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ABSTRACT
Introduction The current treatment for heart 
disease consists of exercise therapy in addition to 
pharmacotherapy, nutritional support and lifestyle 
guidance. In general, nutritional support focuses on 
protein, salt and energy restrictions, with no active protein 
or amino acid intake in cases involving moderate or higher 
renal failure. From this perspective, patients with cardiac 
disease are at high risk of frailty.
Beta- hydroxy beta- methyl butyrate (HMB) is a metabolite 
of leucine. HMB is widely used for muscle strengthening 
and can be safely ingested even by patients with renal 
failure. The proposed study protocol will investigate 
the effects of HMB- calcium (HMB- Ca) administered in 
combination with comprehensive cardiac rehabilitation 
for muscle strength, muscle mass and cardiac function 
in patients with cardiac disease during the convalescent 
period. The primary outcome will be knee extensor 
strength. Secondary outcomes will be gross isometric limb 
strength and skeletal muscle mass.
Methods and analysis This study will be a single- 
blinded, randomised, controlled trial with parallel 
comparisons between two groups. The study period will be 
60 days from the start of outpatient cardiac rehabilitation. 
Participants will be randomly divided into two groups: an 
HMB group consuming HMB- Ca one time per day for 60 
days; and a Placebo group consuming reduced maltose 
once one time per day for 60 days. Exercise therapy will 
be performed by both groups.
Ethics and dissemination The study protocol will be 
published in a peer- reviewed journal. Ethics approval was 
provided by the Showa University Clinical Research Review 
Board.
Trial registration number jRCTs031220139; Japan 
Registry of Clinical Trails.

INTRODUCTION
The prevalence of heart disease increases 
with age, and mortality rates for heart disease 
continue to increase worldwide,1 making 
this pathology the second leading cause of 
death in the Japanese population.2 Patients 
with heart disease show decreased exercise 

tolerance due to deficits in cardiac and skel-
etal muscle function, resulting in dyspnoea 
during daily life. Exercise tolerance is well 
known to affect the prognosis of heart 
disease3 and is also strongly associated with 
skeletal muscle strength and muscle mass.4 
Since hospitalisation results in reduced exer-
cise tolerance and physical function defi-
cits in most older patients, maintaining and 
improving physical and muscular functions 
even after discharge are important. Current 
treatments for heart disease comprise exer-
cise therapy in addition to pharmacotherapy, 
nutritional support and lifestyle guidance. In 
Japan, comprehensive cardiac rehabilitation 
is performed nationwide for the purpose of 
improving healthy life expectancy, life prog-
nosis and quality of life (QOL). Although 
safe for patients with cardiac disease, low- load 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Unlike previous comprehensive cardiac rehabili-
tation, beta- hydroxy beta- methyl butyrate (HMB), 
a metabolite of leucine, will be used in nutritional 
approach.

 ⇒ HMB can be ingested even in the presence of coex-
isting renal failure and may be widely indicated in 
patients with cardiac disease.

 ⇒ This study examines the effects of combining HMB 
and cardiac rehabilitation, and, therefore, cannot 
detect the effects of HMB alone in patients with car-
diac disease.

 ⇒ There will be selection bias as follows: (1) partici-
pants may be more motivated to rehabilitate com-
pared with those who did not participate in the study 
and (2) patients with negative opinions about nu-
tritional supplementation may have been excluded.

 ⇒ It will be a study limitation that compliance with 
nutritional interventions will be assessed using self- 
report sheets rather than HMB- calcium concentra-
tions in serum.
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exercise has the problem of low efficacy compared with 
high- load exercise.4

Previous studies5–7 have suggested that combining 
supplementation with branched chain amino acids 
(BCAAs) and exercise therapy offers an effective method 
for bridging this gap. However, patients with cardiac 
disease often have reduced renal function and are, thus, 
unable to benefit from this approach. In general, nutri-
tional support focuses on protein, salt and energy restric-
tion, with no active protein or amino acid intake in cases 
of moderate or higher renal failure.8 From this perspec-
tive, patients with cardiac disease are at high risk of frailty 
and show a prevalence 2.7–4.1 times higher.9 Sarcopenia 
in patients with chronic heart failure (CHF) is generally 
complicated by conditions such as metabolic disorders 
and decreased vascular function.10 As described above, 
physical fitness and muscle strength are known to affect 
the life prognosis of patients with cardiac disease, and 
these factors, thus, represent a very important index.11 12

The combination of BCAAs and exercise therapy 
has been shown to be more useful in achieving muscle 
strengthening than either BCAA intake or exercise 
therapy alone.5–7 Significantly greater increases in 
muscle strength and mass have been reported with a 
combined approach compared with the increases seen 
in older people receiving BCAAs alone. Beta- hydroxy 
beta- methyl butyrate (HMB) is a metabolite of leucine, a 
kind of BCAA.13 HMB has been shown to prevent muscle 
proteolysis and regulate muscle metabolism.14–17 Wu 
et al conducted a systematic review and meta- analysis18 
of the effects of HMB supplementation on muscle loss, 
strength and performance in older adults, finding that 
HMB supplementation contributed to the preservation of 
muscle mass. These previous studies14–18 have shown that 
HMB contributes to improved muscle mass regardless 
of age group. HMB- calcium (HMB- Ca) administration 

has been reported to have no significant effects on renal 
function.19 20 Furthermore, similar findings have been 
reported for patients on maintenance haemodialysis.21 
HMB- Ca, a metabolite of leucine, is widely used for 
muscle strengthening and can be safely ingested even by 
patients with renal failure.

Objectives
This proposed protocol is for a study to investigate the 
effects of HMB- Ca in combination with comprehensive 
cardiac rehabilitation on muscle strength, muscle mass 
and cardiac function in patients with cardiac disease 
during the convalescent period.

METHODS AND ANALYSIS
Study methods
This study will be single- blinded, randomised, controlled 
trial with parallel comparisons between two groups. An 
outline of this study is presented in figure 1. The partic-
ipants will be 52 patients with cardiac disease. Recruit-
ment will be conducted at Showa University Fujigaka 
Rehabilitation Hospital, the anticipated date for the 
start of recruitment is scheduled on 16 January 2023 
and, the end is scheduled on 31 March 2024. This study 
was approved by the Showa University Clinical Research 
Review Board (Reference ID: S12). Explanation of the 
study will be provided and consent will be obtained by 
the same cardiologist (YI) during the consultation at the 
start of outpatient cardiac rehabilitation (OCR).

The study period will be 60 days from the start of OCR. 
Participants will be randomly allocated to one of two 
groups: the HMB group (n=26), consuming HMB- Ca one 
time per day for 60 days; and the placebo group (n=26), 
consuming reduced maltose one time per day for 60 
days. In addition, exercise therapy will be performed by 

Figure 1 Schematic of the study design. HMB, beta- hydroxy beta- methyl butyrate.
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participants in both groups, as a combination of super-
vised and unsupervised activities at least three times a 
week. Supervised exercise therapy will be performed 1–2 
times/week, while unsupervised exercise therapy will 
be performed 1–5 times/week. No prohibitions will be 
placed on food intake during the trial period.

Inclusion criteria
In this study, those patients who match all the inclu-
sion criteria will be selected. The inclusion criteria are 
as follows: (1) patients who start a new OCR at Showa 
University Fujigaoka Rehabilitation Hospital, (2) patients 
with cardiac disease (myocardial infarction or angina, 
post- open- heart surgery or CHF) as the primary reason 
for requiring rehabilitation and (3) age >40 years. It has 
been pointed out that young people with heart disease 
have preserved physical functions other than cardiac 
function, whereas the risk of having frailty increases with 
age in mature and older people.22 23 In this regard, the 
target age group was set at 40 years and over.

Exclusion criteria
The exclusion criteria are as follows: (1) patients with 
severe renal dysfunction (estimated glomerular filtration 
rate <30%) or receiving dialysis, (2) patients who cannot 
perform exercise therapy for ≥20 min for reasons other 
than cardiac disease, (3) patients with depression, schizo-
phrenia or dementia, (4) patients with dysphagia, (5) 
patients with restricted energy and protein intake due to 
diabetes or renal dysfunction and (6) patients who the 
principal investigator or coinvestigator deem as unsuit-
able for this study. No patients meeting any of the exclu-
sion criteria will be included.

Allocation, concealment and blinding
Participants will be allocated to the HMB or placebo 
group, and this study will be conducted as a single- blinded 
study in which the participant will not be told whether 
they are taking HMB- Ca or reduced maltose. Allocation 
will be accomplished using the envelope method. For this 
purpose, the data management officer (AI) will prepare 
an allocation list in advance using computer- generated 
random numbers. The allocation list will be enclosed in 
envelopes and the envelopes containing the allocation list 
will be properly managed. As soon as consent has been 
obtained from the subject, the subject will be allocated 
to the study treatment. The data management officer 
will inform the chief investigator (TI) of the identifica-
tion code for the subject and will provide an envelope 
containing an allocation list.

The HMB- Ca and placebo used in this study will be 
divided by the administration staff at the hospital phar-
macy. The hospital pharmacy is located on a different 
floor from the centre for rehabilitation and the cardiac 
rehabilitation unit, so the contents of hospital pharmacy 
are not visible from the outside. The supplements will be 
packaged in one 60- day supply bag and sealed individ-
ually for each patient in a medicine bag with the same 

outer packaging and invisible contents. These will then 
be further placed in bags with a number on the exterior, 
then stored in the warehouse.

Interventions
HMB-Ca supplementation
A nutritional intervention will be conducted after 60 
days for participants in the HMB and placebo groups. 
The HMB group will be consuming 1.5 g (six tablets) 
of HMB- Ca (Kobayashi HMB- Ca; Kobayashi Perfumery, 
Tokyo, Japan: a round shape, uncoated white tablet; diam-
eter 9 mm; thickness 4.9 mm; taste with slightly bitterness) 
one time per day. The used doses of HMB- Ca varied from 
1.5 g to 3 g in previous study.14–18 If 3 g of HMB- Ca will 
be applied in this study, 12 tablets of the supplement 
will need to be taken at a time, and the high number of 
tablets can affect medication adherence.24 Therefore, 
1.5 g of HMB- Ca will be applied in this study, which will 
be an unsupervised nutritional intervention. The placebo 
group will be consuming 1.2 g (six tablets) of reduced 
maltose (a round shape, uncoated white tablet; diameter 
8 mm; thickness 4 mm; taste with slightly sweetness) one 
time per day. HMB- Ca and placebo look similar but taste 
slightly different. Supplementation in both groups will be 
provided in the morning, to be taken with water. Partici-
pants will complete the self- report sheet for supplementa-
tion for 60 days. These self- report sheets will be collected 
after finishing the 60 days of the intervention. Compli-
ance rates with supplementation will be calculated.

Exercise therapy
Exercise therapy will be undertaken including supervised 
exercise as OCR along with unsupervised home exercise. 
OCR will be conducted 1–2 times/week. Participants will 
perform 60 min of OCR per session, comprising a warm- 
up, approximately 30 min of aerobic exercise, 15 min of 
resistance exercise and cool- down exercise. The resis-
tance exercise (rowing) will be performed using a muscle 
training machine (Wel- tonic L series; Minato Medical 
Science, Osaka, Japan). The intensity of resistance exer-
cise will be set at 50% of maximum voluntary contrac-
tion. Aerobic exercise will be set based on the results of a 
cardiopulmonary exercise test (CPET) and exercise will 
be prescribed according to cardiac rehabilitation guide-
lines25 using the anaerobic metabolic threshold (AT) 
heart rate and Borg scale scores of 11–13 as indicators.

On days the patient does not attend the hospital, home 
exercise will be conducted 1–5 times/week, with instruc-
tions to walk at the pulse rate within the AT as a guide, 
and the frequency of home exercise will be checked simi-
larly to supplementation. Participants will complete the 
self- report sheet for home exercise for 60 days. These self- 
report sheets will be collected after finishing the 60 days 
of the intervention. Compliance rates with home exercise 
will be calculated. In addition to exercise therapy, OCR 
will consist of nursing interviews with nurses and nutri-
tional guidance from a dietician.
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Outcome measures
Measurements will be conducted before starting the inter-
vention, at 1 month after the end of the supplementation 
period (28–32 days after starting the intervention), and 
in the postintervention period (60–67 days after starting 
the intervention). OCR is available Monday to Saturday 
during the week, with no OCR on Sunday. Measurements 
will be conducted when the OCR will be seen. It is diffi-
cult to assess everyone at around 60 days postintervention 
and also 30- day period. Measurements will, therefore, 
be conducted within the designated scheduled measure-
ment days. The measurement protocol is presented in 
table 1.

The primary outcome will be knee extensor muscle 
strength. Secondary outcomes will be gross isometric 
limb strength (leg press strength and grip strength), skel-
etal muscle mass (whole- body muscle mass and rectus 
femoris (RF) muscle mass), physical functions (short 
physical performance battery (SPPB) and 10 m timed gait 
test), CPET parameters (peak VO2 and peak- load/AT), 
biochemical examinations (albumin, total protein, brain 
natriuretic peptide, creatinine, blood urea nitrogen, esti-
mated glomerular filtration rate, cystatin C), microRNA 
(miR- 181a, miR- 181b, miR- 181c, miR- 484), brain- derived 
neurotrophic factor (BDNF), QOL assessment (SF- 12v2, 
Japanese edition) and nutritional assessment (brief- type 

self- administered diet history questionnaire (BDHQ), 
energy consumption and nutrient composition of urine).

Muscle strength measurements
Knee extensor muscle strength (body weight ratio: kgF/
kg) on the dominant side and on the non- dominant 
side will be measured using a hand- held dynamometer 
(Mobie Z; SAKAI Medical, Tokyo, Japan). In the sitting 
position, the hand- held dynamometer will be placed 
anterior to the fibula, 2.5 cm proximal to the malleolus.

Leg press strength will be measured using a muscle 
training machine (Weltonic L series; Minato Medical 
Science, Osaka, Japan). Before measurement, partici-
pants will be familiarised with this machine. Measure-
ment will be performed in a position with the knees and 
hips in 90° of flexion.

Grip strength will be measured using a Smedley- type 
grip dynamometer (Grip- D; Takei Scientific Instru-
ments, Niigata, Japan). Grip strength testing will be 
performed two times on the dominant side at maximum 
effort.

These muscle strength measurements will be 
conducted in two trials, taking the higher value for 
analysis.

Table 1 Measurement protocol

Item
Before starting 
intervention

One month after 
supplementation Post intervention

Period Within 2 weeks OCR 
starting

28–32 days after 60–67 days after

Patient content ● – –

Demographics ● – –

Knee extensor muscle strength ● ● ●

Grip strength ● ● ●

Leg press strength ● ● ●

Skeletal muscle mass
(RF muscle)

● ● ●

  Skeletal muscle mass
  (whole body: BIA)

● – ●

Physical functions
(SPPB・10 m timed gait test)

● ● ●

QOL assessment (SF- 12) ● – ●

CPET ● – ●

Biochemical examination microRNA ● ● ●

BDNF ● – ●

Nutritional assessment ● – ●

Adverse events Constant monitoring during outpatient cardiac rehabilitation

Vital signs Constant monitoring during outpatient cardiac rehabilitation

BDNF, brain- derived neurotrophic factor; BIA, bioelectrical impedance; CPET, cardiopulmonary exercise test; OCR, outpatient cardiac 
rehabilitation; QOL, quality of life; RF, rectus femoris; SPPB, short physical performance battery.
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Skeletal muscle mass
Whole-body skeletal muscle mass
Skeletal muscle mass will be measured by the bioelec-
trical impedance (BIA) method (InBody S10; InBody 
Japan, Tokyo, Japan), which uses weak currents and elec-
trical resistance. Individuals with pacemakers or metallic 
materials in the body therefore will not be assessed. These 
patients who cannot be measured by BIA still be included. 
Measurements will be conducted after 2 min resting in a 
supine position, the participants will not be able to move 
or speak during it.

RF muscle measurement
Measurements will be conducted by a coinvestigator 
(KA). RF muscle mass will be measured using an ultra-
sonic reflectoscope (Portable Ultrasound Probe for 
Education fST9600; Lequio Power Technology, Okinawa, 
Japan). Muscle mass and echo intensity of the RF muscle 
will be measured at a point 10 cm proximal from the top 
of the patella, with the participant in a supine position. 
Cross- sectional area of the RF muscle will be calculated 
using the method described by Berger et al.26

Statistical considerations
Sample size calculation
Effect size was estimated at 0.5 based on studies of the 
combined effects of exercise and nutritional inter-
vention using knee extension muscle strength as the 
primary outcome6 7 27 and nutritional intervention in 
cardiac disease.28 In preliminary studies, the Pearson 
correlation for knee extensor strength was 0.83 between 
the preintervention period and 1 month after the inter-
vention29 and 0.82 between the preintervention period 
and 3 months after intervention.7 Since the sample size 
required for hypothesis testing using a two- sided analysis 
of covariance model with alpha=0.05 and beta=0.2 will 
be 48, the number of cases to be enrolled is set at 52 
subjects.

Statistical analysis
Analysis of the primary outcome
Efficacy analysis will be conducted using the full analysis 
set. If the missing data of the outcome occur due to partic-
ipant who is drop out of the intervention or the follow- up 
measurement. As a rule, complementation will not be 
used. Analyses of primary outcomes will be analysed using 
mixed- effects models. Analysis will be conducted using 
mixed- effects models for repeated measures with base-
line values, group, measurement time point and group/
measurement time point interactions as explanatory vari-
ables. A heterogeneous variance structure will be used. 
Estimation and comparisons of group differences will be 
calculated using this model. The level of significance will 
be set at 0.05. Analysis will be conducted before starting 
the intervention, 1 month after starting the supplemen-
tation period and in the postintervention period as the 
period for primary comparison.

Analyses for secondary outcomes
Grip strength, lower limb extensor strength, skeletal 
muscle mass (RF muscle) and physical functions (SPPB; 
10 m timed gait test) will be analysed in the same way as for 
the primary outcome. Skeletal muscle mass (whole body), 
QOL assessment (SF- 12), CPET parameters, BDNF and 
nutritional assessment will be compared between the two 
groups using unpaired t tests before starting the interven-
tion and in the postintervention period. Improvement 
rates of secondary outcomes from baseline to the postin-
tervention period will be compared between groups using 
the unpaired t test.

All data will be analysed using JMP software (V.16; SAS 
Institute Japan, Tokyo, Japan).

Monitoring
Research quality and data management
A director (HI) will undertake monitoring for the purpose 
of quality control of the study. HI will also designate a 
monitor to be in charge of monitoring. This monitor 
will ensure that the study is conducted in compliance 
with the latest research protocol and regulatory require-
ments throughout the study period, in accordance with 
a separate procedure to be developed. In addition, the 
monitor must not divulge personal patient information 
obtained during monitoring. Raw data from this study 
will be managed by the data monitoring committee 
(Showa University Research Administration Centre) after 
the study is completed.

Data statement
In accordance with the Japanese ‘Clinical Trials Act’, the 
datasets in this study will not be available.

Harms and stopping guideline
The times of onset of diseases and defects, date of onset 
and outcome, severity, outcome, causal relationship 
to the study and progress should be recorded in the 
medical record. Severity will be judged according to the 
following criteria: mild, disease or defect recovers without 
requiring treatment; moderate, disease or defect requires 
additional treatment or treatment after administration of 
the study medicine; or severe, administration of the study 
medicine is difficult to continue.

Where adverse events are suspected to have occurred as a 
result of the conduct of this research, a report will be made 
to the director of Showa University Fujigaoka Rehabilitation 
Hospital and the Minister of Health, Labour and Welfare. 
Adverse events are defined as follows: death, a condition 
that may lead to death, occurrence of a disability, a condition 
that may lead to disability, or a condition requiring hospi-
talisation for treatment. If an adverse event occurs, instruc-
tions will be sought from the manager of the implementing 
medical institution or the Minister of Health, Labour and 
Welfare regarding the continuation of the research.

Patient and public involvement
Patient experience and feedback on the determination of 
the size of HMB- Ca tablets have been used as a reference 
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point. Other than that, patient and public is not involved 
in the decisions regarding the study design, recruitment 
and conduct of this study.

Ethics and dissemination
This protocol will be published in a peer- reviewed 
journal. Ethics approval has been obtained from the 
Showa University Clinical Research Review Board (ID: 
S12). The protocol for this study has been registered with 
the Japan Registry of Clinical Trails (ID: jRCTs031220139; 
registration date: 16 June 2022; URL: https://jrct.niph. 
go.jp/en-latest-detail/jRCTs031220139). The results will 
be presented at a conference and submitted to a peer- 
reviewed journal, and the final analysis will be submitted 
for publication.

Author affiliations
1School of Nursing and Rehabilitation Sciences, Showa University, Yokohama, 
Kanagawa, Japan
2Center for Rehabilitation, Showa University Fujigaoka Rehabilitation Hospital, 
Yokohama, Kanagawa, Japan
3Showa University Research Administration Center, Showa University, Shinagawa- 
ku, Tokyo, Japan
4Division of Cardiology, Department of Internal Medicine, Showa University 
Fujigaoka Hospital, Yokohama, Kanagawa, Japan
5Department of Pharmaceutical Therapeutics, Division of Clinical Pharmacy, 
Pharmacy School, Showa University, Shinagawa- ku, Tokyo, Japan
6Department of Rehabilitation, Showa University Hospital, Shinagawa- ku, Tokyo, 
Japan
7Department of Hospital Pharmaceutics, Pharmacy School, Showa University, 
Yokohama, Kagagawa, Japan
8A director, Showa University Fujigaoka Rehabilitation Hospital, Yokohama, 
Kanagawa, Japan

Contributors Conception: TI and RM. Design of the work: TI, RM and EI. Statistical 
analysis: DN. Funding: TI, NT and AI. Conduct of this study: RM, KA, SA and SN. 
Drafting and revision of the manuscript: TI, RM, EI and YI. Data management: AI, 
YI and MH. Supervision of the study: HI. All authors read and approved the final 
manuscript.

Funding This work is supported by JSPS KAKENHI (grant number 22K11787). 
JSPS KAKENHI is a competitive fund allocated by the Japanese government. 
Therefore, JSPS KAKENHI does not play a role in development of the protocol.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Takashi Ikeda http://orcid.org/0000-0001-9844-5996

REFERENCES
 1 Dai H, Bragazzi NL, Younis A, et al. Worldwide trends in prevalence, 

mortality, and disability- adjusted life years for hypertensive heart 
disease from 1990 to 2017. Hypertension 2021;77:1223–33. 

 2 Japanese Ministry of Health, Labour and Welfare. A summary for 
demographic survey in 2019. Available: https://www.mhlw.go.jp/ 

toukei/saikin/hw/jinkou/kakutei19/dl/15_all.pdf [Accessed 18 Jun 
2022].

 3 Mancini DM, Eisen H, Kussmaul W, et al. Value of peak exercise 
oxygen consumption for optimal timing of cardiac transplantation in 
ambulatory patients with heart failure. Circulation 1991;83:778–86. 

 4 Watanabe Y, Madarame H, Ogasawara R, et al. Effect of very low- 
intensity resistance training with slow movement on muscle size 
and strength in healthy older adults. Clin Physiol Funct Imaging 
2014;34:463–70. 

 5 Atherton PJ, Smith K. Muscle protein synthesis in response to 
nutrition and exercise. J Physiol 2012;590:1049–57. 

 6 Kim HK, Suzuki T, Saito K, et al. Effects of exercise and amino 
acid supplementation on body composition and physical function 
in community- dwelling elderly Japanese sarcopenic women: a 
randomized controlled trial. J Am Geriatr Soc 2012;60:16–23. 

 7 Ikeda T, Aizawa J, Nagasawa H, et al. Effects and feasibility of 
exercise therapy combined with branched- chain amino acid 
supplementation on muscle strengthening in frail and pre- frail elderly 
people requiring long- term care: a crossover trial. Appl Physiol Nutr 
Metab 2016;41:438–45. 

 8 Fiaccadori E, Sabatino A, Barazzoni R, et al. ESPEN guideline on 
clinical nutrition in hospitalized patients with acute or chronic kidney 
disease. Clin Nutr 2021;40:1644–68. 

 9 Afilalo J, Karunananthan S, Eisenberg MJ, et al. Role of 
frailty in patients with cardiovascular disease. Am J Cardiol 
2009;103:1616–21. 

 10 Dos Santos MR, Saitoh M, Ebner N, et al. Sarcopenia and endothelial 
function in patients with chronic heart failure: results from the studies 
investigating comorbidities aggravating heart failure (SICA- HF). J Am 
Med Dir Assoc 2017;18:240–5. 

 11 Hülsmann M, Quittan M, Berger R, et al. Muscle strength as a 
predictor of long- term survival in severe congestive heart failure. Eur 
J Heart Fail 2004;6:101–7. 

 12 Nakanishi M, Takaki H, Kumasaka R, et al. Targeting of high peak 
respiratory exchange ratio is safe and enhances the prognostic 
power of peak oxygen uptake for heart failure patients. Circ J 
2014;78:2268–75. 

 13 Nissen SL, Abumrad NN. Nutritional role of the leucine metabolite 
β-hydroxy β-methylbutyrate (HMB). The Journal of Nutritional 
Biochemistry 1997;8:300–11. 

 14 Alon T, Bagchi D, Preuss HG. Supplementing with beta- hydroxy- 
beta- methylbutyrate (HMB) to build and maintain muscle mass: a 
review. Res Commun Mol Pathol Pharmacol 2002;111:139–51.

 15 Nissen S, Sharp R, Ray M, et al. Effect of leucine metabolite 
β-hydroxy-β-methylbutyrate on muscle metabolism during 
resistance- exercise training. Journal of Applied Physiology 
1996;81:2095–104. 

 16 Smith HJ, Mukerji P, Tisdale MJ. Attenuation of proteasome- 
induced proteolysis in skeletal muscle by { beta } -hydroxy- { beta 
} -methylbutyrate in cancer- induced muscle loss. Cancer Res 
2005;65:277–83.

 17 Smith HJ, Wyke SM, Tisdale MJ. Mechanism of the attenuation 
of proteolysis- inducing factor stimulated protein degradation 
in muscle by beta- hydroxy- beta- methylbutyrate. Cancer Res 
2004;64:8731–5. 

 18 Wu H, Xia Y, Jiang J, et al. Effect of beta- hydroxy- beta- 
methylbutyrate supplementation on muscle loss in older adults: 
a systematic review and meta- analysis. Arch Gerontol Geriatr 
2015;61:168–75. 

 19 Wilson JM, Fitschen PJ, Campbell B, et al. International Society of 
sports nutrition position stand: beta- hydroxy- beta- methylbutyrate 
(HMB). J Int Soc Sports Nutr 2013;10:6. 

 20 Gallagher PM, Carrithers JA, Godard MP, et al. Beta- hydroxy- beta- 
methylbutyrate ingestion, part II: effects on hematology, hepatic and 
renal function. Med Sci Sports Exerc 2000;32:2116–9. 

 21 Fitschen PJ, Biruete A, Jeong J, et al. Efficacy of beta- hydroxy- 
beta- methylbutyrate supplementation in maintenance hemodialysis 
patients. Hemodial Int 2017;21:107–16. 

 22 Singh M, Stewart R, White H. Importance of frailty in patients with 
cardiovascular disease. Eur Heart J 2014;35:1726–31. 

 23 Denfeld QE, Winters- Stone K, Mudd JO, et al. The prevalence of 
frailty in heart failure: a systematic review and meta- analysis. Int J 
Cardiol 2017;236:283–9. 

 24 Ulley J, Harrop D, Ali A, et al. Deprescribing interventions and 
their impact on medication adherence in community- dwelling 
older adults with polypharmacy: a systematic review. BMC Geriatr 
2019;19:15. 

 25 The Japanese Circulation Society. JCS/JACR 2021 guideline on 
rehabilitation in patients with cardiovascular disease. Available: 
https://www.j-circ.or.jp/cms/wp-content/uploads/2021/03/JCS2021_ 
Makita.pdf [Accessed 18 Jun 2022].

https://jrct.niph.go.jp/en-latest-detail/jRCTs031220139
https://jrct.niph.go.jp/en-latest-detail/jRCTs031220139
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9844-5996
http://dx.doi.org/10.1161/HYPERTENSIONAHA.120.16483
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei19/dl/15_all.pdf
https://www.mhlw.go.jp/toukei/saikin/hw/jinkou/kakutei19/dl/15_all.pdf
http://dx.doi.org/10.1161/01.cir.83.3.778
http://dx.doi.org/10.1111/cpf.12117
http://dx.doi.org/10.1113/jphysiol.2011.225003
http://dx.doi.org/10.1111/j.1532-5415.2011.03776.x
http://dx.doi.org/10.1139/apnm-2015-0436
http://dx.doi.org/10.1139/apnm-2015-0436
http://dx.doi.org/10.1016/j.clnu.2021.01.028
http://dx.doi.org/10.1016/j.amjcard.2009.01.375
http://dx.doi.org/10.1016/j.jamda.2016.09.006
http://dx.doi.org/10.1016/j.jamda.2016.09.006
http://dx.doi.org/10.1016/j.ejheart.2003.07.008
http://dx.doi.org/10.1016/j.ejheart.2003.07.008
http://dx.doi.org/10.1253/circj.cj-14-0047
http://dx.doi.org/10.1016/S0955-2863(97)00048-X
http://dx.doi.org/10.1016/S0955-2863(97)00048-X
http://dx.doi.org/14632320
http://dx.doi.org/10.1152/jappl.1996.81.5.2095
http://dx.doi.org/15665304
http://dx.doi.org/10.1158/0008-5472.CAN-04-1760
http://dx.doi.org/10.1016/j.archger.2015.06.020
http://dx.doi.org/10.1186/1550-2783-10-6
http://dx.doi.org/10.1097/00005768-200012000-00023
http://dx.doi.org/10.1111/hdi.12440
http://dx.doi.org/10.1093/eurheartj/ehu197
http://dx.doi.org/10.1016/j.ijcard.2017.01.153
http://dx.doi.org/10.1016/j.ijcard.2017.01.153
http://dx.doi.org/10.1186/s12877-019-1031-4
https://www.j-circ.or.jp/cms/wp-content/uploads/2021/03/JCS2021_Makita.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2021/03/JCS2021_Makita.pdf


7Ikeda T, et al. BMJ Open 2023;13:e066633. doi:10.1136/bmjopen-2022-066633

Open access

 26 Berger J, Bunout D, Barrera G, et al. Rectus femoris (RF) ultrasound 
for the assessment of muscle mass in older people. Arch Gerontol 
Geriatr 2015;61:33–8. 

 27 Ueyama H, Kanemoto N, Minoda Y, et al. 2020 chitranjan S. 
ranawat award: perioperative essential amino acid supplementation 
suppresses rectus femoris muscle atrophy and accelerates early 
functional recovery following total knee arthroplasty. Bone Joint J 
2020;102- B(6_Supple_A):10–8. 

 28 Bonilla- Palomas JL, Gámez- López AL, Castillo- Domínguez JC, et al. 
Nutritional intervention in malnourished hospitalized patients with 
heart failure. Arch Med Res 2016;47:535–40. 

 29 Ikeda T, Suzuki S, Aimoto K, et al. UMIN000037903: effects and 
feasibility of branched chain amino acid combined with exercise in 
convalescent patients: a crossover trial. Available: https://center6. 
umin.ac.jp/cgi-open bin/ctr/ctr.cgi?function=brows&action=brows& 
recptno=R000043195&type=summary&language=E [Accessed 18 
Jun 2022].

http://dx.doi.org/10.1016/j.archger.2015.03.006
http://dx.doi.org/10.1016/j.archger.2015.03.006
http://dx.doi.org/10.1302/0301-620X.102B6.BJJ-2019-1370.R1
http://dx.doi.org/10.1016/j.arcmed.2016.11.005
https://center6.umin.ac.jp/cgi-open%20bin/ctr/ctr.cgi?function=brows&action=brows&recptno=R000043195&type=summary&language=E
https://center6.umin.ac.jp/cgi-open%20bin/ctr/ctr.cgi?function=brows&action=brows&recptno=R000043195&type=summary&language=E
https://center6.umin.ac.jp/cgi-open%20bin/ctr/ctr.cgi?function=brows&action=brows&recptno=R000043195&type=summary&language=E

	Effects of beta-­hydroxy beta-­methyl butyrate calcium combined with exercise therapy in patients with cardiac disease: a study protocol for clinical trial
	Abstract
	Introduction﻿﻿
	Objectives

	Methods and analysis
	Study methods
	Inclusion criteria
	Exclusion criteria
	Allocation, concealment and blinding
	Interventions
	HMB-Ca supplementation
	Exercise therapy

	Outcome measures
	Muscle strength measurements
	Skeletal muscle mass
	Whole-body skeletal muscle mass
	RF muscle measurement

	Statistical considerations
	Sample size calculation

	Statistical analysis
	Analysis of the primary outcome
	Analyses for secondary outcomes

	Monitoring
	Research quality and data management
	Data statement
	Harms and stopping guideline

	Patient and public involvement
	Ethics and dissemination

	References


