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RESUMO

Introduction: In recent years, there was an increased interest on the effects of beta-hydroxy-beta-methylbutyrate
(HMB) supplementation on skeletal muscle due to its anti-catabolic effects. Objectives: To investigate the effect of
HMB supplementation on body composition, muscular strength and anabolic-catabolic hormones after resistance
training. Methods: Twenty amateur male athletes were randomly assigned to supplement and control groups in a
double-blind crossover design and participated in four weeks resistance training. Before and after the test period
fasting blood samples were obtained to determine anabolic (the growth hormone and testosterone) and catabolic
(cortisol) hormones, and fat mass, lean body mass (LBM) and muscular strength were measured. Dependent and
independent t-tests were used to analyze data. Results: After the training period, there were no significant differen-
ces between the groups with respect to fat mass, LBM and anabolic-catabolic hormones. HMB supplementation
resulted in a significantly greater strength gain (p<0.05). Conclusion: Greater increase in strength for HMB group
was not accompanied by body composition and basal circulating anabolic-catabolic hormonal changes. It seems
that HMB supplementation may have beneficial effects on neurological adaptations of strength gain.

Keywords: resistance training, hormones, body composition, dietary supplements, HMB, muscle strength.

ABSTRACT

Introdugao: Nos ltimos anos, houve um aumento no interesse sobre os efeitos da suplementagéo de beta-hidroxi-
-beta-metilbutirato (HMB) no musculoesquelético devido aos seus efeitos anticatabdlicos. Objetivos: Investigar o efeito da
suplementagao de HMB na composicdo corporal, forca muscular e horménios anabdlicos-catabdlicos apds treinamento
de resisténcia. Métodos: Vinte atletas amadores do sexo masculino foram aleatoriamente designados a grupos de su-
plemento e de controle em design cruzado duplo-cego, tendo participado de treinamento de resisténcia durante quatro
semanas. Antes e depois do periodo de teste, foram obtidas amostras de sangue em jejum para determinar os horménios
anabdlicos (0 hormédnio do crescimento e a testosterona) e catabdlico (cortisol), tendo a massa adiposa, massa corporal
magra (LBM) e forca muscular sido mensuradas. Testes t dependentes e independentes foram usados para analisar os
dados. Resultados: Apds o periodo de treinamento, ndo houve nenhuma diferenca significativa entre os grupos no que diz
respeito a massa adiposa, LBM e horménios anabdlicos-catabdlicos. A suplementagéo de HMB resultou em um ganho de
forca significativamente maior (p<0,05). Concluséo: O maior aumento na forca no grupo HMB néo foi acompanhado
por alteragdes na composicao corporal e alteracées hormonais anabdlicas-catabdlicas basais na circulacao. Parece que
a suplementacdo de HMB pode ter efeitos benéficos sobre as adaptacées neuroldgicas do ganho de forca.

Palavras-chave: treinamento de resisténcia, hormonios, composicdo corporal, suplementos alimentares, HMB,
forca muscular.

RESUMEN

Introduccion: En los dltimos anos hubo un aumento en el interés sobre los efectos de la suplementacion de
beta-hidroxi-beta-metilbutirato (HMB) en el musculo esquelético debido a sus efectos anticatabdlicos. Objetivos:
Investigar el efecto de la suplementacién de HMB en la composicion corporal, fuerza muscular y hormonas ana-
bélicas-catabdlicas después de entrenamiento de resistencia. Métodos: Veinte atletas amateurs del sexo masculino
fueron aleatoriamente designados a grupos de suplemento y de control en un diserio cruzado doble ciego, habiendo
participado en entrenamiento de resistencia durante cuatro semanas. Antes y después del periodo de test, fueron
obtenidas muestras de sangre en ayunas para determinar las hormonas anabdlicas (la hormona del crecimiento
y la testosterona) y catabdlica (cortisol), habiendo sido medidas la masa adiposa, masa corporal magra (LBM) y
fuerza muscular. Los Tests-t dependientes e independientes fueron usados para analizar los datos. Resultados: Des-
pués del periodo de entrenamiento, no hubo ninguna diferencia significativa entre los grupos en lo que se refiere
a la masa adiposa, LBM y hormonas anabdlicas-catabdlicas. La suplementacion de HMB resulté en un aumento
de fuerza significativamente mayor (p<0,05). Conclusidn: El mayor aumento en la fuerza en el grupo HMB no fue
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acompariado por alteraciones en la composicion corporal y alteraciones hormonales anabdlicas-catabdlicas ba-
sales en la circulacion. Parece que la suplementacion de HMB puede tener efectos benéficos sobre las adaptaciones

neuroldgicas del aumento de fuerza.

Palabras clave: entrenamiento de resistencia, hormonas, composicidn corporal, suplementos alimentarios, HMB,

fuerza muscular.
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INTRODUCTION

Nutritional supplements are commonly used by athletes to enhan-
ce athletic performance. While it is believed that these substances in-
crease the training-associated anabolic adaptations and reduce their
catabolic effects, increase muscle mass and decrease fatigue, very little
scientific evidence supports this notion. In recent years, there was an
increase interest on the effects of beta-hydroxy beta-methylbutyrate
(HMB) supplementation on skeletal muscle due to its anti-catabolic
effects’™. Studies examining the effects of HMB supplementation on
strength and body composition have demonstrated that HMB supple-
mentation, in combination with a resistance training program, resulted
in increased muscular strength and lean body mass (LBM) and tended
to decrease fat mass*°. It has been suggested that HMB supplementa-
tion with 1.5 to 3 g per day reduces muscle proteolysis and increases
strength and muscle mass after 3-8 weeks strength training®’. However,
these findings aren't confirmed by other studies®®.

HMB is a biocactive metabolite formed from the breakdown of the
essential branched amino acid leucine. Leucine and its metabolite keto-
-isocaproate (KIC) appear to inhibit protein degradation and this anti-pro-
teolytic effect is believed to be mediated by HMB. HMB exerts its effects
through protective anti-catabolic mechanisms and has been shown to
directly influence protein synthesis'®!". In fact, HMB supplementation may
affect cellular receptors and hormones, such as cortisol and testosterone,
or the modulation of enzymes responsible for muscle catabolism'®, Howe-
ver, recent studies have generated a more concrete basis regarding HMB
mechanisms of action'?. Possible mechanisms of action include reduced
muscle damage due to stabilization of muscle cell membrane, modulation
of protein degradation by inhibition of the ubiquitin—proteosome system,
and upregulation of IGF-1 gene expression in the skeletal muscle, and the
mTOR signaling pathway leading to protein synthesis'>>.

Although some findings suggest that HMB supplementation during
training may enhances adaptations of trained and untrained individuals,
others report no significant effects of HMB supplementation®'¢ Thus, the
available scientific literature on HMB supplementation in humans is still
preliminary in nature and should be considered with reservation''® Also,
the data about the influence of HMB supplementation, particularly with
resistance training, on anabolic-catabolic hormones are still scarce and to
our knowledge there are only two studies with conflicting results>'" in the
literature regarding the effect of HMB supplementation on these variables.

So, the aim of the present study was to assess the effect of HMB sup-
plementation on body composition, muscular strength and, anabolic (the
growth hormone and testosterone) and catabolic (cortisol) hormones after
four weeks resistance training in amateur athletes. We hypothesized that
HMB supplementation will lead to an increase in LBM, muscular strength
and anabolic hormones, i.e. growth hormone and testosterone, and re-
duce fat mass and catabolic hormone, i.e. cortisol, after strength training.

MATERIALS AND METHODS

Twenty amateur athletes volunteered to participate in this study.
None of the participants had a medical history of digestive and
hormonal disorders, hypertension, liver dysfunction, cardiovascular
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disease and diabetes. They have no regular resistance training in past
6 months. Complete advice about possible risks and discomforts was
given to the participants, and all of them give their written informed
consent to participate. Their characteristics are shown in table 1.

Table 1. Characteristics of the participants (Mean + SD).

Variables Control HMB
Age (years old) 227 +29 224+34
Weight (kg) 733+81 74.8+7.2
Height (cm) 1757 +56 1759 + 5.1
BMI (kg/m?) 236+15 241+£19
Body Fat (%) 157+23 149+ 3.7
LBM (kq) 61.7+6.2 635+56

BMI: body mass index, LBM: lean body mass.

PROCEDURES

All procedures were in accordance with the Declaration of Helsinki
and the study was approved by the faculty ethics committee in the
University of Guilan, Rasht, Iran.

Before initiating the training, the participants underwent an anam-
nesis, a clinical evaluation and weight, height, body mass index (BMI),
body fat mass and LBM measurements. Then, all of them underwent
familiarization session to familiar with the procedures of the study and
participated in one repetition maximum (1RM) strength test. Partici-
pants were randomly assigned to supplement and control groups in
a double-blind crossover study and took part in four weeks resistance
training. Blood samples were collected to measure the serum growth
hormone, testosterone and cortisol concentrations before and after
the training period, same as body composition and muscular strength.

All measurements were performed at the same time of the day
for all participants. None of the participants received any additional
medications or food supplements other than HMB or placebo. They
were asked to maintain their usual dietary and lifestyle habits and not
to perform strenuous physical activity in the period of study.

Anthropometric measurements were done in light clothes before and
after the training period. Height and weight were measured by an auto-
matic height-weight scale, to the nearest 0.1 cm and 0.1 kg, respectively.
BMI was calculated by dividing weight (kg) by the square of the height
(m?). To estimate the amount of subcutaneous fat in the body, skinfold
thickness was measured (Lafayette Caliper, model 01128, USA) at three
sites (Chest, Abdomen and Quadriceps) in the right of body. Each measu-
rement was performed in triplicate and the average was taken for analysis.
All the measurements were made with the subject in standing position
and body fat percent were estimated in accordance with Jackson and
Pollack™. LBM was determined by subtracting the fat mass from weight.

TRM was assessed prior and at the end of the second week of trai-
ning in the squat, knee extension, knee flexion, leg press, bench press,
lat pull-down, shoulder press, cable biceps curl and triceps push down
exercises. At the end of the training period, participants underwent 1RM
test in the squat and bench press too. Briefly, participants performed a
warm-up consist of slow running, static stretching, and dynamic exercises.
Two to three trials separated by 2-3 min of rest were used to determine
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individual 1RM for each resistance exercise. In these sessions, a weight
that can be lifted maximally to fatigue after 2-10 repetitions has been
used to calculate TRM, according to the formula proposed by Brzycki®.

HMB supplementation and exercise protocol

Participants were randomly assigned to supplement and control groups
in a double-blind crossover manner and trained together for four weeks.
The supplement group consumed HMB (GNC Pro Performance®, USA) su-
pplement 3 g per day in three times (total 12 capsules) and control group
consumed placebo (rice flour) in this period. Both treatments had same
shape as identical capsules in size and appearance. Each HMB capsule
contained 250 mg Calcium Hydroxymethyl Butyrate Monohydrate (Ca-
-HMB) and 200mg Mono-Potassium phosphate (KH,PO,). Previous studies
in adults suggested that the use of this dose resulted in the greatest effects
on muscle mass and muscle strength?'. Also, when supplementing with
HMB, current evidence suggests that 1 g of HMB should be consumed
three times per day, for a total of 3 g of HMB daily™.

Exercise training involved resistance training in 3 sessions per week.
Participants performed two sets of nine exercises (squat, knee extension,
knee flexion, leg press, bench press, lat pull-down, shoulder press, cable
biceps curl and triceps push down) per session, so that carried 10 repeti-
tions for each set with 80% 1RM in first 2 weeks and 8 repetitions for each
set with 85% of new determined 1RM in 2 last weeks. 2 and 3 min rest
interval were assigned between sets and exercises, respectively.

Blood sampling and analysis

Blood samples obtained 1 day before and 3 days after the test period
for determining the growth hormone, testosterone and cortisol levels.
10 cc blood samples were taken in a seated position from antecubital
vein after 12 h overnight fasting. The samples were centrifuged and the
serum was frozen and stored at -80°C until analyzing the hormones. Se-
rum growth hormone, testosterone and cortisol levels were determined
by radioimmunoassay (RIA) method (Immunotech Kits, Czech Republic;
Gamma Counter System, LKB model, Finland). All samples were analyzed
in same assay for each hormone according to the manufacturer’s instru-
ments. Coefficients of variation (CV) for all the variables were less than 7%.

Statistical analysis

All data were expressed as mean + SD and were analyzed using
SPSS software (Ver. 16.0). Paired and unpaired t-tests were used res-
pectively to examine the within and between groups differences of
variables. The level of significance was set at p<0.05.

RESULTS

No baseline differences were found between the HMB and control
groups in anthropometric characteristics (table 1). Pre and post-training
values of body weight, BMI, percent body fat and LBM of HMB and con-
trol groups are shown in table 2. Body weight (p=0.001, p=0.001), BMI
(p=0.001, p=0.001) and LBM (p=0.001, p=0.001) increased and percent
body fat (p=0.007, p=0.002) decreased significantly after training period
in both HMB and control groups. However, there were no significant
differences in these variables changes between the groups.

Table 2. Pre and post-training anthropometric measures.

Variables Control HMB
Pre Post Delta Pre Post Delta
Weight (kg) | 73.3 + 8.1 [74.7 £+ 80%| 14+08 |748+72(766+79% 1.8+ 1.2

BMI (kg/m?) [ 23.6 £1.5(24.1 +1.6%| 05+03
Body fat (%) | 157 £ 2.3 |147 £25%| -09+ 08 | 149+3.7|134£33%| -15+ 1.1
LBM (kg) [61.7+6.2]63.6+65% 27414 [635+56(663+6.5% 1.9+1.2

Values are expressed as mean + SD; Delta: post-pre values. BMI: body mass index, LBM: lean body mass. *Sig-
nificant difference compared to pre-training values (p<0.05).
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241 +£19 (247 £23%] 0604

Strength

There were no significant differences in baseline values between
groups in bench press and squat 1RM. Bench press (p=0.001, p=0.001)
and squat (p=0.001, p=0.001)1RM values increased significantly, in both
groups, after training period. In comparison with the control group,
HMB supplementation resulted in a significant greater strength gain in
the bench press (p=0.017) and squat (p=0.012) 1RM (figure 1).

Pre and post-training values of anabolic and catabolic hormones of
HMB and control groups are shown in table 3.There were no significant
differences in baseline values between groups in growth hormone,
testosterone, cortisol and the ratio of cortisol to testosterone. Growth
hormone (p=0.027, p=0.001) and testosterone (p=0.012, p=0.002) sig-
nificantly increased and cortisol (p=0.014, p=0.001) and the ratio of cor-
tisol to testosterone (p=0.002, p=0.001) were significantly decreased,
in both groups, after the training period. There were no significant
differences in the anabolic and catabolic hormonal changes and the
ratio of cortisol to testosterone changes between the groups.

A _ . _ B .
90 - * * 100 * *
s S B 1
S 704 1
w9 2o
g 504 = 501
5 404 2 401
g 304 v 30,
& 204 20
104 104
0 ol .
Control HMB Control HMB
[ Pre [ Post *Significant difference at p<0.05.

Figure 1. Mean of A) Bench press; B) Squat 1RM;

Table 3. Pre and post-training hormones values.

Control HMB
Variables
Pre Post Delta Pre Post Delta
GH(mg/l) | 09+£03 |1.1+£02*%{ 02+02 | 09+04 [12+£04*| 02+0.1
Tes (nmol/) [ 127 £1.7 134 +£17% 07 +0.7 | 128+ 121|138+ 1.3* 1.0+0.7
Cor (nmol/l) | 289+ 35 [ 282 +33* [ -69+ 7.1 | 307 +32 | 295 +33*|-11.9 + 8.1
CT 231 +53(214+46%-17+£12[239+25(2134+22%|-26+14

Values are expressed as mean + SD; Delta: post-pre values.GH: growth hormone, Tes: testosterone, Cor: cortisol,
C.T: ratio cortisol/testosterone. *Significant difference compared to pre-training values (p<0.05)

DISCUSSION

The present study investigated the effect of HMB supplementa-
tion on body composition, muscular strength and anabolic-catabolic
hormones after four weeks resistance training in amateur athletes.
Our results have shown that HMB supplementation doesn't result in a
significant change in body weight, BMI, body fat, LBM and anabolic-
catabolic hormones after four weeks resistance training compared to
placebo, but resulted in a significantly greater muscular strength gain.

Our findings about the change of body composition after HMB
supplementation is consistent with previous studies indicating that
supplementation of HMB in conjunction with resistance training has
not significant greater effects on body composition in compare to pla-
cebo®17?2 It has been suggested that the HMB effect on body composi-
tion is inconsequential?>Some studies reported that HMB was unable
to change the body composition of athletes involved in resistance
training (22), water polo, rowing® or football'”?*On the other hand, a
number of studies failed to confirm these results and indicated that
HMB supplementation during 2- to 12-weeks of training promoted sig-
nificantly greater changes in FFM and fat loss in trained and untrained
men and women*>2>%, Based on previous studies, the data about the
effect of HMB supplementation on body composition is inconsistent.
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Regarding to strength, the results of our study confirmed the
previous findings that HMB supplementation resulted in a significant
greater strength gain after training>'"??. Recently, Portal et al."" showed
that HMB supplementation led to an increase in knee flexion isokinetic
force in elite adolescent volleyball players. In the study conducted by
Kraemer et al.,” bench press and squat 1RM were increased in HMB
and control groups after 12 weeks of resistance training. However,
the increases in TRM were significantly greater in the HMB group
when compared to the CON group. These results repeated in Thomson
et al? study in trained men after 9 weeks resistance training. But these
findings are not supported by several investigations®°162427.28,

Changes in strength are largely due to neurological adaptations early in
practice (changes in motor unit recruitment, asynchronous to synchronous
contractions, etc.), while increases in lean muscle mass, which increases the
capacity of the body to produce force, accounts for a greater percentage of
strength gain later on'. Currently, the ability of HMB to increase indices of
strength has been attributed to the changes observed in lean mass. However,
to our knowledge, no research has examined possible neurological adapta-
tions facilitated by HVB supplementation. It seems that HMB supplementa-
tion may have beneficial effects on neurological adaptations of strength gain.

Previous studies suggested that the beneficial effects of HMB supple-
mentation on performance result from anabolic adaptations and reduced
catabolic effects. Therefore, we hypothesized that the beneficial effects of
HMB supplementation on strength will be accompanied by an increase in
circulating levels of the growth hormone and testosterone, a decrease of
cortisol and improvement in the anabolic-to-catabolic hormone ratio. In
contrast to our hypothesis, we observed no significant differences in any of
these measures between the HMB and placebo groups. These findings are
consistent with Portal et al."". These authors reported no significant effect
of HMB on growth hormone, testosterone and cortisol after 7 weeks of
the training in adolescent volleyball players. Inconsistent with our findings,
Kraemer et al.> demonstrated that the HMB increased resting testosterone
and growth hormone concentrations after 12 weeks of resistance training.
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There are several possible reasons for the discrepancy in results
observed among studies about the effect of HMB supplementation
on body composition, strength and anabolic-catabolic hormones. It is
possible that differences in experimental design (e.g., dietary controls,
type and intensity of training, subject training status and duration of
experiment, etc.), methods employed (e.g., supplement formulations
investigated, methods of assessing body composition, strength and
hormones), and/or statistical analysis procedures employed among
studies may account for some of the differences observed.

In the present study HMB supplementation has no additional ef-
fects apart from resistance training on body composition and anabolic-
catabolic hormones, but significantly increases muscular strength after
four weeks resistance training. It is possible that the duration of HMB
supplementation in current study is not sufficient to affect body com-
position and anabolic-catabolic status in amateur athletes. Increase in
strength may be attributed to neurological adaptations.

CONCLUSION

We demonstrated that HMB supplementation in amateur athletes
was associated with a greater increase in muscle strength, so that this
change was not accompanied by body composition and basal circu-
lating anabolic-catabolic hormonal changes. Whether longer periods
of supplementation of HMB are necessary to change body composi-
tion and improvement of anabolic-catabolic status during resistance
training in amateur athletes remains to be determined. Furthermore,
whether HMB supplementation can be beneficial to effects on neu-
rological adaptations also remains to be determined. Further studies
are needed to determine the effect of HMB supplementation during
resistance training periods in order to optimize its beneficial effects.
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