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Abstract

The compound B-hydroxy-p-methyl butyrate (HMB) is proposed to increase or mitigate the loss of skeletal muscle and
improve muscle function. We undertook a review of systematic reviews of HVIB supplementation to promote gains or
mitigate muscle loss in ageing and clinical populations. Following PRISMA guidelines, we searched for systematic re-
views reporting the effect of HMB in our target populations. Dual-energy X-ray absorptiometry (DXA) measured lean
soft-tissue mass (LSTM) was accepted as a proxy for muscle. We identified 15 systematic reviews that met our inclusion
criteria, which were independently evaluated. The methodological quality of the reviews was assessed using A Mea-
surement Tool to Assess Systematic Reviews (AMSTAR), and standardized effectiveness statements were generated.
Five of 15 studies found some evidence that HVIB augmented LSTM; the remaining 10 studies reported some evidence
favouring no difference (6/10 studies) or insufficient evidence to determine an effect (4/10 studies). Of the 12 studies
that evaluated strength, 4/12 found some evidence, 5/12 found some evidence of no effect with one article finding
some evidence in favour of patients in peri-hospitalized and no evidence for those that are community-dwelling,
4/12 had insufficient evidence to determine an effect, and 1/12 had insufficient evidence. No]study reported a positive
effect of HMB on physical function; however, 2/10 studies found some evidence favouring no effect, and 7/10 studies
reported insufficient evidence to determine an effect. The effectiveness of HMB supplementation in augmenting LSTM
was heterogeneous, with most reviews finding no effect or inconclusive evidence to determine an effect. Most reviews
concluded that HMB supplementation did not affect strength outcome measures or studies were inconclusive. The
current evidence is insufficient to assess the impact of HMB supplementation on functional outcome measures. Our
analysis shows minor, inconsistent support for HMB as part of an oral nutritional supplement or as a stand-alone sup-
plement (or combined with other amino acids) to increase or promote retention of LSTM, improve strength, and no ev-
idence that it improves physical function in older persons or clinical populations.
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Introduction estimated 5% of leucine is converted to HMB. The

branched-chain amino acids (BCAA) act in a pro-anabolic
The compound B-hydroxy-B-methyl butyrate (HMB) is a and anti-catabolic manner, especially in skeletal muscle
metabolite of the amino acid leucine formed in vivo (for review, see Choudry et al.l). These effects of BCAA
through a series of enzyme-catalysed reactions. In humans, are, however, predominantly (or solely) due to leucine,
the biosynthesis of HMB is rate limited, such that only an which is a potent stimulator of skeletal muscle protein
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synthesis (MPS)>* and suppressor of muscle protein break-
down (MPB).?

There are abundant data from cells, pre-clinical models,
and humans to indicate that HMB is a potent stimulator of
MPS and inhibits MPB. Several early studies showed a
positive impact of HMB supplementation in mitigating
age-related losses of lean mass in older persons,>® older
hospitalized patients,”® and potentially in older patients re-
ceiving critical care.’ There are numerous systematic reviews
of HMB and its effectiveness in older persons in mitigating
sarcopenia and in clinical practice to attenuate muscle loss
or promote muscle gain. The main aim of this review was
to conduct an umbrella review of these systematic reviews
in which HMB was examined for its effects on older persons
and clinical populations. We examined HMB as a compound
alone or combined with macronutrients (usually as part of
an oral nutritional supplement—ONS) and other amino acids
to stimulate gains or mitigate losses in muscle mass. In most
reports, it is not muscle mass that is measured but fat-free
and bone-free lean soft-tissue mass (LSTM), which is most
often measured by dual-energy X-ray absorptiometry (DXA)
or fat-free mass (FFM) using bioelectrical impedance analysis
(BIA). Hence, in this review, we accepted DXA-measured
LSTM and FFM as proxies for muscle mass. We also sought
to determine the role of HMB in improving muscle
strength or function, manifesting either as an improvement
in mobility or physical function. Improvements in these
outcomes would be beneficial for mitigating sarcopenia and

Table 1 PICOS criteria for the inclusion of studies

improving outcomes in clinical populations. The quality of
each systematic review was scored according to the 11-item
AMSTAR tool.'® We also generated standardized effective-
ness statements (i.e. sufficient evidence, some evidence, in-
sufficient evidence, insufficient evidence to determine) about
the treatment effect of the intervention(s) in the individual
systematic reviews, based on methods previously outlined.**
The quality of evidence (QoE) was subsequently evaluated
using a method based on the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach
for primary evidence.

Methods

This review, along with searches and planned analyses, was
registered on the International Platform of Registered Sys-
tematic Review and Meta-analysis Protocols (INPLASY;
https://inplasy.com/) as INPLASY2021100072 (https://
inplasy.com/inplasy-2021-10-0072/). We searched Embase,
PubMed, and the Web of Science core collection (see
supporting information for search strategies). The search
was restricted to English-language systematic reviews of
HMB supplementation and was confined to humans. We in-
cluded studies per the PICOS statement outlined in Table 1
and followed the Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

Criteria

Description

Study Design s the study a systematic review?
Participants
conditions?

Intervention 3. Does the study evaluate HVIB
interventions?

4. Does the study evaluate the mechanisms of HMB?

5. Are these interventions aimed at prevention or treatment

of sarcopenia?

6. Are the interventions aimed at treating people losing

muscle mass due to disease?

Does the study involve older people or people with clinical

A. Only systematic reviews

B. No narrative reviews are considered

Adults aged >50 years are considered

Groups that may be covered:

A. Healthy older adults

B. Older adults within clinical populations

C. Clinical populations

HMB supplementation includes:

A. Studies in which the effect of HMB supplementation is
compared with no supplementation

B. Studies in which HMB supplementation is added to an
exercise program and compared with a control group of

exercise without supplementation

7. Are the interventions aimed at treating people losing

muscle mass while in the ICU?
Outcomes
outcomes?

9. Does the study report effects on ICU-related outcomes?

8. Does the study report effects on sarcopenia-related

Relevant outcomes include:
A. Muscle mass*

B. Muscle strength

C. Muscle endurance

D. Flexibility

E. Mobility

F. Physical function

G. Disability

H. Function and participation

“Muscle mass or its proxies as LSTM, FFM (however derived).
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The original search yielded 230 articles in August 2021,
which, when screened by title and abstract, yielded 34 re-
ports. These papers were retrieved and reviewed in greater
detail yielding 14 systematic reviews (Figure 1) pertinent to
the research question'?72*2>26 and according to the PICOS
statement (Table 1). One additional study was added,?* total-
ling 15 studies. Two authors screened all reviews (K. J. L. and
A. C. D.), and a third author checked their results (S. M. P.).
Each report was scrutinized, data were extracted, reviewed
by two authors (K. J. L. and A. C. D.), and re-reviewed by a
third (S. M. P.). Any disagreements over inclusion, scores, or
criteria were settled by consensus amongst the three au-
thors. Each review was given an AMSTAR score, which ranges
from 1 to 11 and is based on common characteristics detailed
previously.’® The evidence was synthesized systematically to
yield standardized effectiveness statements*® (sufficient evi-
dence, some evidence, insufficient evidence, insufficient evi-
dence to determine; see supporting information) about the
treatment effect of the intervention(s) in the individual sys-
tematic reviews. The QoE supporting each conclusion (see
Table 2) was rated by using a method based on the Grading
of Recommendations Assessment, Development and Evalua-
tion (GRADE) approach for primary evidence (1 = very low;

2 = low; 3 = moderate; or 4 = high). This method considers
design issues, a meta-analysis performed (yes or no), and
the AMSTAR rating of the included systematic reviews®!
(see supporting information).

Results

A total of 231 studies were screened for eligibility, 92 were
removed as duplicates, 104 articles were excluded based
on title and abstract screening, and 20 were excluded upon
full-text assessment (see supporting information). The 15
systematic reviews'?™2® that met our PICOS criteria (Table
1) were included in our analysis (for details of studies,
see supporting information). AMSTAR scores for the
included systematic reviews range from 1 to 9 (Figure 2,
Table 2). The 15 systematic reviews examined the effects
of HMB supplementation, either as part of an ONS or a
stand-alone supplement, on body composition (assessed
by DXA or bioelectrical impedance analysis; BIA), strength
and functional outcomes in older persons and in various
clinical populations.

—
Records identified from:
s Embase (n = 90)
S PubMed (n = 76) Records removed before
o WoS Core Collection (n= 63) > screening:
= Duplicate records removed
§ Additional search (n=1) (n=92)
Total = 230
—
v
SR
Records screened Records excluded**
—>
(n=138) (n =104)
4
Reports sought for retrieval
> (n=34)
e
@
3
] \4
Reports assessed for eligibility Repgg:f:::#é‘ie:gs(;;tz?g 3
(n=34) > =
Not systematic reviews (n = 5)
Wrong intervention (n = 3)
Wrong outcome measure (n = 2)
Wrong target population (n = 7)
—
\4
Included during the peer-review
B ) o process
-] Reports included in review / (n=1)
] (n=15)
c

Figure 1 PRISMA flowchart of papers identified, screened, removed, and included in the review. WoS, Web of Science.
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Table 2 Summary of studies included

SES QoE
Study AMSTAR LSTM/FFM Strength Physical LSTM | Strength | Physical
Function

Bear et al.*? 9 Some evidence in Some evidence in Some evidence in 4 4 3
favour of no difference | favour of intervention favour of no difference

Beaudart et al.** 5 Some evidence in Some evidence in Insufficient evidence to 2 2 2
favour of no difference | favour of no difference | determine

Beaudart et al.*® 5 Insufficient evidence Insufficient evidence to | Insufficient evidence to 3 2 2
to determine determine determine

Costa Riela et al.*® 1 Some evidence in Some evidence in Insufficient evidence to 1 1 1
favour of intervention | favour of intervention determine

Courel-lbafiez et al.* 7 Some evidence in Some evidence in ND 3 3 ND
favour of no difference | favour of no difference

Cruz-Jentoft et al.'’ 4 Some evidence in Some evidence in Some evidence in 2 2 2
favour of no difference | favour of no difference | favour of no difference

Lin et al.*® 7 Some evidence in ND ND 3 ND ND
favour of intervention

Martin-Cantero et al.* 7 Some evidence in ND ND 3 ND ND
favour of intervention

Martinez-Rodriguez et al.?° 4 Insufficient evidence Insufficient evidence to | Insufficient evidence to 2 2 2
to determine determine determine

Mochamat et al.* 6 Insufficient evidence ND ND 2 ND ND
to determine

Molfino et al. 1 Some evidence in Some evidence in ND 1 1 ND
favour of no difference | favour of no difference

Oktaviana et al.? 5 Insufficient evidence Insufficient evidence to | Insufficient evidence to 2 2 2
to determine determine determine

Prado et al.?® 8 Some evidence in Some evidence in Insufficient evidence to 3 3 3
favour of intervention | favour of intervention determine

Sanz-Paris et al.%* 1 Community dwelling 1 1 1
older adults:
Some evidence in Some evidence in Insufficient evidence to
favour of no favour of no difference | determine
difference*
Patients in peri-
hospitalization
setting: Some evidence in Insufficient evidence to

favour of intervention determine

Some evidence in
favour of no
difference*

Wu et al.® 5 Some evidence in Insufficient evidence Insufficient evidence 3 2 2
favour of intervention | (inconclusive)

"Applicable to favourable changes in body composition, not necessarily changes in LSTM.
A Measurement Tool to Assess Systematic Reviews (AMSTAR) rating, standardized effectiveness statements (SES), and quality of evidence
(QoE) (1 = very low; 2 = low; 3 = moderate; or 4 = high); see supporting information for definitions. Green text indicates some evidence
in favour of interventions. Brown text indicates some evidence in favour of no difference. Red text indicates insufficient evidence to de-
termine (see supporting information to explain how the SES are derived).
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(2) Duplicate study selection: data
extraction?

used as inclusion criterion?

provided?

(7) Scientific quality of studies assessed and
reported?

(6) Characteristics of included studies
(8) Scientific quality used in formulating

conclusions?

findings?

Bear 2019

-~

Beaudart 2017

Beaudart 2018

Costa Riela NA, 2021

Courel-lbdfiez 2019

=9 . . . . (4) Status of publication (i.e. grey literature)
. . . . . (9) Appropriate methods of combining the

Cruz-Jentoft 2014

Lin 2021

Martin-Cantero A, 2021

Martinez-Rodriguez A, 2020

Mochamat, 2017

Molfino 2013

Oktaviana J, 2019

Prado 2022

Sanz-Paris 2018

"
‘ . . ‘ . . . ‘ ‘ . . . . . . (3) Comprehensive literature search?

000000060 060 0 0 @ () Aprordesign
0000600600

Wu 2015

. . . . . . . . . . . . . ’ . (11) Conflict of interest included?

0000 0O0O0 0O [ ) o000 o0 @ | (5) Listof included and excluded studies?
. . . . . . . . . . . . . . . (10) Publication bias assessed?

Figure 2 A Measurement Tool to Assess Systematic Reviews (AMSTAR) scores. -" indicates no; ‘?’ indicates cannot answer/not applicable; and ‘+" in-

dicates yes for included reviews.

Body composition

All 15 reviews, ranging from very-low quality of evidence
(QoE: level 1) to high (level 4), looked at the influence of
HMB supplementation on body composition measures. Six
of the 15 reviews, one of high quality,"> one of moderate
quality,’® two of low quality,***” and two of very low
quality,*?® provided evidence suggesting that HMB supple-
mentation does not affect muscle mass (Table 2). A
meta-analysis carried out by Bear et al.'? containing nine het-
erogeneous studies found a non-significant effect of HMB
supplementation, alone as part of an ONS, on what they de-
fined as ‘skeletal muscle mass (either FFM or lean mass)’
(SMD = 0.25; 95% Cl: —0.00, 0.50; z = 1.93; P = 0.05; QOE:
level 4). In a meta-analysis by Courel-lbanez et al.,'® they
similarly found evidence supporting the argument that HMB
supplementation has no significant effect on skeletal muscle

mass, defined by the authors as FFM, appendicular skeletal
muscle mass (ASMM), ASMM index and the muscle area,
measured via CT, DXA, and BIA, (ES = 0.07; 95% Cl: —0.69,
0.82; P = 0.833; QoE: level 3). Cruz-Jentoft et al.'” found that
most RCTs included in their review (3/4) observed that HMB
supplementation did not affect the prevention of muscle loss
in frail/sarcopenic older adults (QoE: level 2). Beaudart et al.*®
highlighted that while muscle mass improved with exercise in
3/3 included RCT, an interactive effect of HMB was only
found in 1/3 RCT (QoE: level 2). Sanz-Paris et al.*®> found
HMB supplementation to be associated with improvements
in body composition in only 1/3 studies using community-
dwelling older adults and 2/5 studies using patients in peri-
hospitalized settings (QoE: level 1). Finally, Molfino et al.??
emphasized that HMB supplementation did not affect body
mass, FFM, or fat mass in 9/11, 6/10, and 7/8 of the included
RCT, respectively (QoE: level 1). These authors** concluded
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that the heterogeneity of evidence and small numbers of sub-
jects in the RCT did not warrant a meta-analysis.

Despite the appearance from some systematic reviews
that HMB supplementation does not affect LSTM/FFM/
muscle mass, four moderate quality,*®*%?*?® and one very-
low-quality review,'® supported the thesis that HMB
supplementation does result in favourable changes in
these variables. Martin-Cantero et al.*® carried out a
meta-analysis with three studies and found HMB (or CaHMB)
plus essential amino acids (EAA) supplementation signifi-
cantly increased LM/FFM (SMD = 0.522; 95% CI: 0.175,
0.868; P = 0.003) (QoE: level 3); however, it is difficult to
know the role of HMB per se from that of added EAA. Prado
et al.** reported that HMB supplementation was beneficial to
prevent muscle mass loss in 3/4 studies (QoE: level 3). Never-
theless, in one of the three RCT, HMB was effective only in a
sub-analysis containing participants losing 2-5% bodyweight
prior to starting the trial.?* Wu et al.?® showed in their
meta-analysis using six articles, and seven studies that
CaHMB supplementation had a significant positive effect on
what they labelled as muscle mass (SMD = 0.352 kg; 95%
Cl: 0.11, 0.594; z = 2.85; P = 0.004) (QoE: level 3). In a
meta-analysis by Lin et al.,*® the pooled results of eight arti-
cles (nine studies), found HMB supplementation to have a
favourable effect on FFM (ES = 0.37; 95% Cl: 0.16, 0.58;
z=3.47; P=0.001); however, subgroup analysis revealed that
this significant effect was only present with HMB supplemen-
tation alone (ES = 0.59; 95% Cl: 0.32, 0.87; z = 4.24;
P < 0.001) and not when HMB was combined with an exer-
cise intervention (ES = 0.06; 95% Cl: —0.26, 0.38; z = 0.38;
P = 0.705; QoE: level 3). Consistent with the results from
other reviews,*®1%242¢ Costa Riela et al.'®> too found that
HMB supplementation significantly increased lean mass in
3/4 of their included studies (QoE: level 1).

The remaining four studies provided insufficient evidence
to form a conclusion'*?%?%23 (Table 2). For instance,
Beaudart et al.** performed a meta-analysis and found
HMB supplementation to have no significant effect on muscle
mass. However, due to the limited number (2) of studies in-
cluded in this meta-analysis, these results provide insufficient
evidence to determine an effect.

All studies that looked at the effect of HMB supplementa-
tion on fat mass found no effect; QoE: level 1?2 QoE: level
3,161826 and QoE: level 4.2

Strength

Twelve of the included systematic reviews looked at strength
as an outcome measure. Five systematic reviews showed
very-low,’>?® low,**'” and moderate®® quality evidence
supporting the notion that HMB does not affect muscular
strength (Table 2). A meta-analysis by Courel-lbanez et al.*®
found no significant difference in handgrip strength

(ES = 0.19; 95% Cl: —0.03, 0.40; P = 0.067, four studies) or
leg strength (ES = —0.78; 95% Cl: —3.16, 1.59; P = 0.291,
three studies) between HMB supplemented and
non-supplemented groups (QoE: level 3). Beaudart et al.*®
(QoE: level 2), Cruz-lentoft et al’ (QoE: level 2), and
Molfino?? (QoE: level 1) showed similar results. The majority
of RCT included in these reviews found that HBM supplemen-
tation did not affect muscular strength; 3/3,** 3/4,7 and
3/5,%2 respectively. Additionally, Sanz-Paris et al.>> found
HMB supplementation to have no impact on hand-grip
strength in 2/3 studies conducted in community-dwelling
older adults (QoE: level 1).

Four systematic reviews ranging from very low to
high QoE found some evidence supporting the use of HMB
supplementation to increase strength. A meta-analysis car-
ried out by Bear et al.*? including six studies, found support
for HMB supplementation to increase strength in clinical pop-
ulations (SMD = 0.31; 95% Cl: 0.12, 0.50; z = 1.95; P = 0.001;
QoE: level 4). Only one of the studies included in this analysis
looked at HMB supplementation alone, while the remaining
RCT looked at HMB supplementation in combination with
glutamine and arginine or incorporated into an oral nutrition
supplement. Sanz-Paris et al.*® also found some evidence
(2/3 studies) to support the use of HMB to improve strength
in peri-hospitalized patients (QoE: level 1). Prado et al.**
found that two studies (2 non-randomized trials) showed a
statistically significant positive effect of HMB on hand-grip
strength in their systematic review (QoE: level 3). Costa Reila
et al.*® reported that the oral administration of CaHMB im-
proved strength outcomes in 2/3 studies, whereas the one
RCT found that HMB supplementation had no additional ef-
fect when paired with resistance exercise training (QoE: level
1). Three low-quality reviews (QoE: level 2)**2%23 provided
insufficient evidence to determine an effect, and one
low-quality review, Wu et al.%® (QoE: level 2), reported incon-
clusive results with no effect present in 3/6 RCT included.

12,15,24,25

Functional outcomes

Ten of the included reviews investigated the effect of
HMB supplementation on functional outcome
measures, 1215172023726 Baar et g, (QoE: level 3),*? and
Cruz-Jentoft et al. (QoE: level 2)*” supported the null hypoth-
esis that HMB supplementation has no impact on functional
outcomes in older adult and clinical populations. Specifically,
Bear et al.'? found that 4/4 included RCT showed HMB sup-
plementation to not affect functional outcome measures in
chronic disease populations.'?  Cruz-lentoft et al.’
highlighted that 3/4 studies included in their review found
no effect of HMB supplementation on functional outcomes
in frail or sarcopenic older adults (QoE: level 2). The eight re-
maining reviews provided insufficient evidence to determine
an effect as they either included too few RCT to derive a
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conclusion (i.e. <3 RCT)?71520.23.24.26 o in the case of Wu

et al.,’® they reported inconclusive results, with no effect
present in 2/4 RCT included (QoE: level 2).

Discussion

We found inconsistent evidence that HMB supplementation,
in various forms, augmented the gain or mitigated losses of
LSTM. The quality of evidence provided for LSTM effects
was variable, and effect sizes were small (i.e. <0.2). Hence,
based on the best available evidence, there appears to be
no clear consensus as to whether HMB supplementation
can increase or prevent the loss of muscle mass (assessed
by various proxies) in older persons or clinical populations.
There was a clear consensus that HMB supplementation
could not augment resistance training-induced gains in mus-
cle mass or strength. Importantly, only a few systematic re-
views concluded that supplementation with HMB effectively
promoted gains in strength. We found no evidence that
HMB supplementation augmented physical function in older
persons, and only one®* review suggested an increment in
muscle function (muscle strength and function combined) in
cancer patients.

p-Hydroxy-f-methyl butyrate supplementation to
old or sarcopenic participants

We observed inconsistent and relatively low effect sizes re-
ported for augmentation of gains or mitigation of loss of
LSTM and FFM across the systematic reviews (Table 2). All re-
views included RCT that used LSTM and FFM as an ostensible
proxy outcome for skeletal muscle. While sarcopenia has
been a concept for several decades,?’ its definition is still
debated.”® The main issue with defining sarcopenia is
whether the inclusion of muscle mass (most usually lean
LSTM), described as a core part of sarcopenia,?’ is still
relevant.”® Studies have compared the associations of grip
strength and gait speed versus expert group definitions?®~!
for sarcopenia with falls and all-cause mortality.>*>* The
findings showed that the association of the expert group def-
initions for sarcopenia with the outcomes were similar using
grip strength and gait speed alone; however, including lean
mass as well as grip strength or gait speed had neither a pos-
itive nor negative impact on the identification of individuals
at risk for falls or all-cause mortality.>>* Such findings raise
a general question.

Interestingly, a recent Position Statement of the Sarcopenia
Definition and Outcomes Consortium issued 13 statements on
diagnosing sarcopenia but could not agree on whether LSTM
should be included.?® The main reason for the lack of consen-
sus may be that LSTM, and more importantly, changes in this

tissue compartment, are only a proxy for actual muscle mass.
Muscle mass, when measured accurately, is associated with
disability, poor physical function, hospitalization, and
mortality.>>>® The lack of consensus®® as to whether LSTM is
part of the sarcopenia paradigm is relevant in light of our
findings relating to HMB, as it was most often the primary out-
come of many of the reviews we analysed.

As the tissue substrate of sarcopenia, the relative
preservation of LSTM in older adults would, seemingly, be
advantageous. Numerous systematic reviews, including
meta-analyses, have concluded that LSTM (often labelled
as muscle mass) is augmented to a small degree in older
persons with ingestion of an HMB-containing supplement
(Table 2). Several reviews have concluded that supplemen-
tation with HMB has a small-to-moderate effect on gains in
LSTM in older persons,*®%® possibly restricted to women
only,?® and in frail older persons with sarcopenia,® but
there were no changes in muscle function. Wu et al.?® con-
cluded that HMB supplementation resulted in an additional
352 g of muscle mass but used a small sample for their
meta-analysis (147 supplemented and 140 controls). Impor-
tantly, their result®® was not muscle mass, but LSTM and
the precision of effect that these authors report is implau-
sible using DXA or any other method. Closer inspection of
this analysis®® showed that a single trial by Baier et al.’
which was 12 months in duration, strongly influenced the
outcome of greater LSTM in the HMB supplemented
groups; however, despite greater LSTM retention, this was
not associated with any significant improvement in muscle
strength and functionality in the treatment group.”

The effects of HMB do not add to those of any physical
activity or exercise program in terms of gains in muscle
strength and LSTM.?® This finding'® is not surprising as
the effects of resistance exercise alone, as an anabolic stim-
ulus, are difficult, if not impossible, to improve upon with
non-pharmaceutical supplements. Very few nutritional or
nutraceutical interventions augment resistance
exercise-induced anabolic or anti-catabolic effects, particu-
larly in older persons,®” except for creatine.®® Resistance
exercise training is a remarkably potent anabolic and
anti-catabolic stimulus for skeletal muscle®** and improves
functional strength and stability.*°

Our analysis of HMB supplementation, which could be
summarized as finding inconsistent effects on LSTM and no
clinically meaningful differences in strength and function,
does not align with recommendations that HMB effectively
mitigates any aspect of sarcopenia. However, in a review of
studies from the European Working Group on Sarcopenia in
Older People (EWGSOP) and the International Working Group
on Sarcopenia (IWGS)Y” concerning exercise, the authors
stated that ‘Some nutrition interventions such as EAA (with
~2.5 g of leucine) and HMB may improve muscle parame-
ters’. The summarized evidence in the present review does
not support such a statement for HMB use.
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p-Hydroxy-f-methyl butyrate supplementation in
clinical settings

Systematic reviews of HMB use in hospitalized patients have
reported significant effects compared with placebo. For ex-
ample, Bear et al.*? conducted a systematic review (13 ran-
domized controlled trials with 2137 patients; however, only
nine studies (653 participants) had LSTM data, and reported
that supplementation with HMB increased LSTM (labelled
as ‘muscle mass’ by the authors) with a standardized mean
difference (SMD) of 0.25 (95% confidence interval [CI] 0.00,
0.50; P = 0.05) versus placebo or usual care. Interestingly,
the forms of HMB were HMB alone, HMB including the amino
acids arginine and glutamine (HMB/Arg/Gln), and HMB in an
ONS. In subgroup analyses, only the HMB/Arg/GIn subgroup
of studies showed a statistically significant but likely clinically
irrelevant effect (SMD = 0.49; 95% Cl: —0.01, 0.99; P = 0.05).
Notably, there were no significant effects when the study du-
rations were <12 weeks. Also, it is important to realize that
the patient groups included in this analysis®? were highly het-
erogeneous (older care-home residents receiving tube feed-
ing, hospitalized older people with malnutrition/sarcopenia,
hospitalized older people undergoing orthopaedic interven-
tion, critically ill persons, cancer cachexia, HIV patients, main-
tenance haemodialysis, rheumatoid cachexia, gastric bypass,
and bronchiectasis), which makes it problematic to ascribe

outcomes to any one specific condition.
Focussing only on the studies that included hospitalized

older patients with malnutrition/sarcopenia’** and hospital-
ized older people undergoing orthopaedic intervention,**™**
the effects of HMB were low to moderate for changes in
LSTM. There were no significant effects of HMB on strength
or physical function,*? and these findings generally align with
most of the reviews we analysed. Given the heterogeneity of
the populations studied, the small effects, and the lack of
translation of changes in LSTM to strength, functional out-
comes or mobility (Table 2), there is little evidence to support
a role for HMB in the treatment of older hospitalized
patients.

One large multi-centre randomized controlled trial of HMB
as part of a high protein ONS was the NOURISH (Nutrition
effect On Unplanned Readmlssions and Survival in Hospital-
ized patients) study, a multicenter study prospective,
parallel-group study.” The patients enrolled were >65 years
and treated for congestive heart failure, acute myocardial
infarction, pneumonia, or chronic obstructive pulmonary
disease. The primary endpoint of the trial was a composite
of 90 day post-discharge incidence of death and
non-elective readmission; however, the primary endpoint re-
sults were not different between HMB-ONS (26.8%) and the
standard of care group (i.e. ‘placebo’) (31.1%). Aside from
the lack of difference in the primary endpoint, the results of
this trial were impressive in that those patients that received
the HMB-ONS showed no between-group differences for

90-day readmission rate, but 90-day mortality was signifi-
cantly lower with HMB-ONS relative to placebo (4.8% vs.
9.7%; relative risk 0.49, 95% Cl, 0.27 to 0.90; P = 0.02). Hospi-
tal length of stay and all measured activities of daily living
(ADL) were similar between treatments. The results of the
NOURISH trial cannot, in our view, be ascribed to HMB. As
highlighted,** the higher protein-containing HMB-ONS pro-
vided substantial protein and energy. Based on the real intake
data, the HP-HMB group ingested an additional ~30 g of
protein per day (~0.5 g protein/kg/day) and ~525 kcal/day
in hospital and during 30 days of follow-up.” Oral nutritional
supplements mitigate the risk of malnutrition in older hospi-
talized patients**™*’ and reduce surgical complications and
postoperative infection*® and mortality.*® Hence, the sub-
stantial differences in energy and protein intake between
the HMB-ONS and placebo groups in this trial” may have
been responsible for some or all of the observed effects.

As compounds with related metabolism, it is perhaps un-
surprising that leucine and HMB act as agonists of many sim-
ilar metabolic and signalling pathways.>>*®> Namely, leucine
triggers a rise in MPS through Sestrin2,°*>° as does HMB®%;
however, there may be some potentially important differ-
ences between how the two compounds exert their mecha-
nism of action, at least in neonatal pigs.>®> Wilkinson et al.
showed that ingestion of equivalent quantities of leucine
and the free acid form of HMB, which is more rapidly ab-
sorbed and has a greater concentration maximum than the
calcium salt form of HMB,*®°7 resulted in almost identical
rises in MPS.>° Interestingly, the calcium form of HMB also
has virtually identical effects on MPS as the free acid (Fig-
ure 3). As Figure 3 illustrates, the stimulatory effects of
HMB and leucine on MPS are completely redundant on a g-
for-g basis. The two forms of HMB, the free acid form®” and
calcium salt,>® suppressed proteolysis by 46% and 31%, re-
spectively. Leucine also has anti-proteolytic effects that are
likely mediated in part by the amino acid itself* and via the
rise in insulin seen with leucine ingestion,”® which is not seen
with ingestion of HMB.® While the effects of insulin are per-
missive for MPS, the process of MPB is remarkably sensitive
even to moderate hyperinsulinaemia®® that occurs with ei-
ther ingestion of leucine alone®® or leucine enriched
protein.>®

In summary, our umbrella review of HMB supplementation
in the treatment of sarcopenia and clinical practice revealed
minor effects in mitigating the loss or promoting the reten-
tion of LSTM, with the evidence commonly scored as low
(QoE = 2) or moderate quality (QoE = 3). Most reviews re-
ported evidence of no effect or insufficient data to reach a
definitive conclusion. The evidence regarding the effects of
HMB supplementation on strength is conflicting with an
equal number of reviews, most scored as very-low
(QoE = 1) or low quality (QoE = 2), pointing to no positive ef-
fect or insufficient data to conclude an effect. Supplementa-
tion with HMB shows no effects on physical function and
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Figure 3 Comparative stimulation of muscle protein synthesis from resting (fasted) to 150 min post-ingestion of leucine (3.42 g; Leu), HMB as a free

acid (2.42 g; HMB-FA), and HMB as a calcium salt (3.42 g; Ca-HMB, equivalent to 2.72 g HMB-FA). Data are from previous studies.

only.

an absence of data on the topic to provide further recom-
mendations, with the evidence frequently scored as low-
quality (QoE = 2). Overall, more evidence is needed before
HMB as a supplement, which appears mechanistically redun-
dant with leucine in skeletal muscle in humans (Figure 3), can
be recommended in managing sarcopenia or in patients in
clinical care.
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