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Summary

Study aim: The aim of this study to determine whether creatine ethyl ester (CEE) supplementation combined with resistance
training (RT) is effective for improving hormonal changes, body composition and muscle strength in underweight non-athlete
men.

Materials and methods: Sixteen underweight non-athlete men participated in this double-blind study and were randomly as-
signed to one of two groups: RT with placebo (RT + PL, n = 8) and RT with CEE supplementation (RT + CEE, n = 8). The
participants performed 6 weeks of RT (60—80% 1RM) combined with CEE or PL. 48 hours before and after the training period,
muscle strength (1RM for leg press and bench press), body composition (percentage of body fat, circumference measurements
of the arm and thigh), serum levels of testosterone, cortisol, and growth hormone (GH) of the participant were measurements.
Results: Significant increases were observed for weight, muscle strength and muscle mass, serum levels of testosterone and
GH between pre and post-test in the RT + CEE group (p < 0.05). In addition, cortisol level was significantly decreased in the
post-test in the RT+CEE group. The decrease in fat percent was greater in the RT + PL group than in the RT + CEE group
(%change = —6.78 vs. —0.76, respectively). Weight and leg strength changes in the RT + CEE group were significant compared
to the RT + PL group (p < 0.001, p = 0.05, p = 0.001; respectively). However, in other variables, despite the increase of GH
and testosterone levels and lower levels of cortisol in the RT + CEE group, no significant differences were observed between
the two groups (p < 0.05).

Conclusion: 1t seems that the consumption of CEE combined with RT can have significant effects on body weight and leg
strength in underweight non-athlete men. This supplement may provide a potential nutritional intervention to promote body
weight in underweight men.
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of rest, can produce a hormone response. Muscle activity
causes a series of mechanical and chemical changes in the
muscle through hormone signaling and regulation of the ac-

Introduction

Resistance training (RT) is known as a factor enhanc-
ing functional abilities and health status; primary adaptation
is due to RT of skeletal muscle hypertrophy. RT improves
body composition through an increase in fat free mass,
which mainly consists of increased muscle mass and re-
duced fat mass [40]. RT is a powerful stimulus for changing
hormonal secretions (various anabolic and catabolic hor-
mones, especially testosterone and cortisol) [24]. Acute RT,
given the intensity and volume of exercise and the amount

tivity of enzymes [8]. The anabolic environment of the body
increases by stimulating exercise with the availability of
food, supplements and hormones. It seems that use of pro-
tein supplements affects the hormonal responses involved in
muscle metabolism such as insulin, testosterone, GH, corti-
sol, estrogen, and insulin-like hormones, and thus affects the
muscle protein and energy balance of the body [8].

Suitable diets and adequate calorie intake, hydration
and timing of food intake are factors that are important
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for athletic performance and recovery. However, there are
some dietary supplements which can enhance individual
performance in addition to the effects of exercise, includ-
ing creatine [8]. Sufficient and balanced diet is important
to increase muscle strength and size in RT. Proper food
consumption during RT is needed to maximize protein
synthesis and minimize protein breakdown, restore mus-
cle fuel storage and euhydration [8].

The supplement creatine has been widely studied since
the 1990s, and numerous studies have examined its effects
on maximum strength and body mass increase [36]. With
creatine supplementation, free creatine and phosphate-cre-
atine stored in muscle can be increased, which improves
energy production by an anaerobic system at the beginning
of physical activity. Also, this increase in phosphocreatine
can help increase protein synthesis and prevent proteolysis
in muscle tissue [36]. Creatine is found in small amounts
in the brain, liver, kidney, and testicles, while approxi-
mately 95% of the stored creatine is present in skeletal
muscle. Creatine is supplied by external sources such as
fish and red meat, and is synthesized from the amino acids
arginine, glycine and methionine [3, 23, 38]. Body energy
is provided by the hydrolysis of ATP to ADP and P. The
phosphagen system provides ATP reintroduction to ADP
using phosphocreatine (PCr) through the reversible creat-
ine kinase reaction. 95% of the creatine stored in skeletal
muscle; of this, approximately 40% is free creatine and
60% is PCr [3, 38]. It has been shown that creatine com-
pounds have an effect on hormonal control, especially in
the context of changes in endogenous testosterone, while
physical activity together with use of this category of sup-
plements also alters the metabolic responses of the body
more. This is reflected by an increase in serum levels of
certain hormones in the blood such as GH, testosterone
and cortisol, and simultaneously causes changes in skele-
tal muscle (increased volume, tension, and strength) [37].

Creatine is a popular energy supplement in sports nu-
trition. However, creatine supplementation sometimes
causes side effects such as gastrointestinal complications,
muscular cramps and weight gain. Most studies have been
done on creatine monohydrate [1]. Creatine supplementa-
tion increases the amount of muscle creatine (20 to 40%)
in individuals with low muscle creatine levels [10]. By tak-
ing 20 grams of creatine per day for 5 days (divided into
four daily doses) in a loading phase, the amount of muscle
creatine can be increased. Afterwards, increasing creatine
stores in the muscles can be maintained by the daily intake
of 2 to 5 grams of creatine supplementation (maintenance
phase). However, the variability of the increase in muscle
creatine in people is very variable and can range from 0 to
40% [27]. Creatine has several forms and one of its types
is creatine ethyl ester (CEE). CEE is an ethanol esterified
with creatine and may improve bioavailability [1]. CEE
seems to be a new substrate for creatine kinase, and the

production forms phosphocreatine ethyl ester, which may
be a source of energy in the muscles and brain [1].

The FDA has introduced CEE as a novel food based
on manufacturers’ requests. A daily dose of 0.5 to 5 grams
is recommended at a maximum dose of 30 grams. No ad-
verse effects were reported on body weight, liver, kidney,
or histopathological analyses of some organs, including
the liver and kidneys, in mice receiving an equivalent of
30 grams per person of 70 kg for 7 days [1]. The role of
CEE is not well defined; studies have shown that CEE is
converted to creatine in the body and increases the level of
phosphate [30].

In addition, it is claimed that CEE increases the syn-
thesis of muscle protein without increasing protein degra-
dation, resulting in a positive balance in protein storage,
causing maximum recovery, hypertrophy and increased
strength [15]. Also, CEE may alter the metabolic and hor-
mone responses after resistance exercises by weakening
the cortisol response and enhancing insulin and GH re-
sponses. However, recent evidence suggested that system-
ic hormone concentrations cannot progress in the highly
desirable intramuscular anabolic environment [15]. The
molecular relationship between m-TORC1 and stimulants
such as RT, creatine and hormone signals form a complex
signaling network that controls cell growth [15].

Nutrition during RT may affect body composition,
muscle strength and hormonal secretion. However, the
individual effects of CEE have not been well understood
by adaptation to RT. Also, most research on creatine has
reviewed creatine monohydrate and CEE has been intro-
duced as a novel food by the FDA and few studies have in-
vestigated its effects on hormonal changes, body composi-
tion, strength, and muscle mass. In addition, the study did
not investigate this type of supplement for underweight
non-athlete men, and the changes that this supplement
could cause in body composition, muscle strength and
hormones are not well known; for this reason researchers
have considered this study to be necessary.

Materials and methods

Participants

This study used a randomized, double-blind, placebo
controlled design. Subjects were individuals who had come
to the gym to start an RT program for weight gain and
muscle mass. Subjects were chosen from among volun-
teers whose BMI was less than 18.5 (as a slimming scale)
and their age range was narrow (young age range). A total
of 16 underweight men aged between 17 and 26 years par-
ticipated in this study.

Subjects were healthy and not resistance trained for at
least years. Exclusion criteria included smoking during the
last year, use of nutritional supplements or supplemental
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androgens within the last 6 months, current use of statins,
recent history of cancer (within 2 years), any metabolic
disorder including known electrolyte abnormalities; heart
disease, arrhythmias, diabetes, thyroid disease, or hypogo-
nadism and any absolute contraindications to exercise ac-
cording to American College of Sports Medicine (ACSM)
guidelines [18]. Following the informational session, par-
ticipants completed a medical history questionnaire and
signed a written consent form. Participants were instructed
to refrain from exercise for 48 h prior to testing.

Subjects were then randomly assigned to one of two
groups: RT with placebo (RT + PL, n = §, mean age of
20.37 + 3.06 years, mean height of 174.38 + 6.71 cm,
mean weight of 52.62 + 4.89 kg); RT with CEE supple-
mentation (RT + CEE, n = 8, mean age of 20.87 + 2.16
years, mean height of 173.0 £ 4.89 c¢cm, mean weight of
54.12 £ 3.68 kg). 48 hours before and after the training
period, blood samples were taken from the subjects; also,
the body composition and muscle strength of the subjects
were evaluated (Fig. 1). The study was approved by the
University Ethics Committee, and conducted according to
the Declaration of Helsinki.

Strength assessment
The leg press and bench press maximal strength tests
were performed by the participants to measure any changes

in muscular strength during the course of the study. One
repetition maximum (1RM) strength tests were performed
48 hours before and after the training period. In the actual
measurements, the subjects were carefully familiarized
with the test procedures and had several warm-up contrac-
tions on all devices. By using multiple repetitions and the
following formula, the maximal leg press and bench press
were calculated [9]:
IRM = (load (kg))/
(1.0278 —[0.0278 x maximum number of repetitions]).

Body composition assessment

Height was measured using standard anthropometry
and total body weight was measured using a calibrated
scale. BMI was calculated using the following equation:
body weight (kg)/height? (m?). The percentage of body fat
was measured using a skinfold caliper (Lafayette, USA)
and based on the three point-method on the right side of
the body including the chest, abdomen and thigh areas in
the three attempts, and was finally determined using the
Jackson-Pollack equation [19]. Circumference measure-
ments of the arm and thigh were taken using a measur-
ing tape with the participant wearing only exercise shorts.
Arm circumference was measured at the thickest part of
the arm on the dominant side. Thigh circumference was
measured at the thickest part of the right thigh. The mean

CEE: 5 days of loading
(20g/day at two times in the
morning and at afternoon)
and 37 days of maintenance

(5g/day).

RT: Performed 6 RT for 3

RT + CEE (n=8) —> sets of 8-10 repetitions at
> 60-80 %IRM, 3 sessions
17-26 years (60 min) in each weak.
underweight
non-athlete
men (n=16) RT + PL (n=8) | PL: Rice flour instead of

v’ Muscle strength

v" Body composition

v" Serum levels of testosterone,
cortisol and GH
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v Muscle strength
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Fig. 1. Study design. Creatine ethyl ester (CEE), placebo (PL), resistance training (RT), growth hormone (GH)
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value of 2 measurements was used in the analyses. All
measurements were taken by the same researcher at pre
and post-testing laboratory visits [29].

Supplementation protocol

Subjects of the supplement group received CEE
(Labrada Nutritional, USA) for a period of six weeks
(42 days), including 5 days of loading (20 grams of CEE
per day at two times in the morning and the afternoon)
and 37 days of maintenance (each day about 5 grams of
CEE). Doses were given in capsule form (each capsule
containing 0.5 grams) to be taken at the appointed hours
plus 150 cc of water [32] (Fig. 1).

The PL group used rice flour instead of supplementa-
tion with capsules, which was not detectable in terms of
taste, color or odor from other supplementation. The use
of the PL group was similar to that of the CEE group. Af-
ter the initial baseline assessment of body composition at
48 hours before the training period, supplement dosages
were subsequently adjusted based on body composition
assessments performed at 48 hours before and after the
training period [35].

Resistance training protocol

Training sessions were supervised and lasted for 6 weeks.
Each group met three times per week and participants per-
formed 6 RT for 3 sets of 8-10 repetitions at 60-80% 1RM.
The exercises included leg extension, leg flexion, bench
press, leg press, lateral pull down, and biceps curl. Rest pe-
riods between exercises lasted no longer than three minutes
and rest between sets lasted no longer than two minutes. For
each two weeks, the first, second and third, 60, 70 and 80%
1RM were considered, respectively. The duration of each
training session lasted 60 minutes. The training techniques
were carefully supervised and the training was controlled
throughout the whole RT period.

Blood sampling

Participants were instructed to refrain from fast for
10 h prior to blood testing (10 ml blood sampling). Se-
rum levels of GH, testosterone and cortisol concentrations
were determined using commercially available radioim-
munoassay (RIA) (Gamma Counter, LKB, Finland) and
an Immunotech kit (Czech Republic). The intra- and inter-
assay coefficients of variation (CV) were 3.1, and 8.0%,
respectively, for GH. The intra- and inter-assay CV were
5.0, and 9.0%, respectively, for testosterone. The intra-
and inter-assay CV were 4.0 and 8.0%, respectively, for
cortisol.

Statistical analysis

By using the data related to the variables, the mean and
standard deviation of scores of participants were calcu-
lated by descriptive statistics. The data were found normal

by Shapiro-Wilk test. The results are presented as the
mean + standard deviation. Two-way analysis of variance
for repeated measures was performed for all comparisons.
Dependent t-tests were performed to determine if baseline
values were significantly different between pre — and post-
testing. The effect size (ES) was calculated as the post-
testing mean minus the pre-testing mean divided by the
pooled pre-testing standard deviation. An ES of 0.20-0.49
was considered as small, 0.50-0.79 as moderate and >0.80
as large [12]. Pearson’s product-moment correlations co-
efficient was used to determine relationships between per-
formance variables and hormonal changes. For each vari-
able, a percent change score was calculated ((post-pre)/
pre x 100). A predetermined <0.05 significance level was
used for all the analyses.

Results

Body composition

A significant difference over the course of the train-
ing sessions was observed, demonstrating that weight sig-
nificantly increased at pre-test and post-tests (RT + CEE:
p = 0.002; RT + PL: p = 0.01). Fat percentage decreased
in the RT + CEE and RT + PL groups after the training
period, but the observed changes were not significant in
the RT + CEE group (p = 0.74). To the contrary, there were
significant difference between RT + CEE groups with
RT + PL for weight and fat percent (p < 0.001, p = 0.05;
respectively). The decrease in fat percentage was great-
er in the RT + PL group than in the RT + CEE group
(%change = —6.78 vs. —0.76, respectively) (Table 1).

Circumferences

Circumferences of the arm and thigh were measured
pre — and post-testing. For circumferences of the arm and
thigh significant increases were observed between pre-test
and post-test in the RT + CEE group (p = 0.01, p = 0.007;
respectively). However, there were no significant differ-
ences between groups (p = 0.51, p = 0.25; respectively)
(Table 1).

Muscle strength

For bench press and leg press strength, significant
increases were observed between pre — and post-testing
in the two groups (p < 0.001). By contrast, there was no
significant difference for bench press between groups
(p = 0.07), but leg press strength was significantly higher
in the RT + CEE group compared to the RT + PL group
(p=0.001) (Table 1).

Hormones
Data for serum GH, testosterone and cortisol concen-
trations are presented in Table 1. Significant increase were
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Table 1. Changes in body composition, muscle strength and hormonal responses to 6-week training intervention (mean = SD)

RT+PL (n = 8) RT + CEE (n = 8)
Variable Pre-test Post-test % Change  Effect size Pre-test Post-test % Change  Effect size
Weight [ke] 5262+489 5343500 % 1.54 0.16 54124368 5881+397%# 866 1.22
Fat [%] 12504278 11.67£230%# 678 033 11.802.33 171+ 1.72 0.76 0.04
tchlif:}‘l‘?;geme 44504526 45004558 113 0.09 4350389  44.50+3.50 * 2.29 0.27
;“;L[‘;nnﬁreme 22624297 23.00+2.82 1.67 0.13 21624266  2225+237% 291 0.25
Bench press [ke] ~ 3125+6.40  3625+6.40 16 0.78 28754517 3687+3.72% 28.24 1.80
Legpress[keg] ~ 102.50=14.88 10675+ 13.06*  4.14 030  10625+1685 123.12+1437%# 1587 1.07
[Tneljzls/tgmne 11354225 11.99+2.24 * 5.63 0.28 11.78+1.58 1293+ 141 % 9.76 0.76
GH [ug/l] 0.85+0.37 1.00+0.37 * 17.64 0.40 0.77+037 1.03 %037 * 33.76 0.70
Cortisol [nmol/l] ~ 330.12+3621  324.88+38.15% 1.8 004 3151245087  3065+4685% 273 0.17

* — denotes significant differences between baseline and post-testing values (p < 0.05); # — denotes significant differences between the RT + CEE
and RT + PL groups at post-testing (p < 0.05). Resistance training (RT), Creatine ethyl ester (CEE), placebo (PL), growth hormone (GH).

Table 2. Relationships between hormonal measures with muscle strength and muscle mass in the post-testing intervention

(n=16)

Circumference thigh [cm]

Circumference arm [cm]

Bench press [kg] Leg press [kg]

r=-0.15 r=-0.01 r=0.13 r=-0.02
Testosterone [nmol/1]
p=0.57 p=0.95 p=0.62 p=0.93
r=-0.13 r=-0.23 r=0.03 r=-0.10
GH [ug/l]
p=0.60 p=0.38 p=10.89 p=0.70
) r=0.04 r=-0.38 r=-0.18 r=-0.17
Cortisol [nmol/1]
p=0.86 p=0.14 p=0.49 p=0.51
GH — Growth hormone.
observed for concentrations of GH and testosterone be- Discussion

tween pre- and post-test in the RT + CEE and RT + PL
groups (GH; RT + CEE: p<0.001, RT + PL: p=0.01, tes-
tosterone; RT + CEE: p=0.007, RT + PL: p=0.01). Also,
cortisol level was significantly decreased in the post-test
in the RT + CEE and RT + PL groups (cortisol; RT + CEE:
p =0.005, RT + PL: p = 0.03). The analysis indicated that
GH was greater in the RT + CEE group compared to the
RT + PL group. However, there were no significant dif-
ferences between groups with regards to GH, cortisol and
testosterone (p = 0.06, p = 0.26, p = 0.17, respectively)
(Table 1).

As shown in Table 2, there were no significant corre-
lations of hormonal measures with muscle strength and
circumferences of the arm and thigh in the post-testing in-
tervention (p > 0.05).

The purpose of this study was to investigate the effect
of CEE supplementation during an RT course on hormo-
nal changes, body composition, and muscle strength of
underweight non-athlete men. The results showed that
the pre — and post-test variations were significant in most
variables; in addition, weight and leg strength changes
in the RT + CEE group were significant compared to the
RT + PL group. However, in other variables, despite the
increase in the RT + CEE group, no significant changes
were observed between the two groups.

Studies conducted over the past decades have shown
that creatine supplementation has different effects on the
physiology and metabolism of skeletal muscle, including
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increased muscle mass (hypertrophy). A review study by
Farshidfar et al. [15] showed that creatine supplementation
stimulates anabolic pathways for protein synthesis. The
results of this study indicated that hormonal changes after
the training period were significant in both groups; how-
ever, despite the further increases of GH and testosterone
levels and lower levels of cortisol in the RT + CEE group
compared to the RT + PL group, the differences between
the two groups were not significant. There is not much re-
search on the effect of CEE supplementation on hormonal
levels, and most studies have been conducted on creatine
monohydrate supplementation. In this regard, the results
of Arazi et al. [2] showed that creatine supplementation
consumption more than 5 days a week combined with RT
is sufficient to increase the concentration of testosterone
levels and reduce the concentration of cortisol. Also, the
results of Deldicque et al. [14] showed that creatine sup-
plementation does not increase protein synthesis more
than exercise alone. They reported that creatine supple-
ments increase the expression of IGF-1, but did not show
any increase after the exercise, and any increase in muscle
growth is probably due to an increase in the anabolic state
of the cell and IGF. In addition, the results of Cooke et al.
[13] showed that consuming creatine monohydrate and
carbohydrates does not significantly change IGF-1 and
testosterone levels in older men. In contrast, the results
of Volek et al. [39] did not show any significant changes
in the status of endocrine hormones after taking creatine
supplement with RT. The reason for these differences may
be different blood sampling methods, as well as the train-
ing status of the subjects, which slows down the rate of
changes in the anabolic hormones.

Testosterone is a hormone that plays a key role in the
metabolism of carbohydrates, lipids and proteins. It has
been shown that sometimes testosterone has a lot of ef-
fects on the composition of body fat and muscle mass in
men [22]. Testosterone deficiency is associated with in-
creased body fat (especially central fat), reduced insulin
sensitivity, decreased glucose tolerance, increased choles-
terol and triglycerides and reduced HDL cholesterol. The
effects of testosterone are different among most tissues
(muscles, fat and liver) that play a role in insulin activ-
ity and it seems that there are complex regulatory effects
on the metabolism [22]. It is a hormone produced by cho-
lesterol, which has significant anabolic effects in muscle
tissue. The promotion of anabolism occurs by increasing
protein synthesis and inhibiting protein degradation [31].
Testosterone may also help increasing protein indirectly
by stimulating the release of other anabolic hormones such
as GH. In addition, it has been shown that it increases the
transcription and activation of the satellite cells, thereby
increasing the number of myogenically committed satel-
lite cells [31]. GH has various metabolic effects, including
increased protein synthesis, lipolysis, and glucose uptake,

and regulates protein anabolism through the mechanisms
of IGF-1 dependent on the endocrine and paracrine mech-
anism as the independent pathway to IGF-1 [8]. Contrary
to these two hormones, cortisol is a catabolic hormone and
is associated with an increase in the amount of protein ca-
tabolism, which can have an effect on the prevention of
skeletal muscle hypertrophy [8]. Serum cortisol levels
are affected by various factors such as intensity, duration,
exercise time, type of exercise, age, height, ambient tem-
perature and psychological state [5].

Our results on muscle strength indicated that strength
increased due to consumption of CEE combined with RT.
Compared to the two groups, only the strength of leg mus-
cles showed significant changes. Also, in the case of muscle
mass, the results showed that leg and arm muscle masses
were significantly increased in the RT + CEE group, but no
significant changes were observed in the RT + PL group. In
similar studies, Jose [21] showed that after four weeks of
RT, when creatine supplementation was consumed imme-
diately after exercise, it increased their strength. Gualano
et al. [16], studying the effect of creatine supplementation
and RT, concluded that creatine monohydrate consump-
tion and RT for 24 weeks improved muscle mass and mus-
cle function. Also, Lanhers et al. [25] in their review study
concluded that creatine supplementation would increase
strength of the upper body (bench press) in activities last-
ing less than 3 minutes. Study Nunes et al. [28] suggested
an increase in muscle hypertrophy, especially in the upper
body, due to the use of creatine supplementation in young
men practicing RT.

Contrary to these results, Young [41] suggested that
creatine supplementation has no effect on muscle mass,
function or muscle hypertrophy. In this study, creatine
monohydrate supplementation was used for 5 weeks.
Also, the results of Spillane et al. [35] showed that CEE
supplementation in non-RT males did not show more ef-
fects on muscle strength or functioning, fat mass and thigh
mass muscle compared to creatine monohydrate or the
maltodextrin placebo. Bemben et al. [4] stated that RT in
middle-aged and elderly men increased muscle strength
and muscle mass; furthermore, consumption of creatine
and protein had no additional effects.

Muscle mass is one of the main determinants of
strength and power [29]. Any increase in strength may
have been entirely for physiological reasons and changes
in hypertrophy in exercised muscles, and is not related to
improving muscle neuromuscular coordination. Shelma-
dine et al. [33] observed significant increases in markers
of satellite cell activation and hypertrophy and a modest
increase in fat free mass in the group which used supple-
mentation after only 4 weeks in untrained men. Further-
more, Snow et al. [34] examined the effect of creatine
supplementation (0.8 g/kg body weight) and moderate in-
tensity RT on the phosphorylation status of some proteins
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involved in the AKT/PKB pathway. Their results indi-
cated that the state of phosphorylation of AKT/PKB and
GSK3p increased significantly in the supplement group
in 1 to 5 days. The study of Bonilla [6] showed that the
ergogenic effect of creatine supplementation is absolute-
ly dependent on the storage of creatine in myocytes and
the secondary optimization of the Cr/PCr/CK system,
which acts as a spatial/temporal buffer for ATP regenera-
tion near myocellular ATPases. In addition, this improve-
ment in energy homeostasis induces positive regulation
of anabolic centers (such as IGF-1 and MAPK), which
trigger muscle growth and increase strength [6]. Creat-
ine increases the in vitro biosynthesis of muscle myosin,
up-regulates satellite cell activity, and increases tran-
scription of factors involved in muscle hypertrophy [6].
Creatine increases muscle fibers and reduces the protein
breakdown of the entire body. In addition, studies have
shown that creatine supplementation can regulate tran-
scription of myogenic regulators (such as IGF-1, myo-
genin, MRF-4, MYF-5), and increase the efficacy of pro-
tein transfer and activation, as well as proliferation and
differentiation of satellite cells; this ultimately results in
a positive balance in protein synthesis [6]. In contrast,
it has been shown that short-term creatine supplementa-
tion with RT does not affect the protein balance of young
people [14]. The findings of these studies are controver-
sial and may be influenced by various techniques used
to measure the association between the acute hormonal
response and subsequent muscular hypertrophy [26].
Furthermore, we observed weight gain in both groups,
and significant changes were observed between the two
groups. In contrast, there was a decrease in fat percent-
age in the RT + CEE group after the training period, but
the observed change was not significant. In addition, fat
percent differences between the two groups were signifi-
cant. In this regard, the results of Cooke et al. [13] showed
that consumption of creatine monohydrate and carbohy-
drate significantly increased body weight after 12 weeks
of RT. In addition, fat percentage was significantly higher
in the carbohydrate group than in the creatine monohy-
drate group and carbohydrate group. Also, the results of
Spillane et al. [35] showed significant changes in body
composition (body weight, fat mass, fat free mass) in the
creatine monohydrate group and CEE, but no significant
differences were observed between the groups. They stat-
ed that CEE was not effective in improving body com-
position compared to creatine monohydrate, and improve-
ment of these variables might be due to the protocol used
[35]. The results of Candow et al. [11] showed that sub-
jects consuming creatine supplement experienced weight
gain. One of the ergogenic effects of creatine supple-
mentation is increased body mass. A meta-analysis study
showed that approximately 64% of studies that measured
body mass reported significant changes due to creatine

supplementation. The increase in body mass appears to be
due to the increase of intracellular water associated with
fluid shifts due to the osmotic properties of creatine [7].

Contrary to the results of the present study regarding
weight gain in the RT + CEE group, Jose [21] concluded
that total creatine supplementation with RT did not cause
significant changes in body weight and fat free mass af-
ter four weeks of RT and creatine consumption. Similarly,
Jagim et al. [20] found that creatine monohydrate con-
sumption did not significantly reduce body fat percentage
in subjects, and despite the increase in weight, the ob-
served changes were not significant.

CEE seems to increase the bioavailability of creatine
and muscle creatine levels. Studies showed that CEE is
a substrate for creatine kinase. However, recent studies
showed that CEE is converted to creatinine, not creatine
[17]. Muscle glycogen levels may also be affected by
creatine supplementation, which is probably due to in-
creased volume of cellular water. It has been reported that
increased body mass due to creatine supplementation is
due to decreased urine output and water retention during
the early stages of creatine loading [17].

One limitation of the current study was the lack of
evaluation of dietary intake and accurate evaluation of
muscle volume. Another limitation of the present study
was the small sample size. Future studies are required to
examine in detail the daily diet and use a larger sample
size. Also, using accurate evaluation of muscle volume
with new methods may be helpful.

Conclusions

Based on the results, it seems that consumption of
CEE combined with RT can have positive effects on body
weight and leg strength in underweight non-athlete men
and does not affect hormonal levels and other variables.
More research is needed to make more detailed comments
on this subject.
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