+92.2 19.1+4.7 107.6+51.8 1.4+0.7 32.6£7.4 79.5+32.4
4 99+3.3 2366.4+784.0 48.2+8.1 289.9+108.3 19.8+7.3 114.9+51.2 1.5+0.7 31.1+52 83.9+32.7
8 10.1+4.4  2427.1+1049.8 444+11.6 264.1x100.5 20.3+6.1 142.2+89.6 1.8+1.0 31.9+84 90.4+51.1
CHO 1 10.0£3.2  2394.1+764.4  51.1+9.6  311.4+£120.3 18.0£3.6 110.2+43.1 1.4+0.6 29.6+8.1 78.4+31.2
4 10.6+£3.9 2524.0+941.7 52.2+7.7 331.8+1264 17.7+#3.1 111.4+41.6 1.5+0.7 29.2+6.9 97.6+63.4
8 9.7+3.2 2327.9+773.7 49.8+9.3 281.5+78.6 18.2+4.9 106.0+45.7 1.3+0.6 31.8+9.3 83.5+x42.4
CTRL 1 12.2+4.4  2929.1+1042.0 49 9+7.4  368.6+137.4 15.843.3 119.4+61.4 1.5+0.8 29.0+6.8 96.0+42.0
4 10.0+£3.7  2402.1+878.0 155£9:6 1 13231321381 116:845 3 100.7+53:5 1.3+0.7 27.6+5.7 74.5¢31.3
8 10.3x4.3  2461.0+1023.0 57 0+7.3 320.1+136.9 16.3x4.7  99.9+45.8 1.3+0.6 29.3+5.7 81.2+35.5

the beginning of week 5 and the training loads were
readjusted as needed. Each subject was issued a
training notebook in which all sets, repetitions, and
weights were recorded. The notebooks were reviewed
daily by the training supervisor to insure exercise
compliance and to address any questions the subjects
might have posed.

Statistical analysis

Paired ““t”-tests were used to determine differences
between means within each group from pretest to post-
test conditions. Absolute differences in the pre- and
post-test measurements among groups were analyzed
using a one-way analysis of variance with a Student-
Newman-Keul posthoc analysis. The Statistical
Package for Social Sciences (SPSS) was used for data
analysis. Statistical significance was established at the
p<0.05 level of probability.

Results

Prior to taking into account the supplements, all
three groups had energy intakes that were within the
normal range for age and gender.!4 This was true for
the proportion of energy in the diet derived from pro-
tein, carbohydrate, and fat. No significant differences
were observed were found within or between the 3
groups with regard to the energy intake per day or the
percentage of energy in the diet derived from protein,
carbohydrate, and fat during the first, fourth or eighth
week (Table I).

Addition of the supplements resulted in significantly
higher energy intakes for CHO/PRO and CHO as com-
pared to CTRL. Averaged across the 3 time periods,
energy intakes for CHO/PRO and CHO were 18.2+3.8
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Mj x day-! (4348.0+902.0 kcal x day-') and 18.2+3.35
Mj x day-! (4339+800.0 kcal x day-!). By contrast,
CTRL had an average energy intake of 10.9+4.1 Mj
x day-! (2597.3+981.0 kcal x day-!). The carbohydrate
supplement taken by CHO resulted in significantly
higher average total carbohydrate intakes (758+81.6
g x day-!) than either CHOIPRO (625.5+84.6 g x day!)
or CTRL (337.3x125.4 g X day-1). As a result of con-
suming the carbohydrate/protein supplement,
CHOY/PRO had significantly higher total average pro-
tein intakes (3.0+0.9 g X kg-! X day!) than either CHO
(1.7+£0.6 g x kg-t x day-!) or CTRL (1.4+0.7 g x kg!
x day-1).

Pretest and post-test values for all measurements
are given in Table II. No statistically significant dif-
ferences in body mass were observed among the 3
groups under the pretest conditions for any of the
measurements. Significant increases in body mass
were observed in CHO/PRO and CHO from pretest
to post-test conditions. The average gain in body mass
for CHO/PRO was 3.1+3.1 kg and for CHO it was
3.1+2.2 kg. No statistically significant increase in
body mass was found in CTRL from pretest to post-
test. When the absolute difference between the pretest
and post-test conditions was taken into account, both
CHO/PRO and CHO had significantly greater increases
in body masses than C (Fig. 1).

Under the pretest conditions, no signidicant differ-
ences were observed among the 3 groups. All 3 groups
made significant gains in fat-free mass from the pretest
to post-test. CHO/PRO gained an average of 2.9+3.4
kg, while CHO and CTRL gained 3.4+2.5 kg and
1.4x1.7 kg, respectively. CHO/PRO and CHO gained
significantly more fat-free mass than CTRL. However
CHO/PRO and CHO were not significantly different
from one another.
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TABLE II.—Pre- and post-training values for body composition, anthropometric and muscular strength measurements.

Group 1-CHO/PRO Group 2-CHO Group 3-CTRL
Measurements Pre Post Pre Post Pre Post
(mean+SD) (mean+SD) (meanxSD) (mean+SD) (mean+SD) (mean+SD)
Body composition
Body mass (kg) 76.7+13.6 79.8%+13.4 76.1£13.0 79.2%+13.5 77.7£14.6 78.30+3.1
Body fat (%) 15.1£6.0 14.9+5.6 12.4+6.0 11.4£5.7 13.4£7.0 12.1*+7.0
Fat mass (kg) 12.0+6.0 12.2+£5.3 9753 9.4+59 11.1£8.3 10.3*+8.3
Fat-free mass (kg) 64.8+10.2 67.6*%+10.8 66.4+10.8 69.8*%+10.7 66.6+9.0 68.0%+8.4
Circumferences
Right upper arm (cm) 30.6+3.2 31.9*x2.9 30332 31.4*+29 31.5+3.8 32.0*%+3.9
Right forearm (cm) 27.8+1.8 28.35*+1.7 27.6+2.2 282721 28.4x2.1 28.5+2.3
Chest (cm) 97.1£7.6 100.2*+6.9 96.2+7.8 99.1*+7.8 98.5+8.4 99.7*+7.9
Abdomen (cm) 82.6+8.3 83.7+£8.0 80.7+7.8 81.4+7.4 83.2+9.7 83.0+9.3
Buttocks (cm) 98.5+7.2 98.9+7.9 97.7+6.9 99.1*+6.6 98.4+8.2 97.7+7.9
Thigh (cm) 59.1+£6.0 60.4*+6.5 57.7£5.7 60.0*%+5.5 59.4+5.4 60.1+5.4
Calf (cm) 38.2+3.2 38.1+3.2 37.5+3.4 37.6£3.3 37.8+2.8 37.6+2.9
Strength (1RM)
Leg press (kg) 189.5+46.5 235.9%+64.1 185.8+53.0 211.1*+49.6 206.3+40.7 235*+50.1
Bench press (kg) 73.5421.4 87.8*+22.1 72.8+19.7 531742116 87.9+24.7 98*+24.1
Lat pull down (kg) 32.6+6.5 39.4%+6.0 34.0£7.2 40.0*+7.5 36.2+5.8 41.1*+6.4
Total lifted (kg) 295.6+67.5 363.1*+84.1 292.6+75.4 334.2*+72.3 330.4+63.7 374.1*%+71.8

*) Significantly different from pretraining (p<0.05).

No statistically significant differences in the rela-
tive percentage of body fat or fat mass were observed
among the 3 groups under the pretest conditions. Only
CTRL was observed to have a decrease in fat mass
and percent body fat from pretest to post-test condi-
tions. These decreases were not significantly different
than the other 2 groups.

Right upper arm circumferences significantly
increased from pretest to post-test conditions in all 3

Absolute change from pre to post (kg)

experimental groups. The mean (+SD) increases for ot R it X s USRS E gggmko
CHO/PRO, CHO, and CTRL were 1.3+1.0 cm, 4] CTRL
1.1£0.8 ¢m, and 0.5+0.9 cm, respectively. Both 25 B
CHO/PRO and CHO made significantly greater gains i g i o

in circumference than CTRL. All 3 groups signifi- Body composition measure

cantly increased in chest circumference from test to  Fig. 1.—Absolute change in body composition measures from pretest to

post-test conditions. Mean (+SD) absolute increases
for CHO/PRO, CHO, and CTRL were 3.1+2.8 cm,
2.9+2.1 cm, and 1.2+2.3 cm, respectively. Increases
in chest circumference were significantly greater in
the CHO/PRO and CHO groups compared to CTRL.
Significant increases in right forearm and thigh cir-
cumferences were observed only in CHO/PRO and
CHO from the pretest to post-test. Right forearm cir-
cumferences were significantly greater in CHO/PRO
and CHO compared to CTRL. Buttocks circumfer-
ences were found to have significantly increased only
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post-test conditions. * = significantly different from control (CTRL) group
(p<0.05). NS = no significant difference among groups (p=0.05).

in the CHO group. No other differences in circum-
ferences were observed.

All groups significantly increased muscular
strength, both in individual lifts and total mass lifted
as a consequence of the training program. However,
there were no significant differences in strength
gained in any of the measurements among the 3
groups (Fig. 2).
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Fig. 2.—Absolute change in muscular strength measures from pretest to
post-test conditions. NS = no significant difference among groups (p=0.05).

Discussion and conclusions

Results from this study indicate that the combina-
tion of a high volume, moderate intensity resistance
training program and additional energy intake from
supplementation resulted in increased body mass and
fat-free mass. The increased body mass and fat-free
mass observed in both of the supplemented groups
was significantly greater than that found in a similarly
trained group of subjects who did not use supplements.
These results are in agreement with Rinehardt!5 who
found significant increases in body mass and fat-free
mass in subjects who were ingesting supplements of
2.1 Mj x day-! (500 kcal x day-!) containing either
40% or 65% carbohydrate. The results are also in
agreement with Krieder et al.”7 who found that the
intake of a pure high-calorie carbohydrate supplement
was as effective in promoting lean body mass during
resistance training as either a high-calorie CHO/PRO
supplement or one containing high-calories primarily
in the form of CHO plus compounds such as creatine
monohydrate, taurine, and l-glutamine. A primary dif-
ference between the current investigation and that of
Kreider et al.” was that the supplements were not iso-
caloric in the latter study. The increased energy expen-
diture of a resistance training program of the type used
in the current study may have been sufficient to offset
the increased caloric intakes of CHO/PRO and CHO
resulting in little change in the percentage of body fat
over the course of the 8 week training period.

Supplemental protein in the diet did not result in
any additional gain in either body mass, fat-free mass,
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or muscular strength compared to an isocaloric car-
bohydrate supplement. While the carbohydrate/pro-
tein supplement provided an additional 106 g of pro-
tein per day, it did not appear to be any more effec-
tive than the isocaloric carbohydrate supplement in
producing changes in body mass or fat-free mass, since
subjects in the carbohydrate supplement group were
apparently receiving adequate amounts of protein m
their regular non-supplemented diets. It has been sug-
gested that the timing of supplement intake may be a
factor in promoting protein synthesis and lean mass
development.16 Although the timing of supplement
intake was not controlled for in the current study, pre-
vious studies!7-19 have shown that CHO and CHO/PRO
supplements taken soon after resistance exercise
resulted in increased plasma insulin and growth hor-
mone and stimulation of muscle protein synthesis. In
addition, Forbes er al.20 found that subjects who were
overfed for a period2! days had elevations in plasma
concentrations of somatomedin C, IGF-1, testoste-
rone and insulin. It was suggested that the anabolic
properties of these hormones may have contributed
to an observed increase in lean tissue. It is possible
that in the current study, an increase in anabolic hor-
mone levels in combination with the increased energy
intake may have produced an overall environment con-
ducive to the development of lean body mass in most
of the participants. Since hormone concentrations were
not measured in this study, the relationship between
anabolic hormone levels and energy intake can only
be speculated.

A number of studies have shown that individuals
who are training heavily may require increased amounts
of protein ranging from 1.2 to 1.8 gm protein X kg-1 x
day-1.10.21. 22 Tt has been suggested that high protein
intakes combined with heavy resistance training could
result in greater gains in muscle mass and muscular
strength than with lower protein intakes primarily
because of a greater positive nitrogen balance.?3 In the
present study, subjects in all 3 groups, on average,
obtained considerably more protein from their normal,
non-supplemented diets than the recommended die-
tary allowances and were within the recommended
range for individuals who regularly train. With only
their normal dietary intake of protein, the control group
(CTRL) made relatively small gains in body mass and
fat-free mass compared to the supplemented groups.
However, the group with the highest average daily pro-
tein intake did not make significantly greater gains in
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body mass or fat-free mass than the isocaloric carbo-
hydrate group. It is possible that there may be an upper
limit of dietary protein's effect on protein synthesis.
Tarnopolsky et al.!0 found that when dietary protein
intake was increased from 0.86 to 1.4 g X kg-! x day-!
whole body protein synthesis was increased in men
who resistance trained. When intakes were increased
to 2.4 g X kg-! x day-! there was no further increase in
protein synthesis. Furthermore, Campbell et al.24 have
shown that nitrogen retention is greater in individuals
with lower protein intakes. The results from the present
study are in agreement with previous studies and sup-
port the concept that once individual protein require-
ments are met, the total energy intake may be the most
important dietary factor related to body composition
changes rather than the specific ingredients used to
provide additional energy.25. 26

Improvements in muscular strength are generally
expected when individuals undergo a well-designed
weight training program. In the present study, the 3
measures selected to evaluate changes in muscular
strength were the horizontal leg press, lat pull down,
and free weight bench press. All 3 groups made sta-
tistically significant increases in the 3 criterion strength
measures from pretest to post-test. CHO/PRO had the
largest pretest to post-test absolute increases in all 3
strength tests. However, when the 1RM strength scores
of all 3 groups were compared to each other at the
post-test, no significant differences were observed.
Although the supplemented groups gained signifi-
cantly in overall body mass and fat-free mass com-
pared to the non-supplemented group, there were no
statistically significant differences in muscular strength
among the groups.

Muscular strength gains are a consequence of cen-
tral nervous system (CNS) adaptations, muscular
hypertrophy, or some combination of the two.2728
Increases in fat-free mass as a result of muscle hyper-
trophy can have a direct effect on muscular strength.
Although fat-free mass increased in the present study,
is not possible from this study to ascertain the indi-
vidual contributions of the CNS or muscular hyper-
trophy to the expression of muscular strength. Due to
the relatively short-term duration of the training study
it is possible that much of the increase in strength in
all groups was due to neural adaptations. A longer
duration study may have resulted in the supplemented
groups expressing larger gains in strength because of
an increased muscle mass.
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In summary, the results from this study indicate that
males, who increased caloric intake by approximately
8.37 Mj x day-! (2000 kcal x day-!) above their normal
daily intakes and participated in a high volume, mod-
erate intensity weight training program emphasizing
large muscle mass multi-joint exercises, experienced
significant gains in body mass, fat-free mass, muscle
size, and muscle strength. Fat mass and percentage of
body fat were not significantly affected. Conversely,
the same resistance training program used by males
following a normal diet without supplementation, pro-
duced relatively smaller gains in body mass and fat-
free mass, a decrease in the percentage of body fat,
increased muscle mass and increased muscle strength.
The results suggest that total energy intake was the
most important dietary component affecting changes
in body composition. Although all 3 groups signifi-
cantly increased muscular strength, there was no sig-
nificant difference among the groups. This would indi-
cate that gains in muscular strength were a result of
training, with supplementation having no statistically
significant effect.
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