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Abstract

Background: Heart failure (HF) is a significant health problem that is often associated with major morbidity and mortality.
Metabolic abnormalities occur in HF and may be used to identify individuals at risk of developing the condition. Furthermore,
these metabolic changes may play a role in the pathogenesis and progression of HF. Despite this knowledge, the utility of metabolic
changes in diagnosis, management, prognosis, and therapy for patients with chronic HF has not been systematically reviewed.

Objective: This scoping review aims to systematically appraise the literature on metabolic changes in patients with HF, describe
the role of these changes in pathogenesis, progression, and care, and identify knowledge gaps to inform future research.

Methods: This review will be conducted using a strategy based on previous reports, the JBI Manual for Evidence Synthesis,
and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Extension for Scoping Reviews (PRISMA-ScR)
guidelines. A comprehensive search of electronic databases (Medline, EBSCOhost, Scopus, and Web of Science) will be conducted
using keywords related to HF, myocardial failure, metabolomes, metabonomics, and analytical chemistry techniques. The search
will include original peer-reviewed research papers (clinical studies conducted on humans and systematic reviews with or without
a meta-analysis) published between January 2010 and September 2023. Studies that include patients with HF younger than 18
years or those not published in English will be excluded. Two authors (UGA and MB) will screen the titles and abstracts
independently and perform a full-text screen of the relevant and eligible papers. Relevant data will be extracted and synthesized,
and a third author or group will be consulted to resolve discrepancies.

Results: This scoping review will span from January 2010 to September 2023, and the results will be published in a peer-reviewed,
open-access journal as a scoping review in 2024. The presentation of the findings will use the PRISMA-ScR flow diagram and
descriptive and narrative formats, including tables and graphical displays, to provide a comprehensive overview of the extracted
data.

Conclusions: This review aims to collect and analyze the available evidence on metabolic changes in patients with HF, aiming
to enhance our current understanding of this topic. Additionally, this review will identify the most commonly used and suitable
sample, analytical method, and specific metabolomes to facilitate standardization, reproducibility of results, and application in
the diagnosis, treatment, and risk stratification of patients with HF. Finally, it is hoped that this review’s outcomes will inspire
further research into the metabolomes of patients with HF in low- and middle-income countries.

Trial Registration: Open Science Framework; https://osf.io/sp6xj
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Introduction

Heart failure (HF) is a heterogeneous disease with increasing
prevalence and incidence owing to advances in cardiac care and
increasing life span [1]. Despite advances in the care of patients
with HF, rehospitalization and death rates remain high,
especially in those with advanced disease and associated
comorbidities [2,3]. The estimated readmission rate at 30 days
is 25%, and the 5-year survival rate is 50%, which is as poor as
some common cancers [3,4]. Therefore, a knowledge gap
remains, and further studies are needed to identify better ways
to risk-stratify these patients. HF is a multisystemic disease
associated with metabolic abnormalities including inadequate
energy (glucose and fatty acids) handling, anabolic-catabolic
imbalance, and urea cycle dysfunction [5,6]. Understanding the
critical role of metabolic dysfunction in HF has opened a
conceptual gap between cardiac metabolism and HF, particularly
in the era of precision medicine.

Metabolomics has emerged as a tool for measuring intermediates
or metabolomes in various biological samples including plasma,
urine, saliva, and tissues [7-9]. Metabolic profiling assesses
endogenous and environmental factors, such as dietary intake
and physical activity, and integrates genomic, transcriptomic,
and proteomic variation. Hence, metabolomes are biomarkers
that can be used to identify individuals at risk of developing HF
diagnosis and prognostication in patients with HF [10,11]. In a
study by Cheng et al [12], metabolomes complemented other
cardiac biomarkers in the stratification of patients with acute
decompensated HF. Metabolomes correlated better with
rehospitalization and all cause death than B-type natriuretic
peptide (areas under the curve 0.85 and 0.74, respectively;
hazard ratio 3.08; P<.001) [12].

Although the use of metabolomes as a stand-alone biomarker
or as a component of a multi-marker strategy is challenged
partly by the need for more research, scoping reviews may help
overcome this by pulling all shreds of evidence into 1 piece.
Scoping reviews are used in cases where the literature on a
particular topic is limited, and therefore, not harmonized, and
they help identify knowledge gaps [13,14]. Further, scoping
reviews do not criticize or appraise the existing literature.

The objectives of this scoping review are to systematically
appraise the existing literature on the metabolic changes that
occur in patients with HF, the platforms for analyzing them,
and to describe the knowledge gap to inform future targeted
research that will help optimize their usefulness in patients with
HF.

Methods

Scoping Review Framework
This scoping review will be carried out following the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Extension for Scoping Reviews (PRISMA-ScR) statement [15]
and the methods proposed in the updated JBI Manual for
Scoping Reviews [16,17].

The methodology of this scoping review will include the
following stages proposed by the Joanna Briggs Institute (JBI)
in developing a protocol and conducting a review, namely (1)
identifying the specific research questions, (2) identifying
information sources and search strategies, (3) selecting sources
of evidence, (4) selecting data items and extracting them, (5)
charting the evidence, (6) synthesizing results, and (7)
conducting an ethics review and dissemination [16,17]. The
PRISMA-ScR method will guide the synthesis and reporting
of the existing evidence in the research area in this review. Any
subsequent modification will be highlighted in the final
publication.

Research Questions
The scoping review eligibility will be based on the following
research questions: (1) What energy sources are available for a
healthy heart under normal physiological conditions? (2) What
metabolic changes occur in patients with HF? (3) Which analytic
modalities are available for metabolomics profiling? (4) What
are the roles of metabolomes in the diagnosis, treatment, and
risk stratification of patients with HF?

Identifying the Specific Research Question or
Eligibility Criteria
We will adopt the population, concept, and context framework
to define the eligibility criteria and direct the search strategy
[15].

Inclusion Criteria

Population
The review will include studies in patients with HF from any
etiology who are 18 years and older, including ischaemic and
nonischaemic causes, either in an inpatient or outpatient setting.
We will exclude studies in patients with HF who are younger
than 18 years.

Concept
The concept of interest is the use of metabolomes in managing
patients with HF. The role of metabolomes in patients with HF
is being studied and has been found to help diagnose, assess
response to therapy, and predict prognosis. Of late, omics
technology, including metabolomes, has opened an avenue to
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explore other biomarkers for HF management. This scoping
review aims to assess the metabolomes in individuals with HF
and the alterations noted in the systemic circulation, and by
extension, the myocardium during the diseased state.
Furthermore, the analytical methods used to assay metabolomes
will be explored and included. This review will not critique the
methods of analysis but describe what was used in estimating
various metabolomes. We will exclude papers that include
patients younger than 18 years.

Context
This scoping review will include papers or studies that describe
metabolome use in managing patients with HF. Studies from
all parts of the world will be included.

The specific questions that will guide the search, charting, and
reporting of the relevant literature and inform the use of the
metabolomes include the following: What energy sources are
available for a healthy heart under normal physiological
conditions? What metabolic changes occur in patients with HF?
Which analytic modalities are available for metabolomics
profiling? and What are the roles of metabolomes in the
diagnosis, treatment, and risk stratification of patients with HF?

Information Sources and Search Strategies
An experienced medical librarian will be consulted to assist in
developing the framework for the search strategy [18] and will
follow the 3-step process recommended by the JBI [17]. The

search will aim to identify both published and unpublished
reviews and studies. The steps are as follows.

First, a preliminary search of PubMed (Medline) will be
conducted using the index terms and text words contained in
the title and abstract to describe the paper. The initial keywords
used included: [Heart Failure OR myocardial failure] AND
[metabolomes] AND [metabonomic *] AND [Analytical
Chemistry Technique].

Second, all the identified keywords, index terms, Boolean terms
(ie, “AND“ ‘AND,“, ’ OR‘ ‘OR, ' ‘OR” NOT,’ ‘NOT'), and a
combination of the appropriate medical subject headings terms
that describe the papers will be searched in the following
databases: PubMed (Medline), EBSCOhost, Scopus, and Web
of Science from January 2010 to September 2023 (Textbox 1).
We chose January 1, 2010, as the starting date since
metabolomic literature became much more robust, and older
papers may not be relevant now.

Last, the authors will manually search the reference lists of all
relevant sources to obtain additional studies. A gray literature
search of conference proceedings, dissertations, and thesis
reports will be conducted manually using the study keywords
through Google Scholar in the World Health Organization
Library and Open Grey. Only studies published in English will
be considered for inclusion in this scoping review, as the
author’s team is proficient in English.

Textbox 1. Key concepts of the search strategy.

Heart failure

• “heart failure” [MeSH terms] OR Cardiac Failure [text word]) AND (“heart failure” [MeSH terms] OR Heart Decompensation [text word]) AND
“heart failure” [MeSH terms] AND “heart failure” [MeSH terms] AND “heart failure” [MeSH terms] AND (“heart failure” [MeSH terms] OR
Right-Sided Heart Failure [text word]) AND (“heart failure” [MeSH terms] OR Right Sided Heart Failure [text word]) AND (“heart failure”
[MeSH terms] OR Myocardial Failure [text word]) AND (“heart failure” [MeSH terms] OR Congestive Heart Failure [text word]) AND “heart
failure” [MeSH terms] AND “heart failure” [MeSH terms] AND “heart failure” [MeSH terms] AND (“heart failure” [MeSH terms] OR Left-Sided
Heart Failure [text word]) AND (“heart failure” [MeSH terms] OR Left Sided Heart Failure [text word]

Metabolomes

• “metabolome” [MeSH terms] OR Metabolomes [text word]) OR (“metabolome” [MeSH terms] OR Metabolic Profile [text word]) OR
(“metabolome” [MeSH terms] OR Metabolic Profiles [text word]) OR Profile [All Fields] OR (“metabolome” [MeSH terms] OR Metabolic
Profiles [text word]) OR Metabolic [All Fields]

Mass spectrometry

• “mass spectrometry” [MeSH terms] OR Mass spectrometry [text word]) OR (“tandem mass spectrometry” [MeSH terms] OR Tandem mass
Spectrometry [text word]) OR (“gas chromatography-mass spectrometry” [MeSH terms] OR Gas Chromatography-Mass Spectrometry [text
word]

Nuclear magnetic resonance spectroscopy

• “magnetic resonance spectroscopy” [MeSH terms] OR Nuclear Magnetic resonance spectroscopy [text word]

Selection of Sources of Evidence
The sources of evidence will be developed and selected based
on the eligibility criteria that will ensure that specific
information relating to the research questions is included in the
scoping review (Textbox 2).

The screening of identified studies for the scoping review shall
consist of a title and abstract screening to identify eligible

publications and full-text screening to choose papers based on
the study’s inclusion and exclusion criteria. The search results
will be exported into EndNote version 20, and the reference
management system and duplicates will be removed. The authors
(UGA and MB) will independently search the title and abstract
of all studies for assessment against the inclusion criteria for
the scoping review. The potentially relevant sources will be
fully retrieved including their citation details. We (UGA and
MB) will critically assess the full text of the selected citations
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against the inclusion criteria. The team will note the reasons for
excluding full texts and report in the scoping review.
Discrepancies in the study selection will be resolved by a team
member (DM, MM, or NT) or by consensus. The authors will

undergo in-house training on how to extract before the complete
screening of relevant full-text papers. Intra and interobserver
reliability will be assessed using Cohen κ coefficient (X)
statistics [19].

Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• Study design: all study types (observational, cross-sectional, retrospective, prospective, quantitative, and qualitative designs)

• Publication: original, peer-reviewed publications between January 1, 2010, and September 30, 2023, in English

• Study location: all health care settings, no location restrictions

• Study participants: patients with heart failure (HF) 18 years and older

• Studies of cohorts of patients with HF using metabolomes with emphasis on pathophysiology, diagnosis, treatment, and follow-up

Exclusion criteria

• Papers like case series and conference abstracts

• Papers that assessed metabolomes without addressing their usefulness in the diagnosis and follow-up of patients with HF

• Papers that included patients with HF younger than 18 years

Data Extraction
Two authors (UGA and MB) will independently extract data
that fit the inclusion criteria from the included studies in the
scoping review using the Microsoft Excel form developed by
the reviewers (Textbox 3). The data to be extracted includes the
paper characteristics (first author, journal, year of publication,
study design, study objectives [aims], country of origin); the
population characteristics (number of participants, mean age or
median with IQR, percentage of males, and diagnosis); the

concepts (samples, analytical methods, metabolomes, primary
findings, and comments); and the contexts (inpatient or
outpatient, globally).

The Microsoft Excel form shall be reviewed, pretested, and
modified as necessary by the authors during the data extraction
in an iterative process. The reasons for change will be outlined
and presented as an appendix for the review. Any discrepancies
will be resolved through discussion or by any of these reviewers
(DM, MM, and NT).

Textbox 3. Extraction instrument depicting the details of the included studies.

Paper characteristics or context

• First author, journal, year of publication, and country of origin

• Study design

• Study aims

• Inpatient or outpatient

Population characteristics

• Population, N

• Mean age, median with IQR, percentage male

Concept

• Sample type

• Analytical method

• Metabolomes assessed

• Summary of findings

Charting the Evidence
The authors will present the characteristics of each of the
included studies in a tabular form. We will compare the charted
data to ensure uniformity and inconsistencies resolved by
arbitration. If additional categories emerge during data

extraction, they will be noted and discussed during meetings,
and the charting will be amended accordingly. The authors will
not perform the bias assessment because it is a scoping review.
This modality is in keeping with the recommendations of the
PRISMA-ScR [3,15].
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Synthesis of Results
The details of the study selection process will be shown using
a flowchart (PRISMA-ScR) of the databases searched, included,
and excluded through the steps of a scoping review [18]. For
this scoping review, the potential eligible papers will be counted,
charted, synthesized, and summarized using descriptive
statistics. In some cases, figures and images will be provided
to enhance clarity. Since scoping reviews aggregate and
summarize available evidence, there will be no critical appraisal
of the quality of included papers. The patient and the public
will not be involved in developing the protocol.

Ethics Approval
This scoping review protocol is part of a research work and has
been approved by the Human Research Ethics Committee
(Medical) of the University of the Witwatersrand, Johannesburg
(M220519).

Results

The results from the scoping review will be presented in a
narrative form. The PRISMA-ScR flow diagram will be used
to depict the study selection process, the number of papers
initially identified and included, and the reason for exclusion.
In addition, the charted details, including the title, year of
publication, country, study design, characteristics of study
participants, study objectives, sample, and analytical methods,
will be presented in diagrams or tabular format. The result of
this scoping review will be disseminated at conferences, and
the paper will be published toward the end of the second quarter
of 2024.

Discussion

Principal Findings
The discussion section will address various questions that inform
the scoping review process. One such is how the heart uses
various substrates in health and disease to generate energy in
the form of adenosine triphosphate and the various analytical
methods used to analyze metabolomes. We will discuss how

the heart switches from using the preferred fatty acids to other
substrates. We will itemize the papers studied on each substrate
during the study period. Analyzing substrate used by the heart
in health and disease and finding pathways commonly affected
in HF phenotypes will inform future research directions.
Furthermore, we will explore the patients with HF studied in
the included studies, discuss the knowledge gaps, and the
implications for future research efforts. The scoping review will
synthesize the evidence from the included papers on the
usefulness of metabolomes in the diagnosis, treatment,
risk-stratification, and prognosis of patients with HF, with
particular attention to the assumptions and limitations. We will,
however, not undertake the formal risk of bias evaluation. This
information may provide valuable insights into the current state
of the literature and highlight areas where improvements may
be needed and hope to stimulate further research into
metabolomes of HF patients in low- and middle-income
countries.

Limitations
A potential limitation of this scoping review could be the
inability to access the full text of some of the included papers;
hence, the contents of such references cannot be synthesized.
However, efforts will be made to contact the authors of these
papers to get those texts or elements relevant to the review. The
strength of this scoping review is its ability to examine the state
of science and subsequently identify knowledge gaps and
directions for future research.

Conclusions
The prevalence of HF is increasing despite the continued
development of several diagnostic and treatment modalities; it
is, therefore, imperative to search for biomarkers that will better
characterize patients with HF and ensure targeted therapy. The
European Society of Cardiology guidelines for the diagnosis
and treatment of acute and chronic HF implored clinicians to
search for other more specific biomarkers, and hence this
scoping review will help synthesize available literature on the
use of metabolomes in patients with HF, identify the knowledge
gaps, and recommend future research.
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