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Abstract

Background: Resting metabolic rate (RMR) prediction equations used today often rely on the consideration of binary sex.
Significant intrasex variability and a lack of data on diverse populations raise concerns about these equations' validity and
generalizability. Existing systematic reviews have focused on specific populations like individuals with obesity or athletes, but
none have systematically examined the demographic characteristics of participants used to derive these equations. Our central
hypothesisisthat the accuracy of RMR prediction isinfluenced by the demographic alignment between the equation’s derivation
population and the individual. We present a systematic review protocol to critically evaluate the literature and participant
demographic profiles that underpin current RMR prediction equations.

Objective: Our objectives are to (1) determine the characteristics of participant populations, including reporting on gender and
sex diversity, used in RMR equation research; (2) critically appraise the methodologies, findings, and reporting practices of
studies that developed RMR equations for binary populations; and (3) use the Sex and Gender Equity in Research guidelinesto
assess sex and gender terminology and variable inclusion in the generative RMR prediction literature.

Methods: Following a PROSPERO-registered protocol (CRD420251084400), we will conduct a comprehensive search across
multiple databases, including Academic Search Premier, PubMed, and Web of Science. The final search string will be: ((resting
metab* rate) OR (RMR) OR (basal metab* rate) OR (BMR) OR (metabol*) OR (resting energy expenditure) OR (metab* rate))
AND ((predict* equation) OR (predict* model) OR (predict* algorithm) OR (formula) OR (estimation equation)) AND
((demograph*) OR (characterist*) OR (age) OR (race) OR (ethnicity) OR (sex) OR (gender)). We will include peer-reviewed,
English-language articles reporting studies that generated RMR prediction equations and reported human participant demographic
characteristics. Exclusion criteria include studies not generating prediction eguations, without demographic data, or involving
animals. Data extraction will include reported participant demographics (eg, sex, gender, race or ethnicity, age, and body
composition), RMR test protocols, and reported reliability or validity metrics. Risk of bias will be assessed using PROBAST
(Prediction Model Risk of Bias Assessment Tool).

Results: This study was funded in June 2025 by the University of Nevada, Las Vegas Sports Innovation Initiative Catalyst
Grant Funding Program and in July 2025 by the National Association for Kinesiology in Higher Education Hellison Interdisciplinary
Research Grant. The databases were searched using the final search string between August 1, 2025, and August 8, 2025. Training
of team members began on September 3, 2025, and concluded on October 20, 2025.

Conclusions; Findings will be disseminated through a narrative synthesis submitted for publication, adhering to the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-Analyses) reporting guidelines. This review will identify gapsin
theinclusivity and generalizability of current RMR prediction equations, informing future research and clinical applications.
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Introduction

Background

Many resting metabolic rate (RMR) predi ction equationsrequire
the input of binary sex to return estimates [1-4]. Basing the
estimate on sex may be inherently flawed, given the known
high intrasex variability among cisgender male participants
compared with cisgender female participants [5,6]. At issueis
the ability of binary equations to return valid and reliable
measures for cisgender female or male participants, let alone
be used to make generalizations about resting metabolism among
intersex and transgender people. The concepts of sex and gender
have been historically conflated and often used interchangeably
[7]. Sex typically denotes biological attributes in humans and
animals associated with physical and physiological features,
such as chromosomes, gene expression, hormone function, and
reproductive or sexual anatomy [8]. By contrast, gender refers
to the socially constructed roles, behaviors, and identities that
are often represented by feminine, masculine, and gender-diverse
people [8,9]. It isunclear to what extent formative evaluations
have been undertaken to determine the generation of current
prediction equations for a variety of population subgroups.

Several systematic reviews have been conducted on resting
metabolism and prediction equations [10-14]. Many have
focused on the ability of RMR prediction equations to return
accurate values in specific populations, such as people with
obesity [11,12,14] and thosewho arecritically ill [13]. A review
specific to prediction in athl etes determined that while no single
equation is superior, measurement accuracy can be increased
by choosing an equation that aligns most similarly with the
characteristics of the athlete [10]. Our central hypothesisisthat
this finding would extend to people who identify as
gender-diverse. To our knowledge, the literature has not been
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systematically reviewed to determine the demographic
characteristics of individuals who participated in the derivation
of RMR prediction equations.

Study Aims

We aim to critically evaluate the available literature and
participant demographic profiles around RMR that have led to
the energy estimation equations currently used. Thereisaneed
to (1) determine characteristics of participant populations used
in research to generate resting metabolism equations, including
any reporting about participants’ gender and sex diversity; (2)
critically appraise the methodologies, findings, and reporting
practices of original studies used to develop resting metabolism
equations for binary gender and sex populations; and (3) use
the Sex and Gender Equity in Research (SAGER) guidelines
[15] to determine whether terminology, reporting, and
interpretations regarding sex and gender are used appropriately
in the literature used to generate RMR prediction equations.

Methods

Overview

Scoping searches suggested there are no systematic reviews
describing demographic characteristics of participantsin studies
used to generate RMR prediction equations. The authors
consulted peer-reviewed guidance about conducting systematic
reviews [16] and have previously participated in the process
[17-24]. Following deliberation, the study investigators chose
to adapt the population, exposure, comparator, outcome, and
study design (PECOS) framework to structure this review
protocol, which is available in PROSPERO [25]. The PECOS
framework (illustrated in Table 1) was used to formalize the
review’s search parameters and delineate which detail sto extract
from included articles.
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Table 1. Population, exposure, comparator, outcome, and study design (PECOS) study table.

PECOS element Description

Population « Adultsor children

Exposure «  Predictive attributes (eg, anthropometric and demographic variables, such as age, sex, height, weight, body composition
[including lean body mass, and fat mass], and/or physiological variables such as heart rate) used for deriving RMR?
prediction equations

Comparator « RMR measured by indirect calorimetry

Qutcome « Accuracy of study-generated RMR prediction equation

«  Precision of study-generated RMR prediction equation
Study design «  Cross-sectional studies

3RMR: resting metabolic rate.

Studies will be described by their sample’'s demographic
characteristics, the predictor variables comprising the finalized
RMR prediction equations, any established equation the new
prediction equation was compared with, the method by which
indirect calorimetry was measured, and whether precise
estimates of accuracy and precision are reported. Exposure
variablesin RMR prediction equation research are demographic
(eg, age and sex) and anthropometric variables (eg, height,
weight, and lean body mass). For purposes of this review,
accuracy and precision are used as proxy measures of prediction
equation validity and reliability. Inthe RMR literature, accuracy
is defined asthe percentage point difference between predicted
and measured RMR [10]. Precision is defined as the number of
observationswithin the study sample that are within aspecified
percentage point range of participants measured RMR (eg,
<10% difference) [10]. That said, the research team will
document other measures of validity and reliability reportedin
articlesdescribing generative RM R equations. Regarding study
design, the typical design is expected to be cross-sectional.
However, other study designsused to generate an RMR eguation
will be documented. Regarding sampling procedures, no
restrictions will be imposed. Studies may use randomized,
purposive, or convenience sampling, and these procedures will
be documented.

The protocol for the systematic review will adhere to the
following steps: (1) determine the review question and PECOS
criteria, (2) create inclusion and exclusion criteria, (3) create
and follow a search strategy, (4) document sources that are
included and excluded according to the predetermined eligibility
criteria, (5) assess fina sources for risk of bias, (6) extract
pertinent data from final full-text articles and synthesize the
information, and (7) disseminate findings of the systematic
review. During this process, documentation of theinclusion and
exclusion of records will be maintained. Clear documentation
allowsthe systematic review to betransparent and reproducible,
an attribute that distinguishes it from traditional literature
reviews[26].

Search Strategy

The search terms for RMR will include: “resting metab* rate,”
“RMR,” “basal metab* rate]” “BMR,” “metabol*,” “resting
energy expenditure,” and “metab* rate.”
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Other terms associated with RMR include “standard metab*
rate)” “minimum metabolism,” and “sleeping metab* rate”
However, upon pilot testing, these terms did not add to the
search results and were del eted.

The search termsfor prediction equationswill include: “ predict*
equation,” “predict* model,” “predict* algorithm,” “formula,”
“egtimation eguation,” “estimation formula” *“prognostic
model,” “pred* analytics,” “deriv* equation.”

The search terms for demographic measures will include:
“demograph*,” “characterist*,” “age,” “race,” “ethnicity,” “sex,”
and “gender.”

Other terms associated with sex and gender include “ nonbinary,”
“non-bina*,” “transgend*,” “gender queer,” “sex assign*,” and
“gender nonconform*.” However, upon pilot testing, theseterms
did not add to the search results and were del eted.

Thefinal search string will be: ((resting metab* rate) OR (RMR)
OR (basal metab* rate) OR (BMR) OR (metabol*) OR (resting
energy expenditure) OR (metab* rate)) AND ((predict*
equation) OR (predict* model) OR (predict* algorithm) OR
(formula) OR (estimation equation) OR (estimation formula)
OR (prognostic model) OR (pred* analytics) OR (deriv*
equation)) AND ((demograph*) OR (characterist*) OR (age)
OR (race) OR (ethnicity) OR (sex) OR (gender))

Electronic Bibliographic Databases

The search will occur through the Academic Search Premier,
APA PsycInfo, PubMed, Web of Science, and SPORTDiscus
databases.

Other Search Methods

Thereferencelist of final articlesfor inclusion will be checked
for any sourcethat appearsrel evant but wasmissed in theinitial
database search; sourcesidentified from checking the references
will be screened for inclusion in accordance with theinclusion
and exclusion procedures.

Inclusion and Exclusion Criteria

The review questions and PECOS criteria guide the eligibility,
inclusion, and exclusion criteria for this systematic review.
These characteristics provide clarity to the review team, enabling
the exclusion of irrelevant sources during the screening process.
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review questions and PECOS criteria, the following eligibility

hundreds to thousands of sources. In consultation with the criteriawere created (Textbox 1).

Textbox 1. Eligibility criteria

Participants

Inclusion criteria
« Thesourceisapublished articlein a peer-reviewed journal.

« Thesourceisavailablein English.

Exclusion criteria
«  Thesourceisnot apublished, peer-reviewed journa article.

«  Thesourceiswritten in any language other than English.

«  The sourceincludes nonhuman participants (ie, animal studies).

«  Apparently healthy adults and children who participated in published scientific literature that generated resting metabolic rate (RMR) equations.

«  Thesource reports findings of an interventional or observational study that results in the generation of RMR prediction equations.

«  The source reports demographic characteristics of human participantsin terms of sex or gender.

«  Thesource assesses RMR, but it does not result in a new prediction equation.

«  The source does not report participant demographic characteristics of sex or gender.

«  Thesource reports RMR prediction equations generated for populations with acute or chronic diseases.

Study Screening and Selection

Sources located through the search strategy described earlier
will be uploaded into the Covidence systematic review software
(Veritas Health Innovation) and screened for potential inclusion
in stages, per the study eligibility criteria: (1) screen based on
title and abstract and (2) screen arelevant subset based on fulll
text. The date range will not be limited due to RMR prediction
studies being reported in the literature as early as 1918 [4]. The
software identifies and removes duplicate sources between
databases. It is possible that duplicates may be removed
manually (ie, if the software has not recognized a duplicate
published as a preprint).

Team members (n=10) will be trained on the systematic review
inclusion and exclusion criteriausing asmall subset of articles
(n=21). In addition to the study’s primary investigators (n=3),
once aresearch assistant team member (n=7) has demonstrated
proficient interrater agreement (Krippendorff alpha) [27] and
validity screening (comparison to primary investigator consensus
codes), that team member will be invited to be the primary
screener of articles for inclusion in the review study. Research
assistantswill work independently to screen articlesfor inclusion
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in the Covidence system. Sources will be included based upon
the consensus of 2 raters. One of the study’s primary
investigators (n=3) will independently adjudicate disagreements.
Based on past experience of our team and other investigators
[28], corresponding authorsrarely respond to queries. Thus, we
will not attempt to contact corresponding authorsfor information
about their study write-up or to gain access to its full text. The
onlineinterlibrary loan system of the research teams' institutions
will be used to access sources approved for full-text screening.

Data M anagement

Datawill be managed through the Covidence systematic review
software noted earlier. This cloud-based software allows team
members from various institutions to collaborate on the
systematic review. Covidence merges the output filesimported
for screening from each database and removesinitial duplicates.
Team members will also manually remove duplicates not
identified by the software. Covidence will track not only the
imported data and removal of duplicates but also studies
screened at the title and abstract stage, full-text stage, and data
extraction stage, compiling the aforementioned data into a
PRISMA (Preferred Reporting Items for Systematic Review
and Meta-Analyses) flowchart (example shown in Figure 1).
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Figure 1. Preliminary PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram that will be used for the systematic

review protocol.
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Data Extraction

Research team members will independently extract data into
specifically designed extraction templates within the Covidence
software. Prior to data extraction, the template will be pilot
tested by the study’s primary investigators using at least 3
studies. Additionally, research assistant team members will
receivetraining, and their extracted datawill be checked against
that of the study’s primary investigators. If further explanation
and instruction are necessary, they will be applied at this point.
Once the study’s primary investigators and research assistant
team members are confident with the data extraction pilot, the

https://www.researchprotocol s.org/2026/1/e82482

RenderX

data extraction phase will commence. Extraction will occur in
duplicate by 2 independent team members and will be
independently adjudicated by one of the study’'s primary
investigators.

The following data, if reported, will be extracted from the
included articles. demographic profile of participants used in
the generation of RMR prediction equations—sex and gender,
race or ethnicity, age, height, mass, body composition, activity
level, fitnesslevel, and health condition status. For the purposes
of this systematic review, we will define sex as biological
attributes associated with physical and physiological features,
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including chromosomes, gene expression, hormone function,
and reproductive or sexual anatomy. We will define gender as
socially constructed roles, behaviors, and identities represented
by feminine, masculine, and gender-diverse people. We
acknowledgethat race [29] (typically used to categorize people
based on physical characteristicslike skin color and hair texture)
and ethnicity [30] (categorization of people who share cultural
practices, including customs, language, norms, and values) are
socialy constructed concepts. For the purposes of this systematic
review, we will extract race or ethnicity as the authors used
these terms to categorize participants, if present.

Additional data to be extracted will include RMR testing
protocols used to generate prediction equations—equipment,
sampling duration, data processing, environmental conditions,
diet prior to RMR testing, composition of meals if available,
time of day testing occurred, sleep quality or duration prior to
testing. Finally, any evidence of reliability (ie, intraclass
correlation coefficient and coefficient of variation) or validity
and agreement metrics (ie, mean absolute percent error, Lin's
Concordance Correlation Coefficient, Pearson product-moment
correlation, bias, and limits of agreement) of the prediction
equation, and whether the RMR method was based on cited
literature, will be extracted. Once all data are extracted, a
narrative synthesis of the extracted datawill be written to report
the main findings and implications. The synthesis will include
an assessment of the reported reliability and validity metrics,
aswell asadistinct analysis for adults and children.

Risk of Bias Assessment

Itisimportant for a systematic review to assess therisk of bias
of reports that are included [26]. Risk of bias for the current
systematic review will be assessed using the PROBAST
(Prediction Model Risk of Bias Assessment Tool) [31].
PROBAST is arisk of bias tool specific to prediction model
studies and has 4 domains. participants, predictors, outcome,
and analysis [31].

Prior to therisk of bias assessment, the evaluation will be pilot
tested by the study’s primary investigators. Research assistant
team members will receive training, and their initial data will
be checked against assessments completed by the study’s
primary investigators. If further explanation and instruction are
necessary, remediation will be conducted. Once the study’s
primary investigators and research assistant team members are
confident with the risk of bias assessment pilot, the phase will
proceed. Risk of bias assessment will occur in duplicate by at
least 2 independent team members. If disagreements occur, the
team will meet to adjudicate the discrepancies, where each team
member will have the opportunity to discussthe rationa e behind
the initially assigned scores and then come to a consensus on
the final score.

Results

We applied for funding to the University of Nevada, Las Vegas
Sports Innovation Initiative Catalyst Grant Funding Program
in March 2025 and received notice of the award in June 2025.
The funding duration is a single year, ending in June 2026.
Additionally, we applied for funding to the National Association
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for Kinesiology in Higher Education in June 2025 and received
notice of the Hellison Interdisciplinary Research Grant award
in August 2025.

Following the granting of these awards, the team deliberated
and agreed upon the protocol presented here. Details are
available in PROSPERO, an online international prospective
register of systematic reviews. The protocol was created on June
30, 2025, and registered on July 11, 2025 (PROSPERO
CRD420251084400).

The databases listed in this review (Figure 1) were searched
using the search strategy string between August 1, 2025, and
August 8, 2025. Training of team members began on September
3, 2025, and concluded on October 20, 2025.

Discussion

It is hypothesized that gender-diverse individuals will be
underrepresented or entirely absent in the literature used to
generate RMR prediction equations. The research team
anticipates that there will be great heterogeneity in research
methodsin the collection of RMR. We expect that such literature
lacks clear definitions for sex and gender and may be using
thesetermsinterchangeably [7] and/or incorrectly. Furthermore,
while not the primary aim of this systematic review, we
anticipate underrepresentation or underreporting to be present
for other key determinants of health (eg, socioeconomic status,
race, etc) [32,33].

If our primary hypothesisis correct, our findings will highlight
akey limitation in the RMR prediction equation literature [34];
our work could provide guidance for future researchersworking
in the area. Moreover, we hope to outline the variety of RMR
methodol ogies used in key prediction equationsfor researchers
considering collecting similar data. Ideally, clear definitions of
the terms sex and gender would be used appropriately at the
study design phase and throughout the duration of the
investigation [35], culminating in the creation of RMR
prediction equationsthat intentionally apply to amoreinclusive
segment of the population.

Many RMR prediction equations use binary sex as an input to
derive estimates [1-4,36-39]; however, it is unknown whether
gender-diverse individuals have been included. As noted
previously, basing the estimate on sex may beinherently flawed,
due to high intrasex variability among male participants
compared with female participants[5,6]. Thissystematic review
will critically examine the recruitment and level of inclusion of
people from various sexes and genders involved as participants
in studies generating RMR prediction equations.

It is expected that the main findings and implications of this
systematic review will be disseminated in avariety of formats.
These include peer-reviewed publications, presentations, and
continuing education workshops. The intention is to complete
the systematic review process by December 2026 and submit
the narrative synthesis for publication in a peer-reviewed
academic journal by July 2027. At the write-up stage, the
reporting of this systematic review will be guided by the
standards of the PRISMA Statement [40]. This review will
identify gaps in the inclusivity of current RMR prediction
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equations, outline the heterogeneity of RMR research methods, regarding sex and gender are used appropriately [15], all of
and assess whether terminology, reporting, and interpretations  which should inform future research and clinical applications.
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