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A B S T R A C T

Aim: Today, the role of some nutritional supplements maintaining soft lean mass and obesity treatment has been
proven. Among these supplements, beta-hydroxy-beta-methyl butyrate (HMB), has become popular recently.
The aim of the present study was to investigate the effect of 6-week HMB supplementation on muscle strength
and body composition of overweight sedentary women.
Methods: Forty 20-45-year-old female were recruited to the study. The subjects were randomized to an HMB
supplement (n= 20) or placebo (n=20) group. Body composition was measured by body impedance analyzer.
Strength was evaluated by one repetition maximum (1RM) measurements for upper and lower body using body
solid leg press and chest press machines.
Results: Thirty-five participants were analyzed at the end of the study. Changes in the 1RM strength tests in the
upper and lower body were significant between the two groups after 6 weeks (p=0.01 and p=0.04 respec-
tively). The changes in body composition indices were not significant between the two groups (p > 0.05).
Conclusions: Based on the results of the present study, six weeks of HMB supplementation in overweight women
increased the muscle strength compared to the control group.

1. Introduction

In today's world, the prevalence of obesity – both in developed and
developing countries-is increasing and endanger the general health of
humans (Eshtiaghi et al., 2015). In 2014, 600 million suffered from
obesity all over the world (Obesity and overweight, 2016). Due to the
high prevalence of obesity, interventions such as diet therapy, exercise
therapy, supplementary therapies or medications have become in-
creasingly important in reducing weight and decreasing morbidity rate
in the general population (Azizi et al., 2005; Barnes, 2012; Bertisch
et al., 2008; Lo Presti et al., 2010). However, while low-calorie diets
prescribed for weight loss leads to a reduction in FM,1 SLM2 is also
reduced. And as a result, the ability to do physical and sports activities
decrease greatly (Neff et al., 2015). This can also have a negative effect
on the body's metabolism (Wilson et al., 2013).

Today, the role of some nutritional supplements in maintaining

muscle mass during calorie-restricted diets, improving metabolic rate
and decreasing fat mass has been proven. Among these supplements,
HMB,3 has become popular recently. HMB is a metabolite of the
branched-chain amino acid, leucine, which stimulate the synthesis of
protein and also prevent protein degradation in skeletal muscle.
Therefore, some evidence shows that consuming HMB as a supplement
during exercise or low-calorie diets, can be effective in maintaining
LMB4 (Neff et al., 2015; Arciero et al., 2016). Moreover, it has been
effective in reducing adipose tissue by increasing fatty acid oxidation in
skeletal muscles (Albert et al., 2015).

However, in most of the studies that have been done so far, the
potential effects of taking HMB as a dietary supplement, has been as-
sessed in association with prescribed exercise program especially
strength training (Stancliffe et al., 2011; Jówko et al., 2001; Nissen
et al., 1996; Panton et al., 2000). Also, limited studies have been con-
ducted in sedentary individuals or people with chronic disabilities (May
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et al., 2002). Therefore, the main hypothesis of the study was: HMB
supplementation could affect muscle strength due to decrease in a
catabolic state. However, in some previous studies, HMB supple-
mentation had positive effects on body composition without a differ-
ence in exercise or dietary plan between intervention groups (Durkalec-
Michalski and Jeszka, 2015). Subsequently, the secondary outcome
was: HMB supplementation could change body composition in over-
weight women.

2. Materials and methods

The study was a double-blinded randomized controlled clinical trial
that was performed on human specimens and examined the effect of six
weeks of HMB supplementation on body composition and muscle
strength in sedentary overweight women.

2.1. Subjects

Forty 20-45-year-old female with a BMI between 25 and 29.9 kg/m2
participated in this study and divided into 2 experimental groups of
twenty.

Subjects were excluded if they were pregnant or at the post-meno-
pausal stage, suffered from diabetes, musculoskeletal and neurological
disorders, cardiovascular disease or any other restrictive disease which
might affect exercise performance. Moreover, the volunteers who used
appetite suppressant or any drugs which had a significant influence on
weight, heart rate, and physical performance were excluded. The sub-
jects were randomized to an intervention (n=20) and a control
(n= 20) group using a 1:1 randomization ratio.

2.2. Assessments

A Body Impedance Analyzer (AVIS33 body composition analyzer,
Jawon Medical Co. Ltd, South Korea) was used for analyzing body
composition including weight, FM, PBF5 and SLM. Height was mea-
sured by using a standard tape at the first visit while subjects stood up
barefoot. The waist (immediately above the bony prominence of the
iliac crest(and hip circumference)around the pelvis in the biggest pos-
terior extension of the buttocks(were measured in a standing position
with light clothing (Health and Obesity, 2000). Each measurement was
repeated for two times and if the difference was more than 0.5 cm, the
third measurement was done for each region.

A Slim Guide Caliper was used for measuring skin thickness on the
right side of the body in two regions: abdominal point (5 cm to the
umbilicus) and Supra iliac point (intersection of the mid-axillary line
and supra-iliac line), while subjects stood up with the naked upper
body. Each area was measured two or three times and when the dif-
ference was further than 3mm, subjects underwent another measure-
ment. All measurements were done by a one trained examiner.

At the same session, a trained nutritionist completed a 24-h food
record for each subject and at the end of the study, the daily food intake
was assessed again. Dietary intakes were analyzed by the University of
Minnesota Nutrition Data System for Research, version 5.0–3.5.

In order to investigate the upper and lower limb muscle strength,
1RM6 was performed at baseline and 6-week follow-up visit. 1RM de-
fined as the maximal weight that any person can lift just for one time
with accurate lifting method (Kraemer et al., 1995). Body Solid Leg
Press and Chest Press Machines were used. 1RM for chest press and leg
press were recorded under the supervision of a sports medicine spe-
cialist. After a short warm-up, subjects were asked to lift a load which
examiner estimated that it could not be lifted more than 10 times. The
rest time was 1–2min Between each attempt and finally, the maximum

number of repetitions was recorded (Medicine, 2012). The final result
was calculated using the formula: 1RM= (weight lifted)/(1–0.02*RTF
“repetitions to failure”)(Desgorces et al., 2010).

In the first visit, patients were educated about healthy nutrition
principles such as greater consumption of whole grains, low-fat dairy,
white meat and vegetables, and lesser consumption of fast foods or
Junk foods. They were encouraged to follow normal physical activity
during the intervention.

The study period was six weeks and the participants were followed
up by telephone at 3 rd week, and any vagueness or question was re-
solved through telephone counseling by a sports medicine specialist.

At the end of the study period, the participants were re-visited and
they were analyzed by Bio-Impedance device again. Also, anthropo-
metric measurements were repeated.

2.3. Supplement prescription

The intervention group received HMB supplement in the form of
1250mg calcium salt capsules (the Olimp Pharmacy Company) two
pills per day (equal to 2.5 g daily) and placebo was given to the control
group two times per day. The participants were requested to use the
pills with morning and evening snacks. The placebo pills contained a
neutral substance (glycerine) produced by Kharazmi Co. All subjects
were required to fill logbook if they take their supplement and if did not
consume the pills, the exact cause should be mentioned.

Informed consent was obtained from each patient included in the
study. This research has been approved by the Tehran University of
Medical Sciences and Health Services (IRCT registration ID:
IRCT201703177903N9).

2.4. Statistical analysis

The statistical software SPSS 19.0.0 (SPSS Inc. Chicago, IL, USA)
was used for all data analyses.

Descriptive baseline characteristics for two group's comparisons
were tabulated as means and SD or as percentages. Comparing baseline
characteristics was done with t-test and chi-square test. All analyses
comparing the efficacy of our primary outcomes (strength parameters)
were by intention-to-treat principles. Using General Linear Model
(GLM) score of those parameters between the two groups were com-
pared by repeated measures ANOVA test. Compound symmetry as-
sumption was tested using Mauchly's Sphericity test. The time groups
cross-product (interaction term) was considered as group differences in
their response over time with the baseline values (age and height) as a
covariate in this model. A significance level of 5% (alpha=0.05) was
used for all statistical tests.

3. Results

Forty subjects participated in the study, and 35 subjects (including
17 in control and 18 in the HMB group) analyzed at the end of the study
(Fig. 1). Four subjects were excluded because lack of interest to con-
tinue and have no time for participating in the test sessions and one was
excluded because of pregnancy planning. The mean (SD) age of HMB
and control group was 35.65 (7.83) and 35.11 (5.69) years respectively,
but the difference between the two groups was not statistically sig-
nificant (p=0.82). The mean (SD) of height in HMB and control group
was 161.47 (3.49) and 159.61 (4.92) cm, respectively, and the differ-
ence between the two groups was not statistically significant
(P= 0.21). The mean (SD) of BMI in HMB and control group was 27.33
(1.27) and 27.72 (1.39) kg/m2, respectively, and the difference be-
tween the two groups was not statistically significant (P=0.39).

The supplement consumption logbooks were assessed. The mean
(SD) number of the capsule which was taken by subjects was 81 (5.2)
and the lowest was 70 out of 84 for 6 weeks.

5 percentage of body fat.
6 one-repetition maximum test.
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3.1. Anthropometric indices

Anthropometric indices and the changes over 6 weeks in both
groups were presented in Table 1.

As listed in Table 1, there was no significant difference in the an-
thropometric indices at the baseline (P > 0.05). Reduction in weight,
fat percentage, fat mass, waist and hip circumference, abdominal and
supra-iliac skin fold in HMB group were significant during 6 weeks, but
in control group, only the waist circumference and Abdominal skinfold
were reduced significantly during 6 weeks (P < 0.05). However, no
significant difference was seen between the two groups after 6 weeks. In
terms of SLM and BMI, there were no significant changes intra-group or
inter-group.

3.2. Strength indices

Upper and lower 1RM tests and related indices at the beginning of
the study and the changes over 6 weeks in both groups were presented
in Table 2.

In terms of upper and lower body strength tests, there were no
significant differences in the baseline measurements (P > 0.05). After
6 weeks, the increase in upper and lower body 1RM was significant in
the supplement group (P < 0.05). Furthermore, the differences in
upper and lower body 1RM were significant between the two groups
(P < 0.05). The details of changes in a number of repetitions of chest

or leg press and amount of lifted weights were presented at Table 2.

3.3. Results of 24-h food records

According to the analysis, calorie intake at the baseline was not
significant between the two groups (P= 0.21). After the intervention,
the changes in the recall items (total calorie, carbohydrate, and protein
intake) from baseline were calculated in each group and the differences
between groups were compared and analyzed. The results showed that
changes in calorie intake (p=0.21), received protein (p= 0.45) and
consumed carbohydrate (p= 0.42) were not statistically significant
between the two groups.

4. Discussion

The present study was a double-blinded, randomized, placebo-
controlled trial in order to evaluate the Effects of 6-week supple-
mentation of HMB (beta-hydroxy-beta methylbutyrate) on body com-
position and muscle strength in sedentary overweight women. Forty
female subjects entered the study, data from 35 subjects were analyzed
at the end. (Fig. 1).

4.1. The effect of HMB on anthropometric indices

It was shown that consuming HMB supplements had a positive effect

Fig. 1. Flow chart of how participants progressed through the study, and how many contributors completed each stage.
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on anthropometric indices in the intervention group, but there was no
significant difference between the two groups at the end of the study
(Table 1).

In the study of Vukovich et al. consuming 3 g of HMB-Ca (Calcium
salt) per day along with a resistance exercise program for 8 weeks, lead
to an increase in muscle mass and reduction of fat mass (Vukovich
et al., 2001). Durkalec-Michalski et al. observed the effects of HMB on
the body composition of 16 elite rowers. In this crossover study, ath-
letes were given 3 g of HMB per day for 12 weeks. After a 10-day
washout period, placebo was given to athletes for another 12 weeks and
at the end of the study, a significant decrease in fat mass with pre-
servation of lean mass was observed in the athletes during supple-
mentation period (Durkalec-Michalski and Jeszka, 2015). Furthermore,
a significant reduction in weight and fat mass was seen in the HMB
group aligned with preservation of lean mass. Maintaining lean mass is
clinically important for obese or overweight subjects who undergo
weight loss diets. In 2013, Deutz et al. reported that HMB supple-
mentation helped elderly adults in a bed rest condition to preserve lean
mass (Deutz et al., 2013). The result was in consist of the study of
Vukovich et al., which showed that 8-week supplementation with HMB
increased gains in fat-free mass in older adults. However, their parti-
cipants were healthy people and participated in a specific exercise

program (Vukovich et al., 2001).
Although the anthropometric and body composition changes in our

study were significant in the supplement group, no differences between
the two groups were seen which may be due to the short duration of the
study or the lack of resistance exercise program during the supple-
mentation period. Most studies which reported a significant difference
between HMB supplement and control group emphasized on exercises
during the study period or were done on athletes (Durkalec-Michalski
and Jeszka, 2015; Vukovich et al., 2001; Holecek, 2017). Though a
number of studies did not support these findings (Kreider et al. 1999,
2000). The discrepancy in results of the mentioned studies could be
explained by study duration, experimental design and finally type of
evaluated participants in terms of having sports history. Additionally, in
previous studies, the effect of dietary intake, especially daily calorie
consumption has not been properly investigated.

In this regard, 6 weeks of HMB supplementation in sedentary
overweight women, may have a positive effect on body composition
indices and it seems that in order to increase the positive outcomes, it
would be better to use supplementation with a specific resistance
training.

Table 1
Baseline and changes in anthropometric measurements over time in the groups.

Variable Group Before After P-value* P-value**

Time Group Interaction

Weight (kg) HMB 69.9 ± 4.7 68.78 ± 4.79 0.01 0.002 0.13 0.87
Control 72.27 ± 4.25 71.25 ± 5.11 0.07

BMI (kg/m2) HMB 27.33 ± 1.27 27.01 ± 1.59 0.15 0.03 0.45 0.9
Control 27.72 ± 1.39 27.37 ± 1.73 0.11

FAT% HMB 35.49 ± 1.51 34.72 ± 2.20 0.007 0.006 0.71 0.31
Control 35.55 ± 2.38 35.18 ± 2.46 0.24

SLM (kg) HMB 41.16 ± 2.91 41.01 ± 2.99 0.44 0.67 0.25 0.84
Control 42.12 ± 1.80 42.07 ± 2.58 0.91

FM (kg) HMB 24.83 ± 2.06 23.93 ± 2.46 0.005 0.004 0.22 0.53
Control 25.75 ± 2.79 25.15 ± 3.09 0.15

Waist C (cm) HMB 96.44 ± 5.41 94.86 ± 5.11 0.002 <0.001 0.18 0.87
Control 98.87 ± 5.09 97.16 ± 5.23 0.01

Hip C (cm) HMB 103.41 ± 4.63 101.46 ± 4.69 0.002 <0.001 0.11 0.28
Control 105.14 ± 2.95 104.05 ± 3.38 0.08

Abdomen SF (mm) HMB 32.12 ± 5.46 30.13 ± 5.71 <0.001 <0.001 0.76 0.61
Control 32.64 ± 7.90 31.05 ± 9.01 0.04

Supra iliac SF (mm) HMB 28.11 ± 6.04 25.88 ± 5.56 <0.001 <0.001 0.1 0.55
Control 30.85 ± 5.43 29.20 ± 4.58 0.07

• The values are expressed as mean (SD), Statistical difference: p < 0.05, BMI: body mass index, FAT%: fat percent, SLM: soft lean mass, FM: fat mass, C:
circumference, SF: skin fold, * within group, ** between group.

Table 2
Baseline and changes in 1RM test indices over time in the groups.

Variable Group Before After P-value* P-value**

Time Group Interaction

Rep U(Number) HMB 4.50 ± 1.79 4.05 ± 1.86 0.39 0.82 0.73 0.28
Control 4.35 ± 2.34 4.64 ± 2.52 0.05

Weight U (kg) HMB 15.83 ± 7.12 20.00 ± 8.04 0.001 0.05 0.69 0.005
Control 17.05 ± 5.60 17.05 ± 5.01 0.99

1RM U (kg) HMB 17.32 ± 7.77 21.59 ± 8.11 0.001 0.007 0.77 0.01
Control 18.72 ± 6.13 18.88 ± 5.80 0.88

Rep L (Number) HMB 3.38 ± 1.71 4.16 ± 2.09 0.08 0.04 0.17 0.04
Control 5.05 ± 2.63 4.41 ± 2.56 0.26

Weight L (kg) HMB 45.83 ± 13.20 53.61 ± 15.41 <0.001 0.002 0.99 0.08
Control 48.52 ± 12.47 50.88 ± 11.75 0.41

1RM L (kg) HMB 49.32 ± 14.55 58.68 ± 17.28 <0.001 0.002 0.84 0.04
Control 53.81 ± 12.66 56.11 ± 14.38 0.47

• The values are expressed as mean (SD); Statistical difference: p < 0.05, REP: number of repetitions of chest or leg press, 1RM:1 repetition maximum, U: Upper
limbs L: Lower limbs, * within group, ** between group.
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4.2. Effect of HMB supplementation on strength performance testing

Results of the present study showed that HMB supplementation
could lead to an increase in muscle strength in sedentary subjects.

In some in vivo studies, the role of HMB in inhibiting starvation-
induced myofibrillar protein degradation with or without insulin was
observed (Duan et al., 2018).

In the most of the human studies the effect of HMB supplementation
were evaluated in addition to resistance training. There are studies
available on the effects of HMB supplementation on athletes' strength,
which are in line with the results of the present study. Wilson et al.
evaluated the effect of HMB supplementation with strength training on
amateur male athletes. After 12 weeks, they observed an increase in
LBM accompanied by a significant increase in strength in Bench Press,
Squat, and Deadlift tests (Wilson et al., 2008). Also, Lowery et al. re-
ported an increase in LBM and strength in trained individual within 12
weeks of supplementation with HMB and Adenosine triphosphate (ATP)
(Lowery et al., 2016).

In some studies, with shorter time of intervention, the same results
were obtained. In a review article, it has been reported that HMB
consumption with strength training for 3 weeks, had a positive effect on
LBM and strength enhancement (Nissen and Sharp, 2003). In non-ath-
letic subjects, the effect of HMB supplementation with strength training
has been studied too. Gallagher et al. evaluated 1RM and FFM after 8
weeks supplementation with different doses of HMB (0, 38 and 76mg/
kg/day) in addition to resistance exercise in the non-athletic in-
dividuals. While the 1RM strength gains were not different between
groups, results showed an increase in peak isometric and various iso-
kinetic torque values in supplement groups. In addition, the 38mg/kg
group exhibited a greater increase in FFM (Gallagher et al., 2000).

Achieving greater muscular strength is not only important for ath-
letic performance (Suchomel et al., 2016) but also has a principal role
in the life of sedentary population or patients with chronic disease
(Loprinzi, 2016; Gianoudis et al., 2015; Li et al., 2018). Nevertheless,
protein degradation is equally as important as protein synthesis. Under
conditions of starvation, uremia, sepsis, and acidosis, muscle protein
degradation results in loss of protein stores and a reduction in muscle
mass thus increasing morbidity and mortality (Wang et al., 2006). The
protein degradation of skeletal muscle under all of the mentioned
catabolic circumstances has been proven to be associated with the ac-
tivation of muscular ubiquitin-proteasome proteo-lytic (UPP) pathway
(Sheriff et al., 2012; Goodman et al., 2011). Recently, Holeček reviewed
the effect of HMB supplementation on athletes and chronic cachectic
patients and concluded that HMB could affect muscle mass in both
groups. However, the results of the mentioned study did not support the
positive effect of HMB supplementation on healthy subjects (Holecek,
2017). In 2016, Loprinzi suggested that lower extremity muscle
strength could be considered as predictive of mortality among people
with a sedentary lifestyle (Loprinzi, 2016). Muscle strength plays an
important role in functional daily activities such as the speed of walking
or climbing up and down stairs (Barbat-Artigas et al., 2014; Lerner
et al., 2014). Moreover, muscle strength is a key factor for those who
underwent weight loss programs. Generally, an obese population
especially females may have lower muscle strength (Carvalho et al.,
2015; Miller et al., 2013). So, calorie restriction for losing weight leads
to a reduction in muscle mass and strength, and finally functional ca-
pacity (Miller et al., 2013; Marks and Rippe, 1996; Weiss et al., 2007).
Due to the vital role of being physically active for maintaining meta-
bolic rate and losing fat mass, the effect of HMB supplementation on
muscle strength is noticeable.

Since sedentary individuals were evaluated in the present study, the
use of HMB may have reduced catabolic state with daily routine ac-
tivities, which improved their ability for general activity and conse-
quently, increased 1RM.

In sum, the use of six weeks of HMB supplementation without
strength training in the sedentary overweight female could increase

muscle strength.

4.3. Limitations and strengths

The results of the present study are not generalizable to post-
menopausal female and male subjects due to the limitation of our in-
clusion criteria. Body composition analysis method that used in the
study, was another limitation, which may have errors in the report of
the fat mass/or lean mass measures. The period of the study was short.
Considering that, most HMB studies have been conducted on the ath-
lete's population, it is recommended to study non-athletic obese and/or
overweight populations, with concurrent exercise in a longer period.

5. Conclusions

According to the results, 6 weeks of HMB supplementation in se-
dentary overweight women, may have a positive effect on body com-
position indices such as weight, waist and abdominal circumferences
and some skin fold points. An important finding of the present study
was the effect of HMB supplementation without resistance training on
the increasing strength of sedentary overweight women without
changes in SLM.
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