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Abstract

Aim: In this meta-analysis, the effect of beta-hydroxymethylbutyrate (HMB) supplementation
on muscle damage and body composition markers was investigated. Method: A systematic
search was conducted from PubMed, Google scholar, Sciencedirect, SID, Scopus, IranMedex,
Irandoc databases, all randomized controlled clinical trials, which were related to HMB
supplementation on creatine kinase (CK), lactate dehydrogenase ( LDH) and body composition
indices, fat mass (FM), fat free mass (FFM) and body mass (BM) were selected. Fixed and
random effects models for meta-analysis of average effect size (difference in mean with 95%
confidence interval), in research related to creatine kinase (16 studies), lactate dehydrogenase
(14 studies), body fat mass (17 studies), fat-free mass Body (20 studies) and body weight (23
studies) were done with the help of CMAZ2 software. Results: The meta-analysis results showed
that HMB supplementation significantly reduced CK (ES = -0.22, 95% CI = -0.86 t0 0.41, p =
0.034), LDH (= 0.34) ES, 95% CI = 0.31 t0 0.57, p = 0.022) and FM (ES = 0.43, 95% CI - 0.74
to - 0.119, p = 0.007), and it was associated with a significant increase in FFM (ES=0.31, 0.007
to0 0.61% CI 95, p=0.045), but there was no effect on BM (ES=0.054, 0.09 -0 to 0.20 =%ClI 95,
p=0.46). Conclusion: In general, the results of the meta-analysis showed that chronic
supplementation of HMB causes a significant decrease in muscle damage index enzymes such
as CK and LDH after exercise, and it was also associated with a significant decrease in FM and
an increase in FFM.
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Extended abstract
Background

Moderate-intensity physical exercise cause inflammatory responses and structural damage to muscle cells. Research
shows that beta-hydroxymethylbutyrate (HMB) reduces protein breakdown and provides precursors for cholesterol
synthesis in the cell membrane, thereby maintaining and improving muscle mass and reducing enzymes related to muscle
damage. In general, the damage of muscle fibers and the body's inflammatory responses due to intense and extroverted
exercise affect the performance of athletes in the next sessions, and on the other hand, HMB supplementation prevents
muscle damage and protein breakdown. Thus, improved recovery may increase the athlete's performance later. However,
some other researches have shown that HMB supplementation has little effect on strength and lean mass and does not
significantly affect biochemical markers and protein synthesis and muscle damage. In the previous meta-analyses,
inconsistent results regarding the effect of HMB on the indicators of muscle damage and body composition after exercise
have been presented, and no special scientific nature has been obtained in this field, therefore, the present meta-analysis
aims to review newer studies regarding the effect of HMB on the investigated factors.

Materials and Methods

The present study was of developmental type and meta-analysis method. Our research was conducted from PubMed,
Google scholar, Sciencedirect, SID, Scopus, IranMedex, Irandoc databases, all randomized controlled clinical trials,
which were related to HMB supplementation on creatine kinase (CK), lactate dehydrogenase (LDH) and body
composition indices, fat mass (FM), fat free mass (FFM) and body mass (BM) were selected. The statistical population
of this study was all the studies conducted inside the country and abroad in the field of the effectiveness of HMB
supplement on the indicators of muscle damage caused by sports activities, which were documented in at least one of the
mentioned databases. Reference lists used in all articles and reports were manually evaluated to find useful references
and remove irrelevant references. Searches included keywords related to the main topic, HMB supplementation, creatine
kinase, lactate dehydrogenase, body composition, muscle damage, and protein breakdown. In addition, systematic
reviews, meta-analyses, and reference articles were searched for additional studies. It is worth noting that the search time
range for articles and researches was not limited to a specific time and included all RCTs published until 2021. Fixed and
random effects models for meta-analysis of average effect size (difference in mean with 95% confidence interval), in
research related to creatine kinase (16 studies), lactate dehydrogenase (14 studies), body fat mass (17 studies), fat-free
mass Body (20 studies) and body weight (23 studies) were done with the help of CMA2 software.

Statistical analysis

Comprehensive software CMA version 3 was used for data analysis. All the variables between the HMB supplement
group and the placebo group were examined using the effect size of the standard difference in means (ES) with a
confidence interval of 95%. I-square tests were used to determine the heterogeneity of studies. According to Cochran's
instructions, the interpretation of heterogeneity includes low (low) heterogeneity = less than 25%, medium heterogeneity
equal to less than or equal to 50%, and high (high) heterogeneity is considered greater than 70%. In the present meta-
analysis, the necessary criterion for heterogeneity was | 2 > 50% (p < 0.05). The random effects model was used in the
case of heterogeneity between studies and the fixed effects model was used in the absence of heterogeneity. In order to
check the publication bias, the funnel plot and Bagg and Mezomdar rank correlation tests and the linear regression test
were used as secondary tests. Also, the arrangement and completion method was used to eliminate publication bias.
Results

The meta-analysis results showed that HMB supplementation significantly reduced CK (ES = -0.22, 95% CI = -0.86 to
0.41, p=0.034), LDH (= 0.34) ES, 95% CI = 0.31 to 0.57, p = 0.022) and FM (ES = 0.43, 95% CI - 0.74 to - 0.119, p =
0.007) And it was associated with a significant increase in FFM (ES=0.31, 0.007 to 0.61% CI 95, p=0.045), but there was
no effect on BM (ES=0.054, 0.09 -0 to 0.20 =%CI 95, p=0.46).

Discussion

The meta-analysis results showed that the consumption of HMB supplement was associated with a decrease in blood CK
enzyme and body fat mass. On the other hand, HMB consumption was associated with an increase in FFM index. The
decreasing changes in LDH and BM enzyme levels due to HMB supplementation were not significant. The ability of
HMB to turn into HMG-COA reductase and participate in the construction of sarcolemma, increasing protein synthesis
by increasing the expression of the mTOR pathway, the ability to reduce protein breakdown by interfering with and
preventing the activity of the ubiquitin proteosome pathway, and the presence of HMB as a structural part of the
membrane. Sarcolemma cell is another possible mechanism of HMB effects in this position.
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In general, the findings of this meta-analysis regarding the effect of HMB supplement on BM indicate that the
consumption of HMB supplement is not significant on this body composition factor. HMB supplementation can lead to
an increase in fat-free mass, and as a result, overall body weight remains unchanged.

The finding of this study in relation to the FM index indicate a significant effect of supplement consumption on this body
composition factor, which indicates that HMB supplement consumption has reduced fat mass in people, the calculation
of single studies indicates that 3 the research has a significant effect size. The exact mechanism or mechanisms of how
HMB supplementation effects fat loss are not well understood. However, advanced mechanisms including improving
fatty acid oxidation and increasing the number and size of mitochondria may help to increase lipolysis. HMB
supplementation leads to increased lean mass through stimulation of the mTOR signaling pathway (strengthens the
biochemical mechanisms necessary for protein synthesis).

Article message

In general, meta-analysis findings indicate a decrease in cell damage (significant decrease in CK and LDH enzymes) after
exercise following HMB supplementation. Also, a significant decrease in body fat mass and a significant increase in
muscle mass were observed as a result of HMB supplementation.
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Study name Statistics for each study Std diff in means and 95% CI
St diff  Standard Lower Upper

inmeans emor Varance Wmit Imit Z-Value p-Value
Tartibian 2021 -1037 0476  0.227 -1.970 -0.103 2177 0.029
Ferreira 2013 4047 0801 0642 -5617 -2476 -5050 0.000
Jowko 2001 3584 0748  0.559 -5050 2118 -4793  0.000
Landa 2020 1204 0581 0337 0065 2342 2072 003 —
Mechalski 2017 -0.020 0.265 0.070 -0538 0500 -0074 0941
Mchalski 2015 0631 0.362 0.131 -0079 1341 1.742 0.081
Wilson 2014 0289 0452  0.204 -0587 1174 0640 0522
Panton 2000 M 0815 0334 0112 0.160 1470 2438 0.015
Panton 2000 F 2514 0429 0184 1673 3355 5857 0.000 i
Kreider 1999 -1505 0438 0192 -2.364 -0.647 -3436 0001
Nissen 1996 1053 0236 005 0591 1515 4468 0.000
Kreider 2000 0.653 0.388 0.150 -0.107 1.414 1.684 0.092
Kashef 2014 0788 0424 0180 -0.043 1618 1858 0.063
Hemmatfar 2010 -0.311 0507  0.257 -1.305 0682 -0614 0539
Narimani 2013 1412 0558 0312 0317 2507 2527 0012 —
Tahery 2009 0207 0501 0251 -1.190 0776 -0413 0.680
Knitter 2000 0.521 0579  0.335 0614 1656 0900 0.368
Knitter 2001 2809 0793 0628 1255 4362 3543 0.000 —a—

0471 0297 0088 -0411 0753 0577 0.564
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B

Heter ity: I-Sq , SDM=0.171 , p=0.56; Trim and fill; 3 Studies to Left New SDM=-0.22 mg/L

550 gl cdled s 55 CK 3T 5 HMB LS Gy 136 Julooil b guls ) S5

Study name Subgroup within study Statistics for each study Std diff in means and 95% CI

Std giff  Standard Lower  Upper

inmesns  emor  Varisnce limit limit ZVslue pVslue
Tartibisn 2021 1000 0328 0450 0203 1211 0554 0729 0466 —a]—
Lands 2020 1,000 0318 0538 0289 0736 1372 0591 0555 B
Gallagher 2000 1000 0842 0382 0146 0107 1390 1681 0093 ——
Hemmatfar 2010 1.000 0560 0514 0264 -1566 0447 -1090 0276 B
Kashef 2014 1,000 0218 0403 0168 0534 1020 0533 0584 —1—
Kreider 2000 1000 1097 0405 0164 0302 1891 2705 0.007 —a
Mishelski 2015 1,000 0205 0354 0126 0450 0500 0578 0.563 ——
Mishalski 2017 1,000 0638 0272 0074 0106 1471 2351 0.018 ——
Nissen 1996 1000 0374 0223 005 0063 0810 1678 0.093 H 1+
Taheri 2009 1000 0002 0500 0250 0.882 0978 0004 0997 o m—
Knitter 2000(dsy1) 2,000 0149 0501 0251 0832 1130 0257 0.788 e n—
Knitter 2000(dsy4) 2000 0242 0502 0252 0739 1228 0487 0627 —t—

0344 0109 0012 0431 0557 3162 0.002 *»
400 200 0.00 200 200
Favours A Favours B

LDH...Heterogeneity: I-Squared=4.3% , Fixed: SDM=0.34 , p=0.022; Trim and fill; 4 Studies to Left New SDM=-0.47 UL

5509 e cllad a3 LDH 051 5 HMB. JaSo G pas 1l Julooil s uls Y JSs
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BM...Heterogeneity: I-Squared=000% , Fixed SDM=0.054 , p=0.469; No Publication Biase
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Study name Statistics for each study Std diff in means and 95%Cl

Std diff  Standard Lower Upper

inmeans  error  Variance limit  limit Z-Value p-Value
Landa 2020 0.000 0.535 0.286 -1.048 1.048 0.000 1.000
Michalski 2017 0.113 0.265 0.070 -0.407 0.632 0425 0.671
Michalski 2015 -0.168 0.354 0.125 -0.862 0.526 -0.475 0.635
Berton 2015 0.076 0.248 0.062 -0410 0.562 0.306 0.759
Wilson 2014 (8w) 2.000 0.550 0302 0923 3.077 3.639 0.000 ——
Stout 2013 2.828 0.385 0.148 2074 3583 7.348 0.000 ——
Deutz 2013 -0.690 0.478 0.228 -1.627 0.247 -1.444 0.149
Portal 2011 0.230 0.379 0.144 -0513 0973 0.606 0.544
Thomson 2009 0.055 0.434 0.188 -0.795 0.905 0.127 0.899
Lamboley 2007 -0.016 0.500 0.250 -0.996 0.964 -0.033 0.974
Jowko 2001 0.261 0.461 0213 -0.643 1.165 0.566 0.571
Slater 2001 (3w) 0.714 0.486 0236 -0.239 1.667 1468 0.142
Slater 2001(6w) 0.199 0.473 0.223 -0.727 1125 0421 0.674
Kreider 2000 0.000 0.378 0.143 -0.741 0.741 0.000 1.000
Vukovich 2000 0.478 0.366 0.134 -0239 1.195 1306 0.192
Panton (Men) 2000 0.000 0.321 0.103 -0.630 0.630 0.000 1.000
Panton(women2000 0.161 0.334 0.111 -0493 0.815 0482 0.629
Kreaider 1999 0.183 0.388 0.151 -0578 0.944 0472 0.637
Nissen 1996 0.085 0.221 0.049 -0.348 0518 0.387 0.699
Faramarzi 2011 0.087 0.414 0.172 -0.725 0.898 0.209 0.834

0.311 0.155 0.024 0.007 0.615 2.008 0.045

-4.00 -2.00 0.00 2.00 4.00

Favours A Favours B

FFM...Heterogeneity: I-Squared=70% , Random SDM=0.31 , p=0.045; Trim and Fill; 7 studies to right ... new SDM=0.52
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