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Research Article 

Influence of Β-Hydroxy-Β-Methyl Butyrate Supplementation on 

Strength, Muscle and Liver-Damage Indices Induced by Dual Pyramid 

Resistance Training in Beginner Bodybuilders 

 

Abstract 
Background: It has been suggested that ingesting supplements decrease 
muscle soreness, increase muscle strength, hypertrophy, and health-related 
indices. This study investigated the influence of 8-week β-Hydroxy-β-Methyl 
butyrate (HMB) supplementation combined with a dual pyramid resistance 
exercise program on strength, muscle, and liver-damage indices (ALT, AST, 
CK, and LDH) and body mass index (BMI) in beginner bodybuilders. 
 
Materials and Methods: A total of 40 beginner bodybuilders was 
randomized to an intervention group (resistance training + HMB 
supplementation) and a control group (resistance training + placebo) for 8 
weeks. Blood samples and body measurements were taken at baseline and 
after the end of the intervention. The subjects were evaluated for BMI, 1 
repetition maximum (1RM) bench press and leg press prior to and after the 
training intervention. In addition, blood samples were obtained before and 
after 8-week resistance training to evaluate creatine kinase (CK), lactate 
dehydrogenase (LD), aspartate aminotransferase (AST), and alanine 
aminotransferase (Johnson et al.) responses. 
 
Results: After 8 weeks of HMB ingestion, serum levels of CK (p<0.001), LDH 
(p<0.014), and ALT (p<0.009) of participants in the experimental group 
significantly decreased compared to the placebo group. Furthermore, The 
HMB group showed greater gains compared with the placebo group in 1RM 
leg and bench press (p<0.001). Regarding BMI and AST serum levels, there 
were no significant differences between groups.  
 
Conclusion: The results of the present study showed that HMB 
supplementation may attenuate the resistance exercise-induced muscle and 
liver damage indices and have beneficial effects on muscle strength. 
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High-intensity resistance training appears 

essential for improving physical fitness factors, 

particularly muscular strength and 

hypertrophy, and is a common form of activity 

recommended for various healthy age groups 

and patients (1, 2). Double pyramid resistance 

training, a combination of the pyramid and 

reverse pyramid system, uses the maximum 

number of muscle fibers because they are 

under the most possible load (3). Repeatedly 

exposing resistance training exerts mechanical 

overloads on the body and can stimulate the 

tissue to adapt with further overload. Muscle 

and connective tissue damage may occur due 

to resistance exercises. As a result, 

bodybuilders need much time to recovery to 

be able to increase their training load and 

improve their performance (4). 

Creatine kinase (CK) and lactate 

dehydrogenase (LDH) are two indirect skeletal 

muscle damage indices. CK is a dimeric 

globular protein that buffers ATP and ADP 

concentrations by catalyzing the exchange of 

phosphate bonds between phosphocreatine 

and ADP produced during muscular 

contraction. LDH is an enzyme that catalyzes 

the conversion of pyruvate to lactate during 

anaerobic glycolysis (4). Following long-term 

and strenuous exercises, serum levels of CK 

and LDH enzymes can dramatically increase (5, 

6). 

Meanwhile, it has been observed that 

resistance training may lead to elevations of 

aspartate aminotransferase (AST) and alanine 

aminotransferase (7). AST and ALT enzymes 

are hugely found in the liver. AST is also 

abundant in other tissues such as the heart, 

kidneys, skeletal muscle, and red blood cells; 

but, ALT concentrations in skeletal muscle are 

low (8). 

In fact, an increase in serum level of AST and 

ALT indicates the entry of muscle and liver 

enzymes into the bloodstream (6). In addition 

to this, ALT activation has a high correlation 

with body mass index (BMI), while AST has a 

slight one to this variable (6, 9). 

It has been suggested that ingesting 

supplements decrease muscle soreness, 

increase muscle strength, hypertrophy, and 

health-related indices (10-12). Over the past 

25 years, one dietary supplement that has 

drawn specific attention in sport is β-hydroxy-

β-methyl butyrate (HMB) (10, 13). Beneficial 

effects of HMB – a metabolite of leucine and 2-

ketoisocaproic acid – may be correlated with 

its anti-catabolic action, influence on the de 

novo synthesis of cholesterol, increased 

insulin-like growth factor 1 transcription, the 

stimulation of the mTOR kinase pathway, or 

the ubiquitin-proteasome system and caspase 

activity (10, 14).  

There have been several studies to investigate 

the impacts of the ingestion of HMB in 

combination with resistance training in terms 

of improving strength, and damage markers. 

Asjodi and Izadi (2019), Standley et al. (2017), 

van Someren et al. (2005) and Panton et al 

(15) reported that HMB ingestion (3 g/day) 

during 3–8 weeks of resistance training 

decreased CK and LDH, lowered inflammatory 

biomarkers, and improved body composition; 

However, Arazi et al.(2015), Kirby et 

al.(2010), Lamboley et al (2007), and Shirato 

et al. (2016) were found no significant 

differences between HMB and placebo groups 

regarding blood lipids, muscle damage and 

body composition. 

 

1. Introduction 
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Participants 

The study population consisted of 53 beginner 

males (aged 19–29) bodybuilders who were 

members of a sports club in Lahijan City, Iran. 

Inclusion criteria were: 1) a maximum of 3 

months involving in resistance exercise, 2) no 

smoking, 3) no history of cardiorespiratory, 

musculoskeletal, neurological, hormonal or 

orthopedic disorders, 4) no change in daily 

diet during the study, and 5) no ingestion of 

androgenic and energetic supplements in the 

past 1 months. Exclusion criteria included 1) 

absence for more than two sessions through 

intervention, 2) consumption of additional 

supplementation during the study, and 3) 

suddenly being disease.  

Randomization and study groups 

The sample comprised 40 amateur 

bodybuilders who were voluntarily recruited 

and then randomly divided into two groups: 

HMB supplementation+ resistance training 

(n=20) and placebo+ resistance training 

(n=20). A priori calculations of statistical 

power using G ∗ Power indicated that this 

sample size was appropriate to satisfy power 

at or above 80% (16). A researcher not 

involved with data collection was responsible 

for randomization and group allocation (using 

a computer-generated randomization 

sequence). Participants signed informed 

consent and were completely voluntary to 

withdraw at any stage of research. They were 

screened by a physician to be eligible to 

participate in exercise training. None of them 

received any muscle-building supplements 

before. 

 

 

2. Materials and Methods 

In general, muscle fibers damage and 

inflammatory responses due to intense and 

eccentric exercises reduce athlete’s 

performance in subsequent sessions; so, it is 

essential to prevent injuries in the athletes for 

further efforts. To best our knowledge, the 

long-term effects of the combination of HMB 

ingestions and resistance training on liver-

damage indices have not been reported yet in 

previous studies. According to the previous 

contradictory results and the increase in HMB 

consumption among resistance and 

competitive athletes, the aim of the present 

study was to investigate the influence of HMB 

supplementation with dual pyramid resistance 

exercises on muscle and liver damage 

enzymes, muscle strength and BMI in beginner 

bodybuilders. 

 

This randomized, double-blind, placebo-

controlled trial with pre and post-test design 

approved by the Ethics Committee of Azad 

University of Rasht 

(IR.IAU.RASHT.REC.1399). The trial has been 

registered in the Iranian Registry of Clinical 

Trials (IRCT) as IRCT20180503039517N4. 
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Program activity duration Content 

Warm up 10 min 
jogging and stretching (focusing on the muscle 

groups that were about to be trained) 

Main dual 

pyramid 

resistance 

training program 

 

65 min 

movements Set = reps × load 

bench press, leg press, 

hamstring curl, knee 

extension, 

cable biceps curl and 

triceps extension 

1= 4 × 80% 1RM 

2= 3 × 85% 1RM 

3= 2 × 90% 1RM 

4= 1 × 95% 1RM 

5= 1 × 95% 1RM 

6= 2 × 90% 1RM 

7= 3 × 85% 1RM 

8= 4 × 80% 1RM 

Cool down 5 min The same exercises as warm up 

All subjects completed a familiarization session 

with equipment, resistance training room, and 

proper strength tests one week prior to the 

initiation of the resistance training intervention.  

For HMB supplementation group, HMB capsules 

containing 1 g of HMB per capsule were taken 

(Optimum Nutrition, Inc., USA): One capsule was 

ingested 3 times a day before breakfast, lunch, 

and supper (HMB: 3 g/day) on non-training 

days. Moreover, on training days, participants 

took three capsules of the assigned preparation 

per day in three doses as follows: before 

breakfast and supper, and 30 minutes before 

training, as well. Each serving of placebo 

contained the same amount of polydextrose 

(17). It should be reminded that both HMB and 

placebo capsules were the same in size and 

appearance. 

 

Resistance training involved an eight-week 

dual pyramid pattern program (3 sessions per 

week). Each session consisted of a 10 minutes 

warm-up, 65 minutes of main exercises, and 5 

minutes cool down. The main part of training 

program included the 8 exercises in each 

session (8 sets with a break of 5 minutes in the 

first 2 weeks, 4 minutes in the third and fourth 

weeks and 3 minutes in the last 4 weeks) (18) 

(resistance program was shown in table 1 in 

detail). They were closely supervised by a 

trained exercise specialist to assure performing 

techniques properly. During this pretest and 

posttest scheduling food intake was controlled 

by an investigator by means of an interview. All 

participants completed training sessions in full. 

 

Table 1 : Main dual pyramid resistance training program 
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Measures 

Baseline anthropometric and physical 

fitness assessment 

Forty-eight hours before and after the 

intervention, height, weight, BMI were 

measured by dividing body weight (kg) by the 

square of the height (m2) of the subject. For the 

upper and lower body strength, bench and leg 

press exercises were measured by free weights 

(Mobarez Company, Tehran, Iran) as mentioned 

before (19). One RM was assessed in knee 

extension, hamstring curl, leg press, bench 

press, cable biceps curl, and triceps pushdown 

exercises. Briefly, the participants performed a 

warm-up which consisted of jogging, static and 

dynamic stretching and exercises. Two to three 

trials separated by 2-3 minutes of rest were 

used to determine the individuals’ 1RM for each 

resistance exercise. In these sessions, a weight 

that could be lifted maximally to fatigue after 2-

10 repetitions was used to calculate 1RM 

according to the formula proposed by Brzycki 

(20). 

Laboratory investigations 

All laboratory measurements were performed 

one day before and two days after the 

intervention period. Trained and experienced 

phlebotomists collected ten-milliliter venous 

blood samples in a seated position after 12 -h 

overnight fasting between 7:30–9 a.m. The 

serum was separated and stored at -80°C until 

analysis. In both stages, the serum level of CK, 

LDH, ALT, and AST enzymes were measured by 

an enzymatic colorimetric method (Pars 

Azmoun, Tehran, Iran). 

 

Statistical Analyses 

The normality of all distributions was 

determined by Shapiro-Wilk test, a paired 

sample t-test was used to calculate the 

statistical significance of the difference between 

pre and post measurements within each group. 

Independent t-test was also used to compare the 

differences in change scores (post-test minus 

pre-test scores for each subject) between 

intervention and control groups. To calculate an 

effect size Cohen’s d was used with the 

parameter; d ≤ 0.2 considered small, > 0.8 large, 

and between these values moderate (21). 

Standard statistical procedures were selected 

for the calculation of means, standard deviations 

and 95% confidence intervals. Statistical 

significance was set at p< 0.05. All analyses 

were conducted using SPSS version 25.0 (SPSS 

Inc., Chicago, IL, USA). 
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HMB (n=20) 

Mean ± SD 

Placebo (n=20) 

Mean ± SD 
p-value* 

Baseline demographics 

Age (year) 22.45±2.91 23.45±3.15 0.140 

Height (m) 1.74±0.07 1.71±0.074 0.834 

Wight (kg) 73.9±9.7 70.6±7.67 0.240 

BMI (kg/m2) 25.18±2.1 24.03±2.52 0.126 

In order to investigate the effect of dual 

pyramid resistance training combined with 

HMB or placebo on research variables, the 

independent t-test was conducted to compare 

mean changes (∆) of the variable values 

between the HMB and placebo groups (See 

table 3). 

 

Table 2 : Baseline Measurements 

3. Results 

In total, 40 beginner bodybuilders (mean age 

22.85 ± 2.98 years) were recruited for this 

study. In order to examine the differences 

between the two groups in baseline scores, we 

performed an independent t-test. At baseline, 

no significant difference was found between 

the intervention and control groups regarding 

the participants’ demographic features (age, 

height, weight, and BMI) and research variables 

(leg press, bench press, BMI, CPK, LDH, ALT 

and AST values) (p > 0.05) (see Table 2). 
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Variable

s 

HMB group 

(n=20) 

Placebo group 

(n=20) 
   

Pre 

Mean 

)SD( 

Post 

Mean 

)SD( 

∆ 

Mean 

)SD( 

Pre 

Mean 

)SD( 

Post 

Mean 

)SD( 

∆ 

Mean 

)SD( 

ES 

[%95CI] 
t p 

BMI 

(kg/m2) 

25.18 

)2.1( 

24.92 

)2.07( 

0.25 

)0.83( 

24.03 

)2.52( 

24.15 

)2.24( 

0.11 

)1.08( 

0.14 

[-0.24,0.99] 
1.22 0.228 

Leg 

Press 

158.6 

)6.23( 

173.50 

)9.31( 

-14.9 

)6.73( 

158.95 

)7.65( 

163.00 

)7.55( 

4.05 

)0.75( 

2.26 

[-13.91, -

7.78] 

-7.15 0.001 

Bench 

Press 

53.25 

)5.39) 

61.6 

)5.73( 

-8.35 

)4.09( 

51.00 

)5.74( 

55.75 

)5.63( 

4.75 

)0.96( 

0.141 

[-5.55, -1.64] 
3.82 0.001 

CPK 

(U/L) 

256.1 

)89.26( 

190.45 

)76.15

( 

65.65 

)52.58

( 

253.1 

)72.3( 

244.95 

)72.60

( 

8.15 

)4.30( 

1.54 

[33.61, -

81.38] 

4.87 0.001 

LDH 

(U/L) 

349.05 

)64.07( 

317.9 

)61.21

( 

31.15 

)35.1( 

331.8 

)67.6( 

321.95 

)68.08

( 

9.85 

)3.95( 

0.85 

[5.29, -

37.30] 

2.69 0.014 

ALT 

(mg/dl) 

25.80 

)9.44( 

19.20 

)4.33( 

6.60 

)8.81( 

26.95 

)8.59( 

26.10 

)8.44( 

0.85 

)1.18( 

0.91 

[1.72, -9.77] 
2.89 0.009 

AST 

(mg/dl) 

22.85 

)4.72( 

18.00 

)3.78( 

4.85 

)4.25( 

21.85 

)5.54( 

17.90 

)3.83( 

0.11 

)0.74( 

1.55 

[-1.65,3.45] 
0.713 0.48 

Table 3 : Comparison of research variable scores and mean changes (∆) of the aquatic and control groups. 
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The present study aimed to examine the effect 

of HMB supplementation on liver and muscle 

damage markers, BMI, and muscle strength 

after 8 weeks of dual pyramid resistance 

training in amateur bodybuilders. Our results 

demonstrated that there was a significant 

difference in CK and LDH serum levels, between 

two groups, following 8 weeks of resistance 

training. In relation to the pre-investigation 

value, after HMB supplementation and placebo, 

the changes in CK and LDH were significant; 

however, the HMB supplementation group 

indicated greater meaningful changes. 

Our results are consistent with those of some 

researchers (10, 22-24). Asjodi et al 

investigated the effects of 8 weeks HMB 

supplementation (3 g/day) on body 

composition, CK, and LDH following exercise. 

Results revealed that the values of CK and LDH 

in the HMB group were significantly lower 

compared to the placebo group. Durkalek-

Michaleski and Jeszka, also reported that HMB 

ingestion (3 g/day) during 12 weeks of 

resistance training decreased CK and LDH 

activity. Furthermore, Nissen et al. and van 

Someren et al., following HMB supplementation, 

found a lower activity of CK and/or LDH in the 

blood of examined individuals. 

In contrast, there is evidence of no change in the 

serum levels of muscle damage parameters 

following HMB supplementation. Shirato et al 

and Wilson et al suggested that the ingestion of 

HMB does not have a role to reduce muscle 

damage markers after resistance exercise. The 

discrepancy between this study and previous 

research may be attributed to the length of 

supplementation prior to the eccentric exercise. 

In this study, subjects ingested the HMB 

supplement 30 minutes before the exercise 

bout. 

Paired samples t-tests were used to compare 

within groups changes. After 8 weeks exercise, 

the HMB group showed statistically increase for 

bench press 1RM record (improvement =8.35, 

effect size = 0.151, 95% CI [6.43, 10.26], t (19) 

=9.12, p<.001), and the leg press record 

(improvement =14.90, effect size = 0.093,   95% 

CI [11.74, 18.05], t (19) =9.89, p<.001). 

Moreover, the HMB group showed significant 

decrease for CK (improvement= -65.60, effect 

size = 0.25, 95% CI [-90.26, -41.03], t (19) =-5.58, 

p<.001), LDH (improvement= - 65.60, ES = 0.089, 

95% CI [-47.59, -14.70], t (19) =-3.96, p<.001), 

ALT (improvement= -6.60, effect size = 0.25, 

95% CI [-10.72, -2.47], t (19) =-3.35, p<.003), and 

AST values (improvement= -4.85, effect size = 

0.20, 95% CI [-6.84, -2.85], t (19) =-5.09, p<.001). 

On the other hand, After 8 weeks exercise, The 

placebo group showed statistically increase for 

bench press record (improvement =4.75, effect 

size = 0.09, 95% CI [4.29, 5.20], t (19) =21.97, 

p<.001), and leg press record (improvement 

=0.025, effect size = 0.093, 95% CI [3.69, 4.40], t 

(19) =23.85, p<.001). Moreover, the placebo 

group showed significant decreases for CK 

(improvement= -8.15, effect size = 0.032,   95% 

CI [-10.16, -6.13], t (19) =-8.46, p<.001), LDH 

(improvement= -8.15, ES = 0.029,   95% CI [-

11.69, -8.00], , t (19) =-11.15, p<.001), ALT 

(improvement= -0.85, effect size = 0.031,   95% 

CI [-1.40, -0.29], t (19) =-3.21, p<.005), and AST 

values (improvement= -3.95, effect size = 0.180,   

95% CI [-5.68, -2.21], t (19) =-4.76, p<.001).  BMI 

was compared in both groups before and after 

intervention. The results indicated no significant 

change in BMI in HMB (p>0.189) and placebo 

(p>0.628) groups. 

 

4. Discussion 
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  However, the duration to take the supplement 

was 60 minutes prior to the eccentric exercise 

trial in Wilson’s study. In addition, it may be due 

to various supplementary periods in two studies 

(7 days before and 4 days after one special 

eccentric exercise in Shirato’s study versus 24 

sessions in 8-week supplementation (3 meals per 

day) in our study. 

The other findings of our study revealed that 

there was a significant difference between the 

two groups in the serum level of ALT, after 8 

weeks of resistance training, but we could not 

observe a significant difference in AST serum 

level between the groups. In relation to the pre-

investigation value, after HMB supplementation 

and placebo, the changes in ALT and AST were 

significant. 

To our knowledge, this is the first study to 

investigate the effects of long-term HMB 

supplementation on serum levels of liver 

enzymes following 8 weeks of resistance 

exercise. Only one study examined the effects of 

short-term HMB supplementation on serum AST 

and ALT after intense resistance exercise in 

untrained male students (25). Contrary to our 

results, Saki et al concluded that consumption of 

HMB before exercise did not have significant 

effects on serum AST and ALT. It should be noted 

that different lengths of supplementation (6 days 

before weight training) and shorter approach of 

the intervention (a single session of exercise) 

could be the possible reason for the 

contradiction between the results of the present 

study and the mentioned study. 

 

It has been shown that intense resistance 

training resulted in profound increases in the 

muscle and liver function parameters, which 

may cause increased levels of CK and LDH, as 

well as in AST and ALT levels (8, 25). The 

beneficial effects of HMB combined with 

resistance training have been reported in 

several studies. It has been demonstrated that 

the utilization of HBM has the ability to 

debilitate muscle damage indices and improve 

recovery (2, 22, 26). One explanation for the 

positive results of HMB supplementation relates 

to the fact that HMB is a precursor of 

cholesterol amalgamation in skeletal muscle. 

This has prompted the theory that HMB would 

raise post-training cholesterol synthesis, along 

these lines quickening the repair of training-

induced muscle damage. This, in turn, would 

permit for increased training loads finally 

leading to elevated hypertrophic responses 

(27). 

Finally, the present results addressed that there 

was a significant difference in muscle strength 

values (1RM leg press and bench press), 

between two groups, after 8 weeks of resistance 

training. In relation to the pre-investigation 

value, after HMB supplementation and placebo, 

the changes in upper and lower extremity 

muscle strength were significant; however, the 

HMB supplementation group indicated greater 

meaningful changes. Moreover, no significant 

differences were observed in BMI between HMB 

and placebo groups, after resistance training. 

Lamboley et al ’s result (28) is not agreeing with 

our results. They could not observe a significant 

effect of HMB on BMI in the active college 

students. To explain the difference between the 

findings, it should be noted that the type of 

training program (aerobic program) and the 

supplementation period (5 weeks) were 

different. 
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Funding 

This study did not have any funds. 

On the other hand, Asjodi et al, Asadi et al and 

Panton et al reported that HMB supplementation 

significantly improved muscle strength and BMI, 

which are in line with our findings. Two 

mechanisms for HMB action have been proposed. 

The first depends on the perception that HMB 

can slow or restrain muscle proteolysis that is 

increased during exercise. It can also improve 

fatty acid oxidation and cause increases in fat-

free mass, and enhances the biochemical 

mechanisms necessary for protein synthesis (22, 

29). The second probable mechanism concerns 

HMB being an antecedent of muscle-cell 

cholesterol. The expansion in muscle 

hypertrophy during weight training may bring 

about a local shortage in cholesterol in the 

muscle cell, which might result in insufficient 

cholesterol for membrane synthesis and 

consequently slower cell growth or sub-

optimally functioning cell membranes. Providing 

basic measures of cholesterol precursors in 

muscle would permit the muscle to maintain and 

synthesize new muscle plasma membranes (30). 

The present study has certain limitations. First, 

the study included only beginner bodybuilders; 

so, the results might not be generalizable to 

intermediate or elite athletes. Second, the 

population in this study were young (19 to 29 

years), which may not be suitable for 

popularizing the results to other age groups. 

 

According to the findings of the present study, it 

can be concluded that 8-week ingestion of HMB 

may have a positive effect on muscle damage 

markers after the dual pyramid resistance 

exercise of amateur bodybuilders. Additionally, 

HMB consumption combined with resistance 

exercises could induce meaningful increases in 

muscle strength. 
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