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Abstract
Background

Recent consensus statements from the European Association for the Study of Obesity and
the 2024 Lancet Obesity Commission have renewed the debate on how obesity should be
defined and clinically characterized. Although both frameworks acknowledge the limitations
of body mass index (BMI), they continue to rely largely on anthropometric measures,
including BMI and waist circumference, for diagnosis and risk stratification. Body
composition analysis (BCA), however, has received comparatively little attention. Obesity is a
heterogeneous condition characterized not only by excess adiposity but also by differences
in fat distribution, ectopic fat accumulation, and skeletal muscle mass. Advances in imaging
and body composition methodology now enable a more detailed assessment of these

components and their metabolic consequences.

Summary

This perspective examines the potential role of BCA in the assessment of preclinical and
clinical obesity. Rather than focusing on what can technically be measured, we address the
clinically relevant questions of what should be measured and in which patients. Specifically,
we discuss whether fat mass should replace BMI for diagnosing obesity, whether visceral
adipose tissue should replace waist circumference for cardiometabolic risk assessment,
whether liver fat should be routinely assessed, and whether skeletal muscle mass should be

evaluated in clinical practice.

Key Messages

BCA provides clinically relevant information that complements, rather than necessarily
replaces, traditional anthropometric measures. When used selectively, BCA may improve risk
stratification, facilitate the monitoring of treatment responses, and support more

individualized management strategies for patients with obesity.
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Introduction

Although body composition analysis (BCA) has long been used in physiology and nutritional
sciences to characterize body structure and the impact of individual body components on
metabolism and health (1), its integration into routine clinical practice remains limited.
Recently proposed frameworks for defining and classifying obesity—including those from
the European Association for the Study of Obesity (EASO; 2) and the Lancet Obesity
Commission (LOC; 3) have resumed the discussion about how obesity should be diagnosed

and staged.

The LOC framework distinguishes between preclinical and clinical obesity, considering the
former a state of preserved health (3). This distinction has important implications. Large US
datasets indicate that more than two thirds of adults meet criteria for obesity, yet only
about 57.5% fulfil criteria for clinical obesity (4). In addition, retrospective analyses
comparing the periods 1999-2004 and 2021-2023 showed that obesity prevalence based on
BMI criteria increased from 31% to 55%, whereas the prevalence of clinical obesity increased
more modestly, from 45% to 55% (5). Applying the new obesity guidelines in clinical practice,
which distinguish between preclinical and clinical obesity, would result in 12% and 31% of
patients with a BMI >35 kg/m? no longer being eligible for bariatric surgery and anti-obesity
medication, respectively (6). Similarly, analyses from the UK Biobank suggest that
approximately 53.9% of individuals with obesity fall into the clinical obesity category, while
about one quarter of individuals with preclinical obesity progress to clinical disease within 12
years (7). This conceptual framework has been criticized by EASO, as classifying obesity as

“preclinical” may delay early intervention and potentially worsen long-term health outcomes

(8).

Despite these ongoing debates, both frameworks continue to rely primarily on
anthropometric indicators of adiposity and fat distribution, notably body mass index (BMI)
and waist circumference (wc). Although the limitations of BMI are widely acknowledged
(2,3), complementary measures still largely consist of anthropometric indices such as wc,
waist-to-height ratio (which is less influenced by sex, age, and ethnicity; 9) or waist-to-hip

ratio.
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Both EASO and LOC acknowledge that direct assessment of fat mass (FM) may be useful
when BMI and clinical examination provide inconclusive results (2,3). However, defining
obesity simply as excess body fat represents an oversimplified interpretation of the
condition. The diagnosis of obesity should not rely solely on total adiposity but should also
consider fat distribution-particularly central and ectopic fat accumulation reflecting
dysfunctional adipose tissue as well as alterations in skeletal muscle mass (SM) and

composition.

Importantly, both reports emphasize the clinical manifestations of tissue dysfunction, such
as ectopic fat deposition in the liver, skeletal muscle, pancreas, heart, and perivascular
tissues, rather than structural changes themselves. In addition to adiposity, EASO
recommends assessing muscle strength and SM or fat-free mass (FFM) as part of the
evaluation for sarcopenic obesity, particularly in older individuals (2,10) while there is no
consensus on how to assess SM in a clinical setting (11). The same concepts and
recommendations as EASO Framework have recently been incorporated into the 2026
Standards of Care in Overweight and Obesity published by the American Diabetes

Association Professional Practice Committee for Obesity (12).

Nevertheless, despite recognizing the potential value of BCA for identifying structural
changes and improving cardiometabolic risk prediction, individual body composition
components were not considered sufficiently reliable indicators of disease to justify routine
clinical use (3). In our view, this position underestimates the potential clinical relevance of

BCA.

Why body composition matters in preclinical and clinical obesity

Ignoring body composition may represent a missed opportunity for improving the preclinical
and clinical characterization of obesity. Population-based cohort studies demonstrate that
individual body components, including subcutaneous adipose tissue (SAT), visceral adipose
tissue (VAT), SM, intramuscular adipose tissue (IMAT), bone mineral density (BMD), and
epicardial adipose tissue, predict all-cause mortality independently of traditional risk factors
(13-15).

4
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In addition, not only individual components but also combined body composition profiles are
associated with metabolic health: Combinations of abdominal subcutaneous adipose tissue
(ASAT), VAT, SM, IMAT, and liver fat predict the risk of cardiovascular disease and type 2

diabetes among individuals matched for age, sex, and BMI (16).

In patients with obesity, characterization of cardiometabolic risk, ectopic fat deposition,
sarcopenia, and organ-specific pathologies such as cardiac hypertrophy or osteo-sarcopenia
therefore becomes central to phenotyping (16-18). Moreover, BCA may assist in monitoring
therapeutic responses and identifying treatment-related adverse effects. Different obesity
treatments affect body composition in distinct ways and may therefore require
individualized indications depending on the patient’s phenotype. For example, certain
dietary or pharmacological interventions reduce liver fat without necessarily inducing
substantial weight loss (19,20), whereas different bariatric procedures and the differ in their

effects on SM and BMD (21,22).

More recently, incretin-based therapies have highlighted additional clinical implications of
body composition. These drugs can induce substantial weight loss but may also lead to
disproportionate reductions in SM (23,24). Age, sex, and ethnicity influence the magnitude
of these changes (24). Across multiple studies, patients treated with GLP-1 receptor agonists
lose approximately 29% of total weight as FFM when assessed by dual energy X-ray
absorptiomety (DXA; 25). However, in response to triple agonists, the proportion of FFM loss
may reach nearly 40% (24,26), whereas weight loss induced by dietary interventions typically
results in less than 15% loss of FFM (27). At the same time, incretin-based therapies may
improve muscle health through reductions IMAT (23,28,29). However, it remains unclear
whether repeated treatment cycles lead to long-term shifts in body composition favoring FM

over FFM (28).

These observations emphasize that treatment goals in obesity should not be defined solely
in terms of weight reduction but also in terms of achieving a metabolically favorable body

composition (18,29,30).

What is body composition about?
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In obesity, body composition is both a cause and a consequence of metabolic dysfunction. It
reflects complex interactions between metabolic processes and inter-organ crosstalk that

ultimately compromise the resilience of metabolism to maintain homeostasis.

BCA partitions body weight into distinct atomic, molecular, cellular, and organ-tissue
components (for recent reviews see 31-33). The frequently used molecular two-component
(2C) model distinguishes FM and FFM. An anatomical multicomponent model at the organ-
tissue level may additionally include SM, brain, visceral organs, bone, and different adipose

tissue depots such as SAT, VAT and ectopic fat depots (e.g., liver fat).

Most reference and field methods consider a 2C-model while gold standard methods refer to
multi components. Reference and field methods have been validated against a gold-standard
method. Today, magnetic resonance imaging (MRI) or computer tomography (CT) and
guantitative magnetic resonance (QMR) are the most accurate and precise methods for BCA

(e.g., <3% and 1-1.5%, respectively, for measuring AT; 33).

Changes in body weight and body composition result from alterations in energy, nitrogen,
calcium, and water balance, which contribute to the characterization of individual metabolic
and endocrine phenotypes (32). “Functional body composition” (FBC) describes the
relationships between body components that are interconnected through fluxes of energy,
glucose, and protein and regulated by hormones, metabokines, and inflammatory mediators
across different organizational levels of systemic metabolism (32, 33). Thus, FBC relates to
the interpretation of body functions and their disturbances and thus contributes to
explaining the meaning of individual body components. Accordingly, BCA provides insights
into physiological functions, their disturbances, and the metabolic relevance of individual

body compartments.

In clinical practice, BCA is used to assess energy stores (FM), body cell mass (i.e. the sum of
oxygen-consuming cells), hydration status (total body water, intracellular water,
extracellular water), malnutrition and frailty (FFM, SM, total body nitrogen), bone health and
fracture risk (bone mineral content and BMD), cardiometabolic risk, and regional or ectopic
fat depots. These include SAT, ASAT, VAT, and ectopic fat accumulation in organs such as the
liver and pancreas, as well as epicardial, pericardial, IMAT, perivascular, and bone marrow
fat (31,33).

6
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Should we recommend BCA in patients with obesity?

In contrast to the recent LOC and EASO recommendations (2,3), guidelines of the American
Society for Metabolic and Bariatric Surgery conclude that BCA-derived obesity phenotypes
provide specific risk profiles beyond traditional BMI-based risk estimates (22). In addition to
SM and FFM, BMD should be assessed in individual patients after weight loss exceeding 10%
to estimate the risk of osteo-sarcopenia. This is particularly relevant in older individuals with

obesity, chronic diseases, involuntary weight loss or repeated weight cycles.

Consistent with this perspective, a joint GLP-1 therapy advisory from the American College
of Lifestyle Medicine, the American Society for Nutrition, the Obesity Medicine Association,
and The Obesity Society recommends screening for sarcopenia and osteopenia, assessment
of muscle strength and function, and optional measurement of SM in patients with obesity

(34).

Given the increasing evidence supporting the clinical relevance of BCA, a rational and
targeted approach is needed that limits its use to well-defined indications. We therefore

address the following questions:

1. Should BMI be replaced by a measure of fat mass for diagnosing obesity?

2. Should wc be replaced by VAT for cardiometabolic risk assessment?

3. Is it necessary to assess liver fat in every patient with obesity?

4. Is the assessment of SM useful and necessary in every patient with obesity?

5. Are there suitable body-composition phenotypes to be assessed in obesity?

1. Should we replace BMI by a measure of fat mass for diagnosing obesity?

BMI provides a stature-independent measure of body weight and is widely used to diagnose
and classify obesity based on epidemiological associations with morbidity and mortality
rather than the biological mechanisms underlying obesity (35). Although BMI correlates with
both, FM and FFM, it is commonly used as a surrogate measure of adiposity. However,

although FM and FFM increase with increasing BMI, interindividual variability in FM at a
7
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given BMl is considerable; for example, at a given BMI FM may vary by more than 100% (Fig.
1, upper panel). BMI therefore represents only a crude estimate of body composition and

may be complemented by direct measurement of FM.

For the characterization of FM, the use of percentage body fat (%FM) should be avoided for
several reasons. First, expressing FM as a percentage of body weight introduces statistical
artefacts due to structural dependence between numerator and denominator. Second, with
increasing weight gain, %FM increases asymptotically, meaning that substantial changes in
body weight may correspond to relatively small changes in FM. Third, %FM indirectly reflects
the proportion of FFM; thus, a high %FM may reflect either increased adiposity or reduced
SM (17). Normalization of FM to height squared (fat mass index, FMI; FM in kg/height in m?)

therefore provides a more appropriate measure of adiposity (36).

Importantly, BMI is not an accurate measure of FM, and FM alone is not a direct indicator of
health risk (37). Excess FM reflects chronic energy surplus but does not by itself determine
metabolic dysfunction. Although FM correlates modestly with cardiometabolic risk - partly
because it correlates with adverse fat distribution - the association between FM and health

risk is not stronger than that observed for BMI (35,38).

Metabolic complications associated with obesity typically arise when the storage capacity of
metabolically safer SAT is exceeded. This leads to expansion of both SAT and VAT and is
accompanied by macrophage recruitment, extracellular vesicle release, changes in adipose
tissue secretory profiles, inflammation, and insulin resistance (39,40). Consequently, fat
accumulates in ectopic sites such as the liver and pancreas, contributing to metabolic
disease. Individual differences in “fat thresholds” may influence tolerance to ectopic fat

accumulation (40).

Consistent with this concept, removal of 0.4—-1.7 kg of ASAT by liposuction does not improve

cardiometabolic risk factors despite long-term reductions in total FM (41).

For cardiometabolic risk assessment, routine measurement of FM in addition to BMI is
generally not required. However, within BMI ranges between approximately 22 and 35
kg/m?, a high FMI relative to BMI (e.g. >90th FMI percentile; Fig.1) may indicate increased
long-term health risk due to persistent adiposity and its cumulative effects on metabolic

health (42,43).
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Moreover, focusing solely on cardiometabolic risk is too restrictive, as elevated FMI is also
associated with musculoskeletal disorders and mental health problems. Ignoring elevated
FMI may therefore delay preventive measures addressing cardiometabolic, biomechanical,

and psychosocial consequences of obesity across the life course (8,28).

BCA is particularly informative in individuals with moderately elevated BMI (25-35 kg/m?), as
BMI alone cannot reliably identify individuals with high FMI. Many individuals in this BMI
range have normal or only slightly elevated FMI due to relatively high fat-free mass index,
(FFMI; FFM in kg/height in m?) (Fig. 1). Thus, FMI provides additional information about
adiposity beyond BMI and may complement established clinical tools such as the Edmonton

Obesity Staging System (44).

Answer: For diagnostic purposes, FMI should not replace BMI. However, FMI provides
complementary information in individuals with BMI up to approximately 35 kg/m?, where

BMI alone may not adequately reflect adiposity-related health risks.

2. Should we replace wc by VAT for cardiometabolic risk assessment?

wc is an established clinical measure for cardiometabolic risk assessment. Its cut-offs (i.e.,
>94 or 102 cm in men and >80 or 88 cm in women) were derived from epidemiological
associations with morbidity and mortality rather than from the biological mechanisms
underlying obesity. wc reflects total abdominal adipose tissue, including both, VAT and

ASAT.

In children and adolescents, VAT is low relative to ASAT (45,46), whereas in adults the
proportion of VAT contributing to wc increases with age with a higher proportion in man
compared with women (47,48). Although wc cannot distinguish between VAT and ASAT, it
correlates with metabolic risk to a degree comparable with VAT itself (38,49). For example,
the area under the receiver operating characteristic curve (AUC) for metabolic syndrome
was 0.84 for VAT and 0.82 for wc, whereas it was lower for BMI, FMI, and %FM (0.79, 0.73,

and 0.62, respectively; 49).
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The strong predictive value of wc likely reflects the fact that it captures both increased VAT
and alterations in ASAT storage capacity. wc therefore correlates not only with VAT
expansion but also with adipocyte hypertrophy in ASAT (49-51). While ASAT plays a major
role in determining systemic concentrations of non-esterified fatty acids, adipocyte
hypertrophy is a hallmark of limited adipose tissue expandability. This condition is closely
linked to pro-inflammatory adipose tissue dysfunction and insulin resistance, which
subsequently promotes ectopic fat deposition in the liver, pancreas, heart, and skeletal

muscle (40,52).

Mechanistically, insulin resistance in ASAT promotes hepatic steatosis through increased
lipolysis and elevated flux of free fatty acids to the liver. In contrast, VAT appears to
contribute primarily to hepatic inflammation (52). This difference is explained by the higher
production of pro-inflammatory mediators in VAT that drain directly into the liver via the

portal circulation (52).

Importantly, an increased wc does not necessarily indicate metabolic dysfunction of either
ASAT or VAT. This specific metabolic phenotype (i.e., the hypertriglyceridemic waist
phenotype; HTGW) is more accurately identified by the combination of an elevated wc (see
above) and increased fasting triglyceride concentrations (>150 mg/dl or >1.69 mmol/I; 45).
The HTGW therefore represents a simple and cost-effective surrogate marker for
dysfunctional adipose tissue and for identifying individuals at risk of increased insulin

resistance, type 2 diabetes (53,54) and cardiovascular disease (54,55).

In addition, a high volume of VAT does not automatically indicate adipose tissue dysfunction
when it is not associated with increased liver fat and elevated VLDL-triglyceride secretion
(56). In fact, insulin sensitivity in the liver, adipose tissue, and skeletal muscle was lower and
VLDL-triglyceride secretion rates were higher in individuals with elevated liver fat who were
matched for VAT volume (57). In contrast, no differences in insulin sensitivity were observed
between individuals with different VAT volumes matched for liver fat (56). These
observations suggest that the relationship between VAT and metabolic disease may largely

reflect the association between VAT and hepatic fat accumulation.

10
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As an indicator of limited adipose tissue storage capacity in ASAT, the HTGW also constitutes
an indication for weight reduction even when BMI and FMI are not markedly elevated (58).
Weight loss has been shown to reduce metabolic risk even in individuals with overweight,
and improvements in insulin sensitivity correlate more strongly with reductions in wc and

adipocyte size than with weight loss itself (59).

Answer: wc should not be replaced by VAT. When combined with fasting triglyceride
concentrations (i.e., HTGW), wc provides a practical clinical tool to identify individuals most
likely to benefit from weight reduction or dietary interventions aimed at lowering saturated
fat intake and glycaemic load (2). If these screening parameters are elevated, clinical
evaluation should be complemented by assessment of liver fat, as recommended by EASL

guidelines (2,59).

3. Is it necessary to assess liver fat in every patient with obesity?

Both VAT and ASAT contribute to the development of fatty liver (46). Among body
composition parameters, hepatic fat content shows the strongest association with insulin
resistance and cardiometabolic risk (15,60). Consequently, the diagnosis of metabolic
dysfunction-associated steatotic liver disease (MASLD) in patients with obesity represents an

important indication for therapeutic intervention (59).

However, measurement of liver fat should be targeted to individuals with increased
metabolic risk rather than used as a universal screening tool in all patients with obesity.
Current recommendations therefore support targeted case-finding for MASLD with fibrosis
in individuals with type 2 diabetes, those with abdominal obesity combined with at least one
additional metabolic risk factor (e.g., elevated triglycerides, HTGW), or those with

persistently abnormal liver function tests (59,60).

Although HTGW strongly correlates with hepatic fat content (61), direct quantification of
liver fat provides greater diagnostic accuracy than indirect surrogate markers. After initial

screening with abdominal ultrasound, vibration-controlled transient elastography with

11
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controlled attenuation parameter is recommended as a non-invasive method for grading

hepatic steatosis, with established cut-offs for mild, moderate, and severe steatosis (59).

Quantitative assessment of liver fat is also relevant for monitoring therapeutic responses.
Several dietary and pharmacological interventions specifically reduce hepatic fat
accumulation without necessarily inducing weight loss. Nutritional interventions include
replacement of saturated fatty acids with mono- and polyunsaturated fatty acids (62,63) and
substitution of rapidly absorbable carbohydrates with low-glycaemic-index carbohydrates
(64,65). Pharmacological approaches include agents such as resmetirom, a thyroid hormone

receptor-p agonist that reduces hepatic fat and markers of steatohepatitis (21).

Answer: Assessment of liver fat is not required in every patient with obesity. However, it is
an integral component of the evaluation of individuals with metabolic syndrome or type 2
diabetes, particularly those with abdominal obesity and additional metabolic risk factors

such as hypertriglyceridemia.

4. Is the assessment of SM useful and necessary in every patient with obesity?

Although reduced SM is a major predictor of impaired physical function and survival, it
remains inconsistently diagnosed in patients with obesity (30, 48, 66). Presently, there is a
lack of standardized diagnostic approaches that is reflected by the variable combination of
body composition indices and cutoffs (11, 48, 67). In individuals with overweight and
obesity, low FFMI or a low skeletal muscle index (SMI, kg/m?) may indicate sarcopenia,
which is associated with frailty and increased morbidity. When combined with increased VAT

and reduced BMD, this phenotype may progress to osteo-sarcopenia (24,28-30,66).

Sarcopenic obesity is characterized by the coexistence of obesity and sarcopenia and is
associated with increased morbidity and functional decline. It is defined by reduced SM and
strength, although changes in muscle mass and muscle function do not always occur in
parallel (66). In addition, alterations in muscle composition, including IMAT and
microvascular changes, contribute to impaired metabolic function and insulin resistance (28-

30,66).

12
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Although sarcopenic obesity can occur at any age, its prevalence increases with aging and is
exacerbated by chronic diseases such as cardiovascular disease (22,24,30). Therefore, SMI
and BMD should be assessed in older patients, in individuals with repeated weight cycling, in
those with eating disorders, during and after long-term incretin receptor agonist therapy,

after bariatric surgery, and in patients with chronic diseases.

Most individuals with obesity have higher FFM and SM compared with individuals with
normal weight but exhibit reduced muscle strength, increased IMAT, and impaired muscle
metabolism (e.g., insulin resistance). At the same time, a higher risk of low FFMI has been
reported in individuals with BMI up to 30 kg/m?, which may contribute to the so-called

obesity paradox (68,69).

Loss of FFM and SM during weight reduction may represent either adaptive or maladaptive
processes. For example, reductions in IMAT are associated with improved insulin sensitivity,
whereas disproportionate loss of SM may have adverse health effects (24,28). Consequently,
clinical evaluation should focus on improvements in metabolic function rather than on the

assessment of SM and muscle strength alone.

As for the diagnosis of sarcopenic obesity, different reference cut off points have been
recommended in the ESPEN and EASO consensus (30). As an alternative option, a
personalized sex, height, weight, and BMI invariant muscle volume z-score (24) or advanced
reference values which consider the dynamic and gradual changes of individual body

components with age and BMI using standard deviation scores (69) can be used.

To characterize weight loss with IRA medication or bariatric surgery, FFMI (or SMI) should be
assessed at baseline, and throughout anti-obesity treatment. At 12 months of intervention,
an excessive FFM loss has been defined as a reduction of 25%—35% or more of FFM relative
to total body weight lost (70,71). However, the expected degree of loss of FFM is
determined by individuals” FM before weight loss according to a physiological rule, i.e., the
Forbes rule, i.e., AFFM/ Abody weight = 10.4/ (10.4+FMy.sa) (27). To evaluate FFM after
weight loss, measured and expected losses of FFM can be compared with each other to

identify any disproportionate losses.

13
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After cessation of IRA medication, weight regainers showed no significant change in SM
whereas VAT and IMAT increased, exacerbating the risk of sarcopenia especially in patients
who already had low levels before treatment (24,28). A significant loss of FFM is also
associated with weight loss in response to bariatric surgery where regainers
disproportionally increased FM (22,28,72). Thus, weight cycling after and during treatment

may accelerate the risk of sarcopenia.

Assessment of quantity and quality of SM is necessary to evaluate the effect of drugs for
retention of SM despite weight loss (i.e., treatment with monoclonal antibody that blocks
myostatin and activin A like bimagrumab; 73) as well as the possible effects of a high protein
intake of 1.2 g/kg x d* with or without resistance training to maintain SM during weight loss

(34).

To prevent treatment-induced sarcopenia, FFMI should be assessed before weight loss
interventions. An FFMI below the 25th percentile within the respective BMI category (Fig. 1)

may indicate increased risk for further deterioration of SM during weight reduction.

As to the assessment of FFM as a surrogate of SM, field methods refer to 2C-models which
rely on certain assumptions, e.g., a fixed water content of 73.2% of FFM at a body
temperature between 36 and 37°C and a homogenous composition of individual body
components (27,71). The validity of body composition methods relying on a 2C-model is
affected by an increased hydration of FFM in people with obesity due to an elevated water
fraction of FFM in connective tissue associated to AT. This is of particular relevance in the
context of extended intervention periods and substantial weight loss, because even in the
post-obese state, the composition of FFM remains altered as is evidenced by a higher extra-
to-intracellular water ratio in weight-reduced individuals indicative of a persistently higher
contribution of connective tissue to total FFM (74,75) which leads to an overestimation of
FFM after weight loss by BIA (owing to decreased resistance per body length) or deuterium
dilution (because calculation of FFM from total body water would require a higher hydration
factor) and a respective underestimation by densitometry or DXA (because of similar
densities of fat and water contributing to DXA scan’s low sensitivity to variation in body

fluids; 70,74). Consequently, the Sarcopenia Definitions and Outcomes Consortium has
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proposed that DXA measurements of FFM should not be included in the definition of

sarcopenia (74).

Therefore, during and after weight loss 2C-Models have a significant bias due to increased
hydration of FFM. To minimize the shortcomings of individual methods their output kaste
must be combined in a 4-compartment model, e.g., DXA + ADP + D,0 dilution to measure
FM; 26, 28). Since up to 15% of AT can consist of FFM, a large loss in AT contributes to a
major part of the loss in FFM (31,75,76). In fact, it is even the other way around because AT
shrinks due to a depletion of fat inside the cells rather than instead of degradation of the
entire tissue. Therefore, the FFM-compartment of AT (mainly extracellular water) is
maintained and SM accounts for almost all the FFM loss. This was shown in patients after
Roux-Y gastric bypass surgery where FFM loss was only 16-23% of the total weight loss in the
first postoperative year but whereas SM accounted for 92-97% of the FFM lost (77). It is

therefore clear that FFM inaccurately reflects changes in SM in weight loss trials.

Answer: Routine assessment of SM is not required in every patient with obesity. However,
evaluation of FFMI or SMI is important for identifying early stages of sarcopenic obesity,
particularly in older individuals, patients undergoing major weight loss, those experiencing
repeated weight cycles, individuals receiving long-term incretin therapy, and patients with
chronic diseases or functional limitations. After weight loss, SM rather than FFM should be

assessed to identify a possible risk of sarcopenia.

5. Are there suitable phenotypes to be assessed in obesity?

BMI and wc aggregate a wide range of heterogeneous phenotypes. Patients with preclinical
and clinical obesity exhibit diverse body composition profiles that differentially influence the

risk of cardiovascular disease and type 2 diabetes (16,78).

Body composition phenotypes may therefore serve as complementary indicators of
metabolic health, facilitating risk assessment, characterization of energy balance, and
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interpretation of metabolic disturbances (16). Understanding weight regulation and changes
in cardiometabolic risk requires integration of individual body components and their

dynamic interactions within systemic metabolism (32).

Structure—function relationships can be used to define individual functional phenotypes.
Functional body composition (FBC) describes the associations among (i) the masses of
organs and tissues, (ii) the relationships between these masses and their metabolic
functions, (iii) the neurohumoral mechanisms regulating these functions (e.g., insulin, leptin,
sympathetic nervous system activity, and thyroid hormones), and (iv) their systemic effects,
such as body temperature, heart rate, glomerular filtration rate, and respiratory function.
Based on the FBC concept, three independent functional phenotypes were identified using
correlation analyses: a resting metabolic rate (RMR)-on-fat-free mass (FFM) phenotype,

a leptin-on-fat mass (FM) phenotype, and an insulin-on-visceral adipose tissue (VAT)

phenotype (32).

FFM explained 53% and 49% of the variance in RMR in females and males, respectively.
Similarly, FM accounted for 66% and 80% of the variance in circulating leptin concentrations
in females and males, respectively. In contrast, VAT explained only 23% and 29% of the
variance in insulin levels in females and males, respectively (32). Notably, these functional
phenotypes were independent of one another, indicating that they represent distinct
dimensions of physiological regulation. This finding underscores that there is no single,

universal definition of a "normal" or healthy physiological state.

In the clinical setting, several body composition phenotypes have been described, including
metabolically healthy obesity, sarcopenic obesity, and phenotypes derived from body
composition profiling that estimate the risk of weight regain after weight loss and disease
susceptibility or individualized risk prediction (16,78-82). Additional classifications describe
“obesity axes” such as general obesity, muscle-dominant phenotypes, peripheral adiposity,

or lower-body fat distribution (81).

Longitudinal analyses further suggest distinct trajectories of body composition change during
weight loss, including lean preservers, mass reducers, mass retainers, and adipose
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overloaders (82). These phenotypes may eventually contribute to future frameworks for risk

stratification.

At present, however, the clinical utility of all these phenotypes remains to be fully

established.

Answer: Although several body composition phenotypes have been proposed, their clinical

value for routine risk stratification in patients with obesity remains to be demonstrated.

Conclusion and future perspective

The assessment of body composition has become an increasingly important component of
the evaluation of nutritional status, cardiometabolic risk, obesity, clinical management, and
healthy aging. Beyond the assessment of body weight alone, body composition analysis
(BCA) provides physiologically relevant information on the distribution and quantity of major
body compartments and tissues. This information is particularly valuable for characterizing
nutritional status and for monitoring changes in body composition in response to lifestyle

interventions, anti-obesity pharmacotherapy, and bariatric surgery.

Because health and disease processes are organized across multiple organ systems and
physiological levels, targeted body composition analysis can contribute to comprehensive
risk assessment in patients with obesity (Fig. 2). Clinically meaningful BCA parameters

include SMI (or FFMI), FMI, and liver fat content.

However, routine use of BCA should be stratified and limited to clearly defined clinical
indications (see Table 1 and Fig. 3). The value of BCA to assess preclinical and clinical obesity
ultimately depends on the diagnostic question being addressed. In other words, BCA should
be applied selectively to obtain complementary information on metabolic health, refine risk
assessment, evaluate energy balance and metabolic adaptation, and identify treatment-

related side effects.

Despite substantial advances in measurement technologies, an important gap remains

between the availability of increasingly sophisticated methods for assessing body
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composition and the appropriate interpretation of the resulting data. The clinical and
physiological relevance of body composition measurements depends not only on the
accuracy and feasibility of the measurement technique, but also on the conceptual
framework used to interpret the findings. Body composition outcomes should therefore be
considered in the context of metabolic processes, physiological function, and the specific
clinical or research question being addressed. This highlights the need for users of body
composition assessment across different disciplines to have a sound understanding of the
underlying measurement methods and body composition models, rather than regarding BCA

as the purely technical application of measurement devices.

Current body composition methodologies encompass a broad spectrum of approaches with
different levels of physiological resolution, accuracy, feasibility, and applicability. Criterion
methods include techniques such as whole-body magnetic resonance imaging (MRI) and the
four-compartment (4C) model, whereas reference methods include dual-energy X-ray
absorptiometry (DXA). Field methods, such as bioelectrical impedance analysis (BIA), offer
greater accessibility and feasibility in clinical, research, and community-based settings,
although their results are dependent on the underlying physiological assumptions,

measurement protocols, prediction models, and algorithms employed.

Accordingly, comparisons between BCA methods require careful consideration of the
conceptual basis of each technique, the specific body compartments or outcomes assessed,
and the algorithms used to derive estimates of body composition. Measurements obtained
using different technologies should not necessarily be considered interchangeable, even
when they are intended to assess similar physiological characteristics. Differences in
measurement principles, model assumptions, calibration procedures, and analytical

algorithms may substantially influence the resulting estimates and their interpretation.

At the same time, the availability of increasingly sophisticated and high-quality
measurement technologies has expanded beyond specialized research and clinical
environments. A growing number of devices are now available for use in diverse settings,
including consumer-grade body composition analyzers. This increasing accessibility may

facilitate the broader application of BCA but also reinforces the need for standardized
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measurement procedures, transparent reporting, appropriate validation, and scientifically

sound interpretation.

Future developments in BCA should therefore focus not solely on the simplification and
automatization of measurement technologies or physiological models generated by Al
Rather, progress in the field will require the integration of technological innovation with
improved methodological standardization, enhanced understanding of physiological
determinants, and the development of robust frameworks for data interpretation. The
central challenge is consequently not only to obtain increasingly precise measurements, but
also to ensure that body composition data are interpreted appropriately within the broader

context of metabolism, physiology, and clinical function.

Current evidence suggests that traditional categories such as “overweight” and “obesity”
may eventually need to be refined or replaced by metrics that more directly reflect disease
risk (18,82). If obesity is always considered as a disease detailed body composition analysis

therefore contributes to more individualized diagnosis and management of obesity.
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Box with clinical Take-Home Messages

BMI remains the primary diagnostic criterion for preclinical and clinical obesity, but
fat mass index (FMI) can provide additional information on adiposity and health risk,
particularly in individuals with BMI <35 kg/m?.

Waist circumference should not be replaced by visceral adipose tissue
measurements. When combined with fasting triglycerides (i.e. HTGW), wc remains a
practical tool for identifying individuals at increased cardiometabolic risk.

Liver fat assessment is not required in all patients with obesity, but should be
considered in individuals with metabolic syndrome or type 2 diabetes.

Assessment of skeletal muscle mass is not universally required, but is important in
patients at risk of sarcopenic obesity, including older individuals and those
undergoing substantial weight loss.

Body-composition—based phenotypes highlight the heterogeneity of obesity, but

their clinical utility for routine stratification of patients remains to be established.
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Figure legends:

Fig.1 Percentiles of the fat mass index (FMI; upper panels) and fat-free mass index (FFMI;
lower panels) according to body mass index (BMI) categories, stratified by sex (women on
the left, men on the right). Purple squares indicate a normal FMI, while blue squares indicate
a mildly elevated FMI. Accordingly, 25% of women with overweight have a normal FMI, and
25% of women with a BMI of 30 to <40 exhibit only a mildly elevated FMI. Among men, 50%
of those with overweight and 10% of those with obesity have a normal FMI. In the BMI 30 to
<40 category, 50% of men show only a mildly elevated FMI.

Data are based on 183,483 women aged 18-102 yrs (mean 42.5+13.2yrs) with a BMI of 18.5-
60 and 30,691 men aged 18-100 yrs (mean 44.6+13.5yrs) with a BMI of 18.5-60. Data are
taken from ref. 85.

Fig. 2 Body composition framework for the diagnosis and management of clinical obesity.
BMD, bone mineral density; BMI, body mass index; FMI, fat mass index; FFM, fat-free mass;
FFMI, fat-free mass index; RMR, resting metabolic rate; SAT, subcutaneous adipose tissue;
SMI, skeletal muscle index; TG, plasma triglycerides; VAT, visceral adipose tissue; wc, waist
circumference.

Fig.3 Decision algorithms such as: BMI + WC screening, Hypertriglyceridemic waist
identification, Liver fat indication thresholds, Sarcopenia screening pathways, Monitoring
during pharmacotherapy.
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Table 1 Clinical Implementation Framework for Body Composition Assessment by Level of Care

Clinical setting Recommended assessment Body composition analysis

) BMI, wc, TG, HTGW, glucose, HbAlc, liver . .
Primary care none or BIA if available
enzymes, muscle strength, FMI

Obesity clinic + FMI, FFMI or SM, liver fat assessment BIA, DXA, ultrasound/CAP

Comprehensive phenotyping: VAT, IMAT,

Research
liver fat, ectopic fat, BMD, ICW/ECW....

MRI, CT, QMR, dilution techniques...

BIA, bioelectrical impedance analysis; BMI, body mass index; CAP, controlled attenuation parameter;
CT, computer tomography; ECW, extracellular water; FMI, fat mass index; FFMI, fat free mass index;
HTGW, hypertriglyceridemic waist phenotype; ICW, intracellular water; IMAT, intermuscular adipose
tissue; MRI, magnetic resonance imaging; SMI, skeletal muscle mass index; TG, triglycerides; wc,
waist circumference; VAT, visceral adipose tissue; QMR, quantitative magnetic resonance
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Fig. 2

Body composition framework for the diagnosis and management of patients with obesity
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