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ABSTRACT

Body composition assessment is widely used in both research and clinical practice, yet confusion over basic concepts and terminology persists, leading to
inaccurate assessments, comparisons, and interpretations. To address this concern, an international working group was formed to clarify basic concepts,
standardize terminology, and provide guidance on the use and interpretation of body composition assessment. This initial publication addresses meth-
odological standards, focusing on summarizing body composition levels and models, and introducing standardized terms and definitions. Body
composition is organized into 5 distinct levels, ranging from atomic to whole-body, with each higher level encompassing the components of the preceding
less complex levels. As a result, terms that describe components at different levels should not be used interchangeably. For example, the use of the
molecular-level term “lean body mass” is discouraged because it inaccurately refers to fat-free mass (FFM), lean mass, or lean soft tissue (LST). FFM
includes all compartments at the molecular level except fat (nonpolar lipids; mainly triglycerides), and FFM also contains nonfat (or polar) lipids. The
term “lean mass” is equivalent to FFM, but not to LST, as FFM includes bone mineral content. Additionally, skeletal muscle is classified at the tissue-
organ level and should not be confused with the molecular-level components FFM and LST. Likewise, fat mass and adipose tissue are different com-
ponents: fat mass, mainly triglycerides, is assessed at the molecular level, whereas adipose tissue is measured at the tissue-organ level. Models are also
specific to each level. It is crucial for researchers and clinicians to have a clear understanding of what each body component entails and to use accurate
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terminology to ensure precise assessment, reporting, and interpretation of body composition data.

Keywords: body composition, definitions, terminology, adipose tissue fat-free mass, fat mass, lean mass, lean soft tissue, skeletal muscle

Introduction

The study of human body composition has emerged as a major
component of research and clinical practice in medicine, nutrition, and
exercise science fields. An online literature search performed in
PubMed on 24 April, 2025, using the search string (human) AND
(body composition) identified over 98,000 publications reporting
“human body composition” at the time of this publication. Over the
past 10 y, these have been published at a rate of over 4700 per y, with
the first appearing in 1842 [1], followed by a large gap up until the
1950s (Supplemental Figure 1). As such, thousands of scientific and lay
publications, guidelines/reports, conference presentations, and educa-
tional resources have addressed the relationships between body
composition and health outcomes. Nevertheless, there is often a
misunderstanding of basic concepts and terminology, negatively
impacting data presentation, reporting, interpretation, and compara-
bility of findings.

These recent developments led us to create an international working
group comprising 29 body composition experts to clarify concepts,
standardize the scientific terminology used in reporting body compo-
sition research, and provide practical advice for the use and interpre-
tation of body composition in both research and clinical settings. An
advisory group with clinical expertise (RB, TC, CC, GLJ) ensured the
appropriateness of the developed messages to clinicians and alignment
to relevant clinical guidelines. Our a priori approach was consensus
among working group members, whereby any disagreements in the
final manuscript version would be disclosed and discussed.

This methodological standard is the first publication of a planned
series. It was concisely written, primarily for those who use body
composition methods but may not be experts in their application. This
article is presented in a manner that facilitates its use and dissemination
across various disciplines, reflecting the current state of the scientific
literature. In this initial publication, we summarize body composition
levels and models and present standardized terminologies and defini-
tions. Upcoming publications will report on principles of common
methods. Notably, our methodological standard series is focused spe-
cifically on adult body composition. Pediatric body composition, which
differs in several aspects, is beyond the scope of this work and would
be more appropriately addressed in a separate standard dedicated to that
population. In fact, there is a clear need in the pediatric literature for an
initiative to establish methodological standards for assessing, inter-
preting, and reporting body composition in children and youth.

Overview of Body Composition Levels and Models

Body composition is a direct reflection of the net lifetime accu-
mulation and losses of macronutrients, water, minerals, and other
substrates. From simple elements to complex tissues and organs,
components retained by the body serve as essential building blocks that
confer mass, shape, and function to all living beings (Figure 1) [2]. To
better study each body component, body composition has been orga-
nized into different levels of complexity. A core framework proposed
by Wang et al. [3] divides the body into 5 levels of increasing
complexity and provides a structured approach for quantifying various
components of the body, aligning with the different levels of biological
organization. The 5-level organizational framework was later validated
[4,5], and these levels form the foundational basis for body composi-
tion assessment methods.

The 5-level organizational framework includes the atomic, molec-
ular, cellular, tissue-organ, and whole-body levels (Figure 2) [3]; total
body weight is the combined sum of all components at each of the 5
levels. Models are, therefore, developed at each level and not across
levels. Atomic level elements can be measured using in vivo neutron
activation analysis and whole-body counting (e.g., with *°K), and
consist of carbon, hydrogen, oxygen, nitrogen, and other elements
present in smaller amounts. This is perhaps the least applied level in
body composition assessment, and although important, is not the focus
of this review. The molecular level includes water, proteins, lipids,
carbohydrates, and other molecules such as the minerals in bone and
soft tissues; this is the most used body composition level as many
methods are based on its principles. The cellular level includes extra-
cellular fluids (plasma volume, and interstitial fluids), extracellular
solids (inorganic and organic), and cell mass. The cell mass component
includes body cell mass—the main energy metabolizing compo-
nent—and fat cells [6,7]. The tissue-organ level of body composition
consists of skeletal muscle, adipose tissue (AT), bone, and other tissues
and organs (e.g., brain, heart, liver, and spleen). Finally, the
whole-body level includes the head, trunk, and limbs. This last level is
described by anthropometric measurements such as circumferences,
skinfold thicknesses, height, body surface area, and body volume [8].
Each higher level includes all of the lower level components. For
example, water at the molecular level consists of hydrogen and oxygen
from the atomic level. Because components differ within and between
the 5 levels, terminology referring to components assessed at different
levels should not be used interchangeably despite their apparent
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Skeletal muscle

- Mobility, strength, and balance
- Glucose uptake

- Amino acid reserve

- Energy expenditure

- Thermogenesis

- Myokine production

Adipose tissue

- Protection and support for organs

- Hormone and signaling molecule secretion

- Thermogenesis

- Glucose uptake

- Energy storage and metabolism regulation

- Immune function and inflammation (adipokines)
- Lipokine production

- Appetite regulation

Bone

- Mobility, support, and protection
- Mineral storage

- Blood cell production

- Glucose metabolism regulation

FIGURE 1. Selected functions of skeletal muscle, adipose tissue, and bone. Images retrieved from smart.servier.com.
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FIGURE 2. The 5-level body composition organizational framework [3]. Note that fats mainly include nonpolar, or “neutral,” lipids in the form of triglycerides.
Nonfat lipids, also termed polar lipids, include phospholipids and glycolipids primarily found in cell membranes [3].

similarity. Fat mass (FM) is assessed at the molecular level and is thus
different from AT, which is assessed at the tissue-organ level. Some
methods, such as bioelectrical impedance analysis (BIA), may also
estimate body components at different levels, depending on the refer-
ence method used to develop predictive equations. Parts 2 and 3 of this
series will discuss the levels at which each method measures or esti-
mates body components. To understand the methodological differences
in body composition research, it is useful to be aware of these varia-
tions, as discussed later in this manuscript.

By adhering to this 5-level organizational framework, we can
effectively measure and understand the complexities of body compo-
sition through a range of models. These models enable us to analyze the
details within and across each level of body composition. Figure 2 [3]
categorizes components at each level, yet these categories can be
further divided into more specific subdivisions, as demonstrated in
Figure 3 [9]. The 2-component model based on FM and fat-free mass
(FFM) is the most widely used model at the molecular level. It is
applied in methods such as air displacement plethysmography (ADP)
and hydrodensitometry, also known as underwater weighing. When 3
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or more components are incorporated into the assessment, this
is considered a multicomponent body composition model. The
3-component model adds another layer of detail by differentiating body
water and residual mass from FFM [10]. The 4-component model in-
cludes an additional measurement of minerals, separating the FFM into
water, protein, and minerals. Figure 4 summarizes these component
models. Multicomponent models go further, with a 6-component
model offering the most detailed breakdown, including additional
components such as different types of lipid or glycogen stores.
Although the 6-component model can be expressed in multiple ways,
the chemical model describes body weight in terms of water, protein,
bone mineral, cell mineral (i.e., soft tissue minerals), glycogen, and fat
[4]. Multicomponent modeling is often considered a reference
approach in body composition assessment due to its ability to measure
FFM components with minimal assumptions. The reader is referred to
in-depth discussion on body composition modeling, which is beyond
the scope of this publication [11,12]. Figure 5 and Supplemental
Table 1 describe the most conventionally used methods for assessing or
estimating body components at various levels. It should be noted that
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FIGURE 3. (A) The main components of body composition at the molecular level and how they relate to adipose tissue at the tissue-organ level. Note that
protein, mineral, and water are molecular components of adipose tissue, but they are neither fat nor nonfat lipids. Despite being synonymous of fat-free mass, the
term “lean mass” should only be used to refer to nonfat or nonadipose tissue components in general, not to a singular body component. (B) Selected subdivisions
of adipose tissue [9]. For specific descriptions/definitions and additional adipose tissue classification, refer to the text and Shen et al. [9]. * Nonpolar lipids; t
polar lipids. HIn the lower trunk and gluteal-thigh region, subcutaneous adipose tissue is divided into superficial and deep layers, separated by a fascial plane and
differing in morphology and metabolism. AT, adipose tissue; ECW, extracellular water; ICW, intracellular water; SAT, subcutaneous adipose tissue; VAT,

visceral adipose tissue.

most common body composition methods evaluate the mass and vol-
ume of body components, rather than the cellularity (or composition) of
these components per se.

Terminology: Overview and Recommendation
Standards

The importance of clear and consistent terminology in body
composition research is often underappreciated. As a result, the use of
body composition terminology has been variable in the scientific
literature, even among experts. This can lead to misunderstandings and
challenges in interpreting, comparing, and summarizing (e.g., Sys-
tematic reviews and meta-analysis) outcomes across various studies
without a thorough examination of the methodologies applied and the
definition of which component is being assessed. Yet many studies fail
to report essential methodological details. Moreover, manufacturers of

body composition equipment often use improper terminology, further
complicating the issue. It is, therefore, imperative to use accurate ter-
minology when reporting data to understand precisely what each body
composition equipment measures or estimates, regardless of the ter-
minology utilized in the equipment’s output.

Recognizing the importance of precision in body composition
research, and its relevant clinical applications, we propose and strongly
recommend the adoption of standardized terminology and definitions.
These standards, described below and summarized in Table 1 [9,13-17]
and Figures 2 [3] and 3 [9], account for the specific methods employed
in assessing body composition and the specific components being
examined. Body composition terminology will be further discussed
within the context of each method reviewed in Parts 2 and 3. By
establishing this guidance, we aim to advance the appropriateness and
standardization of body composition terms and definitions to enhance
the clarity of research findings. This approach will ensure that studies
are accurately interpreted and evaluated in the context of the broader
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FM FM
TBW TBW
Residual Rrotein
Mineral
2-component 3-component 4-component
model model model

FIGURE 4. Components of the most used models in body composition
assessment. FFM, fat-free mass; FM, fat mass; LM, lean mass; TBW, total
body water.
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scientific community. Thus, the responsibility of employing accurate
terminology lies with clinicians and researchers; interpreting data in
accordance with methodological standards such as the proposed herein
will be necessary to avoid confusion in the field.

The term “lean body mass” (LBM) has historically been used
ambiguously and inaccurately to denote FFM, lean mass (LM), or lean
soft tissue (LST). Initially introduced by Behnke, the term gained
widespread use despite its lack of a clear definition [13]. In the 1980s,
a consensus among experts established that FFM and LBM were
synonymous, with a preference for using FFM due to its more precise
definition rooted in chemical composition [14]. Subsequent reports on
new body composition models have consistently used the term
“FFM.” Given this evolution in understanding, the term “lean body
mass” is no longer considered scientifically accurate and should be
avoided in favor of more precise terminology (Figure 6) [18].
Nevertheless, it continues to be used by some authors, often out of
convention or habit (Supplemental Figure 2). According to this defi-
nition, the 2-component molecular-level model is thus: body weight =
FM + FFM (Figure 4).

Moving forward, we propose standardized definitions as outlined in
Table 1 [9,13-17] and Figures 2 [3] and 3 [9]. “Fat-free mass” is
defined as everything in the body excluding fat (mainly neutral,
nonpolar lipids in the form of triglycerides). Contrary to what its name
suggests, FFM does contain nonfat lipids. A historical explanation of
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FIGURE 5. Body components assessed or estimated using common methods at the molecular, cellular, tissue-organ, and whole-body levels. Note that the
figure highlights only the most conventionally assessed or estimated body component for each method and level. For example, although computerized to-
mography is typically used to assess skeletal muscle and adipose tissues, it can also be used to evaluate bone. Furthermore, dual-energy X-ray absorptiometry
does not measure individual molecules or molecular groups but does measure a component of fat, which is triglycerides or nonpolar lipids. Images retrieved from
smart.servier.com. 3DO, 3D optical; ADP, air displacement plethysmography; ALST, appendicular lean soft tissue; AT, adipose tissue; BIA, bioelectrical
impedance analysis; BIS, bioimpedance spectroscopy; BMC, bone mineral content; CT, computerized tomography; Ds-Cr, D;3-creatine dilution; DXA, dual-
energy X-ray absorptiometry; ECW, extracellular water; FFM, fat-free mass; FM, fat mass; ICW, intracellular water; LST, lean soft tissue; MRI, magnetic

resonance imaging; TBW, total body water; US, ultrasound.
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TABLE 1

Glossary of body composition terms and suggested abbreviations.

Body composition
level

Definition

Molecular level
Total lipids

Fat

FFM

LST

TBW

BMC
TBP

Cellular level
BCM

ECF

ECS

Tissue-organ level
AT

Total lipids are carbon- and hydrogen-containing
compounds that are relatively insoluble in water and
soluble in solvents such as ether, benzene, and alcohol
[16]. The complex lipids found in biological systems
include polar lipids (also termed as “nonfat lipids”) and
nonpolar lipids (also termed as “fat”). Polar lipids consist
of phospholipids and glycolipids that function in cell
membranes and perform other vital cell functions.
Nonpolar or “neutral” lipids are predominantly
triglycerides, a long-term energy source [13].

“Fat” generally refers to esters of fatty acids, or a mixture
of such compounds, that occur in living beings. The term
refers specifically to triglycerides (triple esters of glycerol)
that are the main nonpolar or “neutral” lipids components
of fatty tissues in animals [17].

Fat is the major contributor to total body lipids; the
remaining lipids are components of the FFM [15].
Everything in the body, excluding fat (triglycerides). FFM
contains nonfat lipids (essential or structural lipids).
LBM is not a clearly defined chemical component, and for
that reason, early leaders in body composition research
agreed to no longer use this term in scientific publications
[14].

“Lean mass” is acceptable as a synonym for FFM but
should not be confused with LST. Unfortunately, DXA
reports incorrectly label LST as lean mass, leading to a
common terminological mistake.

LST is the difference between body weight and the sum of
fat and BMC, and includes nonfat lipids. LST is a term
generally specific to DXA, given DXAs ability to quantify
the following 3 components: fat (usually calibrated against
triglyceride standards), BMC (the mineral portion of bone),
and LST.

LST includes 6 regional components: both arms, both legs,
trunk, and head. The LST sum of all 4 extremities is
referred to as ALST). ALM is the sum of ALST and BMC.
TBW is a major molecular-level component present in the
FFM portion of body mass. TBW is distributed in the ICW
and ECW spaces.

BMC is the mineral portion of bone.

TBP, found within FFM and LST, includes the
intracellular and extracellular proteins across the body’s
organs and tissues.

This component represents all the body’s cell mass,
including ICF and intracellular solids.

Fluids found in the extracellular space, including ECW,
minerals/electrolytes, circulating proteins, and other
substrates.

The remainder of body mass after subtracting BCM and
ECF.

AT is classified as a type of connective tissue composed of
adipocytes, collagen, elastic fibers, fibroblasts, capillaries,
and ECF.

About 80% of AT is made up of storage triglycerides (fat),
that are part of the body’s energy reserve.

AT includes multiple cell types and is distributed in several
subdivisions [9], such as SAT, VAT, and IMAT (single or
multiple grouped adipocytes found within skeletal
muscles). IntraMAT, is part of IMAT and includes
adipocytes within muscle fascicles and accounts for
extramyocellular lipids observed with magnetic resonance
spectroscopy. Intramyocellular lipids are present within
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TABLE 1 (continued)

Body composition Definition

level

skeletal muscles and consist of an outer phospholipid layer
and inner triglyceride core. Intracellular fat is also present
in hepatocytes (liver cells).

Skeletal muscle is composed of muscle cells, connective
tissues, and other components; when measured in vivo,
excludes embedded AT and fat cells.

Skeletal muscle

Abbreviations: ALM, appendicular lean mass; ALST, appendicular lean soft
tissue; AT, adipose tissue, BCM, body cell mass; BMC, bone mineral content;
DXA, dual-energy X-ray absorptiometry; ECF, extracellular fluids; ECS,
extracellular solids; ECW, extracellular water; FFM, fat-free mass; ICW,
intracellular water; ICF, intracellular fluids; IMAT, intermuscular adipose
tissue; intraMAT, intramuscular adipose tissue; LBM, lean body mass; LST,
lean soft tissue; SAT, subcutaneous adipose tissue; TBP, total body protein;
TBW, total body water; VAT, visceral adipose tissue.

FM FM
BMC
Non-fat Non-fat,
components - # LST | - non-bone
(includes bone) components
f A
. "LeanoOdy mass" :

FIGURE 6. Precise terminology is recommended when describing fat-free
mass (FFM) and lean soft tissue (LST), as they represent distinct body
components. The term “lean mass” (LM) is synonymous with FFM but not
with LST. “Lean mass” may be used as a general reference to nonfat or
nonadipose tissue components but not to an actual, singular body component.
The term “lean body mass” (LBM) should not be used due to its lack of
accuracy [18]. Thus, FFM = LM = LST + bone mineral content (BMC).
BMC, bone mineral content; FM, fat mass; FFM, fat-free mass; LBM, lean
body mass; LM, lean mass; LST, lean soft tissue.

this source of confusion is provided elsewhere [18], whereas the
distinction between fat and lipids is discussed below.

“Lean mass” is a more convoluted term as it has been loosely used
in the literature with many proposed definitions. We do not recommend
using this term to refer to an actual, singular body component. We
recommend using the term “lean mass” only when generally referring
to nonfat or non-AT components (Figure 6) [18]. LM is thus synony-
mous with FFM but not with LST. “Lean soft tissue,” as the name
implies, excludes bone mineral content (BMC), and thus: FFM = LM
= LST + BMC. This is important to recognize as the term LM is
inconsistently used among dual-energy X-ray absorptiometry (DXA)
manufacturers (Figure 7). Finally, the term “skeletal muscle” refers to a
tissue-organ level component and not to the 2 molecular-level
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FIGURE 7. The term “lean mas” is inconsistently defined across dual-energy X-ray (DXA) manufacturers. In the report outputs of 2 manufacturers, “lean” and
“lean mass” refer specifically to “lean soft tissue” (A, B), whereas “lean + BMC” represents fat-free mass (B). BMC, bone mineral content.

components FFM and LST. There is also confusion when appendicular
LST (ALST) estimated by DXA is incorrectly referred to as “appen-
dicular skeletal muscle,” “appendicular skeletal muscle mass,” or
“appendicular lean mass (ALM; the sum of ALST and bone mineral
mass)” instead of ALST. This misuse of terminology is common in
outputs from BIA devices, as the reference method used to develop the
BIA prediction equation ultimately determines which body component
is being estimated, an information often omitted by manufacturers.
We strongly recommend that manufacturers clearly disclose this in-
formation and ensure that access to such critical details is not limited to
more expensive models. Similarly, the terminology for the ALST
indexed to height-squared should be appendicular lean soft tissue
index, rather than appendicular skeletal mass index or appendicular
lean mass index (ALMI). ALM indexed to height2 is abbreviated as
ALMI, corresponding to the FFM presented in the limbs (with bone)
adjusted by height,2 which is synonymous with appendicular FFM
index.

When working with historical datasets or conducting literature re-
views that include studies using outdated terminology, researchers
should begin by evaluating the body composition method used and
how the authors described the body component to determine which
specific components were measured. If this information is unclear, it
may be necessary to consult original documentation, communicate
with corresponding authors, or contact device manufacturers for clar-
ification, especially when dealing with older technologies. We
recommend applying the standardized terminology proposed in this
manuscript to replace outdated terms in historical datasets and publi-
cations wherever appropriate. For example, in NHANES datasets,
DXA-derived “lean mass including BMC” and “lean mass excluding
BMC” should be updated to FFM and LST, respectively. Additional
examples where this approach has been used in literature reviews are
provided elsewhere [19-21]. This harmonization will support consis-
tency in reporting and improve comparability across studies, particu-
larly when pooling older and newer datasets.

The distinction between lipids and fat is nuanced. There are several
different classification systems for lipids, but a useful one in the current
context divides complex lipids into 2 main groups, nonpolar and polar,
related to how they are extracted with different solvent systems [22-25].
Nonpolar or “neutral” lipids, which when in solid form are referred to as
“fat,” are mainly triglycerides that serve as an energy source when
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glucose levels drop or when the body requires extra energy. Fat is pri-
marily stored in AT, but it can also be found within intracellular tri-
glyceride pools in muscle, the liver (or other organs), or as circulating
lipoproteins. Fats react differently to shifts in energy balance compared
with polar lipids (referred to as “nonfat lipids”) [15]. The term “avail-
able energy,” when referring to “fat,” typically denotes this storage lipid
fraction. Polar or nonfat lipids include phospholipids and glycolipids
found primarily in cell membranes; these are included as molecular
components in FFM. Behnke termed these “essential” or structural
lipids, as they often remain present even in cases of severe starvation
[13,26]. Total lipids encompass both “fat” and “nonfat” lipids.

AT contains both nonpolar and polar lipids, the latter found incor-
porated into adipocyte cell membranes and other intracellular struc-
tures. White AT depots are classified based on location: subcutaneous
AT is found beneath the skin (dermis); visceral AT is located within the
abdominal cavity surrounding internal organs; and intermuscular AT
(IMAT) is observed within muscle fibers and between muscle groups
[27]. Intramuscular AT (intraMAT) is part of IMAT and includes adi-
pocytes present within muscle fascicles. IntraMAT is detected as
extramyocellular lipids with magnetic resonance spectroscopy. Intra-
MAT is not usually visible on standard computerized tomography (CT)
or magnetic ressonance imaging. AT depots—including white and
other AT types—may also be located in other regions within the human
body, as shown in Figure 3B [9].

Total body water (TBW) is another component of FFM, making up
~70%—-75% of FFM and accounting for 55%-60% of body weight,
although both percentages can vary with age, sex, and disease or hy-
dration status. TBW is distributed throughout the body in 2 main
compartments: intracellular water (ICW) and extracellular water
(ECW). The ICW compartment contains roughly two-thirds of TBW,
indicating the substantial volume of water contained within body cells.
The remaining one-third is in the ECW, which includes the water in
interstitial fluid, plasma, and transcellular fluids.

Discussion and Perspectives

A clear understanding and differentiation of levels, models, and
terminology are crucial for accurate assessment, reporting, and inter-
pretation of body composition data. Here, we clarified these aspects
and recommended standardized body composition terminology.
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Specifics of common body composition methods will be reported in
upcoming publications. The reviewed methods were selected based on
their relevance and popularity in both clinical and research use and
alignment with what has been proposed in clinical guidelines
addressing body composition assessment (e.g., malnutrition, sarcope-
nia, sarcopenic obesity), as well as what has been proposed as state-of-
the-art methods. Upcoming publications will address single- and
multiple-frequency BIA, DXA, CT, and ultrasound imaging. We will
additionally address ADP, magnetic resonance imaging and spectros-
copy, bioimpedance spectroscopy, D3-creatine dilution, TBW, and 3D
optical scanning in future publications.
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